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Abstract

A finite element analysis and design of stainless steel tubular section beam-columns is presented in this paper. The
non-linear finite element model was verified against experimental results of stainless steel tubular section beam-
columns and beams. In this study, square and rectangular hollow sections were investigated. It was shown that the finite
element model closely predicted the ultimate loads and failure modes of the tested beam-columns and beams. Hence,
the finite element model was used for an extensive parametric study. The axial compressive strengths of the
beam-column specimens predicted by the finite element analysis are compared with the design strengths calculated
using the American Specification for stainless steel, direct strength method for beam-columns that proposed by
Rasmussen, and linear interaction equation. Reliability analysis was performed to assess the reliability of these design
rules. It is shown that these design rules generally provide accurate and reliable predictions for stainless steel tubular
section beam-columns. The American Specification is slightly unconservative, and the linear interaction equation with
modified direct strength method proposed by Huang and Young provide the most accurate predictions with convenient
calculation procedure for stainless steel tubular section beam-columns.
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1 Introduction

Stainless steel sections have been increasingly used in building construction because of their superior corrosion
resistance, ease of maintenance, and pleasing appearance. Therefore, considerable research has been carried out to
investigate the structural behaviour of stainless steel members. Considerable experimental and numerical investigation
on stainless steel compressive members -4 and flexural members 12171 has been performed. However, investigations
on stainless steel beam-column members subjected to combined axial compression and bending are limited. Tests on
beam-column members of austenitic stainless steel (EN 1.4301) were conducted by Talja and Salmi 18l and Kouhi et al.
(29 on rectangular hollow sections (RHS), Burgan et al. % on I-sections, and Macdonald et al. % on lipped channel
sections. Lui et al. 21 conducted a series of tests on cold-formed duplex stainless steel square hollow sections (SHS).
Huang and Young 2324 and Zhao et al. > 2] investigated the beam-column behaviour of lean duplex stainless steel
SHS and RHS.

Recently, finite element analysis has been widely used to investigate the behaviour of stainless steel members [+ 1% 17,24
26-291 Finite element analysis (FEA) is relatively inexpensive and time efficient compared with physical experiments,
especially when a parametric study of cross-section geometries is involved. Although FEA is a useful and powerful tool
for structural analysis and design, it is important to obtain an accurate and reliable finite element model (FEM) prior to
a parametric study of FEA to be carried out. Therefore, one of the purposes of this study is to develop accurate finite
element models for stainless steel tubular section beam-columns and beams.

The direct strength method specified in the North American Specification % 3 and Australian/New Zealand Standard
(321 for cold-formed steel structures was developed by Schafer and Pekoz 31 and Schafer [*4. It presents a competitive
alternative to existing effective section methods as it obviates lengthy effective width calculations 3. The current direct
strength method specified in the North American Specification % 31 and Australian/New Zealand Standard B2 is
applicable for determination of the nominal axial and flexural strength of cold-formed steel members only. Rasmussen
135 applied the direct strength method to plain equal angel section beam-columns. Schafer 8] has considered the direct
strength method for the design of short length of lipped channel section beam-columns and accounted for local and
distortional buckling. Duong and Hancock 7 applied the direct strength method to long lipped channel beam-columns
with the consideration of second order bending effect.

In this study, the behaviour and design of stainless steel tubular section on duplex (EN 1.4462) and austenitic
(EN 1.4301) stainless steel beam-columns and beams were investigated using finite element analysis. A finite element
model is developed and validated with the beam-column tests conducted by Lui et al. 2 and beam tests conducted by
Zhou and Young 2. The beam-column strengths obtained from the finite element analysis are compared with the
design strengths predicted by the American Specification (ASCE) 8 and direct strength method for beam-columns that
proposed by Rasmussen 3 and Huang and Young4l,
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2 Summary of Test Program

2.1 Beam-column tests

A beam-column test program on stainless steel tubular section specimens has been conducted by Lui et al. 22 The tests
were performed on two square hollow sections of duplex stainless steel. The test specimens were cold-rolled from
annealed flat trips. The SHS had nominal dimension of 40 by 40 mm with thickness of 2 mm and 50 by 50 mm with
thickness of 1.5 mm. The specimens were supplied from the manufacturer in uncut lengths of 3400 mm, and were cut
into two different lengths of 550 mm and 1100 mm. Both ends were welded to carbon steel end plates to ensure full
contact between specimen and end bearings. The test series were different by their cross-section dimensions and column
lengths, testing at various eccentricities between pinned ends. Table 1 shows the average measured cross-section
dimensions of the test specimens using the nomenclature defined in Fig. 1. The material properties were obtained from
the coupon tests conducted by Young and Lui B9 as summarised in Table 2. The initial overall and geometric
imperfections of the specimens were measured by Lui et al. ?? prior to testing. The average overall minor axis flexural
imperfections at mid-length were 1/939 and 1/1883 of the specimen length for Series S1L2 and S2L2 respectively. The
maximum initial local geometric imperfections of the specimens were 0.113 and 0.164 mm for section S1 (40x40x2)
and S2 (50x50x1.5), respectively.

2.2 Beam tests

Zhou and Young 1 performed a series of bending tests on cold-formed stainless steel square and rectangular hollow
sections. The specimens were cold-rolled from austenitic stainless steel type 304, high strength austenitic (HSA) and
duplex steel sheets. The stainless steel type 304 is considered as normal strength material, whereas the HSA and duplex
are considered as high strength material. The specimens consisted of 15 different section sizes, having nominal
thickness (t) ranging from 1.5 to 6 mm, nominal overall depth of the webs (By) from 40 to 200 mm, and nominal flange
widths (Br) from 40 to 150 mm. The length of the specimens was chosen such that the section moment capacity could be
obtained. Table 3 shows the measured specimen dimensions for the test specimens, using the nomenclature defined in
Fig. 1. The material properties obtained from the coupon tests and ultimate load of the test specimens are summarised in
Table 3.

