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ABSTRACT

TC21 titanium alloy is a high-strength, high toughness, and damage tolerance (o + ) two-phase
titanium alloys.It has excellent damage tolerance properties, and the hot deformation is one of the
main processing. The different parameter of the hot deformation obtains the different microstructure,
and at the same time, its mechanical properties change accordingly. So, the research of the effects of
the microstructure for TC21 titanium alloy on damage tolerance performance has the practical
application of engineering significance.Based on the above reasons, this paper investigated the
relationship of damage tolerance performance and microstructure of B forging TC21 titanium
alloy.The main contents are as follows:

Firstly, based on the analysis and study of the traditional methods about damage tolerance
performance, special software Franc2D/L is introduced into this paper to model fatigue microcrack
growth process of B forgingTC21 titanium alloy according to Franc2D/L macroscopical mode.

Secondly, the grain model of different dimension basketweave microstructure for  forging TC21
titanium alloy were built to model and analyze the relation ship of fracture toughness, crack growth
rate and crack growth threshold. The results show that crack growth threshold Ky, would increase
and crack growth rate da/dN would become faster with the grain size enlargement under the same
experimental conditions. Fatigue crack growth rate curve was obtained by multi-section simulation,
error analysis and correlation coefficient analysis were performed.Compared with experiment result,
their anastomosis was good.

Lastly, it is necessary for 3 forging TC21 titanium alloy to research the effects of the superplastic
microstructure on damage tolerance performance because the following superplasticity forming
processing maybe performed for complex shape parts. The grain models of basketweave
microstructure for different temperature TC21 superplasticity tensile samples were built to model and
analyze the effects of different dimension on damage tolerance performance. The results show that
crack growth threshold Ky, and crack growth rate da/dN would become faster with the temperature
hoist, while, intensive collective recrystallization happens obviously and many grains grow up into
plate at deformed area of sample. As well as , Compared with experiment result, their anastomosis
was not good, correlation coefficient declined, because the experiment wasn’t performed in
superplasticity condition.

The conclusion can be obtained afer finishing the above work.:

(1)Shape change and path of microcrack in various propagation stages during the simulation

II



process can be observed lively. Simulation and experimental results coincide, the method is feasible.

(2)In the same simulation conditions, crack growth threshold Ky would increase and crack
growth rate da/dN would become faster with the grain size enlargement between 1.18 and 2.08um, so
its damage tolerance performance degrade.

(3)Crack growth threshold Ky, and crack growth rate da/dN would become faster with the
temperature hoist for B forging TC21 titanium alloy, so its damage tolerance became bad; When the
temperature rose above 850 , the microstructure were coarsened obviously and specimen
microstructure were more than 3.26 times the thickness of raw materials. Then the microcracks
rapidly expanded and quickly grew to critical size, the specimen fracture.

Keywords: titanium alloy, damage tolerance performance , fracture toughness, crack growth rate,

crack growth threshold, superplasticity,

11



W W W W W W W W W W W W W W W W W W W W NN N DD DD NN DD DD DN

= 00 N o o B~ wWw N B DN
'_\
(6]

................................................... 16
T 17
......................................................... 17
............................................................... 20
72 20
B T2l 20
A T2l e 21
5 22
B 750 TC2L 23
7800 TC2L 23
8820 TC2L 23
29850 TC2L 24
.10 TR 25
L B 6 e 26
.12 R 27
T T 27
.14 820 27
5880 900 e 28
.16 G0 I 29
.17 750 51010) G 29
.18 800 7000) G 29
.19 820 G0 T 30
.20 850 (500X) - - e e e e e e e e e e e 30

VII



TC21 Vi

3.21 880 G0 Y, 31
3.22 900 (B00X) -« e e e et e e e e e e 31
3.23 é O = € e, 32
3.24 é b e 32
3.25 é 2, 33
3.26 E 33
3.27 1010 34
.28 36
320 38
3.30 820 E5.3E-41S 39
3.31 820 E6.6E-4/S 40
B 43
B2 43
7 44
AAFRANC2D/L e 45
A.5TC2L B 46
BB 46
BT 47
B8 48
K 49
8200 OF e 50
A.11 Oy e 50
812 Oy e 51
B.13 0] e 51
B.08 O) 51
Bod5 T e 52
B06 52
AAT 52
4.18 29 53
4.19 Oy e 53
4.20 Ouy e 53
B.21 O e 54
B.22 O) e 54

