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: The report presents the research result of the second-year

phase of a proposed three-year ranged project. The ultimate
goal of the three-year ranged project is to contribute to
the development and improvement of advanced constitutive
models for simulations of cyclic plasticity phenomena. The
report consists of two parts. In the first part, we present
the results published in The 39th National Conference on
Theoretical and Applied Mechanics, 2015. In the second
part, we then show the results presented in 2015 AASRC
Conference, 2015.

Engineering components and structures are often exposed to
cyclic loads. Structures of elastic-plastic materials under
cyclic loads may behave in some cyclic plasticity phenomena
such as elastic shakedown, ratcheting and plastic
shakedown. Considerable experimental, theoretical and
numerical attention has been paid to uniaxial/multi-axial
ratcheting. However, 1t 1s found kinematic hardening models
are not general enough to simulate the uniaxial and biaxial
ratcheting experiments. The deficiencies of kinematic
hardening models may be attributed to the fact that yield
surface distortion is neglected.

In the project, we aim to take yield surface distortion
into account in order to investigate cyclic elastic-plastic



o M

behavior. We enhance the capability of ABAQUS in the
simulation of yield surface distortion by editing the user
subroutine. Case studies are performed by ABAQUS and
compare with those experimental and numerical results in
the literature. The present numerical results agree well
with those experimental results available in the
literature.

plastic anisotropy, isotropic hardening, kinematic
hardening, distortional hardening, elastic shakedown,
ratcheting, plastic shakedown, finite-element method.
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ABSTRACT

The report presents the research result of the second-year phase of a proposed three-year ranged
project. The ultimate goal of the three-year ranged project is to contribute to the development and
improvement of advanced constitutive models for simulations of cyclic plasticity phenomena. The
report consists of two parts. In the first part, we present the results published in The 39" National
Conference on Theoretical and Applied Mechanics, 2015. In the second part, we then show the
results presented in 2015 AASRC Conference, 2015.

Engineering components and structures are often exposed to cyclic loads. Structures of
elastic-plastic materials under cyclic loads may behave in some cyclic plasticity phenomena such as
elastic shakedown, ratcheting and plastic shakedown. Considerable experimental, theoretical and
numerical attention has been paid to uniaxial/multi-axial ratcheting. However, it is found kinematic
hardening models are not general enough to simulate the uniaxial and biaxial ratcheting experiments.
The deficiencies of kinematic hardening models may be attributed to the fact that yield surface
distortion is neglected.

In the project, we aim to take yield surface distortion into account in order to investigate cyclic
elastic-plastic behavior. We enhance the capability of ABAQUS in the simulation of yield surface
distortion by editing the user subroutine. Case studies are performed by ABAQUS and compare with
those experimental and numerical results in the literature. The present numerical results agree well
with those experimental results available in the literature.

Keywords: plastic anisotropy, isotropic hardening, kinematic hardening, distortional hardening,

elastic shakedown, ratcheting, plastic shakedown, finite-element method.
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Ratcheting Analysis Considering Yield Surface Distortion
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Abstract

The article aims to take yield surface distortion into account in order to investigate cyclic
elastic-plastic behavior. In the article, we enhance the capability of ABAQUS in the simulation of
yield surface distortion by editing the user subroutine. The advanced constitutive model considering
the distortional hardening available in the literature is adopted. Case studies are performed by
ABAQUS and compare with those experimental and numerical results of CS1026 published in the
literature. Compared to those numerical results in the literature based on kinematic hardening model,
the present numerical results agree well with those experimental results available in the literature.

Keywords : Yield surface distortion ~ Ratcheting - Finite-element elastic-plastic analysis -
Cyclic uniaxial loading.
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Self-Evaluation of Research Results
Overall speaking, the project has been performed as proposed. Two students in the master
program have acquired appropriate training during the execution of the project. In addition, a part of
research results has been presented in an international conference. Also, several journal papers, in the
field of cyclic plasticity involving distortional hardening, are to appear or in preparation.
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Shakedown Analysis of Truss Structures of Nonlinear Kinematic Hardening Materials

S.-Y. Leu
No0.200, Jhonghua St., Hengshan Township, Hsinchu County 312, Taiwan, ROC
syleu@cc.cust.edu.tw

