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INTRODUCTION: The present paper is concerned with the cyclic inelastic sectional behavior of steel
members subjected to the combined axial force and bending moment. For this purpose, a two surface model
in force space (2SM-FS)V+2) has recently been developed by extending the basic assumptions used in the
two surface model in stress space (2SM-S8)%). First, the procedure for determining of the model parameters
is described. Then, the accuracy of the 2SM-FS is verified by comparing the cyclic sectional behavior of
steel members obtained from the 2SM-FS with those of the direct integration method using 25M-SS and
experiments.

CONCEPT OF 2SM-FS: The 2SM-FS is based on the as- nt bounding curve
sumptions of no distortion of the cross section and only nor- @) /
mal stress acting on the cross section. As shown in Fig. 1, in Ioadin.g/ point
the non-dimensional axial force n(= N/N,) and bending moment

m(= M /M,), the 25M-FS is described by the loading (yield) curve % m
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which, initially, coincides with the initial yield curve Fy defined by: yield
plateau curve
Fo(m,n) = m| + [n] = 1=0 (1) yield curve loading curve
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The loading curve progressively changes in shape analogous to that g ;:urve .
of the yield plateau curve Fy defined by: (b) / load“}gt
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Fy(m,n) = (%) +n?-~-1=0 (2) \ﬂ m
and the bounding curve Fy defined by:
loading curve
m— /Bm
Fy(m,n, B, Bn,1e) = (
T fs
Here, Nyand M, denote, respectively, the yield axial
load and yield bending moment of the cross-section.
c1, ¢z, €3, c4= constant values related to the type of
cross section and material; fy, fy= shape parameters;
ry = R/Ko; kB = the radius of bounding curve; kg =
the radius of initial yield curve; (Bm, Bn) = the coor-
dinates of the center of bounding curve. The loading
curve is always enclosed by the bounding curve and
the value of plastic modulus?® is determined by the
proximity of the two curves in the course of their cou-

pled translation and change in size and shape during Fig. 2 Subdivision of cross section and strain
plastic deformation. distribution for a box section
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MODEL PARAMETERS: The
direct integration method? is used
to determine the 2SM-FS parame-
ters. In this approach, the section
analyzed is divided into elemental
areas, as shown in Fig. 2. The incre-
mental stress-strain relation for each
elemental area is described by the
uniaxial 2SM-SS. The stress resul-
tants of.axial force V and bending moment M are calculated simply by summing the contribution of each
elemental area over the cross-section.
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Fig. 3 Loading paths Fig. 4 Definition of initial bounding line
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The axial strain and curvature, with a prescribed ratio as shown in Fig. 3, are increased incrementally and
the axial force and bending moment are calculated. From the m — ¢ and n — € curves the values of m; and
n; corresponding to the yield plateau and bounding curves are determined for a specific ith loading path,
cross-section and material, example of which is shown in Fig. 4.
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Fig. 5 Definition of the yield

plateau and initial bounding curves Fig. 6 2SM-FS parameters for I and box sections

The results for different loading paths are plotted in the n—m coor- Table 1 2SM-FS model parameters
dinate system and the values of ¢ to ¢4, fy, and f; are determined by for T and box sections (SS400)
fitting the yield plateau and bounding curves using the least square
method, as shown in Fig. 5 for a box section and S5400. The values ¢ 1.0

of model parameters are examined for different sectional parameters ¢z | 1.23+0.83exp{~0.92(As/Ay)}
(B/H ratio for rectangle, Ay/A, ratio for box and I sections, and f: 1’10+O'3lexpi{62'29(‘4f/‘41")}
P /t .ra,txo for. a tube). The results for a typical e?(ample are shown cs | 1.29 4 0.66exp{—0.93(4;/Au)}
in Fig. 6 Finally, the t.nodel parameters dete'rmln.ed for the I and o | 108 +0.26exp{~1.92(A;/Au)}
box sections corresponding to the SS400 are given in Table 1.
VERIFICATION: The cyclic sectional behavior of steel members are analyzed using the 25M-FS and
the results are compared with those of the direct integration method and experiments®. As shown in Figs.
7 and 8, a good correlation between the two analytical methods and experiments are achieved indicating
the accuracy of the 2SM-FS model.
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Fig. 7 Comparison between the direct integration
method with the 28M-FS (box section, B = H =
125mm, ty = 8.7Tmm, t,, = 6.1mm, SS400 )

CONCLUSIONS: This paper was concerned with the cyclic inelastic sectional behavior of steel members
using 2SM-FS. The procedure for determining the model parameters were described and the values of the
parameters for I and box sections were given. Finally, the accuracy of the 2SM-FS was verified by comparing
the obtained results with experiments.
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Fig. 8 Comparison with experiments (H125 x
125 x 6.5 x 9, S5400)
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