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Tongji University Master of Science Abstract

ABSTRACT

Buckling-restrained brace (BRB) belongs to a commonly used energy dissipation
device, which can solve the compression buckling problem of common braces under
cyclic loading during earthquake. It uses the axial plastic deformation of steel to
absorb energy to protect the main structure. There are three main types of BRBs in the
form of restraints, namely steel and concrete integral, all-steel integral and all-steel
assembled BRB. In order to judge the deformation state of the core without detaching
the BRB, to facilitate rapid assessment whether it should be replaced after the
earthquake, a kind of inspectable all-steel assembled BRB is proposed, and the toe of
stiffener weld is smoothed specially to avoid its impact on low cycle fatigue
performance. Based on the theoretical analysis, experimental research and numerical
simulation, inspectable all-steel assembled BRB was systematically investigated and
evaluated in this paper, meanwhile design suggestions were proposed. The main
contents of this paper are as follows:

(1) The buckling mechanism, overall stability, local strength, end torsional
stability and fatigue life of inner core were analyzed. The stability theory of the
double-limb lattice plate column was applied to the overall stability design of the
bolt-connected assembly BRB, a complete design method suitable for this kind of
brace was established based on the existing theory.

(2) The basic mechanical parameters of the steel were calibrated according to
uniaxial tensile tests. The cyclic loading tests were carried out under five loading
patterns. The failure mode, cumulative plastic deformation ability and low cycle
fatigue performance, compression bearing capacity adjustment coefficient, residual
deformation and deformation characteristics were analyzed. The wave numbers of the
core obtained in the experiment were compared with the theoretical calculation
results.

(3) Based on the Park-Ang damage model, a simplified calculation method of
damage index was proposed, and the method and process of damage assessment after
the earthquake was put forward, which provides a basis for BRB whether or not it

should be replaced.

II



Tongji University Master of Science Abstract

(4) The detailed numerical simulation of the assembled BRB was carried out
using the finite element analysis software ABAQUS. The hysteresis curve and inner
core deformation process were compared with the experimental results to verify the
rationality of finite element analysis. The maximum equivalent plastic pressure strain
of the inner core under different thickness ratio was carried out.

(5) The key parameters of the assembled BRB were numerically simulated. The
influence of the key parameters such as stretch length of stiffener, stiffness of restraint
member, friction coefficient, location restriction method, gap size and bolt spacing
onthe mechanical properties were investigated, the qualitative rules were obtained.

(6) A simplified model of BRB was proposed, results of the refinement model
and the simplified model under monotonic and cyclic static load were compared. The
simplified model can improve the computational efficiency without loss of calculation
accuracy, which lays the foundation for the numerical simulation of the seismic

performance of structural systems with BRBs.

Keywords: assembled buckling-restrained braces, side inspectable, damage

assessment, experimental study, parameter analysis, simplified mode
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FEZHINAR Ae VERITT, At et A B ek T TR AR 9
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T2 FEIAE Ag AEFTR, Pos o AR B A T T AR -
A, =(1+0.508)° 4, ~ (1+Ag) 4, (3.15)

A BUE AN R E B2 15 52 IR N N 7 5 A8 56 A 58 4 A ) DUIAE JE R BA N A
MR, ZISAB IR B ET

A 1+Ae
=L = 3.16
B 1 1-As (3.16)

