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Abstract

To use the theoretical approach, by means of #uditional and the modern material
constants; study their compositions of conventiomathematical models and modern
models; research damage growth behaviors for sdeedsscontaining pre-micro or
pre-macro-flaws; thereby discover and establishofohew calculation models in all
damage growth process, which are the equatiortseadtiving forces and the various life
predictions. In addition, propose yet many caléotatexpressions under different
loading conditions. For key parameters inside fdasu define their physical and
geometrical meanings. For relationship betweendéumage variabl® and the crack
variable a, between the dimensions-units and ones insiderdift equations, explain in
detail the conversion methods. For the transiti@amage valueD,, from micro to
macro damage growth process, expound concretelycétheulation processes. The
purpose is to try to make the modern fatigue-dandigeipline become a calculable
subject as the conventional material mechanicsh shat will be having practical
significances for promoting applying and developtifenrelevant disciplines.

1. Introduction

As everyone knows for the conventional material Imagics, that is a calculable
subject, and it has made valuable contributionsefary industrial engineering designs
and calculations. But it cannot accurately caleutae life problems for some structures
when it is pre-existing flaws and undergone fatigiamnage under repeated loading. In
that it has no to contain such calculable parareeterits calculating models as the
damage variablB or as crack variablea. But, for the damage mechanics and the
fracture mechanics, due to there are these vasialtleey can all calculate above
problems. However, nowadays latter these disciplar@ all subjects mainly depended
on fatigue and damage tests.

Author thinks, in the mechanics and the engineefiglgs, in which are also to exist
such scientific principles of similar to genetiacdatzione technology in life science. Author
has done some of works used the theoretical approach as above the sipriaciples
[1-7]. For example, for some strength calculationdels from micro to macro are
provided by reference [1], for some rate calcutaticodels from micro to macro damage
growth are proposed by references [2-7] which aoelefs in each stage even in whole
process, under different loading conditions. Twargeago, in order to do the lifetime
calculations in whole process on fatigue-damagetdra for an engineering structure,
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author was by means of Google Scholar to searclifé¢iiene
prediction models, as had been no found for thisl kbf
calculation equations. After then, author continues
research this item, and bases on was provided andis

complemented on the calculation figure 1 of makeria

behaviors [1-2]; still applies above genetic pites, to study
and analyze data in references, thereby to praodee new
calculable models for the damage growth drivingdaand for
the lifetime predictions. Try to make the damagecmaics,
step by step become calculable disciplines as theerial
mechanics. That way, may be having practical siganites
for decrease experiments, stint man powers andsfufut
promoting engineering applying and developing ttewant
disciplines.

2. About some Viewpoints of Existing
“Genetic Gene’ and “Clone
Technology”’ in the Mechanics and
Engineering Fields

As is well-known, in the conventional material maglts,
on describing material behaviors and its strengtiblems,
its main calculating parameters are the sttesthe strain ¢
and relevant material constants, e.g. yield swesglasticity
modulus E and reduction of area, etc. In the damage
mechanics it is based on the damage parambtens its
variable, to adopt the fatigue strength coefficeentand the
fatigue ductility coefficient’, etc. as its material constants.

And in the fracture mechanics, describing matdrediaviors
on the strength and the life prediction probleris based on

Constants from Micro to Macro Fatigue DaenBgocesses

variables, between the material constants, and destvihe
dimensional units in the equations. For example, caa

consider as gene for the stresand its o, ,E,¢, to make
them combination with the variabl®, are transferred into

micro-damage-mechanics, and combination with thealke
D, are transferred into macro-damage-mechanics; é& th

same way, we can also consider as gene for thesstrand

its o,,E,¢, to make them combination with the variable
a, are transferred into micro-fracture-mechanics, and
combination with the variablea, are transferred into
macro-fracture-mechanics. Then we are able by theess
o, £, 0,,&, eftc, to establish their the driving force

models, the damage growth rate and its life eqoatar the
crack growth rate and its life equations. Even we also
adopt the variabl® or a to describe material behaviors in
overall process.

Above the properties of those parameters and rahteri
constants, even though as compared to those ghed#e
science, due to they are in different disciplinBsit, for
which have both own inheritable properties (simikar
genetic elements), and have the transferable, dred t
recombination properties, for these---on the episiegy
and methodology, in practice they are all very Emi

Based on the cognitions and concepts mentionedeabov
author makes a link among the material mechanies, t
damage mechanics and the fracture mechanics, for
relationship between their parameters are analyoedheir
equations are derived, for their dimensional undgie
converted each other, then for new made models are
calculated, checked and validated again and afjaaily, to
provide the equations (1-59) in following text. Téley try to

the crack sizea as its variable, to use the fracturemake communications for among the conventional rizte

toughnes, and the critical crack tip open displacem&nt
as its material constants.

mechanics, the damage mechanics and the fracture
mechanics, then to make such new mathematical model

Author thinks the gene and clone technology in lifd?€come calculable ones as those equations insd®akerial

science, for which its traits consist in: it hagtbhdim-self
genetic properties, and has transferable and reicatiin
properties. In fact, in fracture mechanics, in tbieess

intensity factor Klzaﬁ , in the crack tip open
displacemend, and in their critical valueK,, :J\/Ec and
thed,, which are all including the parameterse , nand
their material constants , &, ando; etc. Author thinks for

mechanics, which are the new driving force onesthadife
calculation equations. Author thinks, if can realthe goals,
it will all have practical significance for the dngering
designs, the computational analysis for safe ojweraand
assessment of machineries and structures.

