PNC TN9410 94-261

™

BB (V)

=79 LT ) 7T VEDIEA R

Mod. 9Cr-IMoSRESFHR LI B & CEREH DR, 7 ) —7BL Y 77—V a Vit

1994%6H

By 4P - BRIRAR B BN
KL% L ¥ I —



BRUUIZDOEEDAFIZONTIE, FRICBREWEhELES,
T311-13  REIRFKIAR R BEET i FH BT 4002
B 0 - iR BR R
RETFEEF— VAT LBRBEELR B EEE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—ken, 311-13, Japan

B 4F R R BA S E 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC TN9410 94-261
199446 H

R70AE) 77V HOEMINEERR (V)

Mod. SCr-1Mo$BEM BB S CEREHOFIE, 2V —TBLVYS 2~y o v

FAREMN® MEE— /ME#HT>
HHE—* FHEE
R B

FBRABEFO—GHEFRBEAITEEMB & UTHARTE TN TV 5Mod. 90r- 1Mol O Z A4 24
B (Zmmt) BSUCREREH OV, BRIERER, AGH 2V -TBEVY 52—y
vRARRRML , BRYRGERIEE L. 1, Cr-2Mof@% AV TRABRRE 2TV, Nod. 9Cr-
1MofM & D LB 247 - 12 . '

BohERE2ENTBZLLUTOEVTSHS.

1. 5lEssH:

(DMod. ICr~-1Hof O ZHEHUBH b LU EREHOTIER S 125 VI 0.2%FHiE, HtaE
HHEEEOS u, SYZESWRLTVE. 7L, SuffiBEL TREEL O
BoTWaZ idhd, SERANBETM2T5 BERSS. .

(2)Mod. SCr-1Mof D EH BN UM b L CEREH P OFER I 1, Cr-2MofHOEHIM & »
AWEEZRLE.

(3)Mod. OCr-1KHoZH DIZMENYIRM & EHEH & OB, 5IEME, 0. 2% OB EEREL
THY, FHLLI3ZREZBD O b o,

2. 2y — 7R

(1)Kod. 9Cr-1ModH O ERMEINLHH B L CEREH O 2 Y — FHNHE L, 500°C~600CTOH
HREEREEEORHT 7 V- 7RIS IR E S 2 BL, 28MkAE LEo T,
ChERERMNITEStH 5.

(2)BH 27 V) — 7 HEE L IR & OBER BV CARBROER R, UEHLED > h -
ERECRINTVIEE 7V —TOFaEE S, L HBENRV—FER LT,

(3)Mod. 9Cr-1Mo8H D 7 Y — FHAMTHEE IR B & CIEHEH & H90r-2Mofl L D DB WERRL,
Hod.9Cr-IMoEiMRBENR I 7 V —~ TR E2HF LTV A T ERBEL M IE - 2.

3-’)57"2—93'/%@ .

(1Hod. 9Cr- 1Mo D O3 50, 1~0.5% O O IE /1 BRI & JS0EE c B @EHmL, =
NUBOISTHENBR/NEI VWS OTh . ChLOEHENBREE, BoFailE &
ALz, —7, 9Cr-2Moffi3 20084 fHIZRE D BRA KIS FHEHAGERE L TH U Mod. 9Cr-1Mo%H &
B hEHERLE.

@OFRBFMEARL T3 ) 57— 2 VEHR, BRAEEDZ? ) — 70X TRBCE2 0
ENRBRTE,

FRAOHRIE, SROVBBERENFUORE L P RERFLOBELOBRF—» 2 LK
MEhs.

¥ RBELF LY 7 — HSBEEHRYE #RERE



"PNC TN9410 94-261
JUN., 1994

Nechanical Properties on High (r-¥o Steels at Elevated Temperature, (V)

Tensile, Creep and Relaxation Properties of Mod.9Cr-1Mo Steel Plate and Tube
for Steam Generator.