e A4, 1A, 7099 s i AR BUAE 32 AT SZ R A R P Ak i AR
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PR AE Bl 7 5 734 T 2 A v e it I e A i i B AR R
71 N MOJEEEE ST f, W 3,15 e I FRRES T Pt g5 i s k% (2. 1)
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nE, CASZR I e AT g . AT 0 1R UG, 1 2 28— M R
SRR SR Z BN, AN 113, 2RV IER A/NRARTE As = +0.5% ,
PEREE) SR AAE FHEAN B S o %o T G WR B [F] — R AR MR B B PR O3, 32 He Ak 2
TWEERBIFAME, BR T Ae =20.5% MEALASL, HARMNAZIEEIEIR T Ik
TN TS 52 AR 1 R EUN T 58— RIS 32 AR S 1 5 R4 PTRE =
TESZ RN BGE A2 B TR S b i B i SR IR A T, Wi 3.17 B
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ek, DA AT NE . 5 — MBI SRR Ae =+2.0% , BT A RHE
sACAE I LURCER s, Rt 2en i A T, st ie Az ik, bl —4
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ANIE BT, SEIRE IR N M B oK 2 AR R RN 1.24.
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()52 5 AR 3 0 T 8 RO R T AISCU O I BRAEL, (ER A ) ARt
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b 0.5% 331 6.5 8.0 262 211
IBRB2 c 1.0% 387 8.5 8.7 200 195
d 1.5% 456 10.5 9.4 162 180
e 2.0% 543 12.5 10.3 136 165
b 0.5% 360 12.5 8.4 136 203
IBRB3 c 1.0% 428 12.5 9.1 136 186
d 1.5% 465 11.5 9.5 148 178
e 2.0% 354 8.5 8.3 200 204
a 0% 315 4.5 7.8 378 217
[BRB4 b 0.5% 373 7.5 8.5 227 199
c 1.0% 426 9.5 9.1 179 186
d 1.5% 515 11.5 10.0 148 169
c 1.0% 329 6.5 8.0 262 212
IBRBS d 1.5% 360 9.5 8.4 179 203
e 2.0% 442 11.5 9.3 148 183
f 2.5% 532 12.5 10.2 136 167

U 1SS AR SRR AT, W 20 i 4 Al 5 i s 45

REUWHEERA €M ER, BLHZ0AEA LR, EROR MG KNSR E
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ZERRIFANK W 3 J9IIR N, R A N NMEOK I BAR B A 2 IBHak)N f
A2, ARG AT NGB, WER TR B B #iEN, Sibs b,
S 28k 2 AR ST k) - PSS 14 e e Bt 2 ST I I s PR B AN, IR T
WS T2 IR T AN BER R« S5 R, BRI SR BB A Pk
WIS RREWI G, REV R S S A RS o

X AN DI B B (i A () e S AR AT PR Jt i O AN R, f ik
AR, Pk R SRR, A SRR LA 5, RIE SR AZ AR A
I, X R A BT AN B, RS HIASTE P S A AN AT 2 )
SN o SEBR b, ARSI R S BEHE J IR0, i DABRAR U 5345 3 10 e e iz £
55 SEBR I e R B s — e 22 o A, BB 1 LS 77 BB IN RS AR AL T30
SRR, SRR Rl R S T, AR A BRI e R
&, TR S BT TR RO 2= A A R T DU RZ I

FELY AR (0 JR) 8 0 L e T ARAR (K et o, R H% 3 19) THE AR ) T3
J R, AT A5 2 AR5 20 AR A R fid K, Stz b e i 20 RS T
PItIAE I S B2 0% A Bkl g s 0 AT DR 7 s B AR B T AR BRI 7 SRS RS
AR BN 5

3.5 e Eaftminitd

RN LIREK Y], BRB A B MEE, (B AR A W 1% 52 1 7 15K T
T BRB ¥ RV TERE ST R JE X BRB (855 RS B4 T HERR VP A L 25 TR 5k
PR PR S R A5 1 IR A 2 N 8 D0 S BRI, 0 i e HERR B D R Y o R e X T s
W7 2R () S 45 AT DL 9 AN T PO 8] B EAT WA, MRS FEAT B 4 o T S
RKEWZERI S, AR B T WSS R AEBIEARTE, Bt AR 2R,
Dy X HA O IRAS AT e VPO, AR JE NG SCH2 15 B 4 R A

3.5.1 M mptEE

BN AT Z B PR T SR, AT IR NS S A HE )
MO EREAHEN] . b s IR S 2 R, WIRE. BT, e, i
IR L R AR Rl RERE A SRAR I IR T 5
(1) BRI HEN

