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Abstract

In this study, we investigate the accuracy of higher order derivati
function is constructed by employing a Taylor series expansion via
theorem in which the displacement and stress resultants are treated as

ves in the moving least square (MLS) difference method. An interpolation
MLS approximation. The function is then applied to the mixed variational
independent variables. The higher order derivatives are evaluated by solving

simply supported beams and cantilevers. The results are compared with the analytical solutions in terms of the order of polynomials, support size of
the weighting function, and number of nodes. The accuracy of the higher order derivatives improves with the employment of the mean value

theorem, especially for very high-order derivatives (e.g., above fourth

-order derivatives), which are important in a classical asymptotic analysis.
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Fig. 1 A simply-supported beam under a sinusoidal loading
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Fig.2 A comparison of fifth-order derivatives of displacements for
the simply-supported beam
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Fig. 3 A comparison of eighth-order derivatives of displacements
for the simply-supported beam
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Fig.5 An accuracy of the sixth-order derivative of displacements
with the order of errors
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Fig. 6 Errors of fifth-order derivatives of displacements with
varying R, for the order of basis k=5
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Fig. 7 Errors of fifth-order derivatives of displacements with
varying R, for the order of basis k=7

Order of basis(k) : 10

x
A w(s):Disp.
102t A ® O:MVT-Disp.
% A sl — w®:MVT-Stress
8 N ). A A
g - R " [
107 .
<]
@
10-6,
15 20 25

R

S

Fig.8 Errors of fifth-order derivatives of displacements with
varying R, for the order of basis k=10

932 HolETh A4 7k SHTE &S 7S Fig. 63} 2o R,
7} 27Vl 2 © 27} ARIT). el Figs. 7~80)| 4] H0] kgt

o] A Q4T Tt GAYSE G RS & 5 e,

A4 225E GPG AL A5 R, ol uleat) JgR
o] Yol 4% g o2 AL S1% 1AM E o] A2 %

ron

MM EZ s =23 HM333 X55(2020.10) 283



MLS 2154 o] 2% #4eof w2 4ot 24

ps)
i

St ol &

7} 718 0 2 21k Fig. 6914 R, 9] 2717k A4
T QA7 Sk A o2 5 E AT 4= Sl v,
Fig. 82 1}&gH(overfitting) ©. = ¢1gF Axto|c}. 232 Fig. 9
o} o] AL W17} 714 Ao H]h A - A
Eltf= dAtolt) Fig 72 k=74 o, R, 7} 152} 22 A9
32jgo] Uerd-2 ejujaey.

43 8H Mol b2 B3

Fig. 102 37:9] =ellAlo] ste] 4 4= Ne| Wiate] ot
2 03} P ekl e oltt k80l 1, R, =18 ko
th.No| Z7FH4 S 037t BB 54 e | HOR &
A7k ehal 27K WA S Nol 27145 AEE WSt
Fobx 1 2 Epyo] FAEITHL A 7 Aelt st %
7Kk 749 el instability)o]) 15to] 9347} HaKITk:
Ao AulA 0] Z=Zo|x|uFMLS ZHEH-E AFL-S 720 EobA
o] Lehipy] el st 2Jste] @27 S7Feks Ro] 4
oA SHl=Isick ol e 1 AU Heht

ol Aol €13 o 3pe] wate] Lhehty] o] A gl 9
) 2412 5717} HARICH ol
MLS 29 & 535 ojo] o] ot 4

Overfitting

Desired

Underfitting

Fig. 9 Examples of the overfitting with increasing the order of basis

O wPlpisp. ® welmvT-Disp. = = "wllmVT-Stress
A wPlDisp. 4 wOMVT-Disp. ——wllMVT-Stress
O wpisp. ¢ wW:MVT-Disp. —-——wl:MVT-Stress
Order of basis(k) : 9 *
ol 4 _
o 10
© X & LA
S ® o ¢ A
w A YV & AT
) - ¢ s
S O T A
< s =i
s 10T p
2 D
@ L
-~ i
10710} 2SR g
102 10°

The number of nodes : log scale

Fig. 10 Errors of third, fifth and seventh-order derivatives of
displacements withy varying the number of nodes N