3 Development of Finite Element Model

3.1 General

In this study, two different finite element models were developed using ABAQUS 1 for stainless steel beam-columns
and beams, respectively. The four-node doubly curved shell element with reduced integration and hourglass control
(S4R5) was used in the both two models. The element has five degree of freedom per node. The element allows for
transverse shear deformation. In order to choose the finite element mesh that provides accurate results with minimum
computational time, convergence studies were conducted. It is found that a 10 mmx10 mm (length by width) ratio
provides adequate accuracy in modelling the columns. The material properties and stress-strain curves obtained from
the tensile coupon tests were used in the finite element model. Since the analysis of post buckling involves large
inelastic strains, the nominal (engineering) stress-strain curve was converted to a true stress and logarithmic plastic
strain curve. The true stress and plastic true strain are specified in ABAQUS [,

3.2 Beam-column model

In the simulation of beam-columns, two types of analysis were performed in the finite element analysis for buckling.
The first analysis is known as eigenvalue analysis that estimates the buckling modes and loads. This analysis is a linear
elastic analysis performed using the (*\BUCKLE) procedure available in the ABAQUS library with the load applied
within the step. For practical purposes, only the lowest buckling mode predicted from the eigenvalue analysis is used.
The second analysis is called load-displacement nonlinear analysis and follows the eigenvalue prediction.

The bearing plates at both ends of the beam-columns are modelled as rigid body. In general, a rigid body is a collection
of nodes, element, and/or surfaces whose motion is governed by the motion of a single node, called the rigid body
reference point. The relative positions of the nodes and elements that are parts of the rigid body remain constant in the
simulation. Therefore, the constituent elements do not deform but can undergo large rigid body motions. Since the
motion of a rigid body can be prescribed by applying boundary conditions at the rigid body reference node, the
restraints were applied on the reference point of the rigid body in this study. The reference point at the loaded end was
restrained against x and y directions displacement and x-axis rotation but free to rotate about the y-axis. The reference
point at another end was restrained against x, y and z directions displacement and x-axis rotation but free to rotate about
the y-axis. The warping at the ends of the column was restrained. The nodes other than the two ends were free to
translate and rotate in any direction.

The load was applied in increments using the modified RIKS method available in the ABAQUS library. The RIKS
method is generally used to predicted unstable and nonlinear collapse of a structure such as post-buckling analysis. It
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uses the load magnitude as an additional unknown and solves simultaneously for loads and displacements. The
nonlinear geometry parameter (NLGEOM) was included to deal with the large displacement analysis. The load was
applied at the reference point of the loaded end. The loading eccentricity of beam-column was modelled as the distance
from the reference point to the centroid of the specimen sections.

Both initial local and overall geometric imperfections are found in the beam-columns as a result of the fabrication
process. Hence, superposition of local buckling mode as well as overall buckling mode with the measured magnitudes is
recommended for accurate finite element analysis. These buckling modes could be obtained by carrying eigenvalue
analysis of the column with very large value of plate width-to-thickness (b/t) ratio and very small value of b/t ratio to
ensure local buckling and overall buckling occur, respectively. Only the lowest buckling mode (eigenmode 1) is used in
the eigenvalue analysis. Since all buckling modes predicted by ABAQUS eigenvalue analysis are generalized to 1.0, the
buckling modes are factored by the measured magnitudes of the initial local and overall geometric imperfections.

3.3 Beam model

In the simulation of beams, only half of the specimen was modelled for the symmetry. The support plate was modelled
as a rigid surface, whose motion is governed by the reference point. The reference point of the support plate was
restrained against X, y and z directions displacement as well as y- and z- axes rotation but free to rotate about the x-axis.
The loading plate was also modelled as a rigid surface. The reference point of the loading plate was restrained against x
and z directions displacement as well as y- and z- axes rotation but free to move in y directions and rotate about the
x-axis. The constraint between the loading/support plate and specimen was simulated using contact surface. The web
stiffener plates which stiffen the section at the load and support points were simulated by increasing the approximate
70% thickness of the elements at the corresponding parts. Thus the local failure at the loading and support points was
prevented. The load was applied at the reference point of the loading plate. The nonlinear geometry parameter
(NLGEOM) was included to deal with the large displacement analysis.

4 Verification of Finite Element Model

4.1 Beam-columns

The stainless steel beam-columns tested by Lui et al. 2 were modelled in this study, as shown in Fig. 2. In the finite
element model (FEM), the measured cross-section dimensions, material properties and initial geometric imperfections
from the tests were modelled. The measured overall geometric imperfections at mid length for minor axis flexural
imperfection at mid-length were 1/939 and 1/1883 of the specimen length for Series S1 and S2 respectively, as reported
by Lui et al. ?2, The maximum initial local geometric imperfections of the specimens were 0.113 and 0.164 mm for
Series S1 and S2 respectively 22,

The load capacity of the stainless steel tubular section beam-columns obtained from the finite element analysis are
compared with the test results conducted by Lui et al. @ in Tables 4. A maximum difference in load capacity of 5%
was observed between test and numerical results for beam-column specimens of S2L1EQ00, S2L1E60, S2L2E25 and
S2L2E60. The mean values of the load capacity ratios (Ntest/Neea, Mend-Test/Mend-rea) are 0.99 with the corresponding
coefficients of variation (COV) of 0.031. The comparison indicates that the load capacity of beam-column predicted by
the FEA is accurate. The failure modes obtained from the test results and FEA for each specimen are also compared in
Table 4. The observed failure modes included local buckling (L) and flexural buckling (F). The failure modes observed
from the finite element analysis are in good agreement with those observed in the tests, except for the specimens
S2L2E60. Figs. 3 and 4 show a good agreement of the load-deflection curves and load-rotation curves obtained from
the test and FEA predictions for the Series S1L1, respectively. It is shown that both the load-defection and load-rotation
relationships reflect good agreement between test and finite element results. Generally, it is shown that the finite
element model is accurate and reliable.

4.2 Beams

The stainless steel beams tested by Zhou and Young *2 were modelled in this study, as shown in Fig. 5. The measured
cross-section dimensions and material properties reported in Table 3 were incorporated in the finite element model. The
ultimate moments of the stainless steel beams obtained from the finite element analysis are compared with the test
results conducted by Zhou and Young 2 in Tables 5. A maximum difference in ultimate moments of 7% was observed
between test and numerical results for beam specimen of N120x60x%2. The mean value of the ultimate moment ratio
(Mtest/Meea) is 0.97 with the corresponding coefficient of variation (COV) of 0.025. The comparison indicates that the
ultimate moments of beams predicted by the FEA are accurate.

