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An enhanced 8-node isoparametric element with anti-distortion

QIAO Haiqing, BAO Siyuan, SHEN Feng
School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China

Abstract: In order to improve the solution precision of the plane problem, the Q8 Legendre element
is constructed based on the idea of introducing Bubble function to enhance the mapping relationship
based on Legendre orthogonal function. Because the displacement field of the element contains Bubble
function, the size of the element stiffness matrix becomes larger. In order to reduce the size of the over-
all stiffness matrix and save the computer memory space, the additional degrees of freedom are con-
densed after the stiffness matrix of the element is obtained. Some numerical examples show that the
Legendre element can pass the patch test, and the displacement accuracy of the element is improved
with the increasing of Bubble function number, while the stress accuracy remains almost the same.
When the distortion mesh is encountered, the Q8 Legendre element exhibits the performance of anti-
distortion ability, and locking phenomenon does not appear.
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Fig.3  The quadrilateral mesh
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Table 1 Numerical results under uniform bending moment M

Mesh Element Results
Q8 0. 630
c 08 L 1.334 1. 446 1. 470
- (m=n=1) (m=n=2) (m=n=6)
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Table 2 Numerical results under the load P
Displacement Mesh  Element Results
Q8 6. 107
1 08 L 7.633 7. 682 7.711 7.723 7.732
»(100, 0) x 10° - (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
Q12" /Q8 3.444/1.289
2 08 L 6.335 6.430 6.474 6.499 6.518
- (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
Q8 3.339
3 08 L 3.502 3.599 3.585 3. 605 3.612
»(20,0) x 10* - (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
Q8 3.344
4 08 L 3.335 3.619 3. 646 3. 656 3.658
- (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
1) 20l Lee etal. (1993).
#3 B MIER T4,
Table 3 Numerical results under the coupling M
Displacement Mesh Element Results
Q8 -11.714
1 08 L -11. 898 -11. 950 -11.976 -11. 986 -11.993
2(100.0) x 10" - (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
Q12"/Q8 (-2.33)/(~1.896)
2 08 L -11.934 -11.974 -11.997 -12. 009 -12.018
- (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
Q8 -4.412
3 08 L -4.749 -4.782 -4.779 -4.785 -4.785
120,00 % 10° - (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=5)
Q12"/Q8 -4.412
4 08 L -4.393 -4.652 -4. 681 -4.691 -4. 694
- (m=n=1) (m=n=2) (m=n=3) (m=n=4) (m=n=6)
1) Z W Leeetal. (1993).
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Fig. 6 Macneal beam
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MAEBLT , Q8 LAZsemki/ N, Rk ok
A F PS 2IC (Pian et al., 1984), FLRAE7E 4
21E 38

4  J18 MAEFT Macneal [n) j3igs 1 1
Table 4 The results of Macneal problem under the couple M

Element
Mesh Q8 L
Q8(3x3) Q8(2x2)  PS/P2-Q6-111% PS(a)” —
m=n=1 m=n=3 m=n=5 m=n=6
a 0.6168 0.989 6 1. 000 1. 000 0.9959 0.998 6 0.999 2 0.999 3
b 0.5643 0.998 1 0. 163 0. 999 0.996 8 0.998 8 0.999 3 0.999 3
c 0.089 1 0.984 8 0. 846 1. 000 0.996 9 0.998 8 0.999 3 0.999 3
1) Q8(2x2)F/R Q8 iy R JH 2x2Gauss FA43; 2) Ul Huang et al. (2004); 3) Z: 0L Wu etal. (1995),
5 ST PAEATT Macneal [ #I25 L ©
Table 5 The results of Macneal problem under concentrated force P
Element
Mesh Q8 L
Q8 (3x3) Q8(2x2) PS/P2-Q6-1111" S(a)? =
m=n=1 m=n=3 m=n=5 m=n=6
a 0.550 722 0.984 218 0.993 0.993 0.9813 0.9858 0.986 7 0.9869
b 0.488 326 0.997 077 0.221 0. 996 0.9811 0.987 1 0.988 2 0.988 3
c 0. 0863 37 0. 969 473 0. 796 0.989 0.986 6 0.990 4 0.9913 0.9914
1) Z Ul Huang etal. (2004); 2) Z W Wuetal. (1995),
6  JIE MAEFT Macneal [ #8125
Table 6 The results of Macneal problem under the action of couple M
Element
Case Mesh
Q8(3x3) PS" Q8 L(m=n=6)