3. Calculating Figure of Materials
Behaviors

the stresso , the strairf and its relevant material constants

g, and E etc in the material mechanics, for which can

be considered as genetic elements; for theand o', etc

in the damage mechanics can also be consideredregig
elements; and for the crack sizze and K, etc in the

Among branch disciplines on fatigue-damage-fracture
among the conventional material mechanics and theéenm
mechanics, for communications and connecting their
relations each other, it must study and find tleeirelations
between the equations, even to be the relationweeet

fracture mechanics can also be considered as gené{ariables, between the material constants, betwez=nurves.

elements. If can make a link among the materialhasics,

Because which are all the significant factors teeegch and

the damage mechanics and the fracture mechanias, d@ describe for material behaviors at each stage @vwhole

provide respectively some conversion methods, they can
be converted each other for their relations betwéen

process, and are also all to have significant Sagiions for
the engineering calculations and designs. Therefaieould
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research and find an effective tool used for anatyz called bidirectional combined coordinate system and
problems above mentioned. Here author provides th@mplified schematic curves in the whole processcalled
“calculating figure of materials behaviours” as UHigl (or combined cross figure).
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Figure 1. Calculating figure of material behaviors (Bidireatial combined coordinate system and simplified rsettie curves in the whole process).

In the figure 1, it had been provided by preserthau axes O'I’, O, O/, O, I, O, O IV and two
[1-2]. At this time it has been corrected and cenpinted, . . . . . -
that is shown diagrammatically for the damage ghoWtb|d|rect|onal ordinate axis), 0,and O, O,. Between the

process or crack propagation process of materish\ber at axes 0’ I” and 0, |, it was an area applied by the
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as micro-damage area by the very-high cycle fatigumeong  factor amplitude AH, /2 (or damage strain factor amplitude

the axe©l, Ol and G, II, they are calculation areas »; ;o) |n macro-crack growth stage, the partial cocattin

a".’p"ed by the mllcro—damage mechanics and thseystem made up with the ordinate axds 0, and abscissa
micro-fracture mechanics. Between the ax@dIl and O,

- . . 0, I (0,1V) at same direction is represented to be the
IV, it is calculation area applied by the macro-damm 3 )
mechanics and the macro-fracture mechanics. Betwmen relationship between macro-crack growth rate ardstiess
axes O, Il and Q,II1, it is both calculation area applied for intensity factor amplitudeAK /2, J -integral amplitude

the micro-fracture mechanics and macro-fracturehaeics, 2J/2 and crack tip displacement amplitudad, /2
or it is both calculation area applied for the midamage (da, /dV,-AK / 2 ,AJ /2 and AJ, /2). Inversely the
mechanics and macro damage mechanics.

On the abscissa axe€’ 1", 0’1" and 0,1, they are shown
with stress g and the straia parameters as variable, and
on the abscissa axe® |’ there is a fatigue limito_, at point

coordinate systems made up with downward ordingigda

0, and abscissa axeso, IV, 0,1II, g1, 0,1, and 0 I

are represented respectively as the relationshiweles the

NT/2-, DK /2-amplitude and the each stage lité,; , N ,
b. On the abscissa axe$ I, it is represented with the short

) ) the lifetime X N even (or between thée, /2-, Ad/2-
crack stress intensity factor range”/ or the short crack , )
strain intensity facta/ as variable, and here there are théMPplitude and the life3. N ). _ _ _
threshold stress intensity factoAK, and the damage The curveABA shows the varying law as elastic material

threshold valuesAK', . On the abscissa axe IIl, it is behaviors or as elastic-plastic material ones uhigr cycle

h ith | K , ity 1 loading at macro-crack-forming stage (the firstgsja
shown wit ong crac s_trgss intensity factak range (or positive direction 434 shows the relation betweedD/dN
A9, ) as variable, that it is also a boundary betwslort

crack and long crack growth behaviors (or betweecran (orda/dN)-AH/2; inverted ABA, t.Jetween thes, /2._2/\/01" .
damage and macro damage growth), and it is alsmadary The curveCBC, shows the varying law of elastic-plastic
of transfer values g,orD, ) between the first stage and thematerial behaviors, it is under low-cycle loading a
second stage. On abscissa, IV, the point 4, is macro-crack forming stage: positive directi@gi®C, shows
corresponding to fatigue strength coefficieht and critical ~ the relation betweerda/dN-A, /2; invertedGBC, it shows

values, .etc; the point, corresponding to fatigue ductility the relation between tif, /2 -2V, And the curve 44, at
crack growth stage (the second stage) is showedndsr

coefficient £, and critical value o, ; the point F# _ _ a o
high cycle loading: positive directiotd,, shows dg/d\-

corresponding to very-high cycle fatigue strengplefticient
o, ,i.e.on same the abscissa axedV, there are also the 24/2 (A7 /2); inverted44, shows between thi; /2,

critical values K' (K,),8%(3,),d'(J,) to fracture in AJ/2-2N,- The CC, shows: the positive direction relation
long crack propagation process. between theg/dN-ag /2 under low-cycle loading, inverted

Upward direction along the ordinate axis is repnése: as CLC,, betweenAd, / 2(AJ/2)-2N,, . By the way, the curve
crack growth rateda/dN or damage growth ratelD/dN in
each stage and the whole process. But downwardtidine it
is represented as lifeN,;,N,; in each stage and lifetimeN .

abcd is the very-high cycle fatigue one correspdridestress
below fatigue limit.
It should point that the curveAAA, ( 1-1') is depicted as