B HGO N U ) R 0 S 8 SO — R A 2 800 HARAE 18 OB, BRI
SR FE 0N 278 R B — [P IR S R A AR BR S VPR T R s 2, B

D= f(C,U) (3.20)
K CH U B HRBASE T BB VHE . S5 — B I AR T
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Fra s, S B R A A i ] R IA O

(c-TY
D-(—U_T] (3.21)

e B 8m>1, KR FBON 1o X T A0S, iR A TBAE iR
ZH, W CNRARRLERIGZE, U NP Z PR AR TE CATARE A AN A4
R AE AR R AN AR B TSR 21D, TN ARASHE
(2) XS HRIAHE N

B [ AR B R R AR R I RCR AR AR B . b, SRR AR
AN RBIRERE 5007 TR FE M (43477, M AL SIS SR R BB LR, PR
P B KA AN ZARR AT AR ELREI ), BEE R N, R IR
FHRANWTERAG; AN, BEE R, RO 2] IR A AL T B
PR 1kt B A R AR N2 A 5 B KA T AN R FERE S M AR . BTS2, —Fh a3
RIBIR PP AL AR, N7 e [R5 K PRI AR 58 PR AR I 51 AR BB O AN K R ) AR R PR A
FE ) FARBIA I PR A [F R BA T 2

Park F1 Angl"?'T 1985 ARG RS RHBIALIGTORL, S T UG vl
fe LREF 91 iR AL — R RE I e MEL S B, AARRIE AN

A, B
D=—n4 dE 3.22
A, FA, j ! (3.22)

X DA T, RAEMEBETRER, A, AMHESChr R AR N &
KABTE, A, NFIAEAE B 2 E R PIARER AR T, F, A4 i e i fer 48 J.dEh
NRIAFAENGE I AR FH R 10 B I FERE, B vis RIFERESZ I R 4L, NIAEM R4S
&, BN EEINEIRIETE . Park-Ang FH {7 20 1 [F]— 3B REK P
NORWEE AL E PR LN AE AL B G P R 7™ B IX — S8, R 28 1 S5 e
INRGHEIEZN- ¥ Al FY =R aR- ¥ REinkilil-Al R
T FElk Park-Ang AL FaRER A, Usamil > 52 DL T Bk ) XS B A .
A, -A, (E )
D=(1—ﬂ)(Au — ] +ﬂZ(Emm] (3.23)

i=1

A BOBUE, E N5 | MK R RIFERE, E,,, IR INERR PR 5 RE
c R SH, HRZSEFTSEXLANE. B5 o B /70l 2 .
Usami BB B8 1 H RNAZ IIFEME, B 1 B R RE IR . X LE
Park-Ang #%, T Usami BAAHS 5 REETORMARLMEA &, REMS B K 2
(R 25U R VAR e AR U A E PN ve P S e e (b L Y AR AL TR N e

B T N
68



CiEt A E WP - i T

(3) Park-Ang fajfb i1 SAR A
ﬂ@ﬁﬁﬂ@ﬂﬁﬁ%%&ﬁ%ﬁﬁ,%ﬁ%ﬁﬁﬂ%%@I@km@%%
KA — RFEREE R ATk, R2fEHEGH E&AME A FEENA
Eﬁﬁﬁﬁ%ﬁ%,ﬁ?h%&i%ﬁ@Tﬁﬁ%%h%ﬁ%mL%Ei,$I
e P2 B K Park-Ang XUSHUSI IR0 Ja i 20 ARSI BEAT PEA
N T TEATESL, AN SCARE i 2 RS 3 m] ith 2 Dy BRAR SRR, & 3.26
Fi7R, W) Park-Ang WS HAG EALA] AR T fajfk -

1
(Hax + B -CPD)
:uult

A g RWEHIRIRIEVERTEREST, e = Ea/ €, 5 Hoth & & ARSI BR IR iz
RS CRISEA A, WIARIEM IR AT, A ARSI E (40 29.5%; €,
PR R JeE AR AR, T R A0 e I i A A A B T AT B s i 2 BT AR
D S R v S DI R PR AR T 72 5 SR IR IR R LUl CPD 2 2 it
FR AP L R T S ) RAVBIEAS I, Bt it AR 8, Ham il i KA e
55 BBV X 4530 K Dk Ee 41 o