284 ZFMUTzZEE =23 HM33F M55(2020.10)

mlo

E3ln

pu

B2

—

2 7|29 AR R UELA 0 2 HE3tubd A 427 27}
Sl s 9jol| A Quk Aol A LhelbA] ek 3 o)
FAY ST

F

i

(

T

Fig. 109} 4] H.320] No} 17] 0] uh2 2h 2|3} 2y of 5o} 3

A glo] W91 7]4k A4 3te] AH Autol uja] EghAEo] 2o

S8 FA 23 A7} o Aot} 53 Fig. 1004 #¢]

718k A 8ko] n— 2 2) n|EEAL @ 2Fe} 3t Ho|2o] o

714k n} o) EAL A3 7L A A (1)3h o] g8 7]Rk
A} A] |5 2}427) 23} GOl AL Hojz),

4.4 7| A E F4(k)o) T2 A

3%0] Ao A1 S Eal 7] A e 24 ko] THE MLS A2
w0] Ao e BASLT Fig. 19] Sl o Alo] dishe] A}
2 A&k N=100, B, = 1.8 < ko|th.

Fig. 112 53 vl 2] cjsto] 7] 4ue] 44 k7k Z7kto]
wfeh WaksHe 9348 Woleh ool alR|e} nhikH 2 k)
ANGE 937} asirl B4 kS 71 o® 937} of
Al 7ok o] BTk R, =18 kOZNE 7| A4R4
7 E7h4% are o] Wolith Fig. 119] o3} 57he4)
2 427 FASHA AR 714 Aol vls) JaFode] 7]
7 BhE A ol v A wAyaks Aol

3, AR ke 277 ASY 1 2347} S5 3

—8—wO)Disp.

ol
10
=& - (5\MVT-Disp.

o B w:MVT-Stress
S 4
o)) El
o g
- (1]
S .
E10°r g
o L J
m|m .,B ...... £
L
e . .
6 8 10 12 14

Order of basis vector (k)

Fig. 11 Errors of fifth-order derivatives with varying the order of basis k

Odd function

= = = = Even function

[

Fig. 12 Distributions of even and odd functions around local zone



A

o] Sl Fig. 1204 LEhLfo] 1 ¢10] S0 4] 2
ISP ) HE 0] Sk A O 7 7] $k(0dd function) o]t}
AL A 7} ol Sk 7] A o ol 71K oyl
WollA tf -2 713k FAs W Eg 227t S7keich

t2et MLS RH2Ee| Hatd

5. 2w 7|X

ufn
>~

Taylor 7] %] 7|5 MLSX}E 8 7} 24T v -5 -85 MLS |
HEHo A2 ExJo] 85 A It Yoon et al., 2005). Chebyshev
o] 23 7] Aol AL vl -8 2. §510] 3332] 27|l ] Azpe]
AL v wdk A3}, 2 A2 Taylor 7] A 7%k xp&H

QU8 4= ik AR T4 THAo] 4
223 A5 ol-gsto] LAE st Ay E
th 2tk diagonalize) =™ %] 4] o] 7} AWt MLS 2t

I A2 E2A 01 7oA A AV 2 S
[e)

6. 2 E
2 Ao A= DA A Ho tfjsto] MLS X2 jof] A
Tl 2% W) ghof| et EEkA] = 1A v E2Ake] A s

ik AL 710 W 9f7IHE A4St ofjt vt aAfu| R

2R WS = ), 71 A E 2l
A4k B HER] Sar el MeI(R)E % Al ZHdolch
7} 24 Mol ki 0xpo] sk ofdlof o] Lk,

1. R,
RS B R AYSE 93t S
2SR ADSE 9L GAY
2. N

-Nol ARSE oxpL gt B NghE 71 oR
32 FHoverfitting) ] <510} 22 57}
3. k
A ARSE oA s 5 kS 71 0R
o 27 Z7ko) e 03 27}

114 R, 57)7} A 84S e o] WolA exrt 37
Flek e AL 714 A4kt 2 S JFg ol Bow
Ao YYBER R 9| 2717 F455 feldter 29 A5

Nol st & 39 JaFg o] FopH R 0xt Foke

=

=
=

=

7]1},]_% . 7]