Abstract
Engineering structures are often subjected to cyclic loads. Structures of elastic-plastic materials under
cyclic loads may behave in some different types, namely pure elastic, elastic shakedown, ratcheting
(incremental collapse), plastic shakedown (alternating plasticity) and plastic collapse (unconstrained plastic
flow) [1, 2]. Among them, elastic shakedown, ratcheting and plastic shakedown are three types of
elastic-plastic responses induced by the cyclic loads ranging between the elastic limit and plastic collapse
loads. An elastic-plastic structure is said to shake down to an elastic state if it deforms plastically in the
initial loading cycles and then reacts purely elastically in the sequential cycles [e.g. 1-5]. As well known,
shakedown analysis is a well-established direct method to determine the shakedown limit based on the
lower bound (Melan’s static) or upper bound (Koiter’s kinematic) theorem [e.g. 1-5].
The paper aims to perform shakedown analysis of truss structures made of nonlinear kinematic hardening
materials. Both the static and kinematic shakedown analyses of truss structures were conducted analytically
and numerically to bound the shakedown limit. First, the problem statement leads to the lower bound
(primal) formulation accounting for nonlinear kinematic hardening extended from the Melan’s static
shakedown theorem. In particular, the Holder inequality is then utilized to establish the corresponding
upper bound (dual) formulation from the lower bound formulation as well as to confirm the duality
relationship between them. The derived upper bound formulation is an equivalent form of the Koiter’s
kinematic shakedown formulation for trusses without involving time integrals. Further, both the primal and
the dual analyses of truss structures were conducted using the optimization algorithms provided by
MATLAB. Finally, the primal analysis and the dual analysis are validated by converging to the shakedown
limit efficiently.
In the paper, we have conducted shakedown analysis of truss structures of nonlinear kinematic hardening.
Both static and kinematic shakedown analyses were performed to acquire the corresponding shakedown
limit by equating the greatest lower bound to the least upper bound. By the Holder inequality [6], the upper
bound (dual) formulation was derived from the lower bound (primal) formulation. In particular, the derived
upper bound formulation is an equivalent form of the Koiter’s kinematic shakedown formulation for trusses
without involving time integrals. The sharpness condition of the Holder inequality [6] was also shown.
Moreover, the optimization algorithms linprog and fmincon of MATLAB was adopted to perform the
primal analysis and the dual analysis of a three-bar truss and a bridge truss, respectively. Especially, the
primal analysis and the dual analysis have been validated by converging to the shakedown limit efficiently.

Keyword: Shakedown Analysis, Truss Structures, Nonlinear Kinematic Hardening.

References



[1] Konig J A, Maier G. Shakedown analysis of elastoplastic structures: A review of recent developments.
Nucl Eng Des, 1981, 66:81-95.

[2] Kdnig J A. Shakedown of elastic-plastic structure. Amsterdam: Elsevier, 1987.

[3] Weichert D, Maier G. Inelastic behaviour of structures under variable repeated loads: direct analysis
methods. New York: Springer, 2002.

[4] Staat M, Heitzer M. Numerical methods for limit and shakedown analysis: deterministic and
probabilistic problems. Jilich: John von Neumann Institute for Computing, 2003.

[5] Weichert D, Ponter A. Limit states of materials and structures: direct methods. New York: Springer,
2009.

[6] Goffman C, Pedrick G. First course in functional analysis. New Jersey: Prentice-Hall, 1965.

