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Abstract:
Galerkin equations, the exact conditions for the establishment of Galerkin equations is derived. The association of

Based on the comparison of the full displacement mode and conventional displacement mode of

a displacement mode and the bubble function is demonstrated. The combination program of a liner element and a
bubble function is proposed. Using the condition of precise establishment, by the analysis order of magnitude,
retaining the main impact item of a bubble function, the analytical expression solving for bubble functions is
avoided. The derivative accuracy has reached the order of A*, compared with the liner element that the
convergence precision is the order of 4% The calculation does not be essentially increased. Theoretical analyses
and numerical calculations show that this unit is a superior performance than a high-dimensional element.
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Table 1 Endpoint displacement of three kinds of elements

u(1) (K§fi#=0.35195)
n N. —IRJG  el(%) el(%) N, A3 el(%)
3 2 035723 1.50x10° 1 0.35159 11.0x1072 2 0.35181 3.79x107>
5 4 035324 3.68x107" 2 035192 6.30x10° 4 0.35194 2.30x107
9 8 0.35227 9.15x107 4 035194 3.82x10~ 8 0.35195 1.43x107"
1716 0.35203 2.28x10 8 0.35195 2.38x107° 16 0.35195 0.89x107°
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Table 2 Mid-span displacement of three kinds of elements

N, —IKJG

u(0.5) (K i fi#=0.26924)
n Ne e/(%) N. —IRJG  el(%) N. AR el(%)
5 4 0.270254 3.78x107" 2 026922 6.33x107 4 0.26923 2.37x107
9 8 0.269490 9.39x1072 4 0.26924 3.92x107* 8 0.26924 1.47x107*
1716 0.269300 2.34x1072 8 0.26924 2.44x107° 16 0.26924 0.92x107°
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Table 3 Node derivatives of liner elements and this elements (x=0.5)

w'(0.5) (K ffifif= 0.33769)

Ne — e — o

el(%) e/(%) —IRTGHEEISK e/(%) AL el(%)
2 0.54678 6.19x10" 0.16768 5.03x10" 0.34235 1.3x10° 0.33758 3.46x107
4 0.43460 2.86x10" 0.25024 2.59x10" 0.33866 3.50x107" 0.33769 2.15x107
8 0.38464 1.39x10" 0.29309 1.32x10" 0.33799 9.00x107> 0.33769 1.34x107*
16 0.36084 6.85x10° 0.31514 6.68x10° 0.33777 2.10x107> 0.33769 0.84x107°
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Table 4 Node derivatives of quadratic elements and this elements (x=0.5)
w'(0.5) (K Tfifif= 0.33769)
n N, e vt | el(%) —IRTCA el(%) RGBSR el(%) Ne AL el(%)
5 2 0.32737 3.06x10° 0.33356 1.23x10° 033771 2.83x10° 4 0.33769 2.15x107
9 4 0.33554 6.40x107" 0.33631 4.10x107" 0.3377 1.82x10* 8  0.33769 1.34x107*
17 8 0.33721 1.40x107" 0.33731 1.20x107" 0.33770 1.15x10° 16  0.33769 0.84x107°
N N N N, Saons — 2N N 4
MEL ET L T UG TARTCHIAR SR TG & AL ERIR B T R B

1) —WRITIIEE SRR T 1 B I SIORS

SIORG L, A SCIRRG JRE L T 5y o



52 T s

Ji

2) WERAFE GRS, —IRot. IROGH: kP E
T SRS 2 L TR I (8 &5 A B RS AT B A2 1R
Bfo &Ik, BSOS S EOE R, —
YOCEEN T 1 ISR B . Otk B T ht
MRS E . AT R E AT T II%h, 45T
HORE FEIR 0 T 1t W (e SIORS e, 1T ELLE - 2os R i
SIOR LIS 15 o

AT H— Vo S BIHE R BIN 4. |
HIEFIANE - UOUHLE, ASCR s RIER T At
SRS I, (AT S B IR AT R . Ik
JERIR SR ITTI G5 R RS AL B T b W R SIOkS
o ERANE RN, ARSI E5 R BRI T 0t
ARSLE R BN G RO, 45 R SRR IE R T
W SCSIOR e . 5 IROBAILE, A SCEIT RS
W e T HAS SO I — K0t MFESEIT I A
JEkF, B IRITHITERELS .