= =

HN

&

t}. 304 kghol whet e 37 Z7hshe Ae k9] HHghol k
o] =7]of] vlelak7] wpolct,

Hefohi o202 e

Ha
B T A9 WY AR RRE v TASH: R0 v
Ul 247k FolE 0|52 WA Hik 53 AR &
POl ES HEsto] I3 FHT AP /129 W
2ol ulaf ojulat A% W PO E TA 02k 2 Eom
Aot & B ek

SZ = 174 25} A4l(Formal asymptotic

O] F=E2 2016 % PR (I O] AU 02 T d7-A
tho] 2]918 uho} 4=yl 7] 2 AT AL] QJ(No. 2016RIDIAL
B01009576).

References

Belytschko, T., Lu, Y.Y., Gu, L. (1994) Element-free Galerkin
Methods, Int. J. Numer. Methods Eng., 37, pp.229~256.

Krongauz, Y., Belytschko, T. (1997) A Petrov-Galerkin Diffuse
Element Method(PG DEM) and Its Comparison to EFG,
Comput. Mech., 19, pp.327~333.

Lee, S.H., Yoon, Y.C. (2004) Meshfree Point Collocation Method
for Elasticity and Crack Problems, Numer. Methods Eng., 61,
pp.22~48.

Liu, W.K., Jun, S., Zhang, Y.F. (1995) Reproducing Kernel
Particle Methods, Int. J Numer. Methods Fluid., 20,
pp-1081~1106.

Nayroles, B., Touzot, G., Villon, P. (1992) Generalizing the
Finite Element Method: Diffuse Approximation and Diffuse
Elements, Comput. Mech., 10, pp.307~318.

Onate, E., Idelsohn, S., Zienkiewicz, O.C., Taylor, R.L., Sacco,
C. (1996) A Stabilized Finite Point Method for Analysis of
Fluid Mechanics Problems, Comp. Methods Appl. Mech. &
Eng., 139, pp.315~346.

Onate, E., Perazzo, F., Miquel, J. (2001) A Finite Point Method
for Elasticity Problems, Comput. & Struct., 79, pp.2151~2163.

SrEMTEZ e =23 H333 H55(2020.10) 285

i



MLS 25w o] 27 w4 &

of w}

fu

o=

ps)
i

S

St ol &

mlo

Yoon,Y.C., Kim,D.J., Lee, S.H. (2007) A Gridless Finite Difference
Method for Elastic Crack Analysis, J. Comput. Struuct. Eng.
Inst. Korea, 20(3), pp.321~327.

Yoon. Y.C., Kim, K.H., Lee, S.H. (2012) Dynamic Algorithm for
Solid Problems using MLS Difference Method, J. Comput.
Struuct. Eng. Inst. Korea, 25(2), pp.139~148.

S UEIAI TR

Yoon. Y.C., Seo, C.B., Kim, M.W., Lee, S.H. (2005) Consistent
Diffuse Derivative Approximation in Particle Methods for
Weak and Strong Formulations (1): Mathematical Foundations
and Discretizations, J. Korean Soc. Civil. Eng., 25(5), pp.907~913.

2 X

2 Aol AL T

2 g-5ko] MLS 29 © 2 28] Tohx & 13 v 2
2o uhE T3] 2

Sabe] P S ula BRI EPERo
91 719 A A o) 2

23to] vl sf

A4 o] : MLS A, Sl R, 14 1 o] &

>

286 =EHMTZIEE =23 M33F M55(2020.10)

1 =27 o] Zol| A aFEHE 43} o) 4be] 1AL v|E-AE 34517] $lsto] A A
BHIA] A e 5 & Z 0 2 FRAFA| It ESF MLS e of] ZR)s1= A 7HA] %

Ao g Eol s

as

120 3882 A sho] Wlo) n| e AR 49 7120
2447} 23} srobRIek. s W91 A 47 ahest] gAY 714
apsl o] o] el 4] 4] Roverfitting)o] MHATCE. 3t GaFalolo] 22 W) oo Yol
ATk ] U182 ARSL 3158 WHE T | X 2 4] ol 4| 28] BHelstlct.

A7 2 % MLS
A 9 2AL0] HE w7} wol



