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ABSTRACT

The problem of forecasting the long-term strength of materials
under stationary loading Is oonsidered. The applicability of
the G.Genki-N.Hoff viscous flow concept and its modifications
for solving problems of such class 1s analyzed for the oase of
of metalllec materials. The paper also oonsiders the oreep
model basing on the isochrone diagrams similarity prin-
ciple and desoribing all the three stages of the proocess
without involving the damageability funotion. A new procedure
of determining the rheologlcal constants is proposed for the
given model, using the spline function. It is shown that the
given model oan be used for foreoast the fatigue 1life of
materials which fail by the brittle and mixed mode (En <30 %)

and the Hoff model - for materials failing by the tough
fracture (e, 2 30 %).
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INTRODUCTION

Two fundamentally different approaches to solving the problem
of forecasting the long-term strength have by now been formed
in mechanics of materials. The first approach is empirical and
based on the processin§ of experimental data derived from the
long-term strength testing.

The second approach is a theoretical one, and based on us
models, whose structure of fundamental equations
coefficlent magnitudes are found from independent experiments,
not connected with plott the long-term strength ourves. The
most widely known concept Is that of N.Hoff (1953), which is a
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Turther development of H.Henkit* ) cadling
waa used for forecasting the tigaﬂgfrgi?ﬁgé T e
and other etructursl members,
experimental ohsok of the model
state was not ocarrled out.

However, 1

The present work ooneiders th 1

to the problem of 1 term aa applioﬁggééatgt
the applicabllity of fundamentally differen
allowing for the medium strain agoing
lsochrone diagram similardty rrinoiple.

, 88
oreep model,

CNE-DIMENSTONAT. CONCEPT OF TOUGH FRACTURE
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. 1. Caloulated (1ines) and experimental (dote) ourves of
v long-term ag:rength of ERM12¥(a),3MB6T(b),3Me3TBin)
alloys end THSSHBU(d, ourve 1), DBEK18HZ{d, curve 2)
steela: (——) caloulation by tae M.Hoff model (5):
(-.-) saleulaticn by the medel (7); (-..-) ecaloula-
ticn by the medel (8)3 (-...-) calculatlon by trne
modal (15).

It sen be seen that for not highly duetile materials (TFiz.i
a.b,a) the calonlation by the N.Hoff model yislds L.‘DHB-idEI‘E-?l}IT
overestimated results as ocompared to  the  experimental
apopagmert of the time-to-failure. In some oases the error

amounts to Two orders and precticslly does not depend on  the
stresg level., Similar estimates werse also derived when

comparing the ocalculated (dashed linse ) and experimental

‘dots) creep ourves (Fig. 2). The strains were calculated
rrom equation (4).
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Fig. 2. Ourves naloulated by the N.Heff model (dashed linas)
and model (15) (dash-and-dot line), mnd experimental
surves (oontinuous linea) of ereep of BERII2¥(a)
IMLITE(D).
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Let us oonsider the prop
strength on the basi o1 somn

(1966) in order to tgke

into
R unsteageoer, £0 L rlow?ooount'the elastigmiderormation

equation (1) can pe expressed by

€% = /B + amo™ 1y , Bo? (6)

where E ig elastioity modulus,

determineqd ¢gefficients, Using theAEZ)mangre(B) ol

relatio
and considering, ag berore.nsgigg

Slongation, trom equation (6) me apdrilcS 7 Infinitely’ lapgs

for a and, ¢ respective]
at the moment of failure gﬁ

6) we shall have
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e - 1 _(,_ _n 0 m _m
Bnog L H=TF§ = &5 5= m J (7)

As can be seen from the analysis of

be smallepr than t determined
. b
Hence, the resultskderived in th?gmcggg gasio Moot madel =

» dash-and-dot line) and 1g of a

Model Allowi for Limiteq St
ng I'ess Range. Since in
the moment or r w B

tend to inrinit§?0ture the Siresses are limiteq

the material ultimate-gt th’ and do not
assumed to be tp rength g,
t10n8hip (4) allowing 1o b3S S1T€88 1imit.Then fhom the rela-

ing for (2) top time-to~railure we'll have

9 ~ (UO/OBJHJ (8)
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The resultg Of calculations

performed usi the
gﬁetgggwgnigsgggigafyig dashed line with ?%o dots?%?ag;gnbe(gg
sompaned 1 252 a0 8 mgggfement of the caloulation results ag

was achieved,alth
eIrTor compared to the experiment stil] Peaohegug%%tggdrgégéive