In area between axig’ I” and 0, Il it is a fatigue the rate curve in whole process under symmetrindl kigh
history from un-crack to micro-crack initiation. larea cycle loading (i.e. zero mean stress); the cu®®D,

between axes, [land 0,111, it is a fatigue history relative (3-3"), as the rate curve under unsymmetrical cyohing

to life N,™ ™ from micro-crack growth to macro-crack (i.e. non-zero mean stress). The curvdsbaBfh, and
forming. Consequently, the distanag — 0’ on ordinate axis dcaBFGare depicted as the rate curve in whole process
is as a history relating to lifeV, from grains size to under very high cycle loading. The cun@CC, (2-2) is
micro-crack initiation until macro-crack forming;he depicted as the rate curve under low cycle loadimgerse

distance 0,-0" is as a history relating to the lifetime life the curve 444 is depicted as the lifetime curve under
S N from micro-crack initiation until fracture. symmetrical cycle loading, the curv®,D,D, as the lifetime

In crack forming stage, the partial coordinatetesys curve under unsymmetrical cycle loading. The cur@€C
made up with the upward the ordinate a¥isy, and the is depicted as the lifetime curve under low cyolading. The

abscissa axes I', 0,1 and 0, Il is represented to be ascurves AABabcd and GFBacd are depicted as the

relationship between the damage evolving @ate’ v, ( or lifetime ones in whole process under very high eyohding.
And should yet point that the calculating figurefimaterials

the short crack growth ratela /dN,) and the damage Stress epayiors may be a complement as a basis thatdtdssign
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and calculate for different structures and matsriahder
different loading conditions, and it is also a taold bridge,
that is to communicate and link the conventionakerial
mechanics and the modern mechanics.

4. The Life Prediction Calculations for
Elastic-Plastic Materials Containing
Pre-Flaws

4.1. The Life Prediction Calculations in Micro
Damage Process (Called the First Stage)

63

y-axis, also is an intercept betwe@n-O,. Its slope of
micro-trapezium bevel edge just is correspondingthe
exponenmm of the formula (4-5).The comprehensive material

constant A in formulas (4-5) is a calculable one, it has

function relation with other parametems,and o, , etc. the

o, is a fatigue strength coefficient.

A =2(20" )™ x Wiy )

4
(MPE"™ damage-uniticle )f, = ( )

The life curves of micro damaggas in the first stage are A} =220" (1-0, /0" )] ™ x (V' )

just described with curves lo(<o,,0,=0), 2 (0>0,)

and 3 (o<o,,0,%0)) at reversed direction coordinate

system in fig.1
(1) Under work tresso < g (high cycle fatigue) condition
In fig.1, under work tresso <o, condition, the life
prediction equation corresponding reversed curvemd 3
can be calculated as following form

Dy

N, = ,5[1A'1><(dA+l)ml’(cyde) (1-1)
or
Dy
N, = D[lﬁ,(cycle) (1-2)
Where
H', =cD'™, (MPal®%"™ ,orMPa) )
AH', =Ac D™ (MPa%"'™ ,orMPa) 3)

(MPa"® damage-unitycle )d, # ( ()

(damage- unit numbér cygle

And here should yet explain thé\; in egn (4) is
corresponding reversed curves 1, its mean stess 0, the
A, in eqgn (5) is corresponding curves 3, its meansstis
o0, %20. And in the eqgn (5) is used the correctional métho
for mean stressg,, Z 0 by reference [8].

Vi = IN(Dys / Dg)/ Nyge = Ny
=[In(D;/Dy) - In D/Dey)]/ Ny = Ny (6)
(damage unit - numbefcycle)
or
Vgt =[DyIn(U1-¢0)J/Ny; = Noyp )

(damage-unit-number/cycli

The v'y; in egn (6-7) is defined as an effective history

correction factor in first stage, its physical megnis the
damage rate of whole failure to cause specimenriabie a

Here the H', in eqn (2) is defined as damage Stesg, e “jts unit is thedamage- unit numbér cyc. ¢ is a

intensity factor, it is driving force of micro-dage under
monotonic loading, and thé\//’ in eqn (3) is defined as
damage stress intensity factor range, it is driiorge under
fatigue loading. The damage variabl® (or below D,and
D) is a non-dimensional value, it is equivalentiors crack
a, discussed as reference [1-2]. Here must put

conversion for dimensions and units, and must bimektk in
1Imm (1 millimeter) of crack length equivalent toeowof
damage-unite (1 damage unit), in 1m (1 meter) edent to
1000 of damage-unit (1000 damage units). The is

reduction of area.D,is pre-micro-damage value which has

no effect on fatigue damage under prior cycle logdi©].
D,, is an initial damage valueD, is a critical damage value

before failure, Ny, is initial life in first stageN,, =0; N,
uiﬁ failure life,N,, =1. By the way, here is also to adopt those

material constantso’, by &', ,¢ as “genes” in the fatigue

damage subject.
So, for the eqgn (1), its final
corresponded reversed to curvegA A)

expansion equation
is as below form:

defined as the damage comprehensive material atnsta

Author researches and thinks, physical meaningief A is

a concept of the power, is to give out an energt th a
material to resist outside force, just is a maxiinarement
value to give out energy in one cycle before toseafailure.
Its geometrical meaning is a maximal micro-trapeziarea
approximating to beeline (Figl), that is a projestiof
corresponding to curve 1o(,=0) or 3 g, #0 on the

N = InD,, —InD,
T 220 ) M x Wy ) ao)™
(og<0o,,0,=0)

(Cyclg ,
(8)

And its final expansion equation corresponded Eaito
curves 3D,D) should be:
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InD,; —=InD, (10) is as below form,

No = 20, @m0,/ T X W' ) % (A"

(@,%20) (9)
_ InD, —InD,
1o oy - m;
Where D, is a transitional damage value transited from 2(28' ) ™ X Ve ) 1(A“:p)
micro to macro damageD, =D

mac !