Vil



B . T T e S - N T T > T T ~ N

223 Toae 00 eeeeeeeeeeeeana.
24
25
260
27T
.28

.29

-30 Ki Kn Kic
.31

.32

33
.34

3%
.36 TC21 B .-
.37 TC21

87

IX



TC21 Vi

.1 T7C21
.2 750
.3 800
.4 820
.5 850






1.1

20
113 L) 113 9 113 79[1-4]
20 50 60
50
a P
10%
F-15 27% F-22
41%
V2500 30% O
Ti-6-22-22S F-22
[6]
Ti-6A1-4V  B-ELI 900MPa
Ti-6-22-22S  Ti-6A1-2Sn-2Zr-2Mo-2Cr-0.2Si ~ TC11DT 1000MPa
1.2 TC21
TC21
1100Mpa Kic 70 90Mpam"?
da/dN a-B 7]

Ti-6AI-2Zr-2Sn-3Mo-1Cr-2Nb-0.1Si Ty 9505 U



TC21 Y;;

Ti-6-22-22S TC21 TC21
TC4
TC21
TC21 (&1
1.3 TC21
1.3.1
at+p/p a+p
40 50
p p p
B
Kic da/dN
B a P
10 35 10 40
TC21 B
4
1
12 a B a a



1.2

1.2

1.2

50

a+f

a+f

30 50

[91

50%

a

a+p




30 50 um
25 35um a (10]
1.3.2 TC21
Kic
da/dN K
[15,16]
470819 1o
TC4 TC4 Ti-6-22-228
TC21
o o o o



1.3.3

1.4

Hobson Navarro Rios

Suh

TC21

Brown

Suh



TC21 Y;;

Monte Carlo

Ortiz cohen sive model

" K”
CIKA computer Imitation of K Anisotropy
K K
CIKA
35
TC21 315
Ti-6Al-4V ELI TC4-DT Kic

da/dN AKth
R Ti-6Al-4V  TC4



1.5

1.5.1
TC21
TC21
50 90
19 50
Paris
, Paris
TC21
a Kic
1.5.2
TC21
B TC21

TC21 m



TC21 Y;;

B TC21
B TC21
SEM
FRANC2D/L B TC21



2.1

damage tolerance

2.1
8 s R
B
Ei
e R ﬁq’@m
T AW 14 Gacks
5
= HEHTRY | e E 4
| EATIRER { T e S B )
NG FE HE A
e @m
EAp Mgl ;-
4
2.1

2.2



TC21 Y;;

da/dN- K

da/dN

da/dN

2.3

231K

10

[11-13]

da/dN- K
Kic
Kic
da/dN- K KIC
Kic

OCp2 Op KIC da/dN

201 22



2.2
gX
&y
7y
K
Ki

Ky

Kic

2| 2G(1+ i)

2.2

l—singsinie
2 2

cosg 1+singsin§¢9
2 2 2

singcosié’
2 2

2G(1+ )
1

1 .68 . 3
——sin—sin —6@
2G 2 2

Ki =ovr a

Kc Kic
Kc

Ki <K
K Kic

[A=u")—(1+ 1) sin%sin%&]

(A=) + 1+ ) sin%sin%&]

2.1)

(2.2)

23

Ky

24

2.1

11



TC21 p

K; Kic
232
20 20 Grifith
[21] Grifith Inglis
G>Gec R
G R Ge G
Griffith
LEFM
[22]
2.3.3 COD
COD
1963  Wells COD (23]
5=,
COD
24 coDp

COD d¢

12

1948

2.6

2.5

Irwin

oc



23.4]

Rice

24

Cp

J =jr(Wdy—?.@

)

23

Ricel*! Rice J

2.7

2.8
COD

Gmax

13



TC21 Y;;