RS T L R EE T SRS TR S R LR
AEH RPN LA E LR AR BETF S L6 R

S IR SR

i g RSP 2 M T







PP 4 g 2 SR T A

pap:2015/11/28

PR

PRAfA FEY

% % 103-2221-E-157-001- 5P R

AFF SRR TH




103 A LA 5777 & % § 4

PRAFL I ERY 3§ %% 1 103-2221-E-157-001-
PELE I REY R L2 PR e BN AR 2 v (2/3-3/3)
i #ar (Fmp
: B2t
e (i | (32 %|" -mp N e
Ao | Eaak) o
RE...E)
CTEDECE 0 2| 100%
o e AR 0 of 100% | &
:m—g 1
F Pt g 5 5] 100%
53 0 of 100% |%/#
541 Yobe ik 0 0| 100% .
| {k
B : ﬁ Gl 0 o| 100%
R = g 0 0| 100% E
#1414 0 0] 100% | +=
LA 4 4l 100%
gopg i [BL2 0 0 100% | .
(ARH) |gLemgF 0 of 100x |
LiEem 0 0| 100%
CTEDECE 1 3| 100%
I, FLg AR 2 /PR 4 0 0| 100% %
:m—g 1
F Pt g 1 1| 100%
53 0 of 100% |%/#*
541 Yoe ik 0 0| 100% .
| {k
7 ok : ﬁ Al 0 0| 100%
R g 0 0| 100% E
1l & 0 o 100% | +=
LA 0 0| 100%
g4 B2 0 of too% |
(HEA) EL ey 0 of 1o0% |
izp e 0 0| 100%

Huods AP E SRR R R AR A TR T T 2
(;@‘;;f‘u«g g |BEEE B BEARE RGN REZFREFELFEOE LRI, AU EF
=Y i‘%'}lr'?%;‘; ?mﬁf;fh FioA TR S G L R /’J\’Hﬁ At ‘f 21y %\Mﬁlﬁj’)’ﬁ"ﬁ Ko f= o

RO £ & | TIRS E DPM AR L It o I A A RIS
v p e s gy x n | R PHRBIARSS S i S TR nkmsw Mg > 3 22 ABAQUSA #2.5¢ i
S PP R TR Lo "2 4 2o ABAQUS % g, 7 %k ﬁ JEiT 2 SEP AT R o BRI PR K bR
gi;ﬁig,ﬁg}fi&}giggﬁ * CS10264 4L - #£7 ‘fﬁfrﬁ]"} CERE s MRS AL AR
:;:;;_119‘33 - P /FT Fenf s % 2 Bicie 4 47, *5: W UERERAENHBZ IR AFET S
FACGEE 7] o )F FTRED PR OEFE RBP4 Ak PN Y ;g




ks KRG dd RGPl e AP EAT
—:g»’?z\’ﬁl{j;ﬁq_ﬁ]‘i %&/}E}%-E—}L’ ]Lj\),l-:i—xgg

if&ﬁﬁﬁﬁﬁ??$&$?’%@—ﬁ/Aﬁyﬁéﬁ

%% 2015 ABAQUS £ % € ¥
G\'%}i‘%?*"ﬁ)ﬁwk

2oy 0F

FEARRAL 2 (RE) Ak

3 5 7 p 1 ol R LB

Bl (7 el 0

i AL/ e 0
By [R6z mp ida s 0
st 0
4p ﬁgﬁxzrﬁ?/m% 0
B |FHe/1 iy 0
I CEERr 0
0




PHIAHLHETVE S 5L p =4
PP FERVEARARE EATEY PR T A R FES R §
( %+¢%wﬁa\&a~%ﬁ~%§*ﬁ bR i) A Eag
CEMHIELNY FE L RERAR GG MBS - LR

NEERFLEAEAR CESRFPHPEFRE- FETR
e (Fp > 2100x 2 2)
BEES AR

% # & )
wp o

. Tk g A j‘%’f E
”‘? i D%’?z\i?ﬁv (J#Es s &
%”}'J e &E Y 37 EE
F o[ FE ./r’F‘JL\ 4 I:'-P*-
Hw o (2100% 52)

