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8 o E AFgME IR HAY A S a8 or F37] Yale] A S F(Static condensation)S 83 |7 HS A AEH
Rtk BAESFHVIES AR 7ve] fehe sk BY FA47Holn, 34 RS A o/ (Target) 23} 85 % o] A 2F= (Omitted) -4 2
2 R B Ao E, B4 g TR Ay 99, AgE FRde A8 99 AARsla, A8 gl visEE A4
gd 2 ot HHE HAE 99, F B O FRoR BEF S Y &5 Fole Aldy g dig A4 3E 9 et 9
Ejfto 2 o] FojR FH4 BES AT o, o] FA EAvkS wH-3 < vk (Newton-Raphson iteration)S &3l 73418l a&4 o =2 H|
Ay g FPsgint. 2oz, Aot 7S vkt 52 oAl HEst sAVHe agdT 28-S AAEAT

A0 FIAH, 45 FH M, AYSFIIHE, nAY @A, wa-AE vk

Abstract @ In this study, an analysis technique using static condensation is proposed for an efficient local nonlinear static analysis. The static
condensation method is a model reduction method based on the degrees of freedom, and the analysis model is divided into a target part and a condensed
part to be omitted. In this study, the nonlinear and linear parts were designated to the target and the omitted parts, respectively, and both the stiffness
matrix and load vector corresponding to the linear part were condensed into the nonlinear part. After model condensation, the reduced model comprising
the stiffiess matrix and the load vector for the nonlinear part is constructed, and only this reduced model was updated through the Newton-Raphson
iteration for an efficient nonlinear analysis. Finally, the efficiency and reliability of the proposed analysis technique were presented by applying it to

various numerical examples.
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frekeAsH(Bathe et al, 1984) FAF 7ol o] FsKDiscretization) ~ 2019).

H #5324 % 9 (Finite element model)S 53 2A FZE] SHH AA AAlNA = 54 T tig w9 2 &9 o]
$HS dzsn, Bge TRAsG0 FeH BANE @ Pt 72 o Frks AL AT, AA AFHE
A7) YalME dubH oz We A-H-F(Degrees of freedom) ZAAE Z=ES7|HTE B4 F(Local)e] AHvte =ESh=
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W& E Z(Internal strain field)< T3 o] AT 4= U

U™=H""U (5a)
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increment) W74 4S & F U

K(i-l)AU(i):R*_F(i-l)

o714, K, AU
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Fig. 1. Newton-Rabshon iteration for nonlinear stiffness analysis.
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Fig. 2. Concept of reduced model reanalysis.
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HAE 84

Model reduction
procedure
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Fig. 3. Nonlinear static analysis procedure using reduced model.
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B AT A Ave) e v
g9 A A He wES =4 nd FA A He] wE o
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shglom, =2 o A9 FHaH| &S AASH] 8l FA ¢
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Table 1. Comparison of the number of global and reduced model

DOFs of numerical examples

Model DOFs Reduct

cauction
Model .
Full model  edueed model pygi (o)
(Target part)
Hatch 13050 3330 2551
corner plate
Barge 362783 9666 2.66

5.1 Hatch corner plate problem
B oA = ol Fig 49} £o] B=57.6 mm, H=254 mm, T+
A t=2mmel H T WX E 3mme] oFx] 9} o] 6.6 mme

EE5E 7F = A% 1305071 ] Hatch corner plateE Shell
clement® EHE slo] FxZ Bod o ZH g 3=

o] AL AA OH/\-] F=8 &9 o},

ek 73 }S_i 2o A% Shell 224 B} ABAQUS
o] s4, AL AHE AHEElon E4% o BT E
= 206000 MPa, Poisson's Ratiox= 0.3, Al 814S 93t Yield
stressi= 373.5 MPa=z A3} t).

e st SE el AF 94 Mol 2 S= 10 MPa
I 24 4 wHe] HAEE soMPag M7 Y aks =
A, WA akF o TR g8} skl 3
49 &5 AAE Target part= A Ao AA 21
kel ot ErOH Agdc Ay §xa vy &



Target part

25.4 mm

H=

" B =57.6 mm

Fig. 4. Shell plate model for linear & nonlinear static analysis.

S, Mises 5, Mises N
SNEG, (fraction =-1.0) SNEG, (fraction 2-1.0)
(Avg: 75%) (Avg: 75%) 4

50.77 50.77

2854 46.55

4231 4232

=

B8 2965

25.39 2543

21.16 21.21

16.93 16.98

124770 12.76

124 35

0.01 0.09
Fig. 5. Linear static analysis stress results of global and reduced

model (scale: 1000).