a 0. 003 455 0.004 10 0. 004 009

u=0. 49 b 0. 003 598 0. 000 69 0. 004 024

c 0.001 896 0. 000 348 0. 004 024

a 0. 003 331 0.004 05 0.003 787

n=0.499 b 0. 003 047 0. 000 68 0. 003 830

c 0. 000 481 0. 003 44 0. 003 831

1) £l Pianetal. (1987),

2.4 Cook @&

Cook Z2 N & 7 i /n , MBI Z ¥ E=1,
w=13, BEN =1, @i A SR A,
P2 Q8 L BATTITERE.

JRAERE 43 2% 4x4 I 8x8 Fh = Flt A%, H:
ThRER RIS 5y 2. AR Br. K8 HHK
BoR, BEE KA m 5 n (HAE K, 4500
fRG FEAR B AR . th R 8, TE MRS R4k 2x2

EOLF, Q8 L TG (m=n=1)A 15 &[] {7 £ F ]
() Q8 HLITTE P45 Kl 43 4x4 (1% B0 T kG BE AH 22
-1.752 9%; Q8_L ¥yt (m=n=6)1£ M k% X1 /3 Ky 4x4
BIREOL T, A R 88 ) 0 % 45 SR RN X I Q8 B ITAE W)
&5l 3R 88 I S AH EL R TH T 0.208 7%. K] 8 J&2
/N T Q8_L(m=n=6) Mot 16 Wi A AS [R] A% T A9 12 ]
AN
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Table 7 The results of the incompressibility under concentrated force P
Element
Case Mesh
Q8 (3x3) pPs” Q8 _L(m=n=6)
a 0. 062 66 0. 08159 0.078 85
w=0.49 b 0. 065 58 0.018 65 0.078 71
c 0.035 83 0. 065 76 0.078 82
a 0. 059 53 0. 080 53 0.072 85
n=0. 499 b 0.052 79 0.018 44 0.073 31
c 0. 009 33 0. 064 93 0.073 30
1) Z Wk (Pian et al. , 1987).
P=1, uniformly distribution
7 (a) 2x2/ %
C 16
— 20
15
44
44
10
B
5
48 0

le |
T
%7 Cook 7

Fig. 7 Cook skew beam

#8 ZHEP I Cook AL HL fift
Table 8 The displacement solution of Cook beam under

a concentrated force

Uy

Element
2x2 4x4 8x8
Q8 23.17 23.71 23.88
AQS8-I/11" 22.98 23.74 23.89
Q8_L(m=n=1) 23.29 23.84 23.93
Q8_L(m=n=6) 23.70 23.93 23.95

1) Z W3k (Soh et al. , 2000)

2.5 RAf%hEE

2 J& S T N Sy 4 P R B ( Zienkiewicz et al.,
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o,=1.1481, o, =-0.1481, 7, =-0.222(Zienkie-

X
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Fig. 8 Cloud image of vertical displacement
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R A A b RN EL AR AR bR 2 [ G 56 22, SR HS B A
LY v N3 v S ) L S DA B B S S R 2
TR AL B, 3 B P A A5 S BT Y 1
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Fig. 9 Stress concentration
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Fig. 10 Different grids divided by 8-node elements
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(2) H5Q8HLITXf b AT : & AL MIAE T Pr i 7
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(3) FHXTT Q8HLTT, FriRfiFE M NG AT —
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PS) XL, (iR MERG AR Y, H R AR
2042t
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Table 9 Stress solutions for point P

Mesh 1 Mesh 2
Results
Q8 Q8 L(m=n=4) Q8 Q8 L(m=n=4)
T, 1.227 3(6.9%) 1.226 6(6. 84%) 1.222 5(6. 48%) 1. 149 1(0. 08%)
o, -0.191 0(28.97%) -0.190 0(28. 29%) -0.184 1(24.31%) -0.179 3(21.07%)
7, -0.214 6(-3.42%) -0.214 7(-3.38%) -0.215 8(-2. 88%) -0.2151(-3.20%)

1) $55 N B BUER R AR TR A AT 1222

SE Wk

ARy, WIE, R, & 2017 064K B B s REA FRIC T
RO — SR (1] TR 1%, 34(3):1-14.