D=

(3.24)

P,

o

P 3.26 F A 508 P i [ i 2
3.5.2 MEEk IR IR

SCHR[741FE Y, NMBRE AR . X KR KSR R E R A R L RS
FHaf AR B JE 2R HUPE A Toom . R AT H AR TN, 3R AT H AT 2
IR 1%, ORUEEESCHR 7> ANBH JE &3 8 70 AN BB, BH B & 3R 70 A AL 3 Bk
REBAL I R o [ A S b W R R P 5 3 0 DR 7 RS I S &R kAT 1 Rl
ARAE PR SE ) B i, AR SORFHSTHR[ 751 Hh BB R 73 7538, 4ngk 3.10 o .

2 3. 10 ANFAVEREARAE T B H 1
DREFSELT | BAOBIR | HPAERR | BCEROR | MEIR | SEEIR
0~0.1 | 0.1~0.25 | 0.25~0.45 | 0.45~0.65 | 0.65~0.9 | >0.9
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3.5.3 [RHRZYSRSIZRITIAIRIL

A A 1 ZH A RO A 0 B a6 4 R EAT SE vt R LA 2 B A ORI BN
BSOS AR T 22 [ K B ARENE AR, Uik 3.11 R .

BT D=1 Fon e s iR, #£303.24 f, 553011 D=1, WL
(SR ACIREAE - 2 ES A8

luult — :umax
= fult  Fmax 3.25
B CPD (3.25)

Xt AR R K p AT U5, 45 R ILEE 3011,
R 301 A ALK R R R 5

WS | BARIEAHE (mm) | Hme | CPD KM B
Specimen 1 51 20.4 571 0.309
Specimen 2 68 27.2 476 0.357
Specimen 3 68 27.2 533 0.319
Specimen 4 68 27.2 402 0.422
Specimen 5 68 27.2 300 0.566
e EIRGRE A =2.5mm, PSR RETEAILEETT 1y, =197 Bgi/}jﬁ,, 0.593

ARt A3 | 0.239

B AT RO R BB R X2 BT i R BARGS F T
RIEERFPR IR, (BRI 1 R AR MG I, AR A N T i
RIEEINE B — R KIBEIAEA L THRIR OB, HAR HoRIRE A B E
RHON B X EARA 7 HARIEARICLRE B0 - 453 D46 R 2R 202 I8 LR
AR R I B B BT ZE S

PR 3,11 R O A Y AR, b LA AR i O A T R AT T S0 A
BEAEA LRI 28— AR5 5 e, e R an i 3.27 fros, Bt
A RS R M

Lob e m e O .
12
0.8 o AL b Q8 gy I
;]-50'6 7
S 7
0.4 S
5
0.2 —e—BRBI —+—BRB2 || o W
—=— BRB3 —v—BRB4 3
0.0 4] ——BRBS5 1 00p—=p—e | —+—BRB2 ]
r r i i
0 200 400 600 0 200 400 600
SRBIEAETECPD SRBIEETECPD

K 3.27 fHfnTEfbid iR
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BT Park-Ang XS HUG R 1 i i 20 R SCHEESUOT AL AR DOY ELER
AFAEBR I RIS o X T E Nl o: 2, M2 IE(E T EA i, i
E RN AR AR 5 IR KOG A B 45 003 B K T 5 — IR IE A I 40 1 1 B
(B 1>2,3>4,5>6,7>8), X i1 TIZAR RN e KA R (8 5 E I R B8 T —
Ko 9-13 PrBONSEIRAEI N, LLf BEUART 1 S KA I AE AR A, 4475 Dk A %5
JEON SRR B FERE M TTHR, T LASE IR GBI BRI 51 A 45 5 0 A 4%
MAEE R A RRB ARG, HR R AL I 2 IBHT R, B
SE SCHE IR (e it 24 Dy PEAR S SR VE SR, RT3 s AR I VE AR Y RE 0 R AT R
FERERE /7, X Tl AR R BAVB LA RE D HEAT 10 b, LI fa O Ak
b, BARZRENAR ) 5 A ) RAREM AL B T EAE A Ak hR, nfEl 3.28
B o

