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ABSTRACT

A simple technique for elasto-plastic analysis of plane frames is presented, in which the effects of
change of geometry and large deformations on collapse loads and behavior of, frames are included.
The effect of axial force on plastic strength of cross-sections is also included. Numerical examples
are solved and compared with published theoretical and experimental results.
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1. INTRODUCTION

Linear plastic analysis is well known and
established [Refs. 4,6], in which the effects of axial
forces and change of geometry are ignored. Including
some or all of the above effects make the analysis
nonlinear. In nonlinear plastic analysis, two
approaches are available in the literature. In the first,
which is termed plastic zone analysis, the members
as well as the cross-sections are divided into
submembers and fibers respectively [Ref. 7].
Although plastic zone analysis can predict accurately
the inelastic behavior of systems but it is time
consuming and computationally intensive since a
fine discretization is needed through-out the cross-
section and along the member length. Therefore, it
is only attractive for simple structure and geometry.
In the second approach, which is termed plastic
hinge analysis, the inelastic behavior is contained
within zero length plastic hinges, the hinges are
concentrated at member ends and the member
remains elastic between its ends, [Refs.
1,2,3,5,7,8,11,14]. Also, the sections are assumed
elastic until the full cross-section plastic strength is
achieved neglecting the strain hardening. Although
plastic hinge analysis approximates the inelastic
behavior, but it is practical and gives reasonable
results.
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In the present work, a plastic hinge analysis is
employed with its assumptions above. The effects of
axial forces on plastic strength of the cross-sections
and on lateral stiffness of members are included in
the analysis. A simple technique is incorporated into
a computer program to carry-out the plastic analysis
described later. The program can be run in different
modes to show the above effects individually or
altogether.

2. METHOD OF ANALYSIS

Consider a uniform member ij (Figure (1a)), with
cross-sectional area A, Length L, and flexural
stiffness El.

The total strain, € , can be written as:
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where u and v are the longitudinal and lateral
displacements respectively, which can be
expressed as: |

u(x) = a, +a; X (3-a)
v(x) = b, + by x +byx? + by X (3-b)

where
a.,a,,by,by,by are constants.

The total strain energy, U, may be expressed as:
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Substituting from eqgs. 1,2, and 3 into eq.4 and
performing the integration give the governing
stiffness matrix k as
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formulation).
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Figure 1a. Element deformation and forces in local coordinate (Euler
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Figure 1b. Member in global coordinate system.

in which, p, is the axial force in the members. in which
The equilibrium equations for the two degrees of
freedom member 1j (Figure (1-a)) is written as:
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if a hinge is formed at end i then, putting

and

M] = (‘ kji % +kﬁ)9'j

Since, from Figure (1b)

Mi =0 = kii 0'i + k’l O'J (7"3)
0. =8 -p
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; d
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Expanding the matrix for hinge at end i gives:
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Matrices for hinges at end j and at both ends are obtained in a similar way [Ref. 1,10] which are:

For hinge at end j
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The equilibrium equations of the structure are
then established, and the boundary conditions are
introduced. Solution of the equilibrium equations
gives the displacements vector of the structure and

the stresses are then calculated.
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The effect of axial force on plastic moment (full
strength) of section is explained and given in [Refs.
1, 12].

4- Numerical Examples

Example 1

The frame shown in Figure (2a) with its geometry,
properties of cross-section, and loadings. linear
analysis (ISL=1) gives collapse load 0.6133 kips
while large deformation® analysis (ISL=4) gives
collapse load 0.545 kips with difference about 11%.
The load deflection curves for different solutions are
shown in Figure (2.b) and the corresponding loads
are tabulated in table (1) later. Also, the failure
mechanism and sequence of hinges formation are
shown in the Figure. The complete solution (ISL

=4) gives load deflection curve and collapse load

very close to the experimental and theoretical values
given in [Refs. 5,11].
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s Figure 2a. Loading and dimensions.
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Figure 2b. Load-Deflection curves for Example (1).

Example 2

The frame with its loading and geometry is shown
in Figure (3a).

The experimental results given in Ref [13] are
compared with results obtained by the various
analysis adopted in this work.

Figure (3b) shows the load-deflection curves. The
numerical values for collapse load of different
analysis are given in Table (1). The difference
between the experimental curve and the complete
solution (ISL=4) adopted in the zone circled on
Figures (2b) and (3b) is due to the assumption that
the section is elastic until full plastic moment occurs.

Table 1.
T Plastic Collapse Load Under the action of (kips) % Reduction due to 1
REAMpIE ISL-1 ISL=2 | ISL=3 | ISL=4 | ISL=2 [ ISL=3 [ ISL=4 [%P/P°
1 0.61332 0.613 | 0.5933 | 0.54548 | 0.05 3.269 11.06 2.8
16.6412 16.349 | 16.226 15.866 1.753 2.515 | 4.6547 | 13.65
S

ISL, = 1 Linear Analysis

ISL = 2 effect of axial force only

ISL = 3 effect of axial force and change of geometry

ISL = 4 Complete solution (axial force + change of geomeuy + Large deflection)
pe Squash load = A o,
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Figure 3a. Loading and dimensions.
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Figure 3b. Load-Deflection curves for example (2).

5. CONCLUSIONS

In the examples presented, the effect of axial force
on full strength of members should be included in
the analysis for member carrying heavy axial loads,
also, the effect of large deformation should be
included for slender structures. The inclusion of
large deformation effect as well as the effect of axial
force on full strength of section give realistic
expression for collapse load and behaviour of
structures, and they are very close to experimental
results.
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