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Abstract: To use the theoretical approach, to adopt the simple stress-, or strain-parameter method, by means of the
conventional material constants, to establish some new calculation models in whole crack growth process for elastic-plastic
steels, which are the equations of the driving forces and the life predictions from micro to macro crack; To provide yet several
crack growth-rate-linking-equations and life calculating expressions in whole process, for which are under different loading
conditions in high cycle and low cycle fatigue. For key parameters 4,, 4, and B, have proposed some new concept, and to define
their physical and geometrical meanings. For the transition crack size from crack forming stage to crack growth stage, provide
concrete calculation processes and methods. Thereby to realized the lifetime predicting calculations in whole process based on
traditional calculable material parameters. The purpose is to try to make the modern fatigue-fracture discipline depended on tests
become gradually calculable subjects as the traditional material mechanics. So that will be having practical significances for
saving testing manpower and funds, for promoting applying and development relevant disciplines.
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1. Introduction

As everyone knows for the traditional material mechanics,
that is a calculable subject, and has made valuable
contributions for every industrial engineering designs and
calculations. But it cannot accurately calculate the life
problems for some structures when it is pre-existing flaws and
under repeated loading. In that it has no to contain such
calculable parameters as the crack variable a or as the
damage variable D in their calculating models. On the other
hand, inside the fracture mechanics and the damage
mechanics, due to there are these variables, so they can just
calculate above problems. But nowadays latter these
disciplines are all subjects mainly depended on fatigue,
damage and fracture tests.

Author thinks, in the mechanics and the engineering fields, in
which are also to exist such scientific principles of similar to
genetic and clone technology in life science. Author has done

some of works used the theoretical approach as above the
similar principles [1-8]. For example, for some strength
calculation models from micro to macro are provided by
reference [1], for some damage growth rate calculation
models from micro to macro damage growth are proposed by
references [2-8] which are models in each stage even in whole
process, under different loading conditions. Two years ago, in
order to do the lifetime calculations in whole process on
fatigue-damage-fracture for an engineering structure, author
was by means of Google Scholar to search the lifetime
prediction models, as had been no found for this kind of
calculation equations. After then, author continues to research
this item, and bases on was provided and now is complemented
on the comprehensive figure 1 of material behaviors [3]; still
applies above genetic principles, to study and analyze data in
references, thereby to provide some new calculable models for
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the new crack growth driving force and for the lifetime
predictions. Try to make the fracture mechanics, step by step
become calculable disciplines as the material mechanics. That
way, may be having practical significances for decrease
experiments, stint man powers and funds, for promoting
engineering applying and developing to relevant disciplines.

Simple Stress-Strain Parameter Method

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

2.1. The Life Prediction Calculations in Short Crack Growth
Process (Called the First Stage)
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Figure 1. Calculating figure of material behaviors 1 (Or called Comprehensive figure of material behaviors or Bidirectional combined coordinate system and

simplified schematic curves in the whole process) [1-3].

About life curves of short crack growth as the first stage are
just described with curves 1 (0<0,,0,=0 ), 2 (0>0,)

and 3 (0<0,,0,#0)) in reversed direction coordinate
system inside attach figure.l, where depicting for the
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coordinate system constituting and each curve meaning had
explained in references [1-3].

(1) Under work tress 0 < 0, (high cycle fatigue) condition
Under work tress 0 < 0, condition, it is with @, as variable

to adopt the simple stress parameter O as its calculating one,
and with the short crack-stress-factor range AH to express
the life prediction equation, that corresponding reversed
curves 1 and 3 can be calculated by following equations

N, = iﬁ’(cycl@ (1-1)
or
N, = im’@m@ (1-2)
Where
H, =0 "™, (MPalnm"™) (2)
AH, = Ao Ty (MPa tnm"'™) (3)

Here the H in eqn (2) is defined as short crack stress
intensity factor, it is driving force of short crack growth under
monotonic loading, and the crack stress intensity factor range