5 Parametric Study

The verification showed that the finite element models reasonably accurate for predicting the strengths of stainless steel
tubular section beam-columns and beams. Hence, parametric study was carried out to investigate the behaviour of
stainless steel tubular section beam-columns and beams. In the parametric study, four kinds of sections, namely
100x50%2, 150x100x2, 100x100%x2 and 180x180%3 having different length of 1400 and 2800 mm were studied. The
cross section dimensions are shown in Table 6, using the nomenclature defined in Fig. 1. The length of bearing plates at
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both ends of the specimens is assumed as 40mm. Two kinds of stainless steel material, namely high strength stainless
steel grade EN 1.4462 (Duplex) and normal strength stainless steel grade EN 1.4301(AISI 304), were used in the
parametric study. Material tests of stainless steel EN 1.4462 and EN 1.4301 were conducted by Chen and Young [,
The Young’s modulus E = 227 GPa, 0.2% proof stress (yield strength) fo. = 731 MPa and ultimate strength f, = 870
MPa are used for high strength stainless steel grade EN 1.4462 (Duplex), while E = 187 GPa, fo» = 398 MPa and f, =
709 MPa are used for normal strength stainless steel grade EN 1.4301 (AISI 304).

Different eccentricities were considered for each specimen. The specimens are separated into eight series according to
their material properties, section dimension and specimen length. The specimens are labelled such that the material
properties, section dimension, specimen length and eccentricity could be identified from the label. For example, the
labels “HS100x50x1400E30” define the specimens having high strength material and nominal overall depth of the web
of 50 mm, overall flange width of 100 mm, and length of 1400 mm with the eccentricity of 30 mm; the labelled
‘NS100%100%2800E60° defines the specimen having normal strength material and nominal overall depth of the web of
100 mm, overall flange width of 100 mm, and length of 2800 mm with eccentricity of 60 mm. The load capacities
(Nrea, Mrea) obtained from the finite element analysis are shown in Tables 7 — 22 and Table 24.

6 Design Rules and Comparison of Design Strengths

6.1 General

In this study, the nominal strengths (unfactored design strengths) of the stainless steel beam-columns were calculated
using ASCE Specification B8, direct strength method for beam-columns that proposed by Rasmussen 1, linear
interaction equations with direct strength method in AISI &% 3% and linear interaction equations with modified direct
strength method proposed by Huang and Young 4. The cross-section dimensions and material properties used in the
parametric study were adopted in the calculation of design strengths. The design strengths were compared with the
numerical results obtained from the parametric study, and thus the suitability of the existing design rules were assessed.

6.2 Reliability analysis

The reliability of the beam-column design rules in the ASCE Specification 8 as well as direct strength method
proposed by Rasmussen 3 and Huang and Young ! are assessed. Reliability analysis detailed in the Commentary of
the ASCE Specifications [*8 is used in this study. A target reliability index of 2.5 for stainless steel structural members
is used as a lower limit in this study. The design rules are considered to be reliable if the reliability index is greater than
or equal to the target value. The resistance factors (¢) of 0.85 and 0.90 were used in calculating the reliability index (/)
of axial strength and moment capacity, respectively. The load combinations of 1.2DL+1.6LL specified in ASCE [38] is
adopted, where DL is the dead load and LL is the live load. The mean value (Pm) and coefficient of variation (V;) of
tests and FEA to the design predictions ratio are shown in Tables 7 — 24. In calculating the reliability index, the
correction factor (Cy) as shown in Eq. F1.1-4 of the AISI S100 Specification B% was used to account for the influence
due to a small number of data. The reliability indices for axial compressive strengths of the beam-column members are
shown in Tables 7 — 23, while the reliability indices for flexural strengths are shown in Table 24.

6.3 ASCE specification

According to the ASCE Specification 8, the unfactored design axial strength Ny for beam-columns is calculated by the
following interaction equations:

C M
Ny | EnMew g )
Nc Mb

M
Ny Mengw g g 0)
Ns Mb

M
N, +—N <10 3)
Nc Mb

where Meng,u is the end moment corresponding to the design strength, Mendu = NuX€p; Me, is the design second-order
elastic moment, Mey = Meng,o/(1-Nu/Ney); Ney is the elastic flexural buckling load; Cy is the coefficient for unequal end
moment; Ns and N are the section strength and member strength in compression, respectively; and My, is the flexural
strength. In this study, the design axial strength Ny calculated by ASCE Specification is represented by Nasce.

The unfactored design strengths (Nasce) calculated using the ASCE Specification are compared with the numerical
results of stainless steel tubular section beam-columns in Tables 7-22 for each Series and Table 23 for all 158
specimens. Generally, it is shown that the ASCE Specification provides slightly unconservative and scatter predictions
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for stainless steel tubular section beam-columns. It is observed that the FEA-to-design strength ratios (Nrea/Nasce)
increase with eccentricities in each Series. The ASCE Specification generally provides quite unconservative predictions
for eccentrically loaded columns with eccentricity ey, = 0, with Nrea/Nasce ratio smaller than 1.0. The Nrea/Nasce ratios
for eccentrically loaded columns are ranged from 0.69 for specimen NS150-100-2800E00 to 1.04 for specimen
HS100-50-1400E00. For all 158 specimens, the mean value of the Neea/Nasce ratio is 0.99 with coefficient of variation
equal to 0.108, as shown in Table 23. The reliability index (/) is larger than the target value of 2.5.

The unfactored design flexural strengths (My) in Egs (1)-(3) are calculated using the design rules in ASCE Specification
for flexural members. In the context of this paper, it is represented by Masce. The design flexural strengths are
compared with the numerical results of stainless steel beam members of tubular section, as summarized in Table 24. It
is shown that the ASCE Specification conservatively predicted the strengths of stainless steel tubular section beams.
The mean value of the Meea/Masce ratio is 1.11 with the corresponding COV of 0.055 and the reliability index of 2.93.

6.4 Direct strength method for beam-columns proposed by Rasmussen !

Rasmussen [ applied the direct strength method to equal angel section beam-column with locally unstable legs. The
calculation for stainless steel tubular section beam-columns follows the equations proposed by Rasmussen [, The
design axial strength for beam-column members (Npswm,r) as shown in Eq. (4 - 7):

) )
- + -
Ny M,

I for 4,<0.776

r,= 0.4 0.4
[1-0.15['%} ](rJ r. for 4 >0776
rne rne
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where e is the amplified eccentricity; r,, rer and rqe are calculated using Eqgs (5-(7); An is the beam-column slenderness;
Nocr and Mocr are the local buckling strength for column and beam using finite strip analysis 2, respectively; Nore and
Mone are the overall buckling strength for column and beam, respectively; and Ny and My are the squash load and yield
moment, respectively. Detail calculation procedure can be found in Rasmussen 3. The Eq. (4) can be also represented
as Eq. (8), which is in a similar format as the direct strength equation in AISI [30.31]:

None for 4,<0.776

Npswr = N 0.4 N 0.4
1-0.15 —== — |1 N, for 4,>0776
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The unfactored design strengths (Npsw,r) calculated using the direct strength method are compared with the numerical
results of stainless steel tubular section beam-columns in Tables 7 — 22 for each Series, and Table 23 for all 158
specimens. Generally, it is shown that the direct strength method for beam-columns proposed by Rasmussen [
accurately predicted the strengths of stainless steel tubular section beam-columns, despite the fact that Rasmussen [
proposed for equal angel section beam-columns. The predictions are less scatter compared with the ASCE
Specification. For all 158 specimens, the mean value of the Neea/Npswmr ratio is 1.02 with COV of 0.094. The reliability
index () equals to 2.72, which is higher than the target value of 2.50. Therefore, the direct strength method for beam-
columns that proposed by Rasmussen ¥ is considered to provide accurate and reliable predictions for the stainless steel
SHS and RHS.