CFIRF TR R~ POREIRT ~ AL g R fgﬁiﬁf’% ’*ﬂ"—u’"x?ﬂ;szk% > B R BB
(%Qﬁ'{tfg\'%”le‘I\\,g%‘l% By AN -HBFEZFT ) (M
500% % *2)
AP FRYEZEDPFE TS - ENL FHEZ T RV H 2P HEE v
ﬁ%’ﬂ*”f%ﬁiﬁwa N R b 2 B ROIR R EDICRL 0 B S Rk
5&3 Hlﬁ,%tm_%ﬁa PR B iE B R EEP R LR Lt B
2 Bgaign o%w%w’*”m%m\*@ﬁﬁﬁﬂﬁiﬁ’ﬁiﬁ@ﬁﬁ
oo B AN ET RE KRG ¥ OREEES L B REERE FREY
AT BEPM R AR cAERVEE R AT R E itz %
B i end AR F EcE A TR S 2 0 AT ABAQUS TR e i K K Bl AR
R MBS KRG 2 % o ¥ ABAQUSA Ae il 0 104 2 R
e ABAQUSEh J& 75Tk f A7 (7% 2 SEA A 417 a0 o $F 3% B3R * CS10264 4
 FE R H S ﬁ%‘ﬁiﬂ&@iﬁm’Qﬁﬁ%jﬁéﬁjﬁﬁﬁﬁ
%ﬁﬁ APERVR UHRBMNESRBLERE c AT FIFT A ETHRIE
PREAlenf 2 BiEaip B E L s A ke Fu R L g7 bR
&m#ﬁﬁ%mwﬁ P LT RN L e WA Sk i
) Mo bfs » AP EFT A FOFT R M AR RER G OER
R R EAE > ik ﬁm&%wﬁ&&ﬁﬁ&%ﬁ%tﬁéﬁﬁ?ﬁ@ﬁﬁ

B -

-mh“'gf =8




o

D4 65 Rg 20 2 IR L 4
DS RL R P2BPHE LA
SN A A e



2015 SIMULIA Regional User Meeting
%&%ka#Wf%ﬁﬁﬁﬁAﬁ
ERETISFERA 734*’&3 ¥ 3 3
Vo gt
TIPS Iy

S SF . Sl PRIy Y R 4
E-mail: syleu@cc.cust.edu.tw

iF &

A v A PABAQUSEME R [ A 4738 4 > Jid S B & F A RIS > TR HAE RG 2 R G o R
FEHERLRRE A T2EPEES 3 UAEF R 1%\1‘%#&% FoA 2 P A 0 el ;ub
PR ,Jw, b PR A o FL o i\v A+ ABAQUS#7#% 18 * ﬁ%‘lﬁ;\ SF iy 0 B F 2 Rk b irde Een
AR BRI R 2 R % o PR ABAQUSHY g IR A (T S AR R o A
7«!;1]#71:’# CS].OZG’H‘}' A f’ﬁ‘ﬁﬂ. ER ARV S 5 ¥ l-/ki:?)’“q 3 ﬁﬁ:m T - SRl R

Pl B 2 AR E R ;}laz S o
MaEF @ U~ FEP AT~ ERG 2l  HhiaTk f 7 > R -
FE AR >

TR phe TG [ AR (T 2L i R B e S 40 gefPortier et al, 2000] - #fE R i S
PR 5 B > FI0 R AL 1 5 Ao BILer T 2574 T HC 0 A 4T 0 4R ¢ ABAQUSH: s HELE B A
% C3D8: {7 HEsB 3 12 4 47 » & i * ABAQUSH -2 18 * & i gl Az 5 (UMAT)mz% it > 4 % Rokhgireh and
Nayebi (2012) 74 2 "% R & 4z & 3¢ o rode Eaf L MR R 24 00 » @ " IR (7 5 R fif * <hVon Mises™s %
ORI o 4T g 2 PR Sl ik ¥ pk b CS10268¢ 4% $-#ic[Rokhgireh and Nayebi, 2012] 74k F5NH
v % #cC (52103 ~ 26184 ~ 18600 ~ 1760)(MPa) ,y(2194 ~ 1645 ~ 435 ~ 11.1), "% k& "E‘.ﬁ. AO = —40,% ~ &
#E = 200(GPa),"s K4 S, = 187(MPa) » A 474k * iF # 2 > 7%k f 43K RAeW2 o
/w\’}‘r?‘ R

P RFEAAESRBOERE S TP LU RSB PO K 5 - S #pkﬁvﬁ%* & T (stress
amplitude) = 220.6(MPa) > 7 I e 32 4 (mean stress)4 %] & 45(MPa) ~ 63(MPa) - % = fa i dp e enT 3o 4 %
44.8(MPa) > % F enjis 4 Rty o W] 5 221.5(MPa) ~ 229.5(MPa) - 4 7.5 % &2 < gk b ficid A 7% % [ Rokhgireh and
Nayebi, 2012]% ¢ % % % [Hassan and Kyriakides, 1992]+“ #4c-@l3~4 > pf > T HciB % 2470 A2 A fr it 5% &
FoREFERL=E o