14

P

Iy AT D

24 -

24

23



2.5

30

90

[26]

PSB

" PSB

PSB

PSB

15



TC21

B

PSB

20 40

2.6

Forsyth Z

2.8

PSB

16

II

PSB

29 31]

[26,27]

2.7

II
II

[28]



II

[28]

II

I

II

[32]

‘1‘
J

[ 5

i3

AILiCuMgZr

b

17



TC21 Yij
I-1I (26]
[33]
[27]
“ ” II
I {3 ”
Millert?”*%
11 11
10um Imm
K
2.6
K COD J



B TC21

3.1
B p
6>100%
o
T>0.5Tm Tm
§ TC21
m
328 TC21
3.2.1
TC21

CMT5105
400mm

+1

Kic

< 10um

3.1

V. VolLot L)L

[35]

B TC21

m>0.3

SZVO/ L()

19



TC21 Y;;

32

32
322
B TC21 Ti-6Al-2Zr-2Sn-3Mo-1Cr-2Nb,
33
EDAX GENESIS 4000 34 B TC21
3.1  TC21 Wt% At%

—7 U

=1

20

3.3 TC21

20



il ll gureem gurirapripe - Zop-THEE 906

LS5oca: M
BS 4
L]
)
A -
Fimi
(]
L
L (1) ™ ”
. ila - Ca
£l Hi Li
M LS LE LB LB R EB TN LE LH B T T TLM
Ay -l
34 TC21
3.1 TC21
Element Wit% At%
NaK 04.52 09.13
AIK 06.25 10.76
ZrL 03.07 01.56
NbL 02.84 01.42
MoL 05.61 02.71
CIK 01.47 01.92
SnL 02.20 00.86
CakK 00.57 00.65
TiK 70.82 68.62
VK 00.00 00.00
CrK 02.66 02.37
0.08 0.12mm
30min

21



TC21 B

1 3.3x107%s

750 800 820
2 820
323 m
m
m
3.5 P L
Vi 02 0.5
A Py
B A EA—ER B
PB V1
m
me digo go,—lgoy _1g(R/R)
dlge lge—lgeg  lg(v,/v)
PA V] Vz
m PB
_,:"'- '-I-._._L-
i. | "
o i
) ,-"".h : l : | I'-.
B, I| . 1: . \-\_\_\_
{ I
AL ]
3.5
750 800 820 850
3.6 39 P L

22

Vv,

3.1

900

Vz/ V1:2 3

3.4

3.1

Pg

Pg



ol |

,.=.J|
- Sl T 0 R o T
fitéaL

3.6 750 TC21

4 §

F N
I'.IJ-:

1
T

T o ; IH“"E..E !
| MEJ g

i .15

ape

3.7 800 TC21
180 -
L
E 10 4 r?
mn

B0 -

0§ .12
: LEJUN\Q\%\
98
s .15 0.3 ~
=,

0 -

B 2 4 & & 10 X 14 1 18
{rfEal

3.8 820 TC21

23



TC21 B
= " ( { 24 i
& 1.2 W28
i | | os[N N VY
| 0.3 s \
104 - | ;\___Im J
0.16
|
108 4
g ; : . . :
q i o 10 13 14
{1 al
3.9 850 TC21
32 750 m
mm/min 1/0.15 0.3/0.15 0.6/0.3 1.2/0.6 2.4/1.2 4.8/2.4
m 0.307 0.332 0.379 0.335 0.337 0.623
3.3 800 m
(mm/min) 1/0.15 0.3/0.15 0.6/0.3 1.2/0.6 2.4/1.2
1 0.318 0.341 0.567 0.305 0.301
2 0.326 0.339 0.634 0.308
0.322 0.340 0.601 0.307 0.301
34 820 m
(mm/min) 1/0.5 0.3/0.15 0.6/0.3 1.2/0.6 2.4/1.2 4.8/2.4
1 m 0.320 0.332 0.569 0.307 0.300 0.526
2 m 0.300 0.309 0.576 0.309 0.313 0.550
0.310 0.321 0.573 0.308 0.307 0.538
3.5 850 m
(mm/min) | 1/0.5 0.3/0.15 0.6/0.3 1.2/0.6 2.4/1.2 4.8/2.4 9.6/4.8
m 0.303 0.304 0.496 0.288 0.272 0.620 0.233
m 0.314 0.308 0.518 0.273 0.244 0.450 0.229
0.309 0.306 0.507 0.281 0.258 0.535 0.231

