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"DENG Ji-hua'*? , SHAO Xu-dong1 , DENG Xiao-xiao’

(1. College of Civil Engineering, Hunan University, Changsha, Hunan 410082, China;
2. College of Bridge and structural Engineering, Changsha University of Science and Technology, Changsha, Hunan 410076, China;

3. Hunan Third Institute of Survey and Mapping, Changsha, Hunan 410007, China)

Abstract: A new geometric nonlinear element tangent stiffness matrix for the quadrilateral 8-node plane
element under a large rotation with small strain is presented by changing the origin of the coordinate system and
adopting a field consistency principle, which is different from other existing co-rotational approach adopting the
origin of a local coordinate system and a geometric consistency principle. The stiffness matrix is asymmetric.
However, it requires less computation and positively meaningful in reducing the accumulated round-off errors and
increasing the convergence of iterations. A Fortran-based nonlinear finite element iteration procedure is
established by the Newton-Raphson technique. Two examples including a cantilever beam with a concentrated
load and a distributed load and a shallow arch under a concentrated load at arch crown are solved to verify the
reliability and computational efficiency of the proposed element formulation.
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Fig.1 Quadrilateral 8-node plane element of co-rotational
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Fig.2 Cantilever of large deflection under a concentrated load
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Table 1 Cantilevers large deformation under a concentrated

load
) w/L u/L
PLYEI - -

HEEHT A AR HEEHT A AR
1.0 0.3017 0.3028 0.0564 0.0565
2.0 0.4935 0.4960 0.1606 0.1614
3.0 0.6033 0.6071 0.2544 0.2560
4.0 0.6700 0.6748 0.3289 0.3313

5.0 0.7138 0.7194 0.3876 0.3906

()
N w/L u/L
PL*/(EI , ,
A AT A fiR A AT A SCHiR
6.0 0.7446 0.7510 0.4346 0.4381
7.0 0.7674 0.7744 0.4729 0.4769
8.0 0.7850 0.7927 0.5048 0.5092
9.0 0.7991 0.8074 0.5318 0.5366
10.0 0.8106 0.8196 0.5550 0.5600
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Fig.3 Load-deflection curve of Cantilever under a
concentrated load
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Table 2 Cantilever’s large deformation under a distributed

load (u=0)
w u
E ANSYS fi# AR IS ANSYS fi# AR AR
5 3.7183 3.7204 0.53529 0.53519
10 6.7052 6.7169 1.8303 1.8343
15 8.7547 8.7785 33116 3.3260
20 10.105 10.083 4.6707 4.6983
25 11.017 10.986 5.8438 5.8703
30 11.645 11.653 6.8242 6.8508
35 12.088 12.130 7.6263 7.6707
40 12.414 12.465 8.2914 8.3609
45 12.668 12.721 8.8704 8.9472
50 12.866 12.923 9.3631 9.4502

Rx3 ARZHHETHNEBERMAB(1=0.3) /m

Table 3 Cantilevers large deformation under a distributed

load (1£=0.3)
w u
1 ANSYS fi# AR ANSYS fi# AR
10 6.7243 6.7317 1.8351 1.8392
20 10.182 10.162 47433 47128
30 11.679 11.706 6.8322 6.8720
40 12.465 12.495 8.3364 8.3858
50 12.922 12.954 9.4146 9.4772
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Fig.4 shallow arch under a single concentrated load in crown

of arch
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Fig.5 Load-deflection curve of shallow arch under a
concentrated load in crown of arch

150

120 X
X
— ®
X o0l x;?f’:""""‘:‘1‘1‘1{{‘:.:.:.2,?ofA!'
3 3
‘ﬁj’({ K:l 4x90
;60 - o
= iy ——1x90
Ve
30 1*: —B-2x90
X
0 3%90

0o 05 1 L5 2 25 3
HEIALFE /m
Bl6  AE MR TR S far 2 R 50 i 2k B
Fig.6 Load-deflection curves of shallow arch for different
element partition
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Table 4 Upper critical load and lower critical load for
different element partition
I 54 4 2 T I A 2
T X Y X 3

B i 728 3m I (1

TR
M MiBMEm REA MBE/m
1x90 101.84 1.2 93.19 22 127.78
2x90  101.61 12 92.39 22 116.89
3x90  101.60 12 92.39 22 116.79
4x90  101.61 12 92.14 2.3 116.75
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