D H R ] Applied Mathematics and Mechanics
46 F 1M 202541 H Vol.46,No.1,Jan. 2025

© RiFIHCEAN 1% 47 22 ISSN 1000-0887 hitp://www.applmathmech.cn
—4#FRITH EEP R KR EBEN T
oW, X W
(HERY EATREA DATRZESHAZFTMELALEE, L5 100084)

HWE. X m(> 1) WHIT, FETHICAE R (element energy projection , i # EEP ) 1k $2 Hi (%) fa] 246 202 Lt
HAHENARIGH o /08— g, Jittdt il T EEP SIS, J745 1 DL EEP BOGHE N R LR BB A
PR TR fife 5 W6 308 5 Gt TR R ) TSR 3 AT 1 — 4R A R R ), TH 25 R 5 e T W & 30, B T 3 R
SR AR R (A S5 RN T S AT ST 25 SR 2R U TR 1T DA R e i R i 8 s SR R 25 BRI R 20 MR T8 B
JC, IR W SRR LT HCE D,

X # W, —4eAMoT; HotheEfGY (EEP); EEP BT, BTN ARITE

hESES: 0342 XEAPRERS . A DOI: 10.21656/1000-0887.450036

EEP Elements for the 1D Finite Element Method
and the Adaptivity Analysis

YANG Shuai, YUAN Si
( Key Laboratory of Civil Engineering Safety and Durability, Ministry of Education,
Department of Civil Engineering, Tsinghua University, Beijing 100084, P.R.China)

Abstract: For the elements of degree m( > 1) , simplified form solution u* based on the element energy projec-
tion (EEP) method has at least 1-order higher accuracy than conventional finite element solution u". As a re-

x5

sult, the EEP element, with simplified form EEP solution .~ in as the final solution, was proposed, and a cor-
responding adaptive finite element analysis strategy for EEP elements was developed. By means of the devel-
oped algorithm, the 1D 2-point boundary value problem was analyzed, and the computation results are in good
agreement with theoretical solutions, verifying the effectiveness and reliability of the proposed adaptivity strate-
gy. The theoretical study and numerical experiments show that, the proposed method provides an EEP element
solution satisfying the preset error tolerances in the maximum norm with fewer elements and less adaptive steps

compared to conventional finite elements.
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R CHHLAIT A MR ER (T, = 1 x107%)

Table 1 Results of the conventional element adaptive strategy (T, = 1 x 107%)

m N, Nt Nuap Ppna Poin T

3 26 79 6 0.1250 0.015 6 0.804 0
4 11 45 5 0.250 0 0.031 3 0.862 9
5 7 36 4 0.250 0 0.062 5 0.562 6

F 2 EEP HITHENDRAERIEAR (T, = 1 x 107%)
Table 2 Results of the EEP element adaptive strategy (T, = 1 x 107%)

m N, Noor Nty B B s
3 15 46 5 0.1250 0.0313 0.796 7
4 9 37 4 0.250 0 0.062 5 0.458 0
5 6 31 3 0.250 0 0.1250 0.228 7
R 3 WHIEITH EEP BILEERIE (T, = 1 x1071)
Table 3 Comparison of results between conventional elements and EEP elements (T, = 1 x 10710)
element type convergence order N,. N(h.l‘ Nﬂ(]p Efnax "nm)
quartic conventional element!'"] h’ 30 121 6 0.870 0
cubic EEP element I 36 109 6 0.9320
- 0.15 - — EEP element
conventional element
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Fig. 2 The analytical solution to the problem Fig. 3 The element distribution diagram
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Table 4 Results of the conventional element adaptive strategy ( case 1)

m N, Nt Nty Pina P T

3 48 145 7 0.061 3 0.009 4 0.829 6
4 19 77 6 0.148 5 0.020 4 0.810 9
5 9 46 5 0.240 0 0.040 5 0.733 2

&5 EEP HILHE NSRRGSR (R 1)
Table 5 Results of the EEP element adaptive strategy ( case 1)

m N, Nor N, adp [~ D e Ir:mx
3 27 82 7 0.091 0 0.018 8 0.971 3
4 15 61 5 0.113 8 0.047 5 0.430 5
5 9 46 4 0.250 0 0.067 5 0.2320
R6 WHLEITH EEP BOTESERTIL (T, = 1 x 107°)
Table 6  Comparison of results between conventional elements and EEP elements (T, = 1 x 107%)
element type convergence order N, Ngof Noap et (er)
quartic conventional element!'!] I 45 181 7 0.838 8
cubic EEP element n’ 66 199 8 0.8919
RT7OHAIT FE NDOR AR RIS R (5 2)
Table 7 Results of the conventional element adaptive strategy ( case 2)
m N, Nor N, adp [~ i e ﬁmx
3 125 376 11 0.030 9 5.9x10 * 1.037 8
4 50 201 10 0.061 9 1.3x10°3 0.845 2
5 31 156 9 0.091 1 2.6x10 3 0.758 3
%8 EEP HIC F IS MR AR 4528 (52491 2)
Table 8 Results of the EEP element adaptive strategy ( case 2)
m N, Nt Nty Ppnas B Phe
3 81 244 11 0.036 4 1.4x10 3 1.019 3
4 42 169 10 0.064 4 2.2x10 3 0.723 5
5 30 151 8 0.072 6 7.5x10°3 0.673 5
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F9 HHHITH EEP HITARXLL (T, = 1 x 10719)

Table 9  Comparison of results between conventional elements and EEP elements (7, = 1 x 107'%)
element type convergence order N, N gof Noap et (&r.)
quartic conventional element! ") B’ 121 485 11 0.948 2
cubic EEP element "’ 200 601 13 0.959 3

— EEP element
conventional element

u h
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Fig. 5 Analytical solutions to the problem of section 3.1.2 Fig. 6 Element distributions of case 1
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Table 10 Results of the conventional element adaptive strategy (T, = 1 x 1073)

N N, N, h h eh

m e dof adp max min  max

3 10 31 9 0.650 0 7.9x10 3 0.740 0
4 9 37 8 0.650 0 2.3x10 4 0.706 8
5 41 7 0.650 0 6.4x10 * 0.894 2

F 11 EEP BT FUE MR ARG EE R (T, = 1 x1077)
Table 11 Results of the EEP element adaptive strategy (7, = 1 X 107%)

m N, Noot Noap [~ D Ehas
3 3 10 2 0.660 0 0.129 2 0.456 3
4 3 13 2 0.630 0 0.144 3 0.252 8
5 2 11 1 0.620 0 0.380 0 0.649 1
£ 12 HHLIGH EEP BOCEE RN (T, = 1 x 1074)
Table 12 Comparison of results between conventional elements and EEP elements (T, = 1 x 107*)
element type convergence order N, Noot Nogp ()
quartic conventional element!'!) n’ 13 53 12 0.866 5
cubic EEP element B’ 5 16 4 0.459 2
0.8 - —— EEP element

conventional element

h 04

B 11 3.1.3 /N RIn st s i A
Fig. 11 The element distribution diagram of section 3.1.3
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