AH| in eqn (3) it is driving force under fatigue loading. The

A, is defined as the comprehensive and calculable material

Where

vy =In(ay, /ay)/ N,
or

vy =la, n(/1-¢)]/ N, = Ny, ,(mm/cycle) 7

The v, in eqns (6-7) is defined as an effective damage

history correction factor in first stage, its physical meaning is
the effective crack growth rate of whole failure to cause
specimen material in a cycle, its unit ismm/cycle. ¥ is a

reduction of area. &, is pre-micro-crack value that is no effect
to fatigue damage under prior cycle loading [10]. &, is an
initial miro-crack value, @,is a critical fracture size before
failure. N, is initial life in first stage, N,, =0; N, is failure
life, N\, = 1. By the way, here is also to adopt those material
constants O ",»,blv ,E ",»,Cll as “genes” in the fatigue damage

subject.
So, for the eqn (1), its final expansion equation

corresponded reversed to curves 1 (4,4) is as below form:

_ Ing, —Ing,
220',) " x(v,) " (Do)

:(Gycle),(0<0,,0,=0) (8)

1

And its final expansion equation corresponded reversed to

constant. Author researches and thinks, its physical meaning
of the 4
increment value to give out energy in one cycle before to
cause material failure. Its geometrical meaning is a maximal
micro-trapezium area approximating to beeline (Figl), that is

a projection of corresponding to curve 1 (o, =0) or 3

is a concept of power, that just is a maximal

o, #0 on the y-axis, also is an intercept between O, = O, . Its
slope of micro-trapezium bevel edge just is corresponding to

the exponent m, of the formula (4-5).The comprehensive
material constant 4, in formulas (4-5) is a calculable one, it
has function relation with other material constants 72, and

g +etc. the g +is a fatigue strength coefficient.
4 =2Q20',) " X(vgﬂ.)fl,(MPam‘ mm/cycle), (0, =0) (4)

A4 = 2[20"‘/. (-0, /U"f )% (vgﬂ.)fl, (MPa™ mm/cycle),
(g, #0) ®)

Here should yet explain the 4, in eqn (4) is corresponding
reversed curves 1, its mean stress J,, =0; The 4, in eqn (5)
is corresponding curves 3, its @, # 0. And the correctional

method for its mean stress O, #0 can be corrected by
reference [9].

-N, = [ln(alf lay)-Ina,/a,)]/ Ny, - N, ,(mm/cycle) (6)

curves 3 (D, D) should be:

N = Ina,-Ing
oi 2[20.vf (1 _ a-m/a-f)]_ml X (V‘ﬂ)—l X (Aa_)ml

(g, %0) (9)

Where a, is a transitional crack size from short crack to
long crack growth process, 4, =a,,.,4,,.1s along crack size
corresponding forming macro crack. a,, is a medial crack size
between initial crack size and transitional crack size
corresponding medial life N,;.

(2) Under work stress 0 > g, (low cycle fatigue) condition.

Under O > 0, condition, here it is still with @, as variable,
but it should adopt the simple strain €, as its calculating

parameter, and it should adopt the short crack-strain-factor
range Al to express its life equation. That is corresponded to

reversed direction curve C,C in Figl, is as following form

A

N = [ 2 (Cyete) (0> 0,)

B *(@D)" 1o

a4

Here
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Al = (Ae,)" [, (11)

a, d
Y (Cycle),(0>0)

N=|l—7—"F 12
1 a Bl X (Agp )’” : al ( )

Where the B, is also calculable comprehensive material
constants.

B, =2[2¢', I X(vqﬂv)_l, (%)'"i (mm/ cycle) (13)

4 = 2[20’} a- Jm/af N (v )", (MPa)"™ mm / cycle, (T, # 0)

4, = 2K 26" (1=0, [T )] X(v,, )", (MPa)" mm | cycle (0, % 0)

Where K' is a cyclic strength coefficient. m', is defined

to be fatigue ductility exponent, m' =-1/¢,

m, ==1/c'xn", ¢ justisa fatigue ductility exponent under
low cycle fatigue, n'=b /c,, n' is a strain hardening
exponent. So that, its final expansion equation for (10) is as
below form,

Ina, —Ingq,

Simple Stress-Strain Parameter Method

If via the crack stress factor amplitude AH, /2 ineqn (10)

to express it, due to plastic strain occur cyclic hysteresis loop
effect, it should be

N = da,
L4 x(0a/2)" xa,

(Cycle),(0 >0,) (14)

Where the 4, is also a calculable comprehensive material
constant:

4 = 2(20}.)7’”‘ (Vy ) (MPa)"™ mm / cycle(a, =0) (15)

(16)

a7

_ Ing, —Ing,
202e') " x(v,) " (BE )"

(Cycle),(>0,) (18)

1

Its final expansion equation for (14) is as following form,

Nﬂi = ! -m -1 m
2020,(-0, /7)1 " (v, *(B/2)"

If to take formula (17) to replace 4, into eqn. (14), its final

Ina, -Ing,

N . = ;
oi 2K|—ml [2‘9'[ (1 _a-m/a.f)]l/c X (Veﬁ')_l X(Aa./ 2)m1

Here influence of mean stress in eqn (19-20) can be
ignored.

