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Study on the construction method of composite finite element

YUAN Zhenggiang , XIONG Guangliang s MA Ningning
(School of Civil Engineering, Chongqing University, Chongqing 400044, P.R.China)

Abstract: In traditional finite element method, each unit is composed of a single material. While only
considering the properties of a material will bring great convenience to the software programming, it also
leads to a complex finite element modeling process. Therefore, in this paper, we discussed the principle of
virtual work from the four nodes rectangular element and the two nodes linear element and used the energy
equation to integrate the two different elements. Using VC+ + as the development tool, taking advantage
of the parametric element characteristics and using Gaussian numerical integral method, we formed the
element stiffness matrix of the common elements, according to the inverse matrix construction method of
functions written plane element shape function program. Then, the element stiffness was integrated
according to the node displacement number of the element, and a new type of finite elements containing
plane unit and line unit was obtained. At the same time, two kinds of composite elements were applied to a
simple example of calculation, in which the concentrated load was placed in the end of the cantilever
beam. Through the calculation of the example, the results obtained by using the composite element method
and ANSYS in the same conditions were compared. The results of the two cases are very close, the
composite element construction method is correct and reliable, and at the same time, it can reduce the

number of elements.
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Fig.4 The grid for composite element of type one
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Fig.5 The node number for composite element of type one
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Table 1 The results of composite element of type one

WA v J7 R B AR RS2 v 77 I HE B AE
2 —0.000 016 905 12 —0.000 928 839
3 —0.000 046 200 13 —0.001 079 460
4 —0.000 092 600 14 —0.001 237 290
5 —0.000 152 280 15 —0.001 401 450
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TR v J7 R B AA TR v J7 I B AE
6 —0.000 227 147 16 —0.001 571 06
7 —0.000 315 602 17 —0.001 745 23
8 —0.000 416 580 18 —0.001 922 99
9 —0.000 529 297 19 —0.002 103 35
10 —0.000 652 857 20 —0.002 284 15
11 —0.000 786 339 21 —0.002 464 20
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Table 2 The results of composite element of type one

TR v J7 i HE B AA REVEe v 77 I HE B AE
2 —0.000 016 380 12 —0.000 928 189
3 —0.000 045 639 13 —0.001 078 705
4 —0.000 092 406 14 —0.001 236 548
5 —0.000 151 885 15 —0.001 400 610
6 —0.000 226 784 16 —0.001 570 275
7 —0.000 315 129 17 —0.001 744 358
8 —0.000 416 039 18 —0.001 922 221
9 —0.000 528 821 19 —0.002 102 509
10 —0.000 652 269 20 —0.002 283 008
11 —0.000 785 710 21 —0.002 463 215
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Table 3 The results of two computing methods

RS2 FZE T3/ % TR MG/ %
2 3.21 12 0.07
3 1.23 13 0.07
4 0.21 14 0.06
5 0.26 15 0.06
6 0.16 16 0.05
7 0.15 17 0.05
8 0.13 18 0.04
9 0.09 19 0.04
10 0.09 20 0.05
11 0.08 21 0.04
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Fig.9 The node number for composite element of type two
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Table 4 The results of composite element of type two

RS2 v J7 BB AA TR ¥ 77 I 48 B A
2 —0.000 017 520 12 —0.000 929 486
3 —0.000 047 166 13 —0.001 080 140
4 —0.000 092 319 14 —0.001 238 020
5 —0.000 152 772 15 —0.001 402 210
6 —0.000 227 636 16 —0.001 571 850
7 —0.000 316 039 17 —0.001 746 040
8 —0.000 417 075 18 —0.001 923 860
9 —0.000 529 841 19 —0.002 104 120
10 —0.000 653 433 20 —0.002 285 280
11 —0.000 786 949 21 —0.002 465 470
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Table S The results of composite element of type two

WA v J7 ) BE AR WA v J7 B AE
2 —0.000 016 905 12 —0.000 928 839
3 —0.000 046 829 13 —0.001 079 460
4 —0.000 092 081 14 —0.001 237 290
5 —0.000 152 280 15 —0.001 401 450
6 —0.000 227 174 16 —0.001 571 060
7 —0.000 315 602 17 —0.001 745 230
8 —0.000 416 580 18 —0.001 922 990
9 —0.000 529 297 19 —0.002 103 350
10 —0.000 652 857 20 —0.002 284 150
11 —0.000 786 339 21 —0.002 464 200
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Table 6 The results of two computing methods

RS HZEE G/ % WA MIZT /%
2 3.64 12 0.07
3 0.72 13 0.06
4 0.26 14 0.06
5 0.32 15 0.05
6 0.20 16 0.05
7 0.14 17 0.05
8 0.12 18 0.05
9 0.10 19 0.04
10 0.09 20 0.05
11 0.08 21 0.05
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