NDSM,R =

(®)

®)
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The design beam strength is calculated by the direct strength equations specified in AISI %31 Clause 1.2.2 for beam
design. It is also the same as the direct strength method with linear interaction equation (1% approach) as detailed in
Section 6.5. Therefore, it is represented by Mpswm.aisi in this study. The unfactored design beam strengths (Mpsm.aisi) are
compared with the numerical results of stainless steel beams, as reported in Table 24. It is shown that the existing direct
strength equations in AISI #° 31 for beam design conservatively predicted the flexural strengths of stainless steel tubular
section beams, with the mean value of the Mrea/Mpsm,aisi ratio is 1.15 with the corresponding COV of 0.060. The
reliability index equals to 3.06, which is higher than the target value 2.50.

6.5 e nlinear interaction equation with direct strength method

Huang and Young 4 suggested that linear interaction equation as shown in Eq. (9) is used for lean duplex stainless
steel rectangular and square hollow section beam-column members, where N, and M, are the nominal compressive
strength for compression members and nominal flexural strength for beams, respectively.

Ny Mew 10 ©)
M

N

n n

Therefore, linear interaction equation is adopted in this study, with two approaches to obtain the N, and M, in
calculation. In the first approach, N, and M, are calculated by the existing direct strength equations in AISI [0 31
according to Clause 1.2.1 and Clause 1.2.2 for column design and beam design, respectively. In the second approach, N,
is calculated by the modified direct strength equations proposed by Huang and Young 3, while M, is calculated by the
modified direct strength equation in Huang and Young 1, The calculation procedure using the 2" approach is also
detailed in Huang and Young 4. In this study, Npsm.aisi is used to represent the axial strength (Ny), when the N, and M,
are obtained from the 1% approach. Similarly, Npsm ney is used to represent the axial strength (N,), when the N, and M,
are obtained from the 2" approach.

The unfactored design strengths (Npswmaist and Npswmney) calculated using the direct strength method are compared with
the numerical results in Tables 7 — 22 for each Series, and Table 23 for all 158 specimens. It is shown that the direct
strength method using the 1t approach provides a slightly conservative prediction for the strengths of stainless steel
tubular section beam-columns. The mean value of the Nrea/Npsu.aisi ratio for all 158 specimens is 1.05 with coefficient
of variation of 0.091, as shown in Table 23. On the other hand, the direct strength method using the 2" approach
accurately predicted the numerical beam-column strengths. The mean value of the Nrea/Npsmuey ratio is 1.00 with
coefficient of variation of 0.098, as shown in Table 23. The reliability indices of both methods are greater than the
target value. It should be noted that the calculation procedure of the linear interaction equation is the more convenient
than the design rule in ASCE Specification and the direct strength method for beam-columns proposed by Rasmussen
1351, The design rule in ASCE Specification involves iterative process, and the calculation procedure in the direct
strength method for beam-columns that proposed by Rasmussen B° involves more steps to obtain the design strength.
Considering the accuracy, reliability and convenience in calculation procedure, it is recommended that the linear
interaction equation with modified direct strength method proposed by Huang and Young 24 is used for stainless steel
tubular section beam-columns.

The unfactored design beam strengths in the 1% approach (Mpsmaisi) is calculated by the direct strength equations
specified in AISI %31 Clause 1.2.2 for beam design. The comparison of the design strengths with numerical strengths
has been detailed in Section 6.4 of this paper, as the direct strength method for beam-columns proposed by Rasmussen
131 also adopts the same method in calculating the flexural strengths. The unfactored design beam strength in 2
approach (Mpsw Hay) is calculated by the modified direct strength equation in Huang and Young 27} The comparison of
the unfactored design beam strengths (Mpsmnay) With the numerical results of stainless steel beam members is
summarized in Table 24. It is shown that the modified direct strength equation in Huang and Young 17! for flexural
members provides slightly conservative prediction for the stainless steel tubular section beams. The mean value of the
Mrea/Mpsmney ratio is 1.08 with the corresponding COV of 0.061 and the reliability index of 2.81. It is shown that all
of the design rules for flexural members are considered to be reliable. The comparison of the FEA results with the
design curve obtained using the direct strength method for beam-columns proposed by Rasmussen 2 are shown in
Fig. 6. It is shown that the curve obtained using the direct strength method generally follows the distribution of the FEA
results.

In load-end moment interaction curve, the numerical results (Mendrea, Nrea) can be directly compared with the design
strengths (Mend,g, Ng) calculated from design specifications for each specimen, as shown in Fig. 7. The design strength
(Mena.d, Ng) Of a specimen is equivalent to the intersect point between the design curve and the line connecting the origin
and the numerical result of that specimen. Therefore, the interaction design curves showing relationships between load
and end moment (Meng) are compared with the numerical results for series HS100-50-1400, as shown in Fig. 8(a). The
design equations in ASCE specification and the linear interaction equation, as detailed in Sections 6.3 and 6.5, indicated
a linear relation between load and second-order elastic moment (M.). Therefore, the load and second-order elastic
moment (Me) interaction curves are compared with FEA results for series HS100-50-1400 in Fig. 8(b). It is shown that
the direct strength method prediction with linear interaction equation using the 2" approach, where N, and M, are
calculated by Huang and Young ['*- 171 are slightly better compared with the aforementioned design rules.
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7 Conclusions

The paper presents a finite element analysis and design of stainless steel tubular section beam-columns and beams.
Finite element models including geometric and material non-linearities have been developed and verified against
experimental results. The failure modes at ultimate load predicted by the finite element analysis were generally in good
agreement with the failure modes observed in the tests. In addition, the load-deflection curves and load-rotation curves
predicted by the finite element analysis also agree well with the test results. The finite element models provided good
predictions of the experimental ultimate loads for the stainless steel tubular section beam-columns and beams. Hence, a
parametric study on stainless steel tubular section specimens has been performed using the developed finite element
model for beam-columns. Four kinds of sections having different length of 1400 and 2800 mm were studied, while both
the high strength and normal strength stainless steel were considered.

