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An Analytical Study of Shear Locking
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ABSTRACT .
An Analytical study of shear locking is intorduced for linear thick beam element. The
appropriate sampling point which eliminate shear locking phenomenon was Proposed through
this study. Reduced integration point is exactly same as the sampling point obtained
from this study. Numerical example indicates how shear locking is serious. some

solutions for shear locking are presented.
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Zo)E YW+ (Reduced Integration)o] MAlelgict, elu} A Exet s)4A] 8242 4
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a2yl i Hehysdest osiAd Jeluxa] ge s4ue] Z273(Sampling
point)& 3 Zolel ¥4 sich.
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w=28¢ + 81 £ (2.2a)

6@=bo + by ¥ . (2.2b)
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¥ =6 x= 2bi1/8 (2.3a)
7 =6 - w.x = {bo - 2a1/8) + by¥ (2.3b)
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= 2EI/R (b1>2
a2l
ue = 1/2 f ke GA 72 dx (2.6a)
= 1/2 [iks GA (bo- 2a1/£ + bi¥ )2 (£/2) d& (2.6b)
= (ks GAB)/2 [(bo~ 2a1/£)2 + (b1)2/3 ] (2.6¢)
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= - « 1 (2.9)
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Z 7FAl =] gdobM Az|st Zest 8} (big)o] HHLS-S U4 urh. ERF vl o] oz
FE A(2.6c)2] Tl Faje] witdoivx|z) zefelgich, glHwigirl Ao e sidEl S
Suf ojarle] Mol Wesietes ¢ A ESE, vigagh wig] B2 yi=] ojapy o g sl
glojokrt ¥t Fojrt, azinE, WMt H8co] vlely Me|skr] of2dg & QolrIglste] o}
2ie} & 7{E T =(Bubble mode)-& £l8r4 gt}
Ny =1- E2 (2.12)
A(2.12)8] AFrEe w3log A(2.2a)2] MY A2 32t o] vepds gich
Wy = 80 +ar E+A(1~-52) (2.13)
o7|M, A & By "ot 9 4ol log 41(2.3b)% the o] &4 gt}
% = (bo - 2a1/8) + (b1 + 41 /0)% (2.14)
oAl 41(2.10)2} A (2.11) ti4ilof olef F F&=2ol HEHS4 &S U5 Uth

bo - 2a3/2 =0 (2.15)

bt +4x /L =0 (2.16)
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EU4 gich. ek o Uolrh, g42] 2904 2 UAE VIEes g4 A ddol &
(Interpolation)¥t MehusicE Apgetciyd, g4 HE(Full Integration) & 3td% o
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E=1000,G=375, t=1,L=4

£20odM2 A-gstsith. THAZIAI SR LARUE FASIME dWsiglen, ddexe] A3
£ urie)sted Zro] 2 MckzrAd(Shear rigidity) G=375 x105 & Alg2)sisith, & Yoz
o}zl HMebztido] ekl Fzbrt wimisle T daexe] 4%g gl F3lolth oA
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33-1)Normalized error percentage(X)

Nurber Thick beam Thin  beanm
of F. 1. R. 1. F. 1. R. 1.

element Normal B. M. | A.S.M, Normal Normal B. M. | A.S.M. Normal
1 77.63 23.72. | 23.72 23.72 99.99 25.00 25.00 25.00
2 55.49 5.85 5.85 5.85 99.99 6.25 6.25 6.25
4 23.72 1.38 1.38 1.38 99.99 1.56 1.56 1.56
8 7.15 0.26 0.26 0.26 99.99 0.39 0.39 0.39
16 1.79 0.00 0.00 0.00 99,95 0.08 0.08 0.08

(F.1.:Full Integration, R.I.:Reduced Integration, B.M,:Bubble Mode, A.S.M.:Assummed
Strain Method)
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atofM olm] of&giRol, HMEAle] sidAe} HEFRE ArbrAe] Hrt P
YAYS E3-DE e g4 gtk o] A A(2.14)2] AFREE HIiY dduyEs}
Ao g golE e 2o F& Fojrt. siHEse MU g AHEet o4 T 2 4FY
B(E=0)ofM F¢ Housiezle Ajee dedye A A-gsisir] wiEol BHs] 3
M} AEn eI el Zdalel dAge B4 gk e e A9 AAHEE A
f3ld B3-DofM B4 gl5o] dctajiuiyido] =gt sty ei=3d HHE ddx, s4254E
¥U4+F o322 g4 4¥(convergence) g 4 Ut A(2.11)0)M =2] SlRo] g4
€ 294 Y 9o Hae] g M Es ozlel £5YS gith. AT F Y R
2§ HeYde oo Mol goixHEn, F2 ascta et ARk, Ful FHAH
o2 o] AAE =osirigdsl, ¢ FAlofAM Hro] shie] eavt HEERE deE 4Y
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t 2bg vhg g4 gl thrusiAd BHEHEA [(€2) 2 Y(zero) g ZEAILt BAAHEA
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Kig = Kij - Bib;
Bs (i=1,4, Jj=1,4) (3.1)
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¥3-2)The components of stiffness matrix

the2t de HEE st

Expression o
Shear terms Sprious terms -Bending.- tern
K11 1(L-2) none 0.0
Kiz | 0.51(L71)+0.5] (L™1§) none 0.0
Kiz | - 1(L7%) none 0.0
Kia | 0.51(L"1)+0.51 (L&) none 0.0
K2z | 0.251 (1)-0.5 1 (£)+0.25 (£2) 0.251(£2) I(L-2)
Kas | -0.51(L"1)-0.51 (L-t¥) none 0.0
K24 | 0.251(1)-0.251 (¥2) -0.251 (¢¥2) -11(L-2)
Kaz | 1(L-2) none 0.0
Kza | 0.5 1 (L"1)-0.51 (L-t¥) none 0.0
Kaa | 0.251(1)+0.51(E)+0.25 1 (£2) 0.251 (£2) [1(L72)
od7]M,Kijuhdsd&bol s, I (£(8)) =/ keGA f(¥) detd dE
[1(£(8)) EI £(2) detJ d¥ o]t}
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7t g28fg A4 o g Mristz] wiFolr).
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Al-1)The components of Bubble fuction

Expression
Bubble terms : R. 1. F. I.
Bs 0.25 [ (L™2¢) 0.0 0.0
Bz 2.0 1 (L-18)-2.0 [ (L-1£2) 0.0 208.325
Bs ~0.25 I (L-2¢) 0.0 0.0
Ba -2.01 (L-1&)-2,0 1 (L~1&2) 0.0 ~208.325
Bs 16, 1 (L~2¥2) 0.0 416,65

od7)M, 1 (f(€)) =/ keGA f(£) detd d&