Evaluation or‘the Apglioability of the Tough Practure Concept
The tough fracture mechanism described aboy

attempt at a theopetiog] e, 18 the first
; analysis of op
qualitative evaluations of the applioabilfgg g?ptgggﬁ e

mechanism ape well-known. They are connected with oertaig
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0f Tforeocasti the
S of some moditicationg g% the NHég?g;gg:T

the relationship(7),t wi1;

hould oorrelate bettei
however, thig improvement 1g

vlasses of materials, with short durations of loading, with
Absence of inner damage accumulation, eta. For quantitative
ovaluations let us use the results of compar the experimen-
tal and caloulated data derived in the present work. For this
purpose let us establish the dependence of relative error AS
haetween calculation and experiment on the values of strain
¢ at the moment of fracture and the extent of strain ¢ oor-
responding to the ultimate tensile strength.The graphic inter-
pretation of the appropriate dependences is shown in Fig. 3.a,

and covers the data for all the studied materials, temperatures
and stresses.
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Fig. 3. Dependence of relative error between the oaloulated
by the N.Hoff model (5) and experimental values of
fatigue 1life on the extends of strains € (a,curve 1)
and € (a,ourve 2).Soheme of indentification of non-
linear creep and instantaneous non-linearity (b).

[t can be seen that with the higher “deformability" of the
material the difference between the theory and experiment ig
quiockly reduced. At values equal to e =20-25% (& =30-40%) the
orror A5, as ocan be seen, is 10-15%, itbeing quite acceptable
for engineering caloulations. It oonfirms for the satisfaotory
vorrelation of the calculated data with the experiment for
XH55MBIl and 08X18H9 steels (Fig. 1,b), for which €, 18 25% and
29%, respeotively.

Thus, the N.Hoff oreep concept has rather serious limitations
A8 to its aplicability, and oan be used for calculation of the

lme-to-tailure or only hi%hly duotile materials . In order to
desoribe oreep and calculate the time-to-tailure for the other
material olass, let us consider another approach allowing for
the strain ageing of the medium.

CREEP MODEL BASING ON THE ISOCHRONES SIMILARITY
PRINCIPLE

Prooessing of experimental data on oreep indicated that in
most cases the 1insochrone diagrams are similar (Rabotnov,
1966). The similarity of the oreep process in " g - ¢

coordinates to the instantaneous deformation process allows to
ise a different approach to the oreep model construction. Iet
us write the similarity law in the following form(Golub, 1989):
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By o r
Pole™) = g, (e")-[ 1+ oty ) (9)

8 +
where ¢ (") 12 the fumetion desoribing the instanmtaneous

deformation; e 12 =olarcnemio d
rhecnomle deformaticn, in e Tt reaiblp e 18
eluding £y initial deformeticn ang

oreep deformaticn £%( :’:s_j 267 Fux ¥ 1s funetiocn of this

deformation aesigning the igochren & pond
(tixed) time t : G(t) is similarity ﬁiﬁcﬁmgzeutéﬂgsu it

f= I ]
at t=0 ¢, (") ocolnolded with ¢,(c®). With the fived magnitude
of 0, strese In " 0 - £ " coordinates the oréep process oan ba
represented a2 a (A} set points with ( ¢, ¢* Yo L= 1.8
4 e i it
Emmfea{ (Fig. 3, b), belonging to different iscohrones
re, €, 18 the megnitude of deformation by the moment or

fallure). A8 the [(10) condition
2 is
tamily of lsochrones, 1t will be alsaruiﬂﬂa%oiﬂghatha ?ntg?

of points. Hence, o=
TO Hanee, since I-ptjfsil = 10,1 Tor v i, from (9)
we shall have
8\
foley) = gp{ 1+ aer) ) (10}

Taking intc sceount the erbitrary selsction of +
the iscohrone family and noting that at v ; (e8|

3, b) from (10) we anall have !

valuee for
(Fig.