2.2. The Calculations for Fatigue-Damage in Long Crack
Growth Process (or Called the Second Stage )

In Fig.1, the residual life curves of long crack growth in the
second stage are just described with curves 1'
(0<0,,0,=0),2 (0>0))and 3' (0<0,,0,%0)) at
reversed direction coordinate system.

(1) Under work tress T < 0, condition

Here it is divided two methods: K, -factor method and O

-method:

1) K, -factor method

For life prediction equation corresponded to reversed
curves 4,4, and D,D, should be as following

N _T da,
P2 A x[y,(a/b)AK,]

- ,(cycle) 21

(og>0,0,#0) (19)
expansion equation is as below forming
(cd>0,0,%0) (20)
Where
K, =o\[ma, 22)
AK, = Ao,/ ma, (23)

As it is known the K, =K, -factor is just the macro crack
stress intensity factor, and the AK, is the macro-crack stress
intensity factor range. The y,(a/b)is correction factor [11]

related for long crack form and structure size. The 4, in
eqn.(21) is defined as comprehensive material constants of
macro-crack, forg,, =0 it is corresponding curve 4,4, , and
it is also calculable one as following

4, = 202K, )" *v,, (MPaxlm)" xmm/ cycle),(g,, =0) (24)

Or
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2 l—ﬂ l—ﬂ
7(‘124 : “dy )
2— g =0

4, = " ~ ,(MPa\/Z)”" xmm / cycle) (0, =0) (25)

(20, Nm)"™ Ny = Nop)

For 0, #0, the 4, is corresponded to curve D,D,, it  equivalent values as follow
should be as following form —
KZeﬁ" = Kthch H (28)
Az = 2|:2K2€f]' ¢ _sz /KZ;‘L'):' " xv,;va(am #0) (26)

K, =0,ma, (29)

Where K,, is mean crack stress intensity factor, K, isan

effective crack stress intensity factor, K, is a critical crack
stress intensity factor, which they are parameters under cyclic
loading. It should be point that the physical meaning for the
4, is also a concept of power, that just is a maximal increment

value to give out energy in one cycle before failure. Its
geometrical meaning is also a maximal micro-trapezium area
approximating to beeline (Figl), that is a projection of

corresponding to curve 1’ (g, =0) or 3° g, #0 on the
y-axis, also is an intercept between O, =0, . Its slope of
micro-trapezium bevel edge just is corresponding to the
exponent 1, of the formula (24~26). Here,

— (a2pv _a02)
va ——N

200~ Vo2

=3x107 ~3%x107™ =v¥(mm / Cycle) 27)

Author research and think, the parameter Vv, is defined to
be the virtual rate, it is an equivalent rate caused in precrack, it
can take similar dimension with the “v*” (m/cycle) by
reference [12]. But its unit is different, here unit of thev,, is
“mm/cycle”. The crack size a, v 18 a virtual crack size as
equivalent to a precrack size, @), is an initial as equivalent to
the initial micro-crack size. N, is an initial life, Ny, =0 .
N, is a virtual life, N, =1, In references [13-14], all refer
to effective stress intensity factor, here to propose to take

_my
7(51 .
2eff
2-m v
2
N,

Here the K, is a threshold crack stress intensity factor

value.
or
K,y =(025-0.4)K, , (30)
K,, =0, [ma,, (MPa\m) (31)
K, =0, [ma,, . (MPaxm) (32)
Ky = (K ¥ Koin) /2 (33)

It should be point that T, is a true fracture stress under

monotonous load, and the U} is the fatigue strength

coefficient under fatigue load.
So the effective life expanded equation corresponding
reversed direction curve 4,4, is following forming.