M.Aoki*,S.Kato*,R.Komine*®
E.Yoshida*,Y.¥ada®

Abstract

In this study, tensile, creep and relaxation test in air were performed in order to
examine the mechanical properties of Mod.9Cr-1Mo steel which is a candidate material for
once throuth type steam generator of large scale fast breeder reactor. Tested materials
were plate(12mmt) simulating heat exchenger tube and heat exchenger tube of Mod.9Cr-1Mo
steel and 9Cr-2Mo steel was also tesied as reference material.

Results obtained are summarized as follows.

1, Tensile properties

(1)Ultimate tensile strength and 0.2% vyield strength of Mod.9Cr-1Mo steels were
higher than the tentative Su and Sy values of the design allowable stress in the
test tempareture below 600°C.

(2)Ultimate tensile strength of Mod.9Cr-1Mo steels plate and tube were higher than
that of 9Cr-2Mo Steels.

(8)The difference in ultimate tensile strength and 0.2%yield strength between steel
plate and tube could not be found in these tests.

2, Creep properties

(1)Creep rupture strength of Mod.9Cr-1Mo steel plate and tube was higher than the
tentative Sz value of the design creep-rupture stress intensity at 500~600°C, and
this tendency is significant in the range of longer rupture time.

(2)For the relation between steady creep rate and creep rupture time, steady creep
rates obtained in this study coincided well with the &, of tentative creep sirain
equation.

(8)Creep rupture strength of Mod.9Cr-1Mo steel plate and tube was higher than that of
9Cr-2Mo steel, -

3, Relaxation properties

(DIn the strain range of 0.1~0.5%,stress rapidly relaxed during the short hold tine,
and stress relaxation tended to be saturate beyond 50hours. These relaxation
stresses became large in higher {emperature and higher strain level.

(2)Stress relaxation behavior was predicted approximately by tentative creep equation
of Mod.9Cr-iMo steel.

The analysis of these test results is continued to develop of evaluation method of
material strength. '

% Materials Development section,Systems and Components Division,
O-arai Engineering Center.



PNC TN9410 94-261

H &K

1. LELSBDIT cevevscmncatenronsonnanaseastttisessnssestrnnsnonsonnannnnnnns 1
O . ZRERTTHE v veereeererotatnitt ettt 9
TR . - O T PP 9
9. 2 FEUPNESEBIURBETIRTE «rrrrrrerrercriaenean. EERRERES 9
9. 3 BIEESRBRTHEL crcerrrerececerert ettt 9
9. 4 HZ Y TFRERITIE vt aaae e ittt 9
9 5 YShem g VERERGEE creeecererrerreracncennnaanenirraneneeas 3
3. aﬁ%%q‘a;wﬁﬁ .................................................... 4
3. 1 B[EEABHE e cveccrocnerantttatietttiiet et taese et 4
3. 1. 1 BREMBEEMEME - oecerececrenceteiatttiatttetanetetanaacenens 4
(1) glgﬁgﬁg ...................................................... 4

(2) 0.29%TF]  wrvvreremrmmrer ettt it it 4

3. 1. 2 E[EEREBRIEHE v orccerrrrrraccranitaansenieitiiiia 5
(1) BEBHEITE voevoveoreooosrorassoceasesacansoceonarnnersnnsssssasan 5

(2) BEBFEED  vvvvverereoneenenneeneonteeionaaeeaieieioneseniniereneen 5

(3) BIEH ~BEDFH  croevrreeecemsannnns T 5
Q. 2 U T HEHE  ceee e et aeaee et 8
3. 2. 1 HU—TREWRREE v rrrerrorennrrrnersnnssnessnisasaniaes 8

3. 2. 2 JU—TBEBHEHE -cococereecneeiie 6
'F. 9. 3 TEES Y —THEEE cecercectrtranntttinaecattioiiiaaal ST 8
3. 2. 4 ESEEY Y —FRHRABERT - cccccccverancenrantienanaeaaas 8
3. 8 USSP g UBEHE errerreereatetatecietaieaiieiiiiriaienaaas 8
3. 8. 1 USHt—g BB ceerrerenneeateiiiiiiaa e 8