24



o g

28 * EO0M

% &  EIOW

&  ES0FE
(= |
o -
B
i. i ¥ B_.-n-
nad & t—%’?‘hl : *
0. :.;.'-.;.“ tc--'m" »z-c--'m" au-'1:-' -::m‘ 1::--:-“' 1aanl’
M ETEEE
3.10 m
3.6 39 32 3.5 750 820
03 TC21 850 m 03 TC21
3.10 TC21 m
m 0.634 m
m
m 25%
m m
25%
3.3 B TC21
B TC21
0.3mm/min 750 900 3.11
o-¢ ) 3.6
3.6 3.12 3.13 3.13

25



TC21 p
750 880 § TC21 o
115% 225%
820 203%
3.13
820
TC21
820 5.25¢-4s™,
314 a 25.4mm
12.7mm 820
JE — ——
— 1
wl N —om
o | , a0
£ o | \, 4 ]
E ! ;
LT | \
1 ]
=0 I H"MH"‘ \
| f e, '\_\
| ™~
EL -
- N,
wl | || = ‘Hﬁ_} /
I ﬂ'x-““-\‘-\.
ol II SN m_____‘q___
] I -
._.'I .II s =
o ] ] ] ] 1 ]
ol 0 1] 0 o0& 05 08 A7 04
¥
3.11 o—&
3.6 o
) MPa
750 115.2 115.2 126.1
800 126.6 126.677.5 74.3
212
820 187.6 208.2 74.9
225
880 153.1 153.1 36.7

26



RERE .

2 -

21
22
23

o 99.2
o 115

)
3.14

158.2

820

R (el

S

8

187.6
& 225

187.7

27



TC21 Y;;

8 9 44 45 880 10 11 46 900
3.15 880 900

TC21 atp—p a B
p a P a a
3.15 880
900
)
) )
)
750 800 820 850 880
900
Nikon  EPIPHOT200
AL,O3 W3.0
HF 1ml +H,O0, 2.5ml +H,O 50ml TC21
HF Iml +HNO; 12ml +H,O 50ml
316 B TC21 TC21
a B a B TC21
3.17 750 3.16

28



(500X)

.16

3

500X

750

17

3

(@)

200X

800

3.18

29



TC21 Yi;

(a) b
3.20 850 (500X)
3.18 800 b a
c a
a 3.19 820
a b a
3.20 850 a
a
3.21 880

3.22 900

30



3.4

3.26
100

(a) b c

3.22 900 (500X)
& B TC21
&
m<l E B TC21
820 6.6e-5/s  6.6e-4/s
3.23 m £
& m
5.3e-4/s m 0.86
) 3.7
B TC21

5.3e-4/s

324

O—&

3.25

31



TC21

B

[EEE T § TLE P

110 = — LEE B Sy
. AR E R Oy
00 - —_— Y E RS A
5% W LW S i
E? a0
5 20 4
IO
a0 —-
50 —-
40 —-
30 —-
I0 —-
10 —-
o
on
3.23 é oc-¢
.
? 0 _."'
- o
0.4 r
[
0o
1E8 IEI-i- B3
EEEE
3.24 m
3.7
S’ ) Mpa
6.6¢” 110 110 42
1.3¢* 99.2 99.2 52.9
2.0e* 115/187.6 151.3 96.6
5.3¢™ 225212 218.5 74.8
6.6¢™ 187.7/158.2 173 76.7

32



EMREL (%)

130 &

e =+

i+ =

138 =

120 =+

'
IEN L

3.25

2meia”

A" Afa1n” d@ed” sowip”

TWREREXET 13U

£ d

6.6e-4/s

T Amini”

AENTH (MPa

L) 118" J0el@” 3898 dBelE”