S, Mises S, Mises
SNEG, (fraction = -1.0) SNEG, (fraction =-1.0)
(Avg: 75%) (Avg: 75%)

392.03 382.03

359.36 35041

326.70 326.79

23?'37 2

22870 ggé.‘ﬁﬁ

186, 186.32

163.37 163.71

130.71 13100

o 98.47

. 65.85

2N 3323

005 0.62
Fig. 6. Nonlinear static analysis stress results of global and

reduced model (scale: 1).
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O Reduced model
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o 5 1 15 20 2 s 40 45 50

E) 0 2
Node number
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. O Full model
© Reduced model

Displacement Z [mm]

o s 1 15 2 2 x 3 4 45 5
Node number

Fig. 7. XYZ coordinate error check of linear
displacement results (DOFs #: 50).

o
4 ﬁ
a0
s ™ % m ® % & ®

Node number

static analysis

oo
FE
2=
e B
g2
52
=3
-9
e

o Full model
© Reduced model

Displacement X [mm]

(
g

o
0004
o
@ i
B » 25 W B 4 45 0

5 3 3 4 45 50 o

E) 0 s
Node number

Node number

102

. O Full model
O Reduced model

Displacement Z [mm]
)
(=) o

o s 10 15 = 2 m 3 4 45 50
Node number

Fig. 8. XYZ coordinate error check of nonlinear static analysis
displacement results (DOFs #: 50).

= At v s o g el
el #Hz RESLs HAHE T Z
o Agakgatel siMS Fsgih =
& Bl i G (Target part) 14 A3} WS
= E Figs. 7, 84 H]aL &}3 2. s
E 3} thBoo et al., 2016).

w3, Al 7ol At a &S HAFE] Ha dA &
de] A ARbah FHa wde] s ARk FA =M=

Table 3 =3 z+z} v W),

Table 2. Displacement matrix norm for the error check

L,-norm value

Method Error [%]
Full model Reduced model
Linear case 0.0445 0.0445 0
Nonlinear case 0.3540 0.3540 0

Table 3. Computation time of each static analysis cases

Model

Method Tlm?) ratio
Full model Reduced model [%]
Linear
. . 0.0643 0.03537 55.01%
static analysis
Nonlinear 230 1.01 43.91%

static analysis
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5.2 Large barge problem

AlRbe 7] A x= A 28-S AES] A8 of
# Fig. 99 o] do] L=1245m, % B=3m, %¥°] H=099m
9] A= 362783715 7FA]+= Barge -3 &S Shell element
2 2" sto] G Deckell =7 o shso] A&HE

ol AL-&% Shell 84 EFY-S ABAQUS
oFEu] 4 5083H321, HAA 4FHH
J7k B 79 E=68900 MPa, 70300
P = 2660 kg/n’, 2700 kg/nt’, Poisson's
Stk B3, e S 919 Yield

stressi= 241 MPa=Z A3}t & 3152 Barge2| Deck &
oF o] 02MPaS #8 o AA 271L Barged] 4 #
ol Agsigint vjAy A Az 39S Fig 109 A

Bt Ha mae g AAs,

Lo

Target part

Fig. 9 Barge model for nonlinear static analysis.

S, Mises
SNEG, (fraction =-1.0)
(Avg: 75%)

S, Mises
SNEG, (fraction =-1.0)
(Avg: 75%)

Fig 10. Global and reduced model nonlinear static analysis stress
results (scale: 1).

[© Fullmodel 15 o Full model
© Reduced model P O Reduced model

o
T ]
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£, 5 Ee = o |® T
2 @ > E
=2 o 2
200 I E o
A oos o__© 9 A
°%
o ° cmm:u% P
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= S
5 2 5 % ® o 5 10 15 = 2 @ 3 4« & 0
Node number Node number

0 Full model
R O Reduced model

o
8
o

%
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&
o

12

o 5 1 15 2 2 2 33 4 45 0
Node number

Fig. 11. XYZ coordinate error check of nonlinear static analysis
displacement results (DOFs #: 50).
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L I R S o o o e B R ) A I
% & (Target part) 3141 A3} W E B3] Fig. 1101A4]
X, Y, Z A= ¥R 8 uER 2™ Lynorm #H2 Table 401 A
AETH

ek, AjbE e At
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2 A AlZFS Table 55

2y
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o
tilo

iy
ol\
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N
fo
=)
2

=
AR} F 4 mRe] MY A

Table 4. Displacement matrix norm for the error check

L,-norm value

Method Error [%]
Full model Reduced model
Nonlinear 143.1861 143.1861 0
case

Table 5. Computation time of nonlinear static analysis

Model

Method Tlme(:)/ratlo
Full model Reduced model [%]
Nonlinear 189 8 4.23%

static analysis
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Static condensation 7| & ©] &3 FAE YA FZE AFH

|

7]%k2] Automated static condensation 7]

E3lH F47]H<Q Algebraic multi-level substructuring
o2 JAEle] =

=
AZHE ©@Esta, A A 2 4 AR B ES Y6
FORTRANC. 2 Al H ABAQUS?| Subroutine RE3} ## <
771 a8t

upxjute 2 qlxjuoy AR At 7| AT A
S 38l Utk A o) AREE AT AA FERE
S F4 2d sty A9E vjudd Zav) gl

% 7|
o] A gjetela wS koA AITEe] A

= wrol F3H 03?‘?3‘(NRF-2019R1C1C1004159) gl o]
T 20209 % A A R-] e akd &9 543 Q)
(e}

A& "ol A H (A 5 N0000717).
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