R 7 %33 5 229.5(MPa)
[

8 A 1833 5 22150MPa)

Time(s)

Plastic Strain %
0

-
n

o 10 20 30 40 50
Number of Cycles

Bl 248 % i 2 4T 2 PR R LPRGE ST XYY ER Bk 3R
. (@Experiment; —Rokhgireh&Nayebi (2012); * Present)

. *
¥4 !.,‘?563{.\-9:: i‘.‘:%
3585 4500 A= 4% ABAQUS®R * AL &4zt # i > S
B Rokhgiren and Nayebi (2012)4& i7" K& J= & $ic
;¢ > 2 & Chabochesnd # ;8 FH i 2 % g™ Ko T
B # ~ ik & % 5[ Baltov and Sawczuk, 1965] » = 4§
SRR e, R R DT o R e e
C R Number of Cycles AR AR AP EE B IR RGeS o
AR R ETRED RS 2 S
FISAREH L REM ART REHEESF R AL FE A AKkS VN TR FH
(@Experiment; — Rokhgireh&Nayebi (2012); %k Present) AL K& d= & I % chfi g o




PEAHYFFEE =L BRI B R

Bz 4 A8 449 > 2015% 117 20-21p

The 39" National Conference on Theoretical and Applied Mechanics, Taipei, Taiwan, ROC, November 20-21, 2015

W#wﬁmifﬁﬁiaﬁfﬁﬁ¥Aﬁ

U'g“v

‘iffﬁ glp‘ﬁ

te iﬁi*ﬁ By i
2O EAE S RS kR L
E-mail: syleu@cc.cust.edu.tw
FE IR F % MOST 103-2221-E-157-001

# &
A FE BRI BRA AT 0 2B g
=AY MR LR A A Y ABAQUS
%ﬁ@;ﬁﬁﬁﬁé’@ﬁ%&ﬁfﬁgﬁoéﬂﬁ
PR PRI AL BT 0 YRS S
X T PTG EF ARG D S e ®
Ao pleh s HANILRE BRI o A 7 )] Hid B
¥ MATLAB » 1% 447 £f3% T4 § ;\. VR
MRERE e V- e o I ERH B AR R
%ﬁﬁ’%ﬁ%%ﬁkﬁﬁﬁ**ﬁm§§$ rg
A A4 B M F L B MR ¥ s R R

Mgt T R MR A S R B A
Yook s ZRAM G FNH o

'—\
<=k
G

<k

‘42‘&3
o

N
\

. bFeoS
M g wk

| iF
2

Ao v HE S

iy 14-%-:1.?"& F X

4 Wa
N}

g; nvv\,

[, ?ﬁ' B";E";— B
I

s B

—
—h
1
S Toe LM
[0
N — ~me

== e
e T
7,

‘:\_\7"‘._‘_ i
o N
H «iﬁ:ﬁﬁm«k s

o Wy -

Fhr
Wy = 5
=
#

e

T o

T e
bics

B

T SE W PR
o AL T R
=
r?‘\a\ .

- nn—ﬂ

% ¥

—i
i

&-F_L
5 o>
gil“
%?«‘?
g
.
&a%‘

I% Ea é;k
B R R LI 0
ﬁwgr CH o BRI ERERTE LA
PREAL. (0BG RR | FES R
s ‘A»*?—fﬁm;_l_ PRFgga ¢ EE%*?—F\ 283
“@%T% L PR R Y PR D T
SRR “ﬁa#ﬂjﬂ& R R R R
H o (T¥ ft_x"’f#-_ mf‘lﬁ ;3 e L}Z ;\pﬁ% , ¥ 1
ﬁﬁ%z%*ﬁ“’iﬂ%ﬁﬁ@’ﬁéﬂﬁ
B S Rm[1-6] -
T AR T R Tk A R S R S i
MY S i iR HEBERF

]

°
A
.\a

-
=

H’E

=i '?ifkﬁw4§o
2. By
R AT F A F B EEAE ABAQUS[TIR 22

%ﬁirﬂ\#frﬁsh PR CEURE aﬁ L 4
%%’Tﬁ%&,!@g%r&g%
Hf"ﬂz‘—‘:i R

peb s HAN b R BT 0 AR 7 4] T fciE st B
MATLAB[8] » ™ % T4 45 £f3% T3&'L§ ;\‘ Bk
A2 h'urgﬁ__i»t FL A ESE A RN R R A
T 2 oA o