Jedi &, AL, 2001 A BRICEERTIE : B Ry - BERE (M.
Jemt: A EK AR AL

e BUER, JERE R, ARy, 2001, A R IC A LA ) R A R
[CL/s+ i 4 E 450 TR R BGE S . P E 2
YFx:57-74.

B, 2009. A7 FRICHEEANZRE [ M ] LRt w235 207 Hh it

DINGSY, SHAO GJ, HUANG Y'Y, etal, 2021. The super-
convergence gradient recovery method for linear finite el-
ement method with polygons [J]. Int J Numer Methods
Eng, 122(16): 4154-4171.

ESSONGUE S, COUEGNAT G, MARTIN E, 2021. Finite
element modelling of traction—free cracks: Benchmarking
the augmented finite element method (AFEM) [J]. Frac-
ture Mechanics, 253:107873.

HAN L, WANG J X , LI HJ, et al, 2020. A time—domain
spectral element method with C' continuity for static and
dynamic analysis of frame structures[J]. Structures, 28:
604-613.

HAU N N, KHANH C N, KHUONG D N, et al, 2021. A
consecutive—interpolation  polyhedral finite element

method for solid structures [J]. Int J Numer Methods

Eng, 122(20):5692-5717.



%3 1] T, A5 —FhPUmAL A3 IR R\ jAF 200 171

HE D Z, LIU T, 2021. In-plane modal studies of arbitrary
laminated triangular plates with elastic boundary
constraints by the Chebyshev-Ritz approach[J]. Compos-
ite Structures, 271:114138.

HOUMAT A, 1997. Hierarchical finite element analysis of the
vibration of membranes[J]. J Sound Vib, 201:465-472.

HOUMAT A, 2000. A triangular Fourier p—element for the
analysis of membrane vibrations [J]. J Sound Vib, 230
(1):31-43.

HUANG Y Q, LI Q S, 2004. Four-node incompatible plane
and axisymmetric elements with quadratic completeness
in the physical space [J]. Int J] Numer Methods Eng, 61
(10): 1603-1624.

LEE N S, BATHE K J, 1993. Effects of element distortions
on the performance of isoparametric elements [J]. IntJ
Numer Methods Eng, 36(20):3553-3576.

LIU GR, DAIKY, NGUYEN T T, 2007. A smoothed finite
element method for mechanics problems [J]. Computa-
tional Mechanics, 39(6):859-877.

LONG Y Q, CEN S, LONG Z F, 2009. Advanced finite
element method in structural engineering [M]. Beijing:
Tsinghua University Press.

MACNEAL R H, 1989. Toward a defect—free four-noded
membrane element [J]. Finite Elem Anal Des, 5 (1) :
31-37.

PIAN T H H, SUMIHARA K, 1984. Rational approach for
assumed stress finite elements [J]. Int J Numer Methods
Eng, 20(9):1685-1695.

POZRIKIDIS C, 2014. Introduction to finite and spectral
element methods using MATLAB [M]. Chapman and
Hall/CRC.

PRZEMIENIECKIJ S, 2009. Finite element structural analysis:
New concepts [M]. AIAA (American Institute of Aero-
nautics & Astronautics).

SOH A K, LONG Y Q, CEN S, 2000. Development of eight—
node quadrilateral membrane elements using the area
coordinates method [J]. Computational Mechanics, 25
(4):376-384.

SUZ, JINGY, YET G, 2018. Vibration analysis of
multiple-stepped functionally graded beams with general
boundary conditions [J]. Composite Structures, 186(8) :
315-323.

TATYANA S, ZHANG S Y, 2022. An interpolated Galerkin
finite element method for the Poisson equation [ J ].
J Sci Comput, 92(2):47.

WU C C, CHEUNG Y K, 1995. On optimization approaches
of hybrid stress elements[J]. Finite Elem Anal Des, 21
(1):111-128

ZIENKIEWICZ O C, ZHU J Z, 1992. The superconvergent
patch recovery and a posteriori error estimates. Part 1:
The recovery technique[] 1. Int J Numer Methods Eng, 33
(7):1331-1364.

ZIENKIEWICZ O C, TAYLOR R L, 2005. The finite element
method for solid and structural mechanics [M]. Oxford:

Elsevier Butterworth—Heinemann.

(RfEHE TiEE)



