GEOMETRIC STIFFNESS MATRIX (8x8) AND BUCKLING LOAD P,

FLEXURAL-TORSIONAL BUCKLING OF THIN-WALLED OPEN SECTIONS
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Geometric contribution (constant axial force N > 0, tension)
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Notation: v(x) lateral displacement; 8(x) twist; ¢h(x) warping function

Equili rium (principle of virtual work) E: Young's modulus, G: shear modulus, J: St. Venant torsion constant
Wiy + SWpgom = 0

I, second moment of area about z; ,,: warping constant
Fo: polar radius of shear center; zg:

hear center offset (about y)

B) GEOMETRIC STIFFNESS MATRIX K, (8x8)

Degrees of freedom (node 1, then node 2): Koy Kye 0 * Ky is4x4
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Warping degrees of freedom ¢; and ¢, (positions 4 and 8) do not ibute to ic stiffness; therefore,

rows and columns 4 and 8 of K, are zero. The matrix K, is symmetric, of size 8 8, and sparse.

n BUCKLING LOAD P, (SIMPLY SUPPORTED: BENDING FREE, TORSION RESTRAINED, WARPING FREE)

A Assumed modeﬁshapes Substitution in the strong form and elimination of &
lead to a homogeneous system in V, ©:
v(x):Vsin’%v H(x)=95in¥, ¢(x)=¢cos’;_—x ¥ ly,
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Nontrivial solution = det [A(P)] = 0 = general buckling equation (P = P.,):
3 E kGJ 2
s 3 kGJ ) 7 T-k n?
(EIZF+PL—2) (m+GJ+Pro Tto——m | - |Prez) =0
FEL

The smallest positive root of this equation is  critical flecral-torsional buckling load Pe.

a PARTICULAR CASES a EXPLICIT STRUCTURE OF K, (8x8)
(a) Saint-Venant theory (k = 0) Index order: 1:vy, 2:v), 3: 6;, 4: ¢y, S:vy, 6: v, 7: 6, 8: ¢,
Since kG{.- =0, the general equation reduces to: T 25 3P BELT ISR BOL G T 48
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Taking the limit k — 1 in the general equation gives: 5 | Kwst | Kwwsz | Koess | O Kuvss | Kuwse | Kues a
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( e 17 ) Only the blocks shown above are nonzero: Ky, Kyg, Kgg and their transposes.
Both expressions are obtained directly from the general equation. Rows and columns 4 and 8 (warping DOFs) are zero.
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USE IN BUCKLING ANALYSIS Assemble elastic stiffness matrix K, and geometric stiffness matrix K,

mall itive eigen E ical buckling I
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