The finite element analysis results were compared with the design strengths calculated using the ASCE Specification.
Generally, it is shown that the ASCE predictions for stainless steel tubular section beam-columns are slightly
unconservative. Furthermore, the direct strength method for beam-columns proposed by Rasmussen B and linear
interaction equation with direct strength method were also used to predict the stainless steel tubular section beam-
column strengths. The interaction of local and overall buckling was also considered for beam-columns. The direct
strength method generally provide accurate predictions for stainless steel tubular section beam-columns. Both the ASCE
Specification and direct strength method conservatively predicted the stainless steel tubular section beams. Considering
the accuracy, reliability and convenience in calculation procedure, it is recommended that the linear interaction equation
with modified direct strength method proposed by Huang and Young 4 is used for stainless steel SHS and RHS
beam-columns.

8 Figures
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Comparison of experimental and FEA deformed shapes for specimen S1L2E10

Fig. 2
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Fig. 4 Load-rotation curves for Series S1L1
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9 Tables

Table 1 Mean value of stainless steel beam-column specimen dimensions (Lui et al. [?2])

Specimen

Dimension (mm)

Bw Bt t ri L le
S1L1 40.2 39.9 1.919 2.3 550 630
S1L2 40.2 40.0 1.954 2.3 1100 1180
S2L1 50.2 50.1 1.538 2.3 550 630
S21L.2 50.1 50.0 1.534 2.3 1100 1180
Table 2 Material properties of stainless steel specimens (Young and Lui %)
Flat portion Corner portion
Series E foz fu E foz fu
(GPa) (MPa) (MPa) (GPa) (MPa) (MPa)
S1 216 707 827 214 880 1170
S2 200 622 770 214 774 1029
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Table 3 Dimension of stainless steel beam specimens and test results (Zhou and Young %)

Dimension Material properties Test
Specimen Bw B t ri L E fo.2 fu Mrest
(mm) (mm) (mm) (mm) (mm) (GPa) (MPa) (MPa) (kNm)
N40x40x2 40.1 40.1 1.957 2.0 1442 194 447 704 2.35
N40x40x4 40.1 40.0 3.883 4.0 1441 196 565 725 5.11
N80x80x2 80.4 80.5 1908 4.0 1442 201 398 608 6.64
N80x80x5 79.8 799 4772 75 1443 194 448 618 24.78
N100x50x%2 99.9 498 1970 2.0 1440 198 320 635 8.81
N100x50%4 99.7 496 3.881 4.0 1439 195 378 603 21.28
N120x60x2 120.2 50.9 1838 25 1442 200 361 646 10.25
N120x60x4 120.0 59.7 3885 55 1442 200 392 696 34.09
H40x40x2 40.0 402 1937 2.0 1243 216 707 827 3.45
H50%x50%1.5 50.3 50.1 1541 15 1242 200 622 770 3.48

H150%x150%3 150.7 150.6 2.779 4.8 1640 189 448 699 31.68
H150x150%6 150.5 150.7 5.870 6.0 1650 194 497 761  108.60
H140%x80x%3 140.3 80.5 3.094 65 1440 212 486 736 33.97
H160x80x%3 160.6 809 2901 6.0 1440 208 536 766 39.36
H200x110x4 197.7 109.1 3.998 8.5 1644 200 503 961 80.15

Table 4 Comparison of FEA results with beam-column test results obtained by Lui et al. 22
Test FEA Comparison
Specimen Failure Nigst M g rest Failure Neea M ena-rea h, M eng rest
mode (kN) (kNm) mode (kN) (kNm) Neen Moo ren
S1L1EOO F 160.6 0.00 F 165.1 0.00 0.97
S1L1E10 F 97.5 0.98 F 97.3 0.97 1.00
S1L1E25 F 60.6 1.52 F 62.2 1.56 0.97
S1L1E60 F 36.9 2.21 F 37.3 2.24 0.99
S1L2E00 F 76.8 0.00 F 77.8 0.00 0.99
S1L2E10 F 56.9 0.57 F 55.8 0.56 1.02
S1L2E?25 F 395 0.99 F 40.7 1.02 0.97
S1L2E60 F 25.6 1.54 F 26.4 1.58 0.97
S2L1EO00 L+F 157.6 0.00 L+F 166.3 0.00 0.95
S2L1E10 L+F 104.8 1.05 L+F 100.9 1.01 1.04
S2L1E25 L+F 66.9 1.67 L+F 67.6 1.69 0.99
S2L1E60 L+F 40.6 2.44 L+F 38.7 2.32 1.05
S2L2E10 F 70.7 0.71 F 70.3 0.71 1.01
S2L2E25 F 50.0 1.25 F 52.5 1.31 0.95
S2L2E60 L+F 31.2 1.87 F 32.9 1.97 0.95
Mean 0.99
Ccov 0.031
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Table 5 Comparison of FEA results with beam test results obtained by Zhou and Young 12

Specimen I\élgl\lfnf;l' ('\IA(E%A; MTEST / MFEA
N40x40x2 2.35 2.42 0.97
N40x40x4 5.11 5.37 0.95
N80x80x2 6.64 6.94 0.96
N80x80x5 24.78 24.89 1.00
N100x50x2 8.81 9.19 0.96
N100x50x4 21.28 22.73 0.94
N120x60%2 10.25 11.03 0.93
N120x60x4 34.09 33.63 1.01
H40x40x2 3.45 3.45 1.00
H50x50x%1.5 3.48 3.62 0.96
H150%x150%3 31.68 32.85 0.96
H150%x150%6 108.60 111.38 0.98
H140x80x3 33.97 35.80 0.95
H160x80x3 39.36 41.07 0.96
H200x110x4 80.15 80.20 1.00
Mean 0.97
cov 0.025

Table 6 Dimension of stainless steel SHS and RHS specimens in parametric study

Dimension

Specimen Bw Bt t ri L le

(mm) (mm) (mm) (mm) (mm) (mm)
100-50-1400 50 100 2.0 2.3 1400 1480
100-50-2800 50 100 2.0 23 2800 2880
150-100-1400 100 150 2.0 23 1400 1480
150-100-2800 100 150 2.0 23 2800 2880
100-100-1400 100 100 2.0 2.3 1400 1480
100-100-2800 100 100 2.0 2.3 2800 2880
180-180-1400 180 180 3.0 5.3 1400 1480
180-180-2800 180 180 3.0 5.3 2800 2880