(Cyclg (c>0,) (18)

D,...is a macro damage

Its final expansion equation for (14) is as follagiform,
value corresponding forming macro crabk.is a medial

damage value between initial damage value anditicame - InD, —InD,

damage value corresponding medial life, . * 220,(1-0, /0 )™ Vy) " x (A0 1 2)™ (19)
(2) Under work stresso>o, (low cycle fatigue) (0>0,,0,%0)

condition.

Under o > g, condition, here to adopt the damage strain If take eqn (17) to supersede th in eqn (14), its final

factor range Al' to express its life equation, that isexpansion equation is as below forming
corresponded to reversed direction cur@C in Figl, it is

. IND,; —InD,
as following form N, = a4
2K ™ [2¢' (-0, /o ) xWq) % (AT 2)™ (20)
D,
¢ dD

= | ————(Cyclg (g >0 (0>0,,0,%20)

X D{le(m)ml( yelg (o> a;) (10)

Here influence of mean stress in eqn (19-20) can be
Here ignored.
v ' 4.2. The Calculations for Fatigue-Damage in

Al', =(Ae, )™ D 11

1 =(48,)" D, (1) Macro Damage Process (or Called the
o, 4. Second Stage)
1

ue

Dy

(Cyclg (7> 0,) (12)

B'lx(Agp)mll D, In Fig.1, the residual life curves of macro damagehe

second stage are just described with curves 1'
Here the B, is also calculable comprehensive material? <99, =0 ), 2' (0 >0,)and 3' (0<0,,0,#0)) at

constants. reversed direction coordinate system. Here can tatap of

kind methods to calculate life: the factor methad ahe
B =2[2¢', T™ x (v, )™ (13) Stress method.
(1) Under work tresso < g, condition
If via the damage stress factor amplitudéd’,/ 2 in eqn 1) K',-factor method

(10) to express it, due to plastic strain occudicyltysteresis For macro damage growth process, its life predictio

loop effect it should be equation corresponding reversed curvésA and D,D,
should be as followin

_ Dy le g

N, = . ,(Cycle (o >0
! Dlplx(AJ/Z)mlxDl( yela ( :) (14) Dy d,

N, =
’ D{A'zx[yz(a/b)AK'zl"b

,(cycle) (21)
Where the A,is also calculable comprehensive material

constants: Where
A =220, )™ (g )" (0, =0) (15) K', =o\nD, (22)
A =2[20,(1-0,/0 T™ (Vey) " (0, % 0) (16) AK', = Ao\[nD, (23)
Or

The K',-factor is defined as the macro-damage stress
AL = 2K ™ 2, (l—am/af W@, )t (@,20)  (17) intensity factor, it is drive force for. macrq-damagnder
monotonous load; and theAK', is defined as the

Where K' is a cyclic strength coefficientm’, is defined ~Macro-damage stress intensity factor range, iriiedorce
under fatigue load. They,(a/b)is correction factor [10]

related to long crack form and structure size. TRg in eqn.

is defined as comprehensive material constants of
macro-damage, far, =0, it is corresponding curvgA,,
and is also calculable one as following

to be damage ductility exponent,m) =-1/¢ ,
m =-1/c,xn', ¢ just is a fatigue ductility exponent

under low cycle fatigue,n'=b /¢, n' is a strain
hardening exponent. So that, its final expansiamagqgn for



American Journal of Materials Research 2014; 1(@)73

A, =2(2K, )™ XV

(MPa™ x damage- unit number / cygl  (24)
(0,,=0)
or
2 1—% 1—%
2_7 (Do =Dy, ?)
- (202eﬁ \/7—7)m£ (NZeff - Noz) , (25)

(MPa™ x damage- unit number / cygle
(0,=0)

m

And for o, ,#0, the A’, is corresponded to curve
D,D,, it should be as following form

A, = 2[ 2Ky (1= Ko/ Ky )] XV, (0% 0)  (26)

pv?

Where K, is mean damage stress intensity factit,

is an effective damage stress intensity factl,, is a

critical damage stress intensity factor, which thaye
parameters under cyclic loading. It should be pthat the

physical meaning for th&’, is also a concept of the power,

that just is a maximal increment value to give enérgy in
one cycle before failure. Its geometrical meanigspliso a
maximal micro-trapezium area approximating to beeli
(Figl), that is a projection of corresponding torveu 1’

(0,=0) or 3" g,#0 on the y-axis, also is an intercept
betweerD, - O,. Its slope of micro-trapezium bevel edge

just is corresponding to the exponemtof the formula
(24~26). Here,

- (Dva - D02)
" Nyy —N
2eff 02 (27)
=3x10° ~ 3x 10*

=v*(damage- unit number / Cygl

Author researches and thinks, the parametgy, is

defined to be the virtual rate, it is an equivaleté caused in
precrack, it can take same value with the™ (m/ cycle)
by reference [11]. But its unit is different, heuait of the
v',,is “damage- unit number/cyc”. The damageD,,,

is a virtual damage value as equivalent to a pokcsize

65

K, = (0.25- Q4K',, (29)

k' Isthreshold damage stress intensity factor value.
th

Ky = 071D, (30)
K,. =0', JmD,, (MPa/damage unit numbg  (31)

Ko = 0" /71D, (MPay/damage- unit numbg
(32)

K = (Kémax+ KVZ mir‘)/2 (33)

2m

So the effective life expanded equation correspandi
reversed direction curveA?Alis following forming.