my
1-—=
2 2

="
—(a,,; * —ay, ?
2—m2( 2eff 2 )

Ny = - ,(0,=0) (34)

A1 %y x[(Ya/b)™ Ao™ 1T

22K,

And the effective life expanded equation corresponding
reversed direction curve D, D, should be

m

o=

2[2K2eff (1 - Km /KZfL )]_mz X va

Its medial life V,,; in second stage is

2 -2
2-m

2

(a, * —a

_aOZ 2 )
—.(0, #0) (35)
x[(Ya/b)" Do™ 12 |
_72)
(36)

20

Where a, is a transitional crack size between two stages
from short crack «,,. to long crack a,, growth process,
a, =a,, ,the a,isamedial size. a,, <a, <a,, .

2) O -method

Due to word stress is still /0, <<1( 0<0.50,), in the
long crack growth process, its residual life equation of

22K, (1=K, 1 K, ) | ™ %v, [y, (a/ D)o ]

,(cycle)(o,, #0)

corresponding reversed direction curve 4,4, and D,D, in
fig.1 is as following form

Deff

da, »(Cycle)

N, = _ 37
') B x o) G
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Where

6, = na,0, (010, |E,(mm) (38)

2
A5 :M,(mm) (g, =0)
40 F

s

(39)

The 9, is a crack tip open displacement, it is driving force of
short crack growth under monotonic loading; and the A9, is
a crack tip open displacement range, it is driving force under
fatigue loading. For the coefficient 8 in eqn (39), it equal

Simple Stress-Strain Parameter Method

1( B=1) under plane stress condition, under plane strain
condition, B=(1-v*)/2 . V is Poisson's ratio. E is an
elasticity modulus. The B, is a comprehensive material
constant in second stage, its physical meaning of the B, is also
a concept of power. Its geometrical meaning is also a maximal
micro-trapezium area approximating to beeline (Figl). B, is
also calculable comprehensive material constant, for 0 =0
that is

o%xa,, xm/a’)o, )
B, ZZ[ﬁ( u MfE ) s] Xy, (mm"™ xmm |/ cycle), (0 =0) (40)
And for 0 #0 thatis
2B(0" xa,,, Xm0’ )0, ol +o’ )
Bz ) ﬁ( f 2eff 5) s 1_a02( max mm) vv’(mmmz Xmm/cycle) (0- ¢O) (41)
E 2xa,,0, !
Where 0, and O, are maximum and minimum work curve 4,4, for eqn (37) is as below,
stress. The 4,,; can be calculable effective crack size.
So its final expansion form corresponded reversed direction
1 - -
(4E BTS )mZ X 1 -m (alej[f'l " _atrl mE)
2eff = ) ) s —m, 7(0-m :O): (cycle) (42)
2B(0 2eff vaef/'xﬂ/as)as _ 2 _am
2 e v lv.(al b)pxna
And the life equation corresponded to reversed direction curve D, D, is following
CED,Y" % ("™ =a, ")
Nooy = (0 ) ) ,(eycle)(o,, # 0) 43)
28(0%,,; xa,,, X7/ 0°,)0 a,(0> +0> )]
2 eff 2¢ff s s 1 — 02 max min V’ a /b 0.2”. my
( E 2%a,, 0, mD2@/DBTT
(2) Under work tress 0 > O, condition
.. . . . oy da
Under O >0, condition, its effective life models N, = | ——=2—(Cycle),(0 > 0. 44
2eff J‘ BZX(AOZ/Z)/IZ( y )( _s) ( )

corresponded to reversed curve C,C; in figure 1 is as below
form,

B,=2[(m0,(0",/0, +Vay, | E)]|"

B, :2[(71?75(0'//05 +)(1-0,/0')a,, /E)]-AZ XV

The A, is defined to be ductility exponent in long crack
growth process, A, ==1/c, , ¢, is a fatigue ductility

exponent in second stage.