1.0 —‘O—BRBl‘ BRﬁz -
—a— BRB3 —»— BRB4
Q0.8 NN —&— BRB5
S
Hoe
S
Ry
@M
=
0.2
e T S P
00 02 04 06 08 1.0
h D
K] 3.28 Flsp RAVEMEAR L AE

Hy b AT, Bl B 45 05 48 K 0G0 SCEE R R AR RERE 1 1B W,
Park-Ang WS HAR PR R T 545 B R DR 20 IR RAREVEAS IV AE 77 S5 1043
TRBORBEE LN R R, LR AR G 7 300 ST IR A FE RERE ST 3EAT THARL

3.54 ERBE RS A

ARLYPP RN T M A RS R e A ik, Bk

(1) FRJa X i 2 R ST A, SR fh 2 RS AR BIE R
U SR i - 20 R SCHE N P R AR TR BCE IR BRI, LSRR RS E R . 5
SRS YR (SR AR S, U R B AT S e

(2) W RMAMIASGEXT it i 20 SR S EE ARPIRZS BEAT HIIB, U R5 AR 222 T 52
H# ERASAC AR SRR 1 s, IRt e D Fa Bk AT 1 55, JFARIE R
3.10 X TH5AF 2 AR 05 T8 B0 R (K8 RE A HEREAT PN, SR 5 A L 3 4%
BRR S FL DL, I R I B 460 o 240 SR SO, 40 D5 R P D DR e 0 AR fle i R
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R . — WS, 2T A 1 2R S 2 AT BRI E, L
VO HAR I AR AT R B, RS H RS . SRR . IR, B
F A R E I SO A I A R R AT

(3) WRASREIRAT i 20 SCHE AT P 52, AT AR P 5 20 £
R EE SR B 1 SR K i R A, M R T SR 2 et D A AR AT S O IR AS VP A

(4) XFF A SIS, 3R M 2R SHE M RR SR, N
FHT 240 TR SCHE (Y I SRR AR AR RE RE 0 55 T S B AT B 1L, BB A 25 I PR K
Hhe

BRI R 1R e i i A SRS O P e TR RO IR BT RS A
I 0 73 A e i R AN A2, B DR e BRI T 1 ELPT AT, AT O RE IR 4 M i 15
REMEIRPTARIR M E KT

3.6 INE /L

AR FE 0] AT R AN ) A AN I U i 2 AT TR A, I s LA
[ o2k o] 2 (AR, S HO0 B AR RN B Se A5 2 17 b £ TR S i (e
2, XA RAAT T, TR LN

(1) Ji R 24 3RS 43 ) R e 2RO P s B ke BRI s B R AR R, S 3%
B R R AR A S S, PR AR TR LS AT DU S P N T
WS E P 0 T2, IR0 I AR P BB WL B PN RS AR T TR o sl ol ity 3
SEA B WA ISR ST, UL FLEAT 15 Ak B R 8 G I U g R A Ak
[ IR, ORAIE T il 24 5S4 IO % 55 PR e s

(2) 2y Sy el dh 2 vy, HoA e sE iIFEReRe ), R AE
J1(CPD)$3 KT AISCHIUE HI120065 ) J IRAZ T 5

(3) A5 R4 BE e Ll Bl A ¥ [ 207 7% T L 1) A8 A S g e 3%, Bk
(155 2 BHLJE LUAE SRR IR AE A 1.0% ) 5t © 34K T 0.40;

(4) yiEl i LG, ltE 1 Al 4 2 RRETRE R8N T 1.3,
HARE R 2 S AR B 20K T 1.3, #id T AISC 2K 1.3, X440 A
i B 24 AR S R TR A R R

(5) PSWIRLE, S i X BT LSS an AT R, il X B )
CATIAND RN

(6 ST H S BRASE (14 ekt oy 240 RS 4%, A A R ity 5 P S R S PRI ARG A2 % 5 A
FHEE, VLB SV R AR TR AT ), SCE IR T MRS AR /N, E K AE T
HhE AR TE .