Table 7 Comparison of FEA results with design strengths of Series HS100-50-1400

Specimen ’(\IkFISls\ NN FEA N Neex N Nees lil\lﬂ
DSM R DSM,AISI DSM,H&Y ASCE
HS100-50-1400E00 1911 1.10 1.01 0.98 1.04
HS100-50-1400E05 153.0 1.10 1.11 1.08 1.13
HS100-50-1400E15 112.0 1.06 1.10 1.06 1.12
HS100-50-1400E30 81.1 1.02 1.06 1.02 1.08
HS100-50-1400E40 70.1 1.02 1.06 1.02 1.08
HS100-50-1400E50 62.2 1.02 1.07 1.02 1.08
HS100-50-1400E60 56.2 1.03 1.08 1.03 1.09
HS100-50-1400E100 40.6 1.05 1.09 1.04 1.10
HS100-50-1400E200 245 1.08 1.12 1.06 1.12
Mean (Pm) 1.05 1.08 1.03 1.09
COV(Vp) 0.032 0.031 0.029 0.025
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (8) 3.03 3.13 2.96 3.20
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Table 8 Comparison of FEA results with design strengths of Series HS100-50-2800

Specimen l(\lkF’ES NN FEA . N FEA v N ea ’\’T FEA

DSM,R DSM, AIS| DSM,H&Y ASCE
HS100-50-2800E00 68.4 1.15 1.15 1.15 1.01
HS100-50-2800E05 61.5 1.20 1.24 1.23 1.16
HS100-50-2800E15 52.6 1.19 1.26 1.24 1.19
HS100-50-2800E30 43.9 1.14 1.24 1.22 1.18
HS100-50-2800E40 39.9 1.12 1.23 1.21 1.17
HS100-50-2800E50 36.6 1.10 1.22 1.19 1.17
HS100-50-2800E60 33.9 1.08 1.21 1.18 1.16
HS100-50-2800E100 26.6 1.03 1.18 1.15 1.14
HS100-50-2800E200 17.8 1.03 1.15 111 1.12
HS100-50-2800E400 11.2 1.07 1.15 1.10 1.14
Mean (Pm) 1.11 1.20 1.18 1.14
COV(Vp) 0.054 0.035 0.043 0.045
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 3.18 3.57 3.45 3.33

Table9 Comparison of FEA results with design strengths of Series HS150-100-1400

Specimen ’(\IkFIES Neea _New _ Nee Neea
NDSM,R NDSM,AISI NDSM,H&Y NASCE
HS150-100-1400E00 305.3 0.91 0.92 0.86 0.82
HS150-100-1400E15 2315 0.95 0.99 0.93 0.90
HS150-100-1400E30 189.8 1.00 1.04 0.98 0.94
HS150-100-1400E40 170.1 1.02 1.07 1.00 0.96
HS150-100-1400E50 154.0 1.04 1.08 1.02 0.98
HS150-100-1400E60 140.8 1.05 1.10 1.03 0.99
HS150-100-1400E100 105.2 1.10 1.14 1.07 1.02
HS150-100-1400E200 64.8 1.15 1.18 1.12 1.06
HS150-100-1400E400 36.8 1.19 1.22 1.15 1.09
HS150-100-1400E600 25.7 1.20 1.23 1.16 1.10
Mean (Pm) 1.06 1.10 1.03 0.99
COV(Ve) 0.093 0.091 0.092 0.088
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (f) 2.81 2.95 271 2.55
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Table 10 Comparison of FEA results with design strengths of Series HS150-100-2800

Specimen ZI(F’\EI/)\ NN FEA NNFEA v N ea ’\’TFEA

DSM,R DSM, AISI DSM,H&Y ASCE
HS150-100-2800E00 214.9 0.97 0.88 0.84 0.87
HS150-100-2800E15 164.6 0.92 0.96 0.93 0.93
HS150-100-2800E30 137.9 0.93 1.00 0.96 0.96
HS150-100-2800E40 125.4 0.94 1.02 0.98 0.97
HS150-100-2800E50 115.3 0.96 1.04 0.99 0.98
HS150-100-2800E60 106.9 0.97 1.05 1.00 0.99
HS150-100-2800E100 83.3 1.02 1.08 1.03 1.01
HS150-100-2800E200 54.8 1.09 1.13 1.07 1.04
HS150-100-2800E400 331 1.17 1.18 1.12 1.07
HS150-100-2800E600 23.9 1.21 1.21 1.14 1.09
Mean (Pm) 1.02 1.05 1.01 0.99
COV(Vp) 0.103 0.094 0.089 0.066
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 2.60 2.78 2.62 2.67

Table 11 Comparison of FEA results with design strengths of Series HS100-100-1400

Specimen a'(FNE;\ I\:\li I\INi NNFEA Ill\lﬂ
DSM,R DSM,AISI DSM, H&Y ASCE
HS100-100-1400E00 276.4 0.97 0.85 0.79 0.77
HS100-100-1400E15 208.9 1.03 0.94 0.88 0.86
HS100-100-1400E30 170.0 1.08 0.99 0.92 0.91
HS100-100-1400E40 151.8 1.11 1.01 0.94 0.93
HS100-100-1400E50 137.2 1.13 1.02 0.96 0.94
HS100-100-1400E60 125.2 1.14 1.03 0.97 0.95
HS100-100-1400E100 93.1 1.19 1.07 1.00 0.99
HS100-100-1400E200 57.1 1.25 1.10 1.04 1.02
HS100-100-1400E400 32.3 1.29 1.13 1.06 1.05
HS100-100-1400E600 22,5 1.30 1.14 1.07 1.06
Mean (Pm) 1.15 1.03 0.96 0.95
COV(Vp) 0.096 0.085 0.087 0.094
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 3.09 2.73 2.47 2.38
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Table 12 Comparison of FEA results with design strengths of Series HS100-100-2800