R A

AT KRR R el

3. AHRBIZ B %tk

AT FEF RGP RHTE S = A% A7
Hd 5 * A0~ BO~ 512 CO s » L5
2607 2P EER R LT A K el 1T
BRI T IE* SR O ATk A7 g B A Y
0<V <P+ -P<V<3P > 4@ 2-3 #75 -

AdrkBle o A * von Mises "5 R 2 RI[9] k 7
BRIFESHZFHEREL 4 TR ET AF S
wa?’ﬁfh%%ﬁm2v?a?ni%*ﬁﬂﬁ
SU[10] > T A5 ¥ R P HTE R i 2 M Sl o
i sy E=210GPa
i_?:‘f"\““ v=0.3
% thag B Oy =122.24MPa
{L:f,a A L %‘QQ(C:GBZGP&
A 447 =153.4

Ao Y BATE SRR L R WP B KL RR

gpm*%*%o TR ERE R
0<V <P 4@ 2 %7 » 4 § §* %d(PloyAy) 3 2.000
PEood RSP SE BEURS C BEE o oW 4
S I VIR e o e R ﬁ{@pﬁﬁéa#w°
B WAL S TR A e A TP
WERERBEL LF L AR S Hm o ¥ F A i“
%#c(PloyAy) = 2001 4 B 6 &4 ~ R E
ZheB) T 4T 2 AR F TR T B e A K
4wwm%$ﬁ&mz$iﬁé’$ﬁ%ifﬁ$%o
Fpt o (T 24 E A d(PloyAy) B 2.000 -
A MATLAB % 2459782 % & "Tf ¥ (hde™ 3
2.000 > 4o 1 #57 o

H& > APy gHE s 4 H B f
(C=692GPa »=153.4) 4 & ¥f % { ir <hi= B &
0KV <P o gﬁéﬁ\x‘*ﬁ’z(Plaon),a 2500 pF > d &%

A;\Jf‘?\..:‘—é—% DR R R 4oB) 8
A "‘L‘fﬁ_' ER e = f ) Kﬁ%yﬁfﬁ:‘fﬂtiﬁﬁ & Ei%
%’ﬂ$73pﬁ¢ﬁﬁﬁ&iﬁé%ﬁ9wﬁog
i 'ﬁﬁﬂt(P/Gon),a 2.501 > _.*f§g§ 4 ¥ki 7 % 4@ 10
AT L ATAC B 11 AT o Tt 0 BB R 4R
L T (PloyAy) 5 2500 R F
MATLAB % % A 17978 2 % 248 ' f § fh ¥ ™ 3
2.500 -
B Rt s R R RE FR A T
*rE O 2 ERf R s P<V <3P e 3
st o f S H(PloyAy) 5 0.625 B+ o 1A ik A 47

/::L Jr*
e ﬂf Ll >

o

I 1


mailto:syleu@cc.cust.edu.tw

PEAHYFFEE =L BRI B R

Bz 4 A8 449 > 2015% 117 20-21p

The 39" National Conference on Theoretical and Applied Mechanics, Taipei, Taiwan, ROC, November 20-21, 2015

2% "“?iéﬁf’* % 7 B%f@;” ~ % B Ao Bl 12 ror o
AU RS AT AR R - é%
Wz A4 “:‘i‘—?fﬁiﬁ«k B e m L HPFE > LT G
”ﬁ&mﬁﬁ*iﬁ%%@l3%%°%é§%&
(PloyAy) % 0.626 s 2 M d g & BUR 7 5 > 4
B 14 54 ~ BRE AT 00 B THEEICTE AR
GRH A AR T RRESHEEIRE X A
Ao drBl 15 A o Fpt E Bt ELE ik
(PloyAy) 5 0.625- ¥ MATLAB = z_A 5 #718