(7> BREe I o 2 SR 1 1) B R S AR AEL 350 /N T-8NM ) JeE IR S, 13 BH 24 5
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FEATIALF AR BL, 52 J1TERE R I

(8) Wt 5ARMIMF IR A A AL S mif it ib A 2o, A Tae Bt
REFF o 8 Al s 77 PR3 0 P s 4 e R BSOS T i, AR R, A AR AR B
sy, HTRRBILARKE, BIAEBRNRAR A BT AR, e id
R P SIEIN R A AR R B TH RS B R B A — B, e Jd I AR T AR 0 1k i
SABON 2y AR A ) JRy # 5 BE 2EAT Ve v

(9) 3+ Park-Ang AR DA S Y 1 1075 IRl 5 I fi AL THSOT i, A0 4R
TR e L AR SRR AT VA 0 AT (R TR AAURE , SR T MO R T
K
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FAE W i QR SCEHER
41815

A B R FH A BR 7070 A 53R 06 AT AT AR ) e A 2 T 30 oY 240 SRS 48 R AT AU A
W, R ARIBARER A Chaboche R & iR, 25 A 5 2R A1 Z TR
FEVE KL, AN RN ] 5T PR Jt ) 240 SRS A3 (i ] b 2 A0 238 F i R AT A AL,
-5 B8 45 RBEAT XS L T, X s 5 2R R 1 22 TRV PR i 70 AR A T RE AT Y R A
R AR IR P AR HEATABAL, 0 TR IS P S8 20 A 5 30 7 Je o 20 SR SCHE P e
I RIAT I

42 BIRTDHTEE

42.1 BIRTIERY

ABAQUS & — K IhRe i KA BRc o A i tE, AR 3547 a7 5 i e 1t
T, BRI B AR M ) L. ABAQUS B+ EENHITES
MBMERY e, ] UBSHAT AT AR IR0 DA R & TREM B dE &8 R X5
R SEMESE. ENE M NEBRCEIERE, ABAQUS MU AREES ff 4514
(i 1B 715 ARl /R, i BRI S L EY E R AT R A 1)
] Ao AR SCR 3 A PR 7620 I 3 ABAQUSS o) 7 32 i 28 e 2 4= 4 784 it iy
LY RSP AT BB,

T T A 35 R ) = 4 544 (Solid) H e AT 2458, FROGIRAIIEN 8 19 4R
SrHiJG C3D8R,  ULFh H G A BEAE iy bt B A AT A0 . PO TE JE B 7 Tl &l
SRS, FETERE DT RN A 7 AN WA s TR S R AR D S LEAR A4 JELFE 5 Tl K
SRR, SR T RSN 20mm.

7ESZPRI IBRB H R FH o i R e s 90 4 240 RO B2 ol — M, ot 4 e ] 2
N5 L AR (B B TR BR, EECE R, T AT, AE BT R
AL, KR R EE AN N EASE T ER, BESTREEENE
FE, TR IS AR IR A R AERA SN, SR AT bR R T S5 79 44 AR 4 T T
BRI Tie 20T R TR SR, InEhih 5 At 2 e HE Tie LI HET
B ERI A Wit o3 Al 32 275 1L RPL I RP2, FRE S5 1 500 B i
HEEAR S, MRS A RPL EE, ST RP2 K ARV POl i fr
¥, nd S ae FE o Rk B AR R . A R C IR K] 4.1 FR .
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B 4.1 Wl PR IR T A A

