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A Unifted Constitutive Model for Creep-Plasticity Interaction with Microstructure

QUAN Zhengiang, FAN Jinghong

Chongging University, Chongging, China

rleen years
dent constiboiive

0oF
ine
imporiant s
has  report SOME Seriouq int
type 316 stainless steel at
eveluation of ten kinds o
interaction for 2.25 Cr-1
of muperpositlon types and
8Apuf”MLnLﬂl resuli={ Inoue

ctistitutive models carrenti predict th intance

narkedly greater than plastic et al, 1935). important
]iakucaﬁluw sehetructare an cfenenis internal stress dis Hution
well as its herdening effects ave not tsken into sccount in L? se moopisn In
other hawd, vecontly proposed non unificd ceastitative mode :
Contesil ot al.198%had a set of egnations
Apart from complexity 1 more material constau g
or less in the rule of coupling hetwesn cre c.In practical
applications, however, creep and plagticit imaeltaneously or
alternately. %o, it is hard to separate creep and sticity, specially  ander
complex loading history.

An imporiant progress in connecting phemomenological constizutive models with
dislocation wicrostrutures was carvied oub (Fi fantis, i@@?‘u This continuum
fraonverk with microstrocture, however, is still at the siructure of single slip
syaterm  and appropriate nodification s needful in the averaging procedure of
the orientation tensor.
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2 MICROMECHANTSM OF CREEP-PLASTICITY [MYERACTION

As  pointed by Niz{1980), Ffor pure metals and class

substructuare plavs a dominani rvele in creen. The infor

evolution of substructure provides sirong guidelines

the creep process. An lnportant feature of suhstruct
pical eaperimental measurement of dislocetion de

sh@wn in fig.1l. Such a evelution picture of dislocst

repeatly and iz of gemeral significance.
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0)  dp fdz=Acnc v - Bop” A/E.T (21)
where %, is a reference time. Average climh rate of
average ¢limb distance A wmay be assumed: » ~d, av
d~17/0,. Then, (20} is rehrittem as:

{(21) dp® /de=4, (7 ,) N[“_ L0 ST Erom {19h), (21) we obtain:

22a) 4T Jdz=l(E.)* (o ) mul SAFA NN

with  (22h) J o =1rl(T°)" J“Eh‘(&f’,zﬁ S'=5 - we(S)/3, o, =y e (d)?

where Es,.BEc are ma l cmnsuauts. We alzo have assumed that the direction N
of deformation resistance in sabgrain boundaries identifies with §°
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Considering subgrain interiors rial and  subgrain  boundsries as
reinforced subsirnctnres that are k times higher than base in the strength
against i deformation. we derive  Following superposition rule of
interns! aged on Iwo phases model (Nix ot al. 1980) as shown in fig.3

R

(Z2Habe) = £T1°, Feuf(l + &), =k w/d
vhere d iz the average of »nhgrwins,% the averege width of subgrain boundaries.
The evelution of x iy assumed as: (27) dufdez=c, (o [loc, — z) (28) z=c, 2

X

where ¢, ., ¢, are material constanis.
5 OVERIFLICATION AXKD PREDICTION OF MODEL

be  have finished the verification and prediction of the model proposed in this
paper from systematic experimental vesults of bench mark problems for 2.25 Cr-1
Mo steel at 6007 under uniaxial foading condltioﬁ (Inoue et ai. 1986, 1987)
Heing two curves of teasion tests of constant straim rate 3.5/hr. and 0,36/hre.
as well as sieady values of cresp tesls of constant stresses, we have determinad
material constants as following (unit!stress: MPa. time! hr.! strain rate: 1/hr.
strain: mm/imm):

Vo, =100 £, =10 1: g 0.0, 4, ”L.w

AT =(82922.4, 10,8, ] 20 o 8333 w 1A Sy

E=4,20707 |, E =56,0=107°, 0.4, ¢.= =2F_E_ =5 ,0=107"
with f,-T=1.0

Comparision wi Eper iment fata have shown that the 10&@1 Can gimulale and
predict fairiy ¥ i Its, specially for the miuzed tests of

asTion,

creep-plasticity  intera ig.7 and Tig.9, Anotﬁef distinguishing

feature of the model! is that it successfully model both cases of plasticity and
creep at the strailn v om 1 /hr. to I0Yhr. shown fig. &
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