XV, (mm™ xmm / cycle), (g,=0)

Ay

Where B, is also a calculable comprehensive material
constant,

(45)

(mm™ xmm/ cycle), (o, #0) (46)

pv’
So that, the final expansion equations is derived from above
mentioned eqn. (44) as follow
For a-ﬂ1 = 0 2
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1

1= (azgﬂ'li/]z _aozli/]z)

Ny = : s VT (cycle) (47)
-A .
2[ (010, + Dy | E) | xm[ LA ;( 7o )}
For 0, # 0, it should be
1 _ _

ﬁ(azstrl B —ay ™)

Nog = - (cycle) (48)

In the eqn (48), influence to mean stress usually can ignore.
Where, the a4, is an effective crack size, it can calculate

from effective crack tip opening displacement 0,

EXOs  (mm)
g =, (mm
" (0 T, ) @
And
Oy =(0.25~0.4)8, ,(mm) (50)

Where the O,

a,,; in (47-48) can be calculated by O, -value by means of
equations (49-50).

is critical crack tip displacement. So the

2.3. The Life Prediction Calculations for Crack Propagation
in Whole Process

2[(720-?(0-’//01 +1)(1_0-m /U’/)azg/] /E):|-Az prv|:

owunmanm+nr
E

Due to short crack behavior and long crack one are
distinctly different, for availing to life calculation in whole

process, it should take a crack size «, at transition point
from short crack to long crack growth process, and the
transition point size @, can be derived to make equal between

the crack growth rate equations by two stages[3,15], for
instance

da,/dN, <= da, /dN, =<da,/dN, (51

Here the equation (51) is defined as the crack growth-
rate-linking-equation in whole process.

(1) Under work stress 0 <0,
Foro<o,,0, =0, its expanded the crack rate-linking

equation for eqn (51) corresponded to positive curve A4 A4,
is as following form

da, _ . —m 4 ” _da, _
d_]\} = {2[2‘7f] 'x(a; By) x(A0) la}am_% SN
2B(CP2er Xa,, 11/ 07T, | 2\ (52)
Z';z - 2[ B(T 2e ‘]’;/f ) s] v, »(a /:()7,32(7 b7 (@, =0), (mm/ cycle)
2 K
ay =>aeff
For 0<o0,0,#0 , its expanded the crack curve DD/D, is as following form
rate-linking-equation for eqn (51) corresponded to positive
dal —_ 1 _ ] —m -1 my —_ datr —_
=0, 1-0,/0 1 " X0, By @O, =T
oy .
—< da2 - 2 zlg(azeff xaeﬁf X]T/OJ‘Y)US 1_ aOZ(Uriax +0—r€1in v X yz(a/b)ﬁAa_2m ’ (53)
dNZ E 2ame/f'0-s2 " ZUTE
ay ~>agfy
mm/ cycle, (0T, # 0)
And the life equations in whole process corresponding to
irecti A, A Aand D,D,D d o d
reversed direction curves 4,44 and D,D/D should be as SN=N+N, = J. a . + a — . (54)
below a AXBo)" xa 5 A, (AF)

01

Its expanded equation corresponding to reversed direction
curves 4,44 is as following form
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Simple Stress-Strain Parameter Method

SN=N+N, = | . da -
w220 1" x(a, Oy ) X(AO)" Xa
Doy 55
. 2 — (eyele). (0, =0) 2
Gy zﬁ(a e"x”xae /J x)a-s “ m
2[ i - i (20, BAT” TTa)/AE T, ™
But for o, # 0, its expanded equation corresponding to reversed direction curves D,D,D should be
ZN:N1+N2: I ’ ; _mda 5 —
o 20',(1-0,/0' )] " x(a, ;) *(Do)" xa
Doy
[ da - ,(cycle)(a, #0) (56)
o (2802, xa 0O 2y ’
o| 2P e ¥eg T T, || _ (O * O v, [2v,BA0° ) 2E T, 1™
E 2amef/0-s g :

(2) Under work stress 0 >0,

Under work stress 0 > 0, its expanded rate link equation

for eqn (51) corresponding to positive curve CC,C, is as
following form

da 1—m, 1 c' - m — dar —
B fokmpae, 1 (v, xa,) <@ 2 xaf, <=
. 57
. =< {2[<nm<a'f /0, +1)ay | E)]* [05 AR ”)"} Jmm]cyele,(a #0)
2

ay ~>acf

The life equations in whole process corresponding to reversed direction curve C,C,C should be as following

a, d G ofy d
IN=N+N, = | L 4 < (58)
W Bx(Bo/2)" xa 2 B,(DS,/2)"
And the life prediction expanded expression in whole process corresponded reversed curve C,C,C , it should be
“ da
ZN = ,[ 1—my v ql/e! -1 my
2K 28" 1 X(D, Oy ) X (A0 2)™ Xa
sy da (59)
+