3. 3. 2 JSFEFIE v veecveeerereaatectanotetaietitaietitiiieesoaon 9

4, BE oeee T T T T T 10
4. 1 EXET5IRME (Su) BRURITIRARK (Sy) LOHE -vvvvrres 10
4, 2 U —FBEHRE DHBE  covrrrreorerarrarnretiii e 10
4. 8 ZY—TOTHEREDHEE coovrereranraraaiiniarairaaanaaas 10
4. 4 V3 0%—va B8O Y —TOFTERICKBERIEIICOVWT -e e 10

G, A BD rererennenreanentenan et e teeiataetaeaaaeeaeaaeaas 12
BRFETHR v v e v e v e e er e te e e et e et e ee e 13
APDERAIX == e v e v ettt ety 125



PNC TN9410 94-261

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

16

17

18

19

List of Figures

Sampling Method of Tensile, Creep and Relaxation Test Specimens

of GCr-Mo Steel Plate.  --eveeeerrrserescussnitocoeatnanuiacecnnes 41
Sampling Method of Tensile and Creep Test Specimens

Of QCI'—MO Steel T“hE. .......................................... 42
Size and Configuration of the Specimens(1), cov=-rreersrvrmmcocnee 43
Size and Configuration of the Specimens(2). r-evcerrremrmmenrenee 44

Ultimate Tensile Strength as a Function of Test Temperature

for Plate and Tube of Mod.9Cr-1Mo and 9Cr-2Mo Steels, -rr----vceee 45
The 0.2% Yield Strength as a Function of Test Temperature

for Plate and Tube of Mod.9Cr-1Mo and 9Cr-2Mo Steels. ==-r--ve--- 46
Variation of Yield Ratio with Test Temperature

of Mod. 9Cr-1Mo and 8Cr-2Mo Steels.  =eecvrervmmmermreeonrroncnnes 47
Fracture Elongation of Mod.9Cr-1Mo and 9Cr-2Mo steels.  --------+- 48
Reduction of Area at Mod. 9Cr-1Mo and 9Cr-2Mo steels.  +e=wrevecse- 49
True Stress-Strain Curve between Room Temperature

from 600°C of Mod. 9Cr—1Mo Steel.  «-erreesrrrremecrrmcnoonmnnccnnes 50
True Stress-Strain Curve between Room Temperature

from 600°C Of gcr_ZMo StEEl. O e T 51
Creep Rupture Properties of Mod.9Cr-1Mo Steel Plate and Tube. ---- 52
Creep Rupture Properties of 9Cr-2Mo Steel Plate and Tube. -------- 53
Comparison Between Creep Rupture and Time to Rupture

for Mod. 9Cr-1Mo and 9Cr-2Mo Steel Plates. ceorre-ermrvernrovnencers o4
Comparison Between Creep Rupture and Time to Ruputure

for Mod. 9Cr-IMo and 9Cr-2Mo Steel Tubes.  srerrecmerorcenenreneens 39
Relation Between Fracture Elongation and Time to Rupfure

of Mod. 9Cr-1Mo Steel Piate and Tube.  ----vreceerrreroieieenees 56
Relation Between Fracture Elongation and Time to Rupture

Of QCI'_2M0 StBEl Plate ﬂ.ﬂd TUbE. ................................ 57
Relation Between Fracture Elongation and Time to Rupture

of Mod. 9Cr-1Mo and 9Cr-2Mo Steel Plates.  r---erero-eversnnennerer 58

Relation Between Fracture Elongation and Time to Rupture
of Mod. 9Cr-1Mo and 9Cr-2Mo Steel Tube.  «-ereversessrrnssssnseeees 59