4.2.2 MRHER

AR SEAE R AR BRI, WO T Q235-B ANAA N2 25 RE A1 M B A6 R 5
ZURFITEN Q345-B ANMS, SR 1] (A s A AR TR, AR A 1 16 22 SR A\ LS
LI NIAR R F s WAL HRVEAT RN, SRVERL R D 203GPa, JHFAEEDY 0.3, AL
%t F Q235-B #9441 K Fl Chaboche!” Vi & S A AS LKA IR (R IE A B MR 3, e
45 1) s A 2 FIBE S 5 A6 8 7, Chaboche TR A AR AL 75 2275 & =N %A+
(DJEMREEG QFBEEN; (3)aALHEN]

X AR R Mises Ji At Jee i R 500

f:\/%(S—a):(S—a)—(ay0+R):0 (4.1)

A S M a N ARSI AT, o AIAEEIRR. A, R %A 5L
nE, o+ RAERERIGRAD, K ENGRIEHAT

IR T IBVEAR T N F3-IAR R 2, A ZBUE SCHS 2R I A 18 58 R 8 KD
AT 1), U SRAEPESS e I 5 e A A AR R TR, R4 stk W 5 e AR ok A AR
KK, T &

F
de, =dr—=— 4.2
g, =dh— (4.2)

b de PRI R, AL OB TR B S AR bR R R
T B o AR v 10 e A U (975 25 1) S A R DU AT 3 s A L, 558 i i A A
BOINAGE AR A S AR T2 212K, A A ANAS Bl 45 [ s A A AR s i i
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4.2 Fizs.

JE 4 S AR T

o, 146 AR o,
4.2 F R AR E A
& ) A 2 B A AR R N

dR=h(Q, —R)de,, (4.3)

Kebte R A AR 4050 B IR AN (LRI R A, b o IR AR 2
VERZAEAE LI, O, AT IR IR, de,, FSROBMERAERORR . R
HIE %

24, 3)B 53 7T DA {5 3 AR 79 A

7bae
Gy:Gy0+R:Gy0+Qw(l—e q) (4.4)

K o, WEIREFIRAN, o, AERERTERAR A 0 IR 7T (RIS R
KMo

8 Ty 5 A v DA 15 7 B AR i R b, hn kT e 8 7 2 RV E RIMAR R sl 3
gy, R AR RN FEARFTT [ AT R PR AR, BEBh i A Y R 2 1 B
4.3 Fli7Ro

o, o
J5 2% B R T ol

(o2
! VIt T ek

4.3 BEEhRMARYR K
it B 5 AR R T AT (R AL R BEAT IR S BN L0 LA [R] (4786
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W, BN RRR AT -

. 2
o= Zul_; da, =§Cl.d8p —-yade, (4.5)

Kb o 8% i NENS, n NENAREE, C My, Rl T ESCE i AN
R ERERE S H, o NE TR, de, WEBVEN ARG &, de, N5
ROBPENAE NG . TS R YHERI N .

FLI N RSN B Chaboche Y& s UL AN &L 4.4 Fros, 1o RS 25
=AERAT, BTN oo BEAAERRZANER),  FIH AT R AT K3 R
AR . At TS R s B R ABESIGRAL & a X AN /7

A
AL

I
R/—__‘_____________._.—

4. 4 Chaboche 74 7 2 P&

— kUL, AT 348 Chaboche VR & SALELA IMT BRI 23 C, .« Q, F b,
AT SR I R R ARG, A AR DT TSR R R SR LY P225
Q235B 1 Q345B HHAT [ G i A/ E F T4 A 58 Rl 78, JF HrsE T4
87 () 56 ) s AL S EURBE B R AL S 3 IX M7 VA TR AT R E A MRS, T H Y
AT RIS Ty KA R A, BT LRI B S HO0 (0 AR LA St

RS TAET, WH HAERE b s 4h 4, JTA 2R 7 U i B
) LA 1 RIS E HE SR bR Chaboche VR A iAWY S BB 7%, KIVEEAMERR
52 RIS () Je RN 3 5146 S RS g Bz, anl&l 4.5 B o IS i AR TRT R /N )
MOB(E A R, FTLAR15:

O mono = T 0 + 2R (4.6)