6 it

Wi AT, LA AL A e

(1) SERSOHR . 2502 JRJEITEAR,
TG BRI 2R o, BN & 07 /%
BRIENE, AT TN 407 RS 7 I A R
BB R 5o B ) A e fit T B
WA o

() e BT, TEREL RS
IR, ST —IROTI T B AT RS R E
R, 33 TORSRE T B AL A — IR JCIE I h-version
TIESR ARG FE R B 42 21 1 BRI . IR HIKG
B, i CO, M TN T AN s X
n RIS, A TINT n—-1 NMEREL. B,
1 2 1 R 0K T BB R . AR s il i
p-version J7VAHE A B I HOR B 252 1) 1 BRI

(3) — kIt il ek K g G )Rt T
h-version J5 2 p-version Jj 245G A5 . — KT
13843 0] LAIE it h-version J7 VAR R R, YRR ELT)
T PRUE T AHPY (PPRGRE o T30 4 07 Rk ff T
RI&AT, fildh T 2% BBV R O MR IR ) JL . AS SR 45
RIRBNT BB RRBICSIORE B, VLRI B AR
P3G, FR A AE A v SR B, ARSI —
AR TR BEAL IR TG

UGNl oh ) S RETRE - VA 22 5= W27 19 i
YR 2 1) RS R o BE T e A RS AR ) S
e R T4 CO 1), B AT LA #)

—HERA G KT MR T DR AT BRZRVE
A IRAER B o TR — AT B, K e
TR Ny — Y ) UK o $2 IO — I, AT
AT UAHET 21 e = 2 i)

S K-

[11 Zienkiewicz O C, Zhu J Z. The superconvergence patch
recovery and a posteriori error estimator, part I: the
superconvergence patch recovery [J]. International
Journal for Numerical Methods in Engineering, 1992, 33:
1331—1364.

(2] ik A ROCHEBSE M. Kb Wls R
R fRAE, 2002: 19—48.

Chen Chuanmiao. Structure theory of supercon- vergence
of finite elements [M]. Changsha: Hunan Science and
Technology Press, 2002: 19—48. (in Chinese)

(31 W WHERERLRVER A BRIC Y J RS L R R
[0]. Ji2phiszik, 1998, 20(4): 1—6.

Yuan Si. The loss and recovery of stress accuracy in
FEM as seen from matrix displacement method [J].
Mechanics and Practice, 1998, 20(4): 1 —6. (in Chinese)

(4] 0N, EML e BRIC S Ab BEER WSRO 2 ST

EEP y:[J]. LR JJ2%, 2004, 21(2): 1—09.
Yuan Si, Wang Mei. An element-energy-projection
method for post-computation of super convergent
solutions in one-dimensional FEM [J]. Engineering
Mechanics, 2004, 21(2): 1—9. (in Chinese)

[5] =N, EH, T 4 C' A RosBISURE I

) EEP ¥ [J]. LFEJ)%, 2006, 23(2): 1—9.
Yuan Si, Wang Mei, He Xuefeng. Computation of super
convergent solutions in one-dimensional C' FEM by EEP
method [J]. Engineering Mechanics, 2006, 23(2): 1—9.
(in Chinese)

[6] EX, %Y. Timoshenko % FLICHEMLSALE K )1

EEP 5[], N HEAR 2%, 2004, 25(11): 1224—
1134.
Wang Mei, Yuan Si. Computation of super-convergent
nodal stresses of Timoshenko beam elements by EEP
method [J]. Applied Mathematics and Mechanics, 2004,
25(11): 1224—1134. (in Chinese)

(71 S9N, MOKEE. BAE B AR R A Galerkin Y

B G J Ak BRSO SRR A5 VTS AR BEP TAD]. V)5
), 2007, 24(2): 142—147.
Yuan Si, Lin Yongjing. An EEP method for
post-computation of super convergent solutions in
one-dimensional Galerkin FEM for second order
non-self-adjoint Boundary-Value Problem [J]. Chinese
Journal of Computational Mechanics, 2007, 24(2): 142—
147. (in Chinese)

[8] YN, E£M, EM. 4 RoTZik Bl SUR A 5
) EEP yK[J]. LFEJ12#, 2007, 24(1): 1—10.

Yuan Si, Wang Mei, Wang Xu. An element-energy-
projection method for super-convergence solutions in
two-dimensional finite element method of lines [J].
Engineering Mechanics, 2007, 24(1): 1—10. (in Chinese)

(5% SCR[9] — (1514648 57 1)



i

2 57

B 3k

(1]

Hopkins H G, Prager W. The load carrying capacities of
circular plates [J]. Journal of Mechanics and Physics of
Solids, 1953, 2(1): 1—13.