“2[(m0,(0",/ 0, +Dary, 1 E) | [

It should point that the calculations for rate and life in whole
process should be according to different stress level, to select
appropriate calculable equation. Here it have to explain that its
meaning of the crack rate-linking-equation (51-53, 57) is to
make a calculable linking formula between the first stage
crack rate and the second stage one, which it should be
calculated by the short crack growth rate equation before the

transition point size 4, ; it should be calculated by the long
crack growth rate equation after the transition point &, , note

that it is not added together by the crack growth rates for two
stages. But the life calculations for two stages can be added
together. About calculation method, it can calculate by means
of computer doing computing by different crack size [16].

- (eyele)

0.5, y,(Ac /20, +1)a}
E

3. Calculating Example
3.1. Contents of Example Calculations

To suppose a pressure vessel is made with elastic-plastic
steel 16MnR, its strength limit of material 0, =573MPa ,

yield limit 0, =361MPa , fatigue limit 0_, =267.2MPa |
reduction of area is  =0.51 | modulus of elasticity

E =200000MPa ; Cyclic strength coefficient K'=1165MPa ,
strain-hardening exponent n'=0.187 ; Fatigue strength

coefficient o', =947.1MPa fatigue strength exponent
b, =-0.111 m=9.009 ; Fatigue ductility coefficient
€', =0464 | fatigue ductility exponent c', =-0.5395 |
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m', =1.8536 . Threshold value AK,, :g,6Mpa\/H, critical stress ~ become an equivalent through-crack, the correction
intensity factor K, =K, =92.7MPavm . Working stress coefficient y;(a/b) of crack shapes and sizes equal 1, i.e.
0, =450MPa, 0, =0 in pressure vessel. And suppose > (a/b) =1. Other computing data are all included in table 1.
that for long crack shape has been simplified via treatment

Table 1. Computing data.

K, ,MPa\/m K, ,MPalm K, ,MPalm Vo m, 0, ,mm A, »(alb)  a,,mm
92.7 28.23 8.6 2% 1()_4 391 0.18 2.9 1.0 0.07
3.2. Required Calculating Data coefficient Ve in first stage.
Try to calculate respectively as following different data and For the effective crack sizes 4, in first stage and the
depicting their curves: second stage, it both can be calculated respectively, and can
(1) To calculate the transitional point crack size a, between  take smaller one of both, here to take same value with the
two stages; second stage, @, = d,,; =2mm . For example, according to

(2) To calculate the crack growth rate at transitional point  formulas (49), Calculating effective size 4, 7
(at crack size a,)

(3) To calculate the life NV, in first stage from micro crack a. = Ex9, _ 200000%0.25%0.18 _ 2.1(mm)
o . ’
a, =0.02mm growth to transitional point a, o (0, /0,+1) 7361(947.1/361+1)

(4) To calculate the life N, in second stage N, from

Take a, = 2.0mm

.. . . = Sm -
transitional point a, to long crack size a,.; =35mm ; v, =a, [/ (1= )] = 2XIn[1/ (1-0.51)] = L43,(mm/eycle)

(5) Calculating the whole service lifetime 2 N .

(6) Depicting their life curves in whole process. 3) By eqn (27), to select virtual rate v,, in second stage,

here take:
3.3. Calculating Processes and Methods
Ay, — 4, B

The concrete calculation methods and processes are as  V,, =242 =2.0x10" (mm/ Cycle), N, ;=L N, =0
follows Ny = Nos

(1) Calculations for relevant parameters ) o )

1) Stress range and mean stress calculations: (2) To calculate the crack size a, of transitional point

Stress range: Ao =0, —0,. =450-0=450(MPa) between two stages

Mean stress: 1) To select calculating equation of short crack growth rate
o =(0. +0.)/2=(450-0)/2 =225MPa At first, calculation for comprehensive material constant B,

m max min by eqn (17)

2) According to formulas (7), calculation for correction
4 =2K"[2e', (1~ Um/U'f )NV % (a, % vf)'1 =2x11657" x[2x0.464(1-225/947.1)]" " (2x0.713)™
=6.28%x107,(MPa)™ mm / cycle

