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ASYMMETRIC BRANCHING BEHAVIOR OF ELASTIC-PLASTIC FRAMES

By Tsuneyoshi NAKAMURAf Koji UETANI*and Eiji SAWAKI**

The symmetric branching behavior of inelastic structures as represented by the well-
known Shanley type buckling of inelastic columns have been investigated in detail. It does
not appear, however, that the elastic-plastic counterpart of the general theory for asymmetric
branching behavior has so far been discussed. The only one example in which an asymmetric
branching behavior has been illustrated is the Shanley-like branching curves for an aluminum
column with an unsymmetrical cross-section.

In the present paper, some fundamental characteristics of the asymmetric branching be-
havior of elastic-plastic frames have been first investigated through finite element analysis
of elbow-shaped bi- and tri-linear strain-hardening frames, and then clarified through a
theoretical analysis of a simple simulation model.

1. The following characteristics have been observed in the numerical results:

(1) As the single vertical load is monotonically increased with an eccentricity value within
a certain interval, a deflection reversal occurs. [Fig.3-9]

(2) Equilibrium paths for different load eccentricities may be classified into two groups
for both of the frames analyzed here. These two groups of curves apparently suggest the
existence of a branching point or a point of separation. [Fig.3,6,8]

(3) In the case of the frame with a column whose tangent modulus load is considerably less
than the yield load, each equilibrium path for a load eccentricity within a certain
interval exhibits a sharply turning corner. [Fig.6]

2. The fundamental characteristics clarified through the model analysis may be summarized as:
(1) Two different types of separation points exist. [Fig.15,16]
(2) Two different paths branch off the fundamental path at a branching point of the asym-
metric version of the well-known tangent modulus branching in the Shanley model or in

symmetric columns. In contrast to the symmetric branching behavior, the frame is in a
deflected configuration already at the asymmetric branching point. [Fig.15] [Fig.16]
(3) At the other separation point, the counterpart of the fundamental path does not exist?

(4) For a load eccentricity value within a certain interval, a deflection reversal occurs
similarly to the reversal in the realistic columns as described in 1. [Fig.15,16]

3. It has been demonstrated that the simple model enables one to account for all the funda-
mental characteristics ofthe asymmetric branching behavior of the realistic two-bar frames.
It may therefore be conjectured that at least some of the characteristics discovered here
represent those of asymmetric branching behaviors of general elastic-plastic structures.

#Associate Professor of Architecture, *Assistant,**Graduate student , of Kyoto University

0y=2.9(ton/cm2)

B/P 4 P/P Al ) .
cr y Analysis Experiment [7] E=2100(ton/cm?)
1 —1;__——_‘%%Mmﬂmﬁ
el £5£=0.017
P,=58.3(ton)
E=2000 (ton/cm?) ol ° T P P,=153.1(ton)
o )
_ y
A=31.8 4 1‘ AJer i=4 .15 (cm)
. £ .
. . 1 Est X A=7.23
0 0.01  ~ H/L 0 0.01 H/L™ 1.=30(cm)
5414 4 o Euler f i M58 o R R (7)) 8/p=0.0005

REFERENCES

[1] W. T. Koiter, On the Stability of Elastic Equilibrium, Thesis, Univ, Delft, H. J, Paris, Amsterdam, 1945,
English tranlation NASA TT F-10,833, 1967.

[2] J. M, T. Thompson, A General Thesory for the Equilibrium and Stability of Discrete Conservative Systems,
Zeit. Angew, Math, Phys., 20, 797-846, 1969.

[3] R. Hill, On the Problem of Uniqueness in the Theory of a Rigid-plastic Solid, I, 1I, III, IV, J. Mech. Phys.
Solids, 4, 247-255, 5, 1-8, 1956; 5, 153-161, 302-307, 1957,

[4] J. W. Hutchinson, Post-bifurcation Behavior in Plastic Range, J. Mech. Phys. Solids, 21, 163-190, 1973,

[5] F. R. Shanley, Inelastic Column Theory, J. dero. Sci., 14, 261-268, 1947.

] J. E. Duberg § T. W, Wilder III, Inelastic Column Behavior, NACA Rept. 1072, 1952. J. E. Duberg, Inelastic

Buckling, Handbook of Engzneerlng Mechanics (Edited by W. FZugge), McGraw-Hill, 52 1-52.9, 1962,

[7] 7ok 4 #Xu%.mjﬁ P E SRR I AR B, nagdYaliBEh %2298, 01-%

[8) B. G. Johnston (Ed.), Guide to Stability Design Critera for Metal Structures, (Srd Ed.) Chap.3, 44-47,
J. Wiley & Sons, 1976.

(9] fg« 5;& iR, RERREVNRRATUEITAL , K ESE, PR IBE R % FRBEBITEER $3% . 159184,

BB, 1996

[10] Yoshitsura Yokoo, Tsuneyoshi Nakamura § Koji Uetani, The Incremental Perturbation Method for Large Displace-
ment Analysis of Elastic-plastic Structures, Int, J. Num. Meth. Eng., 10, 503-525, 1976.

[11] ?, J. Sewell, The Static Perturbation Technique in Buckling Problems, J. Mech. Phys. Solids, 13, 247-265,

965.

[12] W. T. Koiter, Post-Buckling Analysis of a Simple Two-Bar Frame, Recent Progress in Applied Mechanics: The

Folke Odgvist Volume, John Wiley & Sons, 337-354, 1967.

—100—