2% TR A hdcs 06250 - Ha g 0§ L%

#(PloyAy) = 0.666 @ S H5 4 nuﬁm&& 7% 4c@ 16

SRR R R 1T 4w 0§ G s(PloyAy) 5
0.667 » Jpipar 2 ¥ 4 H i 4cH 18 2 ¥ {it4ticR 19

- 3§ o

L )
4. B3
P ¥

2 gkt ABAQUS 33 M4 4534 it » 1R H jE A
1z 5 R R T A T S g iﬂ*%ﬁ '<
EFGREY DAY 2T AL T
Toom I A R RIR T A ‘Lﬁ'-ik?' # ’ﬁ—iﬁp& i
P R 05 s o

P RS R EEPEE T b
fFABEOSVSP ~» —PSV<L3P&FAT > kR
MATLAB 33 % (vl chvt 3 - d 2475 % ?E’ff’
B EFALESO0SVSP o BipdeiFt R P2y
AR ﬁﬁiﬁgpmﬁparﬂp—P<V<3P ’.*Tﬁ-ia
HERS BT ERCEE S E S

FE R B A SN R f A
OSV <PR - § 244 At L) {2’k
F s e

.-szgﬂ:]—
AT REWE O OKF FHIGE (% MOST
103-2221-E- 157 -001-5 % 4T 84 » o gt R o

o

6. 23~ )lfJe
[17 J. A. Konig and G. Maier, “Shakedown analysis of

elastoplastic ~ structures: a review of recent
developments,” Nuclear Engineering and Design,
66 (1), 81-95 (1981).

[2] J. A. Kbnig, “Shakedown
Structure,” Elsevier, (1987).

[3] D. Weichertand G. Maier, “Inelastic behaviour of
structures under variable repeated loads: direct
analysis methods,” New York, Springer, (2002).

[4] M. Staat and M. Heitzer, “Numerical methods for
limit and shakedown analysis: deterministic and
probabilistic problems,” John von Neumann Institute
for Computing, (2003).

[5] D. Weichert and A. Ponter,” Limit states of
materials and structures: Direct Methods,” New York,
Springer, (2009).

of Elastic-Plastic

[6] M. Staat and M. Heitzer, “LISA— a European
project for FEM— based limit and shakedown
analysis,” John von Neumann Institute for
Computing, 206(2-3), 151-166, (2001).

[7] ABAQUS, “ABAQUS Analysis user's manual,
dassault systémes simulia corp,” providrnce, RI,
USA.

[8] MATLAB,http://www.mathworks.com/help/optim/u
g/linprog.html?searchHighlight=linprog

[9]1 R. Hill, “The mathematical theory of plasticity,”

Oxford Classic Texts in the Physical Sciences,

(1950).

P. J. Armstrong and C. O. Frederick, “A

mathematical representation of the multiaxial

bauschinger effect (CEGB Report RD/B/N/731),”

Berkeley: Berkeley Nuclear Laboratories, (1966).

[10]

# 1LABAQUS £ MATLAB % %4&'% § * 4 di(PloyAy)

FEEE
=R
% EEE AP A
ABAQUS|MATLAB |ABAQUS|MATLAB
0=V=P 2.000 2.000 2.500 2.500
-P=V=3P| 0.625 0.625 — —
A SQ\?‘ (o
'
Bl 1 =A% A7 ST L R

P(t)
AN 3

0 15 30 45 60 75 90
<V

Bl 2 kg mn &(0

1470 1485 15005” )

<P)

P(t)

1470 1485 1500 g(fh)

W39k A L(-P<V<3P)


http://www.mathworks.com/help/optim/ug/linprog.html?searchHighlight=linprog
http://www.mathworks.com/help/optim/ug/linprog.html?searchHighlight=linprog
https://global.oup.com/academic/content/series/o/oxford-classic-texts-in-the-physical-sciences-octps/?cc=tw&lang=en

PEAESELE N1 BErRS E R Wz dgpg g, L4035 2015#117 20-21p
The 39" National Conference on Theoretical and Applied Mechanics, Taipei, Taiwan, ROC, November 20-21, 2015

150000000

] 0008 a0t aaois 000 ao0s

STRAIN

Bl 4=k MG
(z#85- 0<V <P -+ Pls,A=2.000)

20m00000

STRESS

STRAIN

B8 =482 4 %M ik
(4f50m- ~ 0<V <P - Plg,A=2500)

120000 2500000
oo 2000000
a0
1500000
o s
2 o oo
3. E
ERR =
< 3 soom
<
20000
o 1w » = w 0 w
o
] 10 » 50 @ 0 &
500000
20000 No. of load cveles
No. of load cycles