Xob: o, RSN . st (4. T, XTEEIERRE, T

Opono —A =0+ R 4.7)

m
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Ko o AR, (4.6 RIAR (AT TR, R4 e b i 7
LI A S o 26 B0 5 BB S BRAL 5 AT 5.

true stress

et Omono
> L - .
7/ 0. tension
/ =
/
/
/ 0)|, +2R
/
/ 20,
/
A -
Ir true strain
!
/
‘ —_—
H 2R
"\u __'d —
’
—— . .o
- compression

4.5 PRI LI ) RIAE K F

Chaboche V& i A0 A5 20 A0 45 55 (v s AL AN BE 2w Ak 7y B, SR A BR o 84
ABAQUS MBI SH AT ME . BB R S35 C My, HIE 3.5 PR JLSER
JINAE th 8 re, DARAG I 0K S B J BARE s £ (yield stress, equivalent
plastic strain)¥ii A% ABAQUS H BRI R B HEC, My, . FEmsaib s & R AT LR
5 2 (4.6) FHE R AR A PR RS I LS B AR i 215 31, i 2800, M b
AT E ABAQUS 118 15 DA AS T U0 N S5 5 28 1 18 A0 AR et e T K /) %) 4
(post-yield stress, equivalent plastic strain)$fg. KHE 3 415N IR A 5RALIR
B, 23t ABAQUS M #E R 43 Q235-B M AR S 4k 4.1 iR

# 4.1 ABAQUS 1 Q235-B MM IR & b iR 23

Oyo C G Cs
g s ’ w | b
4 MPa) | (MPay | 7' | (vpa) | 2 | (mpay | 7 | €
Q235-B| 282 | 295 | 0| 327 | 14| 1270 | 15| 110 8

MAFPEGRIG TRAT D L A7 - AR 5 2 MM Y B r 2 Y (10 2 o il B E AR o
BIRAT N F7- AR K Z8 R U 1] 4.6 Pz AT ARER B, 4 il ae A i AL 4L 1)

ZURLLEWIG, AR T RPRMR R (A A S B IR A
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400 jﬁﬁgggggss,Qgﬂggg””““” 500 e
= = MM
E 3 & 400
2,300 = >
§§ E f3300§¢6£2§§§¢
> 200 =
N 200
100
o MR 100 o MERE]]
—— B, —— i
% 0.05 0.10 0.15 0.20 % 0.04 0.08 0.12 0.16
% XA YR R AR
(a) %4 U A-Ji7% i 28 (a) ELSLRNA7- S AR fh 2%

4.6 PAMEAREE SEE IR AR Y
4.2.3 FEARME R

P02 I 2 7 AR O R B e, PR e il DA S 2 5 A SRR PR AR AR AR
R, AFEEAER A m BEYE 7, BT DARE 24E ABAQUS HE LN 5 248 HY
2 TR AR BAE O &R o v mfE R id il (Hard Contact), A# 4% n] DS
2 LR R B H I 7 5 Vs it Bl THT 2 [R] 8 05 4% 3 A e i e 77 K /NASSZ B
AT 1) 7778 R S B BN S R R PR AN Ak T AR 4 B o TR FH R AR
JEEPRASRL, ) ) R BTk A i Ay, R

T=pup (4.8)
X ANS S LRI B EEERE, p Nk . B SEE
FEHIAEZR RN, 7 ABAQUS/Standard H0K S 8L R G HFE AT FR, M H AL
PRI RS 25 SR v] RN AR I 52 R 2 3 TR B R AT AR, RS T AL E A
o, BIMEADRF A R BE 45 R B IR A S8 A R, BT DALE A PR e B Al 72
Hh, AR B BE R R HoE I LG R E .

£ ABAQUS 1, BRI shIERED: ARFEANEE. HTHEHE
LR, — il — N oorhits, Rtk A RIER . 5 Rl it
A, KA AR TR I E B R AR N T, SR AE N A

4.2.4 K& &

TR, RIS TIRA SR R RS, ESCPR SCER
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