2 1_& l—ﬂ
R(Dzeff 2 =Dy, ? )
Noer = w0 (34)
22K o IT™ xv' X[(Ya/B™Ac™m? ]
(0,=0)

And the effective life expanded equation correspognd
reversed direction curveD,D, should be

2 - -

R(Dzw ? =Dy, ?)
Noeir = ™ ' (35)

22K o (=K' K I™ xv' x[(Ya /™ Ag ™ r? ]
(0,#0)
Its medial life N, in second stage is
2 (Dojli% - Dtrli%)
- 2-m,

NZOJ - ! (36)

2] 2Ky A=K/ K )] XV ly, (8 DA ™
(cycle(a,, #0)

Where D, is a transitional damage value between two
stages, it is equivalent to the crack transiticsiaé a, from
short crack a, to long crack a,,.growth, theD, =D, is
equivalent t@, = q,,., the D,is a medial damage value.
D02 < Doj < D2eff )

2) Stressg -method

8, Dy, is an initial damage value as equivalent to the Due to word stress is stilo/ o, <<1( 0<0.50,), in the

initial micro-crack sizea,,. Ny,is an initial life, N,, =0.
N, is a virtual life, N =1. In references [12-13], all

refer to effective stress intensity factor, hereptopose to
take equivalent values as follow
KIZEff = \Y Klth Kllc 1

(28)

or

macro damage growth process, its residual life touaof
corresponding reversed direction curgA and D,D,in

fig.1 is as following form

Daeft

dD
N, = j L__(Cycle

— (37)
5, B x(AS )™

Where



66 Yangui Yu: Life Predictions Based on Calculablatdials Constants from Micro to Macro Fatigue DaenBgocesses

J', =nD,o,x(olo )’ /E (damage- unit numbg modulus. The B, is comprehensive material constant in
(38) second stage, its physical meaning ofBhés also a concept
) of the power. Its geometrical meaning is also a imak
LAc TID . . . L . N
£———2 (damage- unit numbgy(c, =0) (39) Mmicro-trapezium area approximating to beeline (Fig is
4B also calculable comprehensive material constant,do=0

AG, =

The J,is defined as damage crack tip open displacemeﬁ{‘at is
it is driving force of macro-damage under monotdoeding; 2 2 -m,
and the AJ', is defined as damage crack tip openp, :2('8(0 X Doer 77/ 0 5)05] XV, ~
displacement range, it is driving force under fa¢idoading. E ", (0=0) (40)
For the coefficientg in eqn (39), it equal 1§ =1) under (damage- unit numbér cyql
plane stress condition; under plane strain comditio
Lf=(1-v?)/2. vis Poisson's ratio.E is an elasticity Andfor o # 0 thatis

2B %xD, xmlo’)o, D,,(c?, +02,) o
2 1- ' Vo

B, =

E 2 X D2eff 0-2 (41)

(o £0)

Where g and g, are maximum and minimum work stress. Thy.: can be calculable effective damage value.
So its final expansion form corresponded reversesttion curve AA for egn (37) is as below,

@ x (B =D

= (0, =0) (42)

2eff -m,
218(02 e XaZe ><77-/0-25)0-3 1
2( S V' [, (al BBxAT m™

And the life equation corresponded to reversedctor curve D,D,; is following

@E@ " x (D" =D ™)

Nyey = m, (0,7 0) (43)

2B(0° o X8y X 7T 02 )T 2 2y TY
2 18( 2eff 2eff s) s l_ D02 (amax + U'r;m) Vv -pv Iyz (a/ b)ﬁAO'ZIT]mZ
E 2>< ameff X Us

(2) Under work tresso > o condition

Under o > o condition, its effective life models correspondiegersed curve(,(, in figure 1 is as below form,

Daert dD
= [ ——=——(Cycle,(o >0, 44
I o 12 V(@2 ) (44)

B', is also calculable comprehensive material constant

BIZ = 2[(ms(a'f /Us +l) D2ef‘f / E)]-/‘z ><vav(a-m = O) (45)
A
B!, =2| (0,010, +)(1~0, 10" )D, o [E)| " XV, @ # 0) (46)
Where /A, is defined to be ductility exponent in macro damagecess, A, = —l/cé, cé is a fatigue ductility

exponent in second stage.
So that, the final expansion equations is derivethfabove mentioned eqn. (44) as follow

For 0,,=0,
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1 _ -
g (D2eff1 - Dozl AZ)

N, = 5 (cycle) (47)
2[ (0,010, + 1D, [E)] ><vp{o'smsy2 (""”’E)(M 120.* 1)}
For o,,%Z0, it should be
1 - -
1-1 (D2effl - Dozl AZ)
Noe = 2 , (cycle) (48)

Py
(0.0 10,+ 910,10 D,y [E] x| OFEN (2 12 3)

E

In the eqn (48), influence to mean stress usuadly be the life units in eqns. (42-44,47-48) are cycliemner.

ignored. i} Lo .
Where, D, are effective damage value, it can calculate4'3' _The damage life prediction calculations
in whole process

from effective damage crack tip opening displaceméh.
In damage evolving process, for availing to lifécodation

ExJ", o ) in whole process, it can take a damage valdg of

Dot S (o o D oo +1),(damage— unit numbg  (49) ransition point between two stages from micro tacro
s f s ..

damage growth process, and the transition pd¥t can be

And derived to make equal between the damage rateiegsidty
two stages, for instance [2,14],
0", =(0.25~0.4Y | ,damage- unit numbe  (50)
dD /dN, =dD, /dN, =dD,/dN, (51)
Where the§’0 is critical damage crack tip displacement, it

. . . . i (1) Under work stresso < o,
is equivalent critical crack tip displacement both is only ’

Foro <o,,0,=0, its expanded rate link equation for egn

(51) corresponding to positive curv@AA, is as following
out by J,-value in “1 damage-unit’ value equivalent toform