TREEEE U

3.26 &

820

5.3e-4/s

a

NEalE”

raie”

3.27

33



TC21 Yi;

L9

20um |
a £ =6.6e-4/s b £=53e-4/s c £=2.0e-4/s
3.27 500X
3.5 B TC21
[37]
[38]
Langdon””!
m
1
2
Zn-22%Al 3

4

34



3.5.1

SEM

352

SEM

15% HNO3+10% HF(

JSM-6480LV

820
JEOL

[40-44]

LI T3 ”

[46]

&=53e-4/s &£=6.6e-4/s

Taplin

3.28

[45]

35



TC21

B

36

Wl &

THESR ()M

R D)

Wi

(el

3.28



820
FentimanWPH34]
a
3.30 820
h
£ =6.6e-4/s §

[47]

330 3.3l 3.29

TC21
TC21 a B

a

a a

a
a
£=53e-4/s § 225 a b
(13 bl (13 2" C
3.31 820

& =53e-4/s & =6.6e-4/s

37



TC21

B

38




1 B pimn

39



TC21

B

40

£ =6.6e-4/s

—

1760 ey

1 B8 5l

(5]

£F ;;!; thr 11
AR 195
2 9. 1k4n




3.6

0.3

B

TC21

0.573 820

41



TC21 Y;;

B TC21

4.1

FRANC2D/L B TC21
da/dN AK Kic

4.2 FRANC2D/L

4.2.1FRANC2D/L

FRANC2D Fracture Analysis Code
Cornell Pall Wawrzynek
FRANC2D/L FRANC2D

FRANC2D/L
J
FRANC3D FRANC2D/L

42



FRANC2D/L
CASCA
FRANC2D/L

-172

Henshell  Barsoum

RO

CASCA
FRANC2D/L

4.1

1/4
4.2 CASCA

"~ main

HE R

4.2

FRANC2D/L

FRANC2D/L

FRANC2D/L

=0



TC21 B
4.2.2 FRANC2D/L
Paris
m
da/dN=C( K) 4.1
a N da/dN K
Kmax-Kmin C m
FRANC2D/L 4.1
(4.1) « (Paris) " 43
e RAGEE 10 2 :
da/dN € mricyele) ; | |
oot B AmemTasedy S
' daf d¥=C (AK)" :
3 ﬁ I eI
| & s
1y I ﬁ?ﬂ i 7
& &
% | &
wt BRSO 1
1= H
./ 2
o ! : %
i ' ; 1
/! &
| | I
o l !
H 10 50 100
FEAEE ETFEEE AK (MPafm )
43
[50,51]
AK da/dN—0
AK AKy
logda/dN-logAK AK

10x10°

44

Kmax=AK/(1-R)=K;c

da/dN
10x10”°mm/cycle

10x107  10x 10"5mm/cycle

10x10”°mm/cycle



423

FRANC2D/L

43P

43.1

FRANC2D/L
44

FRANC2D/L

e, RlSER
£ CASCA B3 A 08

!

CASCA
ANSYS ABAQUS

WA, BATE T
(FRANC2D/L)

L

MR TR
(FRANC2D/L)

L

E R . R eN
(FRANC2D/L)

3

Cornell

CASCA

R

{

MR W
(FRANCID/L)

U

B fp 4347 WG WS R T
(FRANC2D/L)

*!%Hiil[|

4.4 FRANC2D/L

TC21

MatlabR2008a

i=imread('"E:\TC21\Tc21Yuan.jpg")

g=rgb2gray(i)

%

B

LEEi2

TC21

45



TC21 Y;;

figure imshow(g) %

m=medfilt2(im) % figure
bw=im2bw(m) % figure
BW1l1=bwperim(bw) % figure

BN

; im=imadjust(g

[0.511,[1,1.4) %

imshow(m) %
imshow(bw) %

imshow(BW1).%

4.6
45 a B TC21
a
c FARANC2D/L
4.6 4.1 42 TC21
write mesh *.inp

46

b Matlab

CASCA

Franc2D/L 4.7



4.7
4.1
E GPa n p kg/m’
115 0.33 4620
42 TC21
op(MPa) G0 (MPa) 8(%) y(%) Kic(MPasm'?)
1117 1020 13.3 23.0 97.2/95.2/96.7
432
FRANC2D/L PREPROCESS
X y
Ydisp 5E-5inch FRANC2D/L

