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A three-surface cyclic constitutive model and comparison between
experimental and numerical results

ZHANG Jing, WANG Zhe

( Department of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract; Based on the theories of bounding surface and multiple surface, a three-surface cyclic constitutive
model, which is applicable for engineering because of the simple form and less parameters, was established to
describe metal material behavior under the triaxial cyclic loadings. The plastic strain was decomposed into plastic
strain 1 corresponding to a bounding surface model and plastic strain 2 corresponding to a single yield surface
model. An evolution formula of the distance between the current stress and the image stress on the bounding surface
was developed, which makes the plastic modulus calculation be coupled with the kinematic hardening rule through
the consistency condition of the yield surface. As the hardening parameter, the plastic strain was calculated
according to the associated flow rule. Compared with the classic bounding surface models, it has a concise form,
and compared with the modified kinematic hardening rule models, it has less parameters. The existing experimental
results about stable metal material U71Mn under uniaxial cyclic loading were adopted, and four mechanical
behaviors were considered. The ratcheting were simulated by the model considering the effect of mean stress and
stress amplitude under asymmetrical stress cycling, and the maximum strain amplitude memory effect was analyzed
under symmetrical strain cycling. The calculated results agree well with the experimental results, which means the
proposed model provides a new method to study the constitutive relation.

Keywords: bounding surface; three-surface; constitutive model; uniaxial; cyclic loading; simulation

—SBZE R P A 252 BIPRA AT AR
B, BRESHT R AR S Asd s i, 2 ST 32 2 e A
FHIS TR 22 U 0 A KT R H 7K T I 0 336 26 25 1
PEAT 32 T35 A LA R n] S e P R 55 75 A VA
], WE s B SE AR TR A AT D AR Ty
FAT R T B A RN A X ST

WRs BH: 2016-07-06
E2TR . HRARRBAR4(51279003,51078024 )
EZEFN: Ik #1986 —) % WEWF5T A

T #1961 —) B T 6L A R
BEEE: £, zhwang@ bjtu.edu.cn

WERMTEAE A B T 4 77 LB BV B A 26
SRz 2RISR , BB AT Ry %) 4 J8 bR A
A LG AU, B AR 22 SOk A T #38E . Mroz 22 1T
RS rh REAS Tt AR T X 1 AT S B 98 P A SR
[1-2148 X FhIE LAY Mroz 22 1 455 780 R GE L0 L
(AT B RS 2500 SCHR [ 3 -4 ) 7E 79 T AR A 4
0T A SR o D A % L A5 RN AR LA
AR EEAR T B8 BRI B AT B SCHR [ 5] B e X
chaboche 1% %11/ Ohno and Wang 5 ZiU R |
Mcdowell *ﬁﬂm%nﬁj—(*@ﬁiﬂﬁﬁ?lem, Z G
JEF chaboche A0 8 H T BT 32 Bl A Ak oE .



- 184 - MR O T M ok % % R

5 49 %

ST TR B Y 32 DR T R AL E I A AN
[F) 3 AR ] 1o T o338 )iz sh A E N
ZRE L TSR Y TR 235 SRR 2 56 45 R A UK
225 SCER[ 10-11 ] W Tseng—Lee TP TE A B AL B
32 3 5 V- Y BUE R EAE P B E T /Y 124
N AEEERR X E BRSO, AR 25
365 T/ N 3 L )0 B A A o SR TR
IR M AELAE BRI (R A Ak B 37, D] 72 A R 22 A
S Z AR % 5 WRAE A 15 DL ABAFTE R ],
XU AR Y I T B k. SRR [ 11 ) AR T B IE i
SRR | S ST A A B S Ak B SRR R
it PR BEZ G I8 3 R PR e IR T i S
HBEAD, BAE A E A W f/ i

AL i SR A H A EE T — B = A
BEAY | RN B TR ASE AR — 2 A el T A A 1Y)
G545 N 4 I MRHE SR AE RN B R 1 2R AT
AT, JF S AT B SE A R AT A

1 AR By 2T

ASCARGERT G R 4 @ AR e MR AR IR & A1 )
TE 32 S-S (BRI (B [ 2 A 40 B4 1 28 4 FH I, Bifi
BRI REIGEIN, 4 SO T IRE o, B K HARR
M TARE A S B AR B AN BT 36 0 1 5
IS IA]JIC G 5 32 1728 sl A bR AR IR RE AN e A el A
1.1 MO-HTEEXHR

I AR 3 1 1) B i Ay

de, =deg; +dée}, (1)
SHLES o0 N e R AT
de; =ds,;/(26) +dp/(3K) 8,. (2)

Aid e, d g d & F0 00 SN AR &5 AR 1Y
TP AE G i d s, I I8 d o, N IER )
W, dp=d o, /3 NP IR (1=1,2,3) ;6 K 7}
I B IR AR RS B 56, Kronecker 3K ;d g
FHNE 328 [H] AR RSk A R 7 S B 71 Pl
1.2 #EEPAHTE

ARSI BERENFRAT PR AL ], WAL ]
X [ S PR N AR 43 i Ry el Filen® b ki

& = 82(1) + 815'(2)' (3)

B — RPN B T PR 7 —
A1 TN A e R, %ot 2 b R bR 5 fe T )
w8 B et UL 2L E VI DO DS R oS (g Y i i
A B A — B IR, B LR XG5 2.

HEBERE BT — A A A AL A — i A
S PR A8 i G TR A 25 T g o A AR AR AL 1) R0
FERIBEREE.

T AL AR Y w1 S PR AR R R H RS Y,
HO T3 512 Sl A Ak o ) TG 5. AR SC 3% 18 1) 31 5 T A
Y I AR P A A DU 3 B0 vk DU R — B MR A%
A5 .
1.2.1  BMARIE 1 ARG T
SAVEARTE 1 K HURH 5G4 i i ok A 00 B i A
AR AL 5 — AN £, =0 B2 B9 JE IR A1 — A R
F=08uE i A, BAT 5 - 1 1 58 26 DL I 1. 1%
Jett R R f, A ST R ER F EIE R
fi=Gs; —a") (s, —a)) = (1), (4)
F=(,-B)G,-B) ~K. (5
St R IR 5, s, 7 T 168
J1sa” F e 4350 di 157 g 7 18] v e AR T i 13 A
A58, 1 R 43531 g Al 7 3 223 18] H 320 5T 69 (B0
o @l oy B, R AR A | SR
FHAC A T R IR | X B B A Ak .
A,
T 8

S S22 J‘ﬂﬁ’ﬁF
1 REETERASf=05L%78 F=005E

Fig.1  Schematic illustration of yield and bounding surface in
deviatoric stress space
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Fig.2 Calculation flow chart for the constitutive model
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Fig.4 Uniaxial strain ratcheting of U71Mn with varying the mean stress in steps

o= 1 000
449 MPa

O=

o= g
o= 321 Mpa o8O MPa
359 MPa

D:d AR <
i & < o
2 600 in = 600 S3F e 7 .
5 ! // S e 449 MPa
E 400 / = 400 B 2 | g 385 MPa
4= 0=
% 208 E 208 I g | 321 MPa
= B
=
-200 — -200 ; N —
5 0 10 20 30 40 50 60

WA el %

(a) - 728 R A SR 44 20

(b) I =07 h £ AR DL 285 2

PEA TR N
(¢) N—g T Z LR MUBLILL 25 L

)\‘\/"ﬁ&‘/%

5 NAWREZERIEME U71Mn B R HREEITH
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