“Imm” by means of equations (49-50). It must benpohat

on the unit to be different. So thB,.; in (48) can convert

ﬂ:{Z[ZJ'f ]_”l )((Df weﬂ)_lx(Ao-)”l D} :%:%
dN Do1=>Dy dN dl\lz
2 2 m 2 M
_l, 2B(0° s XDyl 0° )T vox y,(a/ bpAc* D (52)
E v 40 E ’
Dyr —>Deff

(o,, =0),(damage- unit numbefr cyde

Foro < 0,0, # 0, its expanded rate link equation for eqn (51) esponded to positive curv®D,D, is as following
form

db, _ ' ' -1 _dD, _dD,,
=220 (o0, 10 T 0, ) oy o), ==
-m,
_l, 2B(0° XDy X111 0° )T - a, (02 +02) NEZC 8o D)™ 3
E 2a‘meffa.i - ZU'SE '

Dyr —>Deff
damage- uit —number/ cyclg(o,, # 0)

And the life equations in whole process correspogdo
reversed direction curveshAAand D,D,D should be as
below
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2ZN=N+N, Its expanded equation corresponding to reversesttibn
:T dD +DTﬂ o (54) curves AAA is as following form
o, Ax(Ao)*xD 5 A"
D
tr dD
EN=N+N,= | — - .
o, 220" 1™ x(D; Dy )~ x(A0)™ xD
D
2eff 55
* 2 2 dD‘mz ! (Um =0) ( )
v | 2B(0 o XTTXDy 10° )0
i 2{ PO e = ) j v, [2y, A0 TD)/4EC ™

But for g,,#0, its expanded equation corresponding to revergedtibn curves D,D,D should be

YN=N,+N :Df db
5 220 (-0, 10 )™ % (D Wy )t x (A0)" x D

D2eﬂ
: © o,z0) 9
. [ 28(c%,. xD _lo?)o 2 2
> 2 A e E 1- Doy (T * ?mm) \ \,[2)/2,3AUZITD)/2EUJnz
E 2D, 0> P

(2) Under work stressg > 0

Under work stresg >0, its expanded rate link equation for eqn (51) esponding to positive curvé(,(, is as
following form

dD, ={2K ™[2e" 1 x (v, x D, ) x (Mg [ 2)™ x D} ~dD, _ By
dN >0, dN  dN,
%
= {2[(7705 (@', 1o, +1)D,, [E)]” pv{o'smSyz (AE 120, DD} , (57)
Dy —>Deff

damage- unit numbér cycler # 0)

The life equations in whole process correspondingversed direction curvec,C,C should be as following

ZN=N,+N,
D.
« dD
WNT , (58)
DI B' ><(Aa/2)“‘l><D ,5[ B', (AJ" /2)"
(curveC,C,C)
And the expanded life prediction expression in ehmlocess corresponded reversed cuf€,C , it should be
Dtr dD
ZN = J. —my v /et -1 my
5, 2K ™28 % (D Wy ) ' x (A0 / 2)™ x D
D2eﬁ
+ db i (59)
A . + 2
Dy 2|:(77Us(a-lf/as+l)D2e"/E):|/l va|:o 577Usy2 (AE/ZUS 1D:|
(cyclg

It should point that the calculations for rate difd in  whole process should be according to déferstress level, to
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_select appropriate calculable equatiop. And mupt@x that modulus of elasticityE =20000(MPa ; Cyclic strength
its meaning of the eqns (51-53, 57) is to make bekween coefficient K'=1165VPa , strain-hardening exponent
the first stage rate and the second stage rateslhioald be n= 0187; Fatigue strength coefficiedt; = 947.1MPa
calculated by the micro damage rate equation befloee ' ! ’

transition point D, ; it should be calculated by the macrofatigue strength exponenb’;=-0111,  m =9.009;

damage rate equation after the transition pdiyt, which  Fatigue ductility coefficienté’s = 0464, fatigue ductility

they not been added together by the rates for tages. But exponent ¢, =-0.5395, m’=1.8536. Threshold value
the life calculqtions for two stages can be addmgkther. AK,, =86MPa/m , critcal stress intensity factor
About calculation method, it can calculate by meardfs

computer doing computing by different damage vl K, =K, = 927MPa/m , critical damage stress intensity

factor K' =92.7M Pa\/damage— unit —number of

5. Calculating Example equivalent to the K (K,) . Its working stress
Oax =450MPa | o, =0 in pressure vessel. And suppose
that for long crack shape has been simplified watment

To suppose a pressure vessel is made with eldasitieqp become an equivalent through-crack, the correction
steel 16MnR[16], its strength limit of material coefficienty,(a/b) of crack shapes and sizes equal 1, i.e.
o, =573MPa, yield limit o, =361IMPa, fatigue limit y,(a/b)=1. Other computing data are all included in table

o_, = 267.2MPa , reduction of area is¢ = 0.51, 1.