= f[:l

$ole™) =a,[ 1+ av) ) (11)

The (11) equation ia, essentially
q 1 « the oree ion 1

_;_n the ﬁn ag:pl%ﬁit fom.fﬂhe main idea of [E1?q£§;'ggm?r§§teﬂ

tﬁam" - :_f. 18 & t_the development of the aresp pme: o

i) W ..1; e plane is identified with the natL:r: }n

B Ho gmuﬂa-:. Let us coneider the poseibility U£

imn thnsa [egjplffuit rug]lf 3?}% {;}:__:llsj_ntn the oresp equation writtgn

both aides of (11) with reapsot to © ah By Isoialieittine

gormigaie_c-mtmn accumulation rete €7, we ghall mng the

fundamental oreep equation in the following form s e

-1
i g f (e’
E=m—tun[1+uitl]}-fpcc}} 12)
i . T 4 )
where th Bol€)
e 1= i
o g,le’) value characterizes the intensity

of initlal strain ageing of the elagtio-oreep medium. As
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¢"=g,+ £°,the ¢ oreep rate esquation will completely coinolde
#lth (12).The feature of the fundemental equation{12) ccnaists
in that the ¢ oreep rate is assigned ae the funotlon of the &
Instentatecus tangent modulus, deperding on the ourrent value
af the oreep flow, and variable operatcr of similarity 14GLt).
In many cesea the G(t) funoticn which correlates well with
the sxperiment, 1s assigned ez the ezponentlal dependence

ait)=at? (a>0; 0<bs1).

Determinetion of Model Parameters. To ocalculate the  creep

atrain and time-to-failure within the Iframewerk of assumed
modal,aoettioientas a and b have to be defined 1in advance,It
nan te done us gome different technigues.Howsver,the most
preferable techniques is one with ths momentary aStiresa-stralin
Alagram and two ischron ourves being used as aource data.Then,
‘he soeffiolsnte are determined rroft the following system of

equatlions:

[ #50e7) )
s $lgr =l l——2t 1L aJ= %0
L e le) J
i
i (13)
[ $,le)] I
].ga.+blgt==lg|-—-—i— —11 , 1 =m7p,
L g le))
3 4
wnere @, ,§ ~ are functions assigning - the  isochrones,
i 2
sorresponding to the time t and 1 , | eﬁr = jefl ,J=TP

'n order %o approximate the momentery stress-zirain diagram
in the [€9, Eﬁ”EO:ﬂ,E: s £ ),let us use the interpolation ou-
blo spline whioh in the sf.e?+1;c?=s°+m. (=0, H=1 ., 0=(e5-e2)/0)

ncdes takee the 0, :Itﬂvaluea. regspectively, in the [s?,zfﬂ}

partial segment is desribed by the following expresaion:

2
(2. - e2)(21e®- €2) + h) be ) (e-e])
g (eF)= 21 ; g gr=iit = —m,
0 h3 ! '.'"_3 :
2
[Ea_ EE]{EIEE = EE} + h) “_.B_ 65:' :[5_53 }
1 141 L L
i a Mg -tam 2 it
> n P41
(14)

wnere m = p;-:sfi is the spline slope i the €” point. They are

determined from the condition of the second derivative conti-
nuity whioh oomes to the solving the linear equaticna system.
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Fig. 1,4 shows the oereep frlow caleulation by the model (12)
(dash- d-dot 1ine) using the Obtained coeffioients, op the
whole, ag ca’. be seen, the model desoribeg all the three oreep
Stageg and Correlateg quite satisraotorily With the €xperiment,

Y asg the valge or derormation acoumulateqd by the moment
O time t e c'x €5 » We ghal] have
fﬁ’o(fg)‘U )1/n {aB_%an
Il R R e (15)
{ o J ( o )

S0me of the Studied materialg are compapeq with the experiment
in Fig. 4 (dasheq line witp three dots). on the whole, a8 oan
be seen, the Correlation 1g quite satisraotor-y.

The N.Horr Greep concept  oan pe used fop roreoasting the
long-term Strength of materialg ang taloulation of the
b

B
rational to apply the oreep model basing 1sochroneg di
similam‘ty Prinoipie, wich desoribeg all the typioal stages or
creep (up tg Tailupe), and allowg With the equired de
accuragy tq econstrygt the oreep ocuryeg by the Tesults or the
short-tem tests gt the stage or the unsteady—state Oreep.
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