Hopkins H G, Wang A J. Load carrying capacities for
circular plates of perfectly-plastic material with arbitrary
yield condition [J]. Journal of Mechanics and Physics of
Solids, 1954, 3(2): 117—129.

Ma G W, Hao H, Lwasaki S. Unified plastic limit
analyses of circular plates under arbitrary load [J].
Journal of Applied Mechanics, 1999, 66(2): 568 —570.
Ma G W, Iwasaki S. Plastic analysis of circular plates
with respect to unified yield criterion [J]. International
Journal of Mechanical Sciences, 1998, 40(10): 963 —
976.

Charropadhyay J, Dutta B K, Kushwaha H S, et al. Limit
load analysis and safety assessment of an elbow with
circumferential crack under a bending moment [J].
International Journal of Pressure Vessels & Piping, 1995,
62(2): 109—116.

Save M A. Plastic analysis and design of plates, shells
and disks [M]. Amsterdam: North-Holland, 1972: 78—
93.

RS, J7k, XIS, EEP. N5 Mises P
it [T AU A (K e P S R 25 PR 0], AR B K222 4R (B AR
BE2ER), 2005, 26(3): 248 —251.

Zhao Dewen, Fang Qi, Liu Xianghua, Wang Guodong. A
linear yield criterion with equal covered area to Mises

(8]

(9]

[10]

(1]

[12]

[13]

yield locus coverage in Haigh Westergard stress space [J].
Journal of Northeastern University (Natural Science),
2005, 26(3): 248 —251. (in Chinese)

BB, ARSI I BUA LM VERH: AJER
HiRR AL, 2003: 441 —465.

Zhao Dewen. Mathematical method of continuous body
forming force [M]. Shenyang: Northeastern University
Press, 2003: 441 —465. (in Chinese)

Zhao Dewen, Fang Qi, Li Canming. Derivation of plastic
specific work rate for equal area yield criterion and its
application to rolling [J]. Journal of Iron and Steel
Research, International, 2010, 17(4): 34—38.

Yu Maohong. Twin shear stress yield criterion [J].
International Journal of Mechanical Sciences, 1983,
25(1): 71—174.

X, 5KvE. FREATE ) AR e (M), BB e
B HiR L, 2008: 236—239.

Liu Shiguang, Zhang Tao. Basic theory of elasticity and
plasticity [M]. Wuhan: Huazhong University of Science
and Technology, 2008: 236—239. (in Chinese)

RRWR L M. BRI EERM]. et AREE H
fitt, 1983: 132—135.

Kachanov L M. Basic theory of plasticity [M]. Beijing:
People’s Education Press, 1983: 132—135. (in Chinese)
Pk, XME . SR AR R A A M. bt T
FEU T R AL, 1985: 64—80.

Xu Bingye, Liu Xinsheng. Plastic limit analysis of
structure [M]. Beijing: China Architecture and Building
Press, 1985: 64—280. (in Chinese)

(B4 52 1)

[12]

Hughes T J R. Multiscale phenomena: Green’s functions,
the Dirichlet-to-Neumann formulation, subgrid scale
models, bubbles and the origins of stabilized methods,
Comput [J]. Methods in Applied Mechanics
Engineering, 1995, 127: 387—401.

Hughes T J R, Feijoo G R, Luca M, et al. The variational

multiscale

and

method--a paradigm for computational
mechanics [J]. Computer Methods in Applied Mechanics
and Engineering, 1998, 166: 3 —24.

Masud A, Khurram R A. A multiscale/stabilized finite
element method for the advection—diffusion equation [J].
Computer Methods in Applied Mechanics
Engineering, 2004, 193: 1997—2018.

Masud A, Khurram R A. A multiscale finite element

method for the incompressible Navier—Stokes equations

and

[13]

[14]

[15]

[J]. Computer Methods in Applied Mechanics and
Engineering, 2006, 195: 1750—1777.

Tong P. Exact solution of certain problems by
finite-element method [J]. American Institute of
Aecronautics and Astronautics, 1969(7): 178 —180.

Luo Jianhui, Liu Guangdong, Shang Shouping. Research
on a systematic methodology for theory of elasticity [J].
Applied Mathematics and Mechanics, 2003, 24(7):
853—862.

Luo Jianhui, Long Yuqiu, Liu Guangdong. A new
orthogonality relationship for orthotropic thin plate
theory and its variational principle [J]. Science in China
Series G-Physics and Astronomy, 2005, 38(3): 371—
380.