B 5 = 4% & B2 P gegrengg
z %5854 0<V <P . Plg,A=2.000)

B9 =4 i &Rz B aceh®g i
(4f 557 - ~ 0<V <P - Plg,A=2.500)

Lap000000

12000000

STRESS

000

20000000

00005 0001 00015 a0 aoozs
STRAIN

STRAIN

B 6= 1% i+ %M %
z %5894 0<V <P . Plg,A=2.001)

Bl 10 = & 2 4 M &
(4f50m -~ 0<V <P . plg,A=2501)

<0000
12000
200000
100000
1500000
s000
S 1000000
o =1
S wm £
= 3
£ 3
3 e
Er
o
2000 0 0 w » 0 5 @
500000
0 .
o2 o No. of load eveles
20000
No. of load cycles . ) T "
Bl 11 = 4% 2 R 3R2 M aEqrang it

R7 =4 # 2R L gl
2@ - 0<V <P - Plo,A=2.001)

(22t~ 0<V <P - Plo,A=2501)




CELREEEE L RIR SR

Bz 4 A8 449 > 2015% 117 20-21p

The 39" National Conference on Theoretical and Applied Mechanics, Taipei, Taiwan, ROC, November 20-21, 2015

STRESS
g

STRAIN

1212kt BaEn
(2 g} - —P<V <3P - Plg,A=0.625)

ALLPD()Y
2

No. of load cyeles
Bl 13 = i 53z o P iipehg it
(%38 g 4+ —P<V <3P - Plo,A=0.625)

1500000

STRESS

e

158
STRAIN

14 = 5 2 4 REH G
% £ - —P<V <3P + Plg,A=0.626)

ALLPDLS)

1 1 o = - Y w0

No. of load cycles
B 15 = i 53z Py
(2 #3$ « —P<V <3P - Plo,A =0.626)

STRESS

STRAIN

Bl16 =2k BEM %
(238 —P<V <3P - Plg,A =0.666)

200000

250000

. /

ALLPDUA

s0000

No. of load eyeles

W17 = 48 2 B R E AR
= EFMY P~ —P<V <3P - Plo,A =0.666)

150000000

oo

Soonm

STRESS

ass a0t noots ooos 00025

STRAIN

Bl 18 = 4 2t M &
2 E£MWEH  —P<V <3P + Plo,A =0.667)

ALLPDGA

No. of load eycles

Bl 19 = 4% 2 & 2 By ipengg it
2 MWL~ -P<V <3P -~ Plg,A =0.667)




2015 SIMULIA Regional User Meeting

i R 1 4
V%" ) -—fﬁvg- %

R R e
O OEE LB s ks ARAT LT

# &

* 2 AT ABAQUS T -2 i) A 47 - I SRR L AR L 0F pF o g 4 R
B s MR A R ﬁ%iﬁiﬁﬁa’ﬁI*Emiﬁiﬁiﬂﬁﬁi&*ﬂﬂﬁ
B FRTRE AT o v ¢ )Y e 2 RN R AT R AR
AR LR MR R B s RIS A FF**AM#f%ﬁﬁiﬁ%é
;t—r Z_BEW T LA o gL g_gzwl- WE BT A2 fr—f Bty B it B MATLAB » 21 %
AT RPEE RIS > TR

MeEF 1 a4tz BT L MAE R I EUR o RRIG 2R BT o

ABSTRACT

This thesis investigates elastic shakedown limit loads and elastic-plastic analysis of structures
subjected to cyclic loads made of nonlinear kinematic hardening materials. In the thesis, the
step-by-step analysis of the computer code ABAQUS is applied to consider elastic-perfectly plastic
and kinematic hardening materials, respectively. Parametric studies are made to study the prediction
of shakedown limit loads and the relationship between shakedown limit loads and plastic limit loads.
Also, validations and comparisons are made between the results obtained by ABAQUS and
MATLAB. Moreover, Armstrong-Frederick kinematic hardening model is utilized in the related
parametric studies

Keywords: step-by-step analysis, elastic shakedown, low-cycle fatigue failure, ratcheting, nonlinear
kinematic hardening
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