5.1. Contents of Example Calculations

Table 1. Computing data

Kye:MPa/m Kers MPay/m Ky, MPay/m Vou m, o;,mm A, y,(a/ b a'y, mm
92.7 28.23 8.6 2x10* 3.01 0.18 2.9 1.0 0.07
5.2. Required Calculating Data (4) To calculate the lifdN, in second stageN, from
Try to calculate respectively as following diffetedata transitional  point Dtr_ to macro damage value
and depicting their curves: D, =5-damage- uni;
(1) To calculate the transitional point damage vdlye (5) Calculating the whole service lif@ N .
between two stages; (6) Depicting their damage life curves in whole process

(2) To calculate the damage rate at transitional pQimt
damage valueD, )
(3) To calculate the lifd\, in first stage from micro The concrete calculation methods and processesasire

damage value D, = 0.02damage- unii growth to follows:

5.3. Calculating Processes and Methods

transitional point D, 5.3.1. Dimensions and Units Conversions
Table 2. Computing data

K., MPa,/1000damage- nui K',s,MPa,/1000damage- nui K"y, MPaMPa/1000damage nui
92.7 28.23 8.6

Table 3. Computing data

V', m, J'.,damage- unit A, y,(a/ b D,;,damage- uni

2x10* 3.91 0.18 2.9 1.0 2

- Ve in fi
5.3.2. Calculations for Relevant Parameters coefficient Ve in first stage

1) Stress calculation

Stress range calculation: Vies = Deg IN[1/ 1-¢0)]

=2xIn[1/(1- 0.51)]
AT = Oy = Oy =450-0=450MP3) =1.43,(damage-unit/cycle
Mean stress calculation:
O, = (Ot T i) | 2= (450 0) / 2= 22B1Pa
2) According to formulas (7), calculation for costien

3) By eqn (27), to select virtual rate', in second stage,
here take:
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v = Doett ~Dg
- N,; = Np, sz =1 Noz =0

= 2.0x 10" gamage- unit/ Cyclg,

4) According to formulas (49), Calculating effeetigize
Qe

_ ExJ'

- (o, lo,+1)

_ 200000 0.2% 0.1
 71361(947.1/36% 1
=2.1(damage- unij,

eff

Take Dy =2.0mm

Here take effective crack size:
D, = D, =2damage- uniin first and the second stage

5.3.3. To Calculate the Transitional Point
Damage Value D, Between Two Stages
1) Select damage rate calculating equation, calagldor
micro damage process in first stage
At first, calculation for comprehensive materialnstant

B by eqn (17)
A, =2K' ™ [2¢", (1—am/c7'f e x () xvf)'1
=2x1165%%"x [2x 0464 225 947 H]**% ¢ .0713

=6.28x 10, MPa%/ damage unij™

Here select the damage rate linking equation (57),

calculation for damage rate in first stage, and enad
simplify calculations as follow form:

dD, / dN, = Alx(Ac 12)™x D,

=3.193x 10% x (450 A”xD,

=6.28x10%x 1 56« 16'x D,

=9.8x10" x D,

2) By linking equation (57), calculating for maalamage

process in second stage

Calculation for comprehensive material consByity egn
(46)

B, =2[(w,(0",/ 0,+1)(1-0,,/ &' )D 4/ E)| " xv,,
=2[2(3.1416< 36 947/ 361 )1 -1 225 94)xL / 2 200000
x2x10* = 91988 damage- unit): x damage unit/ Cycle

Calculations for the damage rate in second stage,te

Life Predictions Based on Calculablatdials Constants from Micro to Macro Fatigue DagnBgocesses

take brief calculations as follow form,

A
dD, / dN, = B{O.Snvsy2 (Aa/205+1)D2}

E
0.57361(450 (X 361 DZTQ

E
=9.1988 1 6698 10 D2°
=1.5384x 10° D2°

= 9.1988{

3) Calculation for transitional point damage vajie
tr

According to the equations (51) and (57), for the
transitional point damage valu®, , it can be calculated to
make equal between brief rate expansion in twoestag

6.28x 10%°x 156 10'x D,
=90.1988x 16698 10 x D*°
&

D, =(0.638)
= (0.638§°*°
=0.789¢amage- unij

So to obtain the transitional point damage value
D, = 0789damage unit) between two stages.

5.3.4. To calculate the Damage Rate at
Transitional Point (Damage Value D, )
dD, /dN, =dD / dN
=9.8x10'D, = 9.8 10'x 0.789
=7.74x 10" @amage- unit/ cyclg

dD, /dN, = d0) / dN =1.5384x 10° [}°
=1.5384x 10° x (0.79)°
=7.74x 10" @amage- unit/ cyclé

Here can be seen, the damage rate at the tranpition
(D, =0.78%amage- uni) is same.

And above damage rate value equivalent to the crack
growth rate at the transition point of crack size

a, =0.789(mm), itis da, / dN, =7.74x 10" (mm/ cycle.

5.3.5. Life Prediction Calculations in Whole
Process
1) To select egn (20), the lifé, from micro-damage
D, =0.0damage- uni to transitional point (damage value
D, =0.78%damage- uni) is as follow,
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N, = IND,, —InD,,
t2K ™M [2g' (1~ 0, /0 )T X Dy xv,)t x (A0 [ 2)™ XD
_ In0.789- InQ 02
 2x1165%%x [2¢ 0464(t 225 947 H"* ¢ .0718% (450 °9)
_ 3.675 _ 3675
6.28x10%x 156 160 98 10
=3751260Cycle)
So predicting life in first stage, =3751260Cycle’ 2) To select eqn (48), to calculate the lifé,in second

