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Development of Curved Beam Element with Shear Effect

Seok Soon Lee, Jeong Seo Koo and Jin Min Choi
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Abstract

Two-noded curved beam elements, CMLC(field-consistent membrane and linear curvature) and

IMLC(field-inconsistent membrane and linear curvature) are developed on the basis of Timoshen-

ko’s beam theory and curvilinear coordinate. The curved beam element is developed by the

separation of the radial deflection into the bending and shear deflection and the projection of the
shear deflection into bending deflection. In the CMLC element, field-consistent axial strain
interpolation is adapted for removing the membrane locking. The CMLC element shows the rapid

and stable convergence on the wide range of curved beam radius to thickness. The field-consistent

axial strain and the separation of radial deformation produces the most efficient linear element

possible.
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Fig. 2 A cantilever beam subjected to a concentrated

force at the free end
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Fig. 6 Convergence of radial deflection at loading
point for a pinched ring

Table 1 Accuracy of various curved beam ele-
ments according to the rations of R/t

Number of | Normalized Deflection at Loading Point
R/T Element | CMLC [ IMLC ;| CMCS IMIS

3 0.9141 | 0.7847 | 0.8751 | 0.7146

1 5 0.9671 | 0.9066 | 0.9524 | 0.8683

10 0.9914 | 0.9743 | 0.9878 | 0.9627

3 0.9036 | 0.6352 | 0.8276 | 0.4798

2 5 0.9627 | 0.8187 | 0.9338 | 0.7046

10 0.9907 | 0.9458 | 0.9829 | 0.9019

0.8958 | 0.2819 | 0.7928 | 0.1445

5 5 0.9599 | 0.4944 | 0.9206 | 0.3023

10 0.9894 | 0.7865 | 0.9799 | 0.6232

3 0.8941 { 0.1005 { 0.7857 | 0.0413

10 5 0.9588 | 0.2139 | 0.9157 | 0.0998

10 0.9894 | 0.4960 | 0.9788 { 0.2975

3 0.8937 | 0.0296 ) 0.7838 | 0.0107

20 5 0.9586 | 0.0707 | 0.9168 | 0.0272

10 0.9893 | 0.2097 | 0.9786 | 0.0970

0.8936 | 0.0078 | 0.7833 | 0.0027

40 5 0.9586 | 0.0204 | 0.9165 | 0.0070

10 0.9892 | 0.0683 | 0.9786 | 0.0263

3 0.8936 | 0.0013 | 0.7765 | 0.0004

100 0.9585 | 0.0035 | 0.9165 | 0.0011

10 0.9893 | 0.0130 | 0.9786 | 0.0044
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Fig. 7 Deflection(w/b) at loading point according to

the ratios of R/t with three element idealiza-
tion.
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