v



PNC TN9410 94-261

Fig.20

Fig. 21

Fig. 22

Fig. 23

Fig. 24

Fig. 25

Fig. 26

Fig. 27

Fig. 28

Fig. 29

Fig. 30

Fig. 31

Fig. 32

Fig. 33

Fig. 34

Fig. 35

Fig. 36

Fig. 37

Fig. 38

Fig. 39

Relation Between Reduction of Area and Time to Rupture

of Mod.9Cr-1Mo Steel Plate and Tube. ----- AR EEEER LR AL 60
Relation Between Reduction of Area and Time to Rupture

of 9Cr-2Mo Steel plate and Tube.  »eeevrcrvcrrmereniariencanann 61
Reiation Between Reduction of Area and Time to Rupture

of Mod. 9Cr-IMo and 9Cr-2Mo Steel Plate. +r-cercerreccrsccanccneen 62
Relation Between Reduction of Area and Time to Rupture

of Mod. 9Cr-IMo and 9Cr-2Mo Steel Tube.  +-v-recrrmreccceceneneen 63
Comparison of Creep Curves for Mod. 9Cr-1Mo Steel Plate

at Various Temperature(l).  =re-sreerrrsrrorrrrrreccarenrnrenennes 64
Comparison of Creep Curves for Mod. 9Cr-1Mo Steel Plate

at Various Temperature(2).  =-e-verrrecerccrcciriiiiioiiiienenene. 65
Comparison of Creep Curves for Mod.9Cr-1Mo Steel Plate at 500°C. -- 66
Comparison of Creep Curves for Mod. 9Cr-1Mo Steel Plate at 550°C. -- 67
Comparison of Creep Curves for Mod. 9Cr-1Mo Steel Plate at 600°C. -- 68
Comparison of Creep Curves for 9Cr-2Mo Steel Plate

at Various Temperature(l),  <e-evreevemereattiomairincicienninnns 69
Comparison of Creep Curves for 9Cr-2Mo Steel Plate

at Various Temperature(z)_ ...................................... T0
Comparison of Creep Curves for 9Cr-2Mo Sieel Piate at 500°C. ------ 71
Comparison of Creep Curves for 9Cr-2Mo Steel Plate at 550°C. ------ 12
Comparison of Creep Curves for "9Cr-2Mo Steel Plate at 600°C. ------ 173
Comparison of Steady Creep Rate of Mod. 9Cr-IMo

With 9CI'"2MU StEEIS. ............................................ 74
Relation of Steady Creep Rate with Time to Rupture

for Mod. 9Cr-1Mo and3Cr-2Mo Steels.  srrevrrrceervrenrnneennneraen. 75
Relation of Steady Creep Rate with Time to Rupture

for Mod. 9Cr-1Mo Steel. (500°C) ---rrvvrerercnmrmrenr e rinniee 76
Relation of Steady Creep Rate with Time to Rupture

for Mod. 9Cr-1Mo Steel. (550°C) cevvvrrrrerrrernrnnennverenvonennes 7
Relation of Steady Creep Rate with Time to Rupture

fOI' MOd. QCT—IMO StEEl. (ﬁoo"c) .................................... 78
Relation of Stress with Time to Tertiary Creep

for Mod. 9Cr-1Mo and 9Cr-2Mo Steels. +-c-cvcremcrrrrmrmremnemuaie 79

v



PNC TN9410 94-261

Fig. 40
Fig. 41

Fig. 42

Fig. 43

Fig. 44

Fig. 43

Fig. 46

Fig. 47

Fig. 48

Fig. 49

Fig. 50

Fig. 51

Fig. 52

Fig. 53

Fig. 54

Fig. 55

Fig. 56

Time to Tertiary Creep of Mod. 9Cr-1Mo and 9Cr-2Mo Steels.

Comparison of Stress Relaxation Curves at 0.2% Strain

of Various Test Temperature for Mod. 9Cr-1Mo Steel(1).

Comparison

of Various Test Temperature for Mod. 9Cr-1Mo Steel(2).

Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison
of Various

Comparison

of Various

Comparison
of Various
Comparison
of Various
Comparison
of Various
Comparison

of Various

of Stress Relaxation

of Stress Relaxation

Test Temperature for Mod. 9Cr-1