J. Comput. Struct. Eng. Inst. Korea, 31(1)
pp.9~16, February, 2018
https://doi.org/10.7734/COSEIK.2018.31.1.9

pPISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

Bending Moment Calculation Method and Optimum Element Size
for Finite Element Analysis with Continuum Elements

Ji-Hye Heo' and Han-Soo Kim'"

'Department of Architecture, Konkuk Univ, Seoul, 05029, Korea

Abstract

When designing a reinforced concrete member using nonlinear finite element analysis results, the bending moment at the critical
section should be calculated. In this paper, a bending moment calculation method using the results of reinforced concrete finite
element analysis(FEA) using continuum elements is presented and the optimum element size according to the order of the
displacement function of the finite element is proposed. The bending moments calculated by integrating the stresses from the FEA
are compared with the bending moments calculated using the static equilibrium conditions. In the method of integrating the stress,
both the stress due to the reinforcing bar and the stress of the concrete are considered. In addition, various factors affecting the
accuracy of the stresses calculated by the FEA were analyzed and the influence of the displacement function and the element size
was verified. If the purpose of the analysis is to roughly observe the behavior of the members, it is appropriate to use the first order
displacement function and the element size should be about 25% of the section height of the analytical model. When the bending
moment of a member with high accuracy is required, it is suggested that the secondary displacement function be used and the
element size be 12.5%.
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Fig. 2 Model 1's Geometric(mm)

Fig. 3 Model 2's Geometric(mm)
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Table 1 Model's mesh properties

Number of Size of
Name clement element
(%)
B-1L2 2 50%
L B-14 4 25%
tnear B-LS 8 12.5%
(Group A)
B-L10 10 10%
Beam B-L16 16 6.25%
(Model 1) B-Q2 2 50%
e | B 4 95%
Quadratic BQs 3 12.5%
(Group B)
B-Q10 10 10%
B-Q16 16 6.25%
S-L2 2 50%
y SL4 4 25%
mnear S-L8 8 12.5%
(Group C)
S-L10 10 10%
Slab S-L16 16 6.25%
(Model 2) S-Q2 2 50%
drati S-Q4 4 25%
Quadratic [77e7og 8 12.5%
(Group D)
S-Q10 10 10%
S-Q16 16 6.25%
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Fig. 4 Load-Displacement of model 1
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Fig. 5 Load-Displacement of model 2
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Table 2 Cracking and ultimate point of Model 1

Craking point Ultimate point
Moment
(kN*mm) 2517.825 8347.196
Load
(kN) 6.294 20.867
Displacement 0.175 2 499
(mm)

Table 3 Cracking and ultimate point of Model 2

Craking point Ultimate point
Moment
(kN-mm) 389.823 835.006
Load
(kN) 2.564 5.493
Displacement 0.438 9 845
(mm)
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Fig. 6 Error of bending moment by proposed
calculation method of model 1
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Fig. 7 Error of bending moment by proposed
calculation method of model 2

Table 4 Error of stress in linear part of model 1
Error

(%) B-L2 B-1L4 B-L8 B-L10 B-L16
Top 25.02 24.20 22.85 22.60 22.23
frror | b 0o | B4 | B-@8 | B0 | B-Q6
(%)

Top 4.36 3.60 3.62 3.75 3.93
Table 5 Error of stress in linear part of model 2
Error

(%) S-L2 S-L4 S-L8 S-L10 S-L16
Top -43.705 | -38.408 | -35.363 | -34.716 | -33.721
Brror ) g 9 | @4 | s@8 | sqio | sqie
(%)

Top -3.855 -3.879 -3.897 -3.901 -3.904
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