4.8

47



TC21

B

433

48

4.8

NONLINEAR INCREMENTAL ANALYSIS

EMPLOYED PARAMETERS :
Load Sub-Steps
Equilih.Tolerance = 1 .9PARARAE-AY
Solver Max Iterationsz =

Load
Load
Load
Load
Load
Load
Appl

Factor
Factor
Factor
Factor
Factor
Factor
Disp Fac

=T QY S T L B

A.888R0
A.88800
A.88800
A.88800
A.60088
A.60088
1.60888

1A

208

3E-SnE ek oo eE e e -3 Jn oo -3 JefJof-JoE-JoE- - -Jef oo oo -SeE e e - ef oo -Jef e oo - -ef e e

Total Time <inc overhead>
Renumber equations Time
Bandwidth reduction Time

11522

Azsembhly Time

Decompozition Time
Backsubstitution Time

Total ¥ Applied Force
Total ¥ Applied Force
Fixity X Reaction
Fixity ¥ Reaction
Applied Disp B Force
Applied Disp ¥ Force

Load Step Complete:

3o JoE -0 -3 JofJoE-JoE oo -JnE e nE eSS Ief e e

0.1
49 b

FRANC Analyszisz Report

Equations

18

2145126 Stiffness coefficients

13171233
19888743
16782658
147460854
-28A4318
4772185:

A.782368E-14
A.245154E-14
A.68AVASE-14
A.60080
A.60080
B.657195E-14

FARANC2D/L



a > b —»> ¢ > d —> e

4.9

49



TC21 Y;;

434
Xy
Xy
410 415
15 1E-6inch 4.16 417
418 423 424 Y
3E-6 15
425 a Tip
8 426

4.10 oy

4.11 oy

50



4.12 oy

i, 2T L EHFS

51



TC21 Yi;

4.16
4.17

Stmp: 15

Daf imbing svabilivey amd directisn
Pet_show_sangle: 1. Bd4%74

Def imfing asvahilicy amd direction
Pet_zhow_snglat: W 4627

of prepagat ios

of propagat ion

PERFPORHIMNG LINEAR ELASTIC AMALYEIE:

Bedurce handwidthe
oo Oatf:
Arzenhlel
Baoksaibst btut 1om =

FHAML
1hE12 Equations

Totsl Tims Cinc nusphsadl
Renumber eguatisns Tise
Bandwidth weduction Time
Asgemily Tiss
Bacomporition Time
Bachaubst itait fon Tise

Total Work

Amalysis Hepopt
#0951 Etiffnese cosflicients

PEAPEAT

B B
18RISA6EL
L b
131253
E¥RLEIE:

« FIRIAE-B1L

AHALYS1S DBOHE
flutomat ic Propagat iom done

52



4.20

53



TC21

B

54

4.21 O]

422 o,

423 7 ..



424Y

B, ZA8RE-84

8. 16E6E-64

-8, 186BE-A4

-8, 2880E-84

55



TC21 Y;;

56

]
Sy _mmﬁ'ﬂlmy ;
ANV LAY ME
;H f ',flf"’; ’ ~.

b

4.25
4.26

Step: &

Defining stabhility and direction of propagation
Pst_show_angle: 3.2288088

Defining stabhility and direction of propagation
Pst_show_angle: 2.375312

PERFORMING LINEAR ELASTIC AHALYSIS:

Reduce handwidth:

Zero Gstf:

Assemble:

Backsubstitution:

FRANC Analysis Report

16812 Egquations 4802367 Stiffness coefficients
Total Time ¢inc overhead? : 19231989
Renumber equations Time 5 A: 868
Bandwidth reduction Time : —-93685762
Aszembhly Time : 183681332
Decomposition Time D 13171233
Backsubstitution Time : L965232:
Total Work : .33851E-81

