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Fig. 1 A beam on elastic foundation under lateral loads
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Tab. 1

Solutions with conventional element

No. of

2 4 160 320
elements
wi(m)  —1.6111e-05 —2.2182e-04 —3.2248¢-04  3.2261e-04
01 (rad) 2.8641e-04 4.6835¢-05 9.5462¢-05 9.5548e-05
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Tab. 2 Solutions with proposed element

No. of

2 4 8
elements
w1 (m) — 3.2265e-04 — 3.2265e-04 — 3.2265e-04
01 (rad) 9.5577e-05 9.5577e-05 9.5577e-05
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Fig. 2 A beam on Winkler foundation under point load
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Tab. 3 Solutions with the conventional element

No. of
elements

w1 (m) 9.5320e-10 — 1.1047e-08 — 1.3422e-08 — 1. 3449e-08
01 (rad) 7.4469e-07 3. 8483e-07 1.2689¢-07 1.2704e-07
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Tab. 4 Solutions with the proposed element

4 160 320

No. of

2 4 8
elements
w1 (m) — 1. 3459¢-08 — 1. 3459¢-08 — 1. 3459e-08
01 (rad) 1.2709e-07 1.2709e-07 1.2709e-07
k5 WENFK. BT, GmMAHENEE
Tab.5 Meshes and solution accuracy
32 bit 64 bit
2 elements 4 elements 8 elements 2 elements
wi(m) —1.3795e-12 —1.3154e-12 —1.3154e-12 —1.3154e-12
01 (rad) 2.4550e-11 2.4368e-11 2.4368e-11 2.4368e-11
wy(m)  —1.2966e-12 — 1.3154e-12 —1.3154e-12 —1.3154e-12
02 (rad) 2.4278e-11 2.4368e-11 2.4368e-11 2.4368e-11
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Exact numerical solutions of Timoshenko beams on elastic foundations

GAO Xing-jun, MA Hai-tao®, CHEN Tai-cong
(State Key Laboratory of Subtropical Building Science, Department of Civil Engineering,
South China University of Technology, Guangzhou 510640, China)

Abstract: This paper presents a study on the exact finite element solution of Timoshenko beams on elas-
tic foundation. New shape functions are constructed using the general solution of governing differential
equations of equilibrium and a Trefftz element is developed. The proposed exact element has the same
nodal degrees of freedom as the conventional element after the nodeless degree of freedom introduced in
the derivation is condensed at the element level. Methods for avoiding possible numerical errors due to
roundoff errors are also discussed. Numerical examples are presented to demonstrate the efficiency of the

new element.

Key words: elastic foundations; Timoshenko beams; Trefftz element; exact numerical solutions