Here select the crack growth rate linking equation (57), and for its growth rate to simplify as follow form,

da, | dN, = 4, x (AT /2)" Xa, =3.193x107 x(450/2)"" xa, = 6.28x107 x1.56x10*' xa, =9.8x107 X g,

2) By rate linking equation (57), calculating for crack growth rate in long crack growth process,
Calculation for comprehensive material constant B, by eqn (46)

B, = 2[(m§(o—'f/as +(1-0,/0')a,, /E)]'”Z xv, =2[2(3.1416x361(947.1/361+1)(1-225/947.1)x 2/ 200000)] **
x2x10™* =9.1988, (mm)™ xmm / Cycle

For the long crack rate in second stage, to take brief calculations as follow form,
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0.570 y,(Ao /20, +1)a, | 0.571361(450/ (2x361) +1)a
24 « 7% | =9.1988x 2

29
=9.1988x1.6698x107 a2’
E E

da, /dN, = B, {
=1.5384x10"a;’
3) Calculation for crack size @, at transitional point =

— - 05263 —
According to the equations (51) and (57), for calculation the a, =(0.638)  =(0.638) = 0.783(mm)

crack size a, at transitional point, it can make equal between . .
" pomnt, q Result, to obtain crack size a, =0.789(mm) at the

transitional point.
6.28x107 x1.56x10% xa._ =9.1988x1.6698 %10~ x ¢2° (3) To calculate the crack growth rate at transitional point

both rate expansion equations, and to simplify it as following

da, /dN, =da, /| dN, =9.8x107"a, =9.8x107" x0.789 = 7.74x 107" (mm / cycle)
da,/dN, =da, | dN, =1.5384x10"°a>’ =1.5384x107° x(0.79)’
=7.74x107" (mm / cycle)

Here it can be seen, the growth rate at the transition pointis  micro-crack  a,, =0.02mm to  transitional  point
same.
(4) Life prediction calculations in whole process

1) To select eqn (20), to calculate the life N, from

a, =0.789mm is as follow,

_ Ina, —lna,,

C2KT [2¢',(1-0,/0", )] % (ay*xv,)" X(Ao/2)" xa

_ In 0.789 —1n 0.02

T 2x11657" x [2x0.464(1-225/947.1)]" "% (2x0.713)" x(450/2)""

N

3.675 3.675
= = =3751260(Cycle
6.28%x107* x1.56x10*"  9.8x10” (Cyele)
So predicting life in first stage N, =3751260(Cycle) 2) To select eqn (48), to calculate the life N, from

And for above formulas, we can derive simplified life  transitional point a, =0.789mm to ay; =5Smm is as

equation corresponded to different crack size as follow form follow

1
N =
9.8x107" a\
1

1-A 1-4,
1=y (@g T @)

1-4,

N, =

0.570,y,(Ad /20, +1)T2
E

2[(o(0', 10, +)1-0, /0" )a, | E)]* xv,, {
1
- 1-2.9
2[(3.1416x361(947.1/361 +1)(1 - 225/947.1)x2/ 200000)] ** x v,
1 0.8 __ 08

[o.5m61(450/(2x361)+1)T9 ©9.1988x1.6698x107  1.5384x10™
E

From above formulas, we can also derive simplified life The life data corresponded to different crack length is all
equation corresponding different crack size as follow form included in table 2, 3 and 4. Author finds these data are
calculated by the simple stress- or strain-parameter method are

= ! basically close as compared with another result data that are
1.5384%10a;” calculated by the two-parameter-multiplication-method in
damage mechanics, where it has been published recently in
reference [3]. Especially, those dada in second stage are closer,

YN =N, + N, = 3751260+ 520625 = 4271885(Cycle) and the calculating models and method is simpler than the
! : two-parameter-method.

(577 -0.789'7%)

X

= 520625(Cycle)

2

Therefore, predicting lifetime in whole process is
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Table 2. Crack growth life data in whole process.

Data point of number 1 2 3 4 5
Crack size (mm) 0.02 0.04 0.1 0.2 0.4
Data of the first stage 51020408 25510204 10204082 5102041 2551020

Data of the second stage Invalid section

Table 3. Crack growth life data in whole process.