ANALYSIS DONE
Crack iz close to a houndary: go step by step
Automatic Propagation done
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Step Oc | cracklength K; Ky Gy Gn
1 -16.55 0.265E-04 | 57.83 | 8.784 | 0.108 0.249E-2
2 -2.967 0.302E-04 | 67.27 | 1.744 | 0.146 0.984E-4
3 -9.243 0.340E-04 | 74.77 | 6.124 | 0.181 0.121E-2
4 -0.464 0.380E-04 | 78.34 | 0.317 | 0.198 0.325E-5
5 -0.247 0.421E-04 | 78.65 | 0.169 | 0.200 0.926E-6
6 2.378 0.457E-04 | 84.47 | -1.755 | 0.231 0.995E-4
7 -3.013 0.495E-04 | 84.24 | 2219 | 0.229 0.159E-3
8 -0.902 0.533E-04 | 84.06 | 0.662 | 0.228 0.142E-4
9 -1.984 0.568E-04 | 77.99 | 1.351 | 0.197 0.590E-4
10 -3.947 0.598E-04 | 76.42 | 2.640 | 0.189 0.225E-3
11 -2.930 0.627E-04 | 80.47 | 2.061 | 0.209 0.137E-3
12 1.719 0.657E-04 | 79.94 | -1.20 | 0.207 0.465E-4
13 -0.186 0.688E-04 | 77.06 | 0.125 | 0.192 0.506E-6
14 -22.43 0.760E-04 | 39.28 | 8.452 0 0
Paris II
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1I-1 I da/dN=D’x0.5x10"%(  K)*
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a 1 b 2
4.34
44
K da/dN da/dN r,% K da/dN da/dN r,%
11.229 | 2.73E-5 3.32E-5 21.586 15.608 | 9.47E-5 8.42E-5 -11.053

11.413 | 2.93E-5 | 3.33E-5 13.762 17.699 | 1.28E-4 1.62E-4 26.263
11.599 | 3.03E-5 | 3.35E-5 10.458 18.216 | 1.39E-4 1.63E-4 17.507

11.799 3E-5 3.36E-5 12.074 18.813 | 1.53E-4 1.65E-4 7.978
11.952 | 3.11E-5 3.37E-5 8.469 19.501 | 1.68E-4 1.67E-4 -0.319
12.101 | 3.01E-5 | 3.38E-5 12.433 20.325 | 1.86E-4 1.70E-4 -8.661
12.245 3E-5 3.39E-5 13.138 21.031 | 2.04E-4 1.72E-4 -15.762
12.408 | 3.16E-5 3.40E-5 7.451 21.591 | 2.18E-4 1.73E-4 -20.476

12.567 | 3.31E-5 | 3.42E-5 3.263 22.180 | 2.35E-4 | 2.93E-4 24.756

12.739 | 3.63E-5 | 3.43E-5 -5.390 22.878 | 2.51E-4 | 2.98E-4 18.554
12.938 | 3.66E-5 | 3.45E-5 -5.772 23.673 | 2.68E-4 | 3.03E-4 12.877
13.149 | 3.96E-5 | 3.46E-5 -12.545 | 24338 | 2.86E-4 | 3.07E-4 7.401

13372 | 4.11E-5 | 3.48E-5 -15.359 | 25.065 | 3.19E-4 | 3.14E-4 -1.654
14.687 | 6.28E-5 | 8.25E-5 31.379 25.604 | 3.57E-4 | 3.19E-4 -10.757
14961 | 7.58E-5 | 8.30E-5 9.509 26.250 | 3.89E-4 | 3.23E-4 -17.037
15.256 | 8.56E-5 8.36E-5 -2.304 27.078 | 421E-4 | 3.28E-4 -22.059
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4.5TC21

o 95% o 95%
a pm 95% a 95%
1.37 [1.30 1.45] 16.64 [13.42,19.96]
800 2.49 [2.41,2.56] 14.46 [11.12,17.59]
820 3.39 [3.32,3.47] 17.49 [8.46,26.7]
850 4.47 [4.36,4.59] 24.21 [17.03,31.5]
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