Specimen ?|I<F|\Ej§ NN FEA NNFEA v N ea ’\’TFEA
DSM,R DSM, AIS| DSM,H&Y ASCE
HS100-100-2800E00 210.0 1.00 0.92 0.90 0.93
HS100-100-2800E15 152.4 0.96 1.00 0.97 0.99
HS100-100-2800E30 125.2 0.96 1.02 0.98 0.99
HS100-100-2800E40 113.0 0.97 1.02 0.99 1.00
HS100-100-2800E50 103.3 0.97 1.03 0.99 1.00
HS100-100-2800E60 95.3 0.98 1.03 1.00 1.00
HS100-100-2800E100 73.7 1.00 1.05 1.01 1.01
HS100-100-2800E200 48.2 1.03 1.08 1.03 1.03
HS100-100-2800E400 29.0 1.07 1.11 1.05 1.04
HS100-100-2800E600 20.8 1.09 1.12 1.06 1.05
Mean (Pm) 1.00 1.04 1.00 1.00
COV(Vp) 0.046 0.055 0.044 0.033
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (f) 2.78 2.90 2.78 2.83
Table 13 Comparison of FEA results with design strengths of Series HS180-180-1400
Specimen a'(FNE;\ I\:\li I\INi NNFEA Ill\lﬂ
DSM,R DSM,AISI DSM,H&Y ASCE
HS180-180-1400E00 730.3 0.87 0.87 0.86 0.84
HS180-180-1400E15 596.8 0.84 0.89 0.86 0.84
HS180-180-1400E30 524.7 0.87 0.93 0.90 0.87
HS180-180-1400E40 485.2 0.89 0.95 0.92 0.88
HS180-180-1400E50 450.7 0.91 0.97 0.93 0.89
HS180-180-1400E60 421.8 0.93 0.98 0.95 0.90
HS180-180-1400E200 219.6 1.03 1.08 1.02 0.95
HS180-180-1400E400 130.0 1.07 1.11 1.05 0.97
HS180-180-1400E600 92.3 1.09 1.12 1.06 0.98
HS180-180-1400E800 71.6 1.10 1.13 1.07 0.98
Mean (Pm) 0.96 1.00 0.96 0.91
COV(Vp) 0.106 0.099 0.085 0.061
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index () 2.37 2.57 2.47 2.35
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Table 14 Comparison of FEA results with design strengths of Series HS180-180-2800

, NFEA N e N e N eea N e
Specimen - —_— N —_—
(kN) N psm r N b arsi N psw Hay N psce
HS180-180-2800E00 681.8 0.90 0.91 0.83 0.79
HS180-180-2800E15 531.7 0.84 0.89 0.82 0.78
HS180-180-2800E30 465.6 0.86 0.93 0.86 0.81
HS180-180-2800E40 429.2 0.87 0.94 0.88 0.82
HS180-180-2800E50 399.7 0.89 0.96 0.89 0.84
HS180-180-2800E60 374.9 0.90 0.97 0.91 0.85
HS180-180-2800E200 201.6 1.00 1.05 0.99 0.92
HS180-180-2800E400 1225 1.04 1.09 1.02 0.94
HS180-180-2800E600 88.3 1.07 1.11 1.04 0.96
HS180-180-2800E800 69.0 1.08 1.12 1.05 0.97
Mean (Pm) 0.94 1.00 0.93 0.87
COV(VP) 0.098 0.088 0.095 0.084
Resistance factor 0.85 0.85 0.85 0.85
Reliability index 2.34 2.59 2.29 2.08

Table 15 Comparison of FEA results with design strengths of Series NS100-50-1400

Specimen Nren Neea _New _New Neea
(kN) N DSM R NDSM,AISI N psw,ray N asce
NS100-50-1400E00 142.0 1.02 1.01 0.86 0.80
NS100-50-1400E05 109.8 1.03 1.08 0.98 0.98
NS100-50-1400E15 79.9 1.03 1.10 1.01 1.03
NS100-50-1400E30 59.8 1.06 112 1.03 1.08
NS100-50-1400E40 50.3 1.04 1.10 1.02 1.07
NS100-50-1400E50 43.8 1.04 1.09 1.01 1.08
NS100-50-1400E60 39.1 1.04 1.09 1.02 1.09
NS100-50-1400E100 27.4 1.05 1.09 1.02 111
NS100-50-1400E200 15.8 1.07 1.09 1.02 1.13
Mean (Pm) 1.05 1.09 1.00 1.03
COV(Ve) 0.017 0.028 0.051 0.094
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 3.03 3.18 2.77 2.70
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Table 16 Comparison of FEA results with design strengths of Series NS100-50-2800

Specimen Nrea Ni Ni _ New Nega
(kN) Npsu r N o, s N psw,ray N asce
NS100-50-2800E00 545 1.11 1.11 1.11 0.97
NS100-50-2800E05 48.4 1.20 1.22 1.21 1.16
NS100-50-2800E15 40.7 1.21 1.25 1.23 1.20
NS100-50-2800E30 335 1.19 1.24 1.22 1.21
NS100-50-2800E40 30.3 1.18 1.24 1.21 121
NS100-50-2800E50 27.4 1.15 1.22 1.19 1.20
NS100-50-2800E60 25.3 1.14 1.21 1.18 1.20
NS100-50-2800E100 19.5 1.10 1.19 1.15 1.19
NS100-50-2800E200 12.5 1.05 1.15 1.10 1.17
NS100-50-2800E400 7.4 1.06 1.12 1.07 1.15
Mean (Pm) 1.14 1.20 1.17 1.17
COV(Vp) 0.050 0.043 0.048 0.062
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 3.29 3.52 3.40 3.34

Table 17 Comparison of FEA results with design strengths of Series NS150-100-1400

Specimen Nrea N - N A N A N A
(kN) NDSM,R NDSM,AISI NDSM,H&Y NASCE
NS150-100-1400E00 199.5 0.91 0.90 0.86 0.85
NS150-100-1400E15 149.1 0.94 0.96 0.92 0.91
NS150-100-1400E30 120.0 0.97 0.99 0.94 0.95
NS150-100-1400E40 106.6 0.99 1.01 0.96 0.96
NS150-100-1400E50 95.7 1.00 1.02 0.97 0.98
NS150-100-1400E60 87.0 1.01 1.03 0.98 0.99
NS150-100-1400E100 63.8 1.04 1.05 1.00 1.01
NS150-100-1400E200 38.5 1.07 1.08 1.02 1.04
NS150-100-1400E400 21.5 1.09 1.10 1.04 1.06
NS150-100-1400E600 15.0 1.11 111 1.05 1.07
Mean (Pm) 1.01 1.02 0.97 0.98
COV(Vp) 0.065 0.065 0.059 0.070
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 2.76 2.81 2.62 2.62
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Table 18 Comparison of FEA results with design strengths of Series NS150-100-28