And for above formulas, we can derive simplifiefeli stage  from  transitional  point damage  value

equation in first stage corresponded to differeatmdge D, =0.789¢amage- uni) to p = 5damage- uni is as
value as follow form v zeft
follow,
1
N=——""
' 9.8x10"D;
1 ; i}
7(D2teff:L - Dtrl Az)
N = 1-4,
2= A
A E +
2|:(ms(a_lf/ a_s+1)(1_a_m/ 0" f Deﬁ/ E)]/l va\'lio 5msy2 (AEU/ZJS 1):|
1 1-2.9 29
(57%°-0.7892?)
- 1-29 y 1
2[(3.1416¢ 361(947 14 364 1)1 225 94%1)/ 2 200400y v, [0.571361(450 (% 3614}1)}2'9
E
_ 0.8 _ 08
9.1988x 16698 10 15384 10
=520625Cycle)
From above formulas, we can also derive simplifiéel . _
equation corresponding different damage value disvio Table5. Crack growth life data in whole process
form 7
Data point of number 5 6 transition 8
1 point
N, = 1538 10D o Crack size (mm) 05 06 0.789 1.0
Data of the first stage 2040816 /0’00 1203203 102 %
Therefore, predicting life in whole process is Data of the second e 2P omern GEiG
stage 3
2N =N, + N,=3751260+ 520625 4271885(Cyc
Table 6. crack growth life data in whole process
The life data corresponded to different damage eslu :
p g Data point of . - 1 - -

which are all converted into the relation betweka track  number
growth sizes and the life, and are all includethinle 4, 5, 6.  Crack size (mm) 15 2.0 3.0 4 5

These data are basically close with those resaltuitated by .. 6o o age 680272 51020 Invalid section

author with another calculated method, it will bebjished I ’ 4

recently [17]. stzgaeo €second 500570 87085 26871 11667 6108

Table 4. Crack growth life data in whole process (6) To depict the life curves in the whole process

Data point of 1 2 3 4 5 By means of the data in tables 4-6 mentioned albhawe

g”m?(e’_ ) . — — — — depicted the life curves for two stages and for letemurse
rack size (mm o o o 5 d . . .

Dataofthe first 510204 255102 102040 510204 255102 &r€ respectively in figure 2 and 3.

stage 08 04 82 1 0

Data of the second

Invalid section
stage
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—— Curve of the first stage. 1-1
—#— Curve of the second stage.1-2 (1)
G. OOE+0T
5. 00E+07 %
4. O0E+0T (2)
)
a2
5 3. 00E+07
=z
= \ Tranzition point
2. 00E+0T i
1. O0E+0T \\
M|
0. O0E+00 —oN=

1 23485678 910111213
Crack size (mm)

Figure 2. life curve in whole course (in decimal coordinaystem)

(A) 1-1--- data curve in first stage obtained byge-parameter calculating
method;

(B) 1-2---data curve in second stage obtained byglsiparameter (3)
calculating method;

(C) This example transition point from micro-crasize 0.02mm to long
crack size 5 is just at seventh point (crack s89mm).

—#—Curve of the first atage. 1-1
—@—Curve of the second stage. 1-2

1.00E+08

|

¥

1.00E+07

1.00E+06

(@)

anzition peint

1.00E+05 1 7

1.00E+04 =

Life (cycle)
o]

1.00E+03

1.00E+02

()

1.00E+01

1.00E+00

13 5 7 9 11 13

Crack size (mm)

Figure 3. life curve in whole course (in logarithmic coordieasystem)

(A) 1-1--- data curve in first stage obtained bygbé-parameter calculating
method;

(B) 1-2---data curve in second stage obtained byglsiparameter (6)
calculating method,;

(C) This example transition point from micro-crasize 0.02mm to long
crack size 5 is just at seventh point (crack s89mm).
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6. Conclusions

About the significations of figurel: The calculagin
figure of materials behaviors may be a calculation
route diagram on fatigue-damage-fracture, it i® as
tool and bridge to communicate relationships among
the conventional material mechanics, the modern
mechanics and the engineering materials disciplines
About difference cognition for material constaritsue
material constants must show the inherent charaofer

materials, such as the&, and E,J0,¢ etc in the

material mechanics; and for instancedhand o', ;

&, ande { b andb,'¢ andc’;, and so on in the

fatigue damage mechanics; which could all be ctatcke
and obtained from general handbooks; But some new
material constants in the damage and fracture
mechanics which are essentially all functional folas

for which can all be calculated by means of the
relational expressions, e.g. eqgns (4-5), (13,15-16)
(24-26), (40-41), (45-46), etc. and have to combine
experiments to verify. Therefore for this kind of
material constants can be defined as comprehensive
materials constants.

About cognitions to the physical and geometrical

meanings for key parameters, and A, B,: The

parametersA in the first stage and4,, 6’2' in the

second stage, they are calculable comprehensive
materials constants, and they are all with other
parameters to have functional relations. Their ays

meanings of theA{,A'Zand B, are a concept of the

power, just are a maximal increment value to pay
energy in one cycle before to cause failure. Their
geometrical meanings are a maximal micro-trapezium
area approximating to beeline.

About conversion rules for variables, dimensiond an
units: Inside mathematical models, to convert crack
variable @ into damage variableD , it must define
“Imm-crack-length” equivalent to ‘one-damage-unit’,
“Im-crack-length” equivalent to ‘1000-damage-unit’.
For the sake of making link between damage
mechanics and fracture mechanics, this is a key.

About the regulations and methods for whole process
rate and life calculations: for calculation damage
transition valud, it can be calculated to make equal

by between the micro-damage rate and the
macro-damage rate equation; For the rate before the
transition pointD, , it should be calculated by the
micro damage rate equation, after the transitioimtpo
D, it should be calculated by the macro damage rate
equation. But for the lifetime calculations it cée
added together by life cycle number in two stages.
Based on the traditional material mechanics is a
calculable subject; in consideration of the traahl
parameters there are “the hereditary characters”; |
view of the relatedness and the transferabilityvieen
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related parameters among each disciplines; anddbase
on above viewpoints and cognitions (1)~(5); then
nowadays for the fatigue-, the damage-, and th%]
fracture disciplines yet mainly depended on teits,
make them become calculable subjects, that are: the
required data are be given via theoretical calmiads
priority method, via the experiments verify aslél
complementary, that will be to exist the possitailit
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