Data point of number 5 6 7 transition point 8

Crack size (mm) 0.5 0.6 0.789 1.0

Data of the first stage 2040816 1700680 1293293 1020408
Data of the second stage 4851966 2859513 1292431 650026

Table 4. crack growth life data in whole process.

Data point of number 9 10 11 12 13

Crack size (mm) 1.5 2.0 3.0 4 5

Data of the first stage 680272 510204 Invalid section

Data of the second stage 200570 87085 26871 11667 6108
(5) To depict the life curves in the whole process —g—Curve of the first stage. 1-1

By means of the data in tables 2-4 mentioned above have
depicted the life curves for two stages and whole course are
respectively in figure 2 and 3.

—#— Curve of the first stage. 1-1
—8— Curve of the second stage 1-2
6. QOE+0OT
5. 00E+07 (%
¢, OOE+OT
E\
[
5 3. 00B+07
"3
= Tran=zition point
2. OOE+0T ——
1. QOE+0OT
Lol
0. DOE+0D —le -

1 2345678 910111215
Crack size (mm)

Figure 2. life curve in whole course (in decimal coordinate system).

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

(B) 1-2---data curve in second stage obtained by single-parameter calculating
method;

(C) This example transition point from micro-crack size 0.02mm to long crack
size 5 is just at seventh point (crack size 0.789mm ).

—@—Curve of the zecond stage. 1-2

1.00E+08

-
1.00E+07 bN

1.00E+06

1.00E+05 1 47 L ¥

=
y_

1.00E+04 o=

Life (cycle)

1.00E+03

1.00E+02

1.00E+01

1.00E+00

1 3 & 7 9 11 13
Crack size (mm)

Figure 3. life curve in whole course (in logarithmic coordinate system).

(A) 1-1--- data curve in first stage obtained by single-parameter calculating
method;
(B) 1-2---data curve in second stage obtained by single-parameter calculating

method;
(C) This example transition point from micro-crack size 0.02mm to long crack
size 5 is just at seventh point (crack size 0.789mm ).

4. Discussions and Conclusions

(1) About comparison of calculating results data: The
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lifetime data calculated by the simple stress- or
strain-parameter-method as compared with the

two-parameter-multiplication-method in damage mechanics
[3], which is basically close, the calculating models and
method is also simpler than it.

(2) About new understanding for some material constants:
True material constants must show the inherent characters of

materials, such as the 0, and E,0,¢/ etc in the material

mechanics;  for  instance the O, and O',

&, and &',;b and b';;c, and ¢'| and so on in the fatigue
damage mechanics; K,.,0,,m,,A, and so on in the fracture
mechanics, above which could all be checked and obtained
from general handbooks. But some key materials constants
4 , 4, and B, in the fracture mechanics which are

essentially functional formulas with other parameters the
.and , etc. to have functional relations,
o, <

and E’f; b';
for which can all be calculated by means of the relational
expressions e.g. eqns (4-5), (13,15-16), (24-26), (40-41),
(45-46), etc. that has to combine experiments and to verify.
Therefore for this kind of material constants can be defined as
the calculable comprehensive materials constants.
(3) About cognitions to the physical and geometrical

meanings for key parameters 4, and 4, B, The

parameters 4, in the first stage and 4,, B, in the second

stage, they are all a concept of power, just are a maximal
increment value paying energy in one cycle before to cause
failure. Their geometrical meanings are a maximal
micro-trapezium area approximating to beeline.

(4) About the methods for crack propagation rate and
lifetime calculations in whole process: Calculation for crack
transition size @, it can be calculated form the crack
growth-rate-linking-equation (51-53) and (57); calculation for
the short crack rate it should be calculated by the short crack
rate-equations (da, / dN,) before at transition point 4, ; for
the long crack rate it should be calculated via long
crack-rate-equations (da, /dN,) after transition point a, .
But for the lifetime calculations in whole process can be added
together by life cycle number of two stages.

(5) Based on the traditional material mechanics is a
calculable subject; in consideration of the conventional
materials constants there are “the hereditary characters”; In
view of the relatedness and the transferability between related
parameters among each disciplines; And based on above
viewpoints and cognitions of the (1)~(4); then for the fatigue
and the fracture disciplines, if make them become calculable
subjects, that will be to exist possibility.
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