Specimen ZI(F’\EI/)\ NN FEA NNFEA v N eea ’\’TFEA
DSM,R DSM, AIS| DSM,H&Y ASCE
NS150-100-2800E00 160.4 0.90 0.88 0.75 0.69
NS150-100-2800E15 118.0 0.91 0.95 0.85 0.82
NS150-100-2800E30 96.1 0.93 0.98 0.88 0.87
NS150-100-2800E40 86.1 0.94 0.99 0.90 0.89
NS150-100-2800E50 78.2 0.95 1.00 0.91 0.90
NS150-100-2800E60 71.8 0.96 1.01 0.92 0.91
NS150-100-2800E100 54.3 0.99 1.03 0.94 0.94
NS150-100-2800E200 34.3 1.03 1.05 0.98 0.99
NS150-100-2800E400 20.0 1.06 1.08 1.01 1.02
NS150-100-2800E600 14.2 1.08 1.09 1.02 1.04
Mean (Pm) 0.98 1.01 0.92 0.91
COV(Vp) 0.065 0.061 0.088 0.113
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (f) 2.61 2.75 2.27 2.12
Table 19 Comparison of FEA results with design strengths of Series NS100-100-1400
Specimen Nrea Neea N _ Neen N rea
(kN) N psw » N psw aisi N psw ey N psce
NS100-100-1400E00 185.5 0.87 0.86 0.82 0.82
NS100-100-1400E15 139.8 0.90 0.94 0.90 0.92
NS100-100-1400E30 111.3 0.93 0.97 0.92 0.95
NS100-100-1400E40 97.1 0.93 0.97 0.92 0.96
NS100-100-1400E50 87.7 0.95 0.99 0.94 0.98
NS100-100-1400E60 79.4 0.96 1.00 0.94 0.98
NS100-100-1400E100 57.7 0.98 1.01 0.96 1.00
NS100-100-1400E200 34.4 1.01 1.02 0.97 1.02
NS100-100-1400E400 19.1 1.03 1.04 0.97 1.03
NS100-100-1400E600 13.2 1.03 1.04 0.98 1.04
Mean (Pm) 0.96 0.98 0.93 0.97
COV(Vp) 0.056 0.055 0.050 0.067
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index () 2.57 2.68 2.48 258
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Table 20 Comparison of FEA results with design strengths of Series NS100-100-2800

Specimen Nrea Ni N FEA N FEA N FEA
(kN) NDSM,R NDSM,AISI NDSM,H&Y N asce
NS100-100-2800E00 158.7 0.94 0.93 0.81 0.76
NS100-100-2800E15 111.4 0.93 1.00 0.92 0.91
NS100-100-2800E30 89.3 0.93 1.01 0.93 0.93
NS100-100-2800E40 79.5 0.94 1.01 0.94 0.95
NS100-100-2800E50 71.8 0.94 1.01 0.94 0.95
NS100-100-2800E60 65.8 0.95 1.02 0.94 0.96
NS100-100-2800E100 49.2 0.96 1.02 0.95 0.98
NS100-100-2800E200 30.8 0.99 1.02 0.96 1.00
NS100-100-2800E400 17.8 1.01 1.03 0.96 1.02
NS100-100-2800E600 125 1.01 1.03 0.96 1.02
Mean (Pm) 0.96 1.01 0.93 0.95
COV(Vp) 0.033 0.030 0.048 0.080
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 2.64 2.85 2.47 2.44
Table 21 Comparison of FEA results with design strengths of Series NS180-180-1400
Specimen Neea N FEA N FEA N FEA N FEA
(kN) Npsu r N o, s N psw,ray N asce
NS180-180-1400E00 442 .4 0.82 0.81 0.80 0.81
NS180-180-1400E15 390.8 0.87 0.89 0.87 0.88
NS180-180-1400E30 346.8 0.91 0.94 0.92 0.92
NS180-180-1400E40 3221 0.93 0.97 0.94 0.94
NS180-180-1400E50 292.6 0.93 0.96 0.93 0.94
NS180-180-1400E60 276.5 0.96 0.99 0.96 0.96
NS180-180-1400E200 137.6 1.02 1.04 0.99 0.99
NS180-180-1400E400 80.0 1.05 1.06 1.01 1.00
NS180-180-1400E600 56.3 1.06 1.07 1.01 1.01
NS180-180-1400E800 435 1.06 1.07 1.01 1.01
Mean (Pm) 0.96 0.98 0.94 0.95
COV(Vp) 0.088 0.087 0.071 0.068
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (f) 2.46 2.54 2.46 2.48
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Table 22 Comparison of FEA results with design strengths of Series NS180-180-2800

Specimen l(\lkF’ES NN FEA . N FEA v N ea ’\’T FEA
DSM,R DSM, AIS| DSM,H&Y ASCE
NS180-180-2800E00 432.4 0.86 0.85 0.80 0.79
NS180-180-2800E15 371.8 0.89 0.92 0.87 0.86
NS180-180-2800E30 323.7 0.91 0.96 0.91 0.89
NS180-180-2800E40 296.5 0.92 0.97 0.92 0.91
NS180-180-2800E50 274.7 0.93 0.98 0.93 0.92
NS180-180-2800E60 255.3 0.94 0.99 0.94 0.93
NS180-180-2800E200 129.6 1.00 1.03 0.97 0.97
NS180-180-2800E400 76.6 1.03 1.05 0.99 0.98
NS180-180-2800E600 54.4 1.04 1.05 0.99 0.99
NS180-180-2800E800 42.2 1.05 1.06 0.99 0.99
Mean (Pm) 0.96 0.99 0.93 0.92
COV(Vp) 0.069 0.067 0.065 0.070
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (5) 2.52 2.64 2.42 2.37
Table 23 Comparison of FEA results with design strengths for all beam-column specimens
N FEA N een N FEA N e
NDSM,R NDSM,AISI NDSM,H&Y N psce
Number of data 158 158 158 158
Mean (Pm) 1.02 1.05 1.00 0.99
COV(Vp) 0.094 0.091 0.098 0.108
Resistance factor (¢) 0.85 0.85 0.85 0.85
Reliability index (f) 2.72 2.84 2.59 2.55
Table 24 Comparison of FEA results with design strengths of stainless steel beams
Specimen (:l/:\i%‘) —MM FEA I M e, I\tlﬂi
DSM, AISI DSM,H &Y ASCE
HS100-50 6.00 1.09 1.03 1.11
HS150-100 17.50 1.29 1.21 1.16
HS100-100 15.30 1.18 1.11 1.10
HS180-180 64.70 1.16 1.09 1.01
NS100-50 3.90 111 1.05 1.20
NS150-100 10.50 1.20 1.13 1.17
NS100-100 8.90 1.08 1.01 1.09
NS180-180 40.10 1.12 1.05 1.07
Mean (Pm) 1.15 1.08 1.11
COV(Vp) 0.060 0.061 0.055
Resistance factor (¢) 0.90 0.90 0.90
Reliability index () 3.06 2.81 2.93
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