7-DOF BEAM FORMULATION WITH REPLACED GEOMETRIC COUPLINGS

The original geometric terms —2M, 0,/ 0, + 2M, 0./ 6, are replaced by + 2M, v’ 0," + 2M, w'0,’.

Sign convention: M, multiplies v’ 6, and M, multiplies w’ 0,
The quadratic term in 6, is (M, 8, —

", both with positive sign.
M.B, + BB,) 6.>.

1. KINEMATIC RELATIONS

2. WEAK (VARIATIONAL) FORMULATION
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3. STRAINS, CURVATURES AND ELASTIC
(INTERNAL) STRESSES (WITHOUT GEOMETRY)
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4. GENERALIZED STRESSES (INCLUDING GEOMETRY)

Q=
=Qf+ Now' + (=No yee + M) 6,

Q.

Qy + Nov' + (Nozee + M,) 8/,

=M + T, + Nor} 0; + (M,B. - M_B, + BB,) 6;

+ (No zse + M) v/ + (=No ysc + M) w'.
5. EQUILIBRIUM EQUATIONS IN THE DOMAIN (0, L) ] 6. NATURAL (BOUNDARY) CONDITIONS AT x =0 AND x = L
dN /dx + q, =0, or u =1
dQ, /dx + gq, Q. or v==7
dQ, /dx + q Q. or w=w
dM, /dx + m, =0, M. or 9, =9,
dM, /dx - Q, + my, =0, M. or o =0,
dM; /dx - Qy + m. =0, M o 9, =
dB/dx + T, + b= or o =9
7. GEOMETRIC STIFFNESS MATRIX DOF ORDER PER NODE (7 DOF)
The geometric stiffness matrix is obtained in closed form as i T xial disph
e axial displacement)
Kyeo = ];. G'NyGdx, 2 v (transverse y displacement)
with No defined as 0 Noz,. + M, o 46 3| w (transverse z displacement)
0 No —No yee + M, 0 0 4| 6, (orsion about x)
No=| Noze+ M, —Noyo+M, Norl+Mp —Mp +BB, 0 0 5 | 6,  (rotation about y)
0 0 0 0 6 0, (rotation about z)
0 0 0 0 7| @  (warping rotation)
OBSERVATION:  In this formulation, the geometric effects are incorporated directly in Q,. Q. and M,.

No addidonal terms such as ~M 0, + M, 0. appear because the orginal couplings were replaced

“This leads to a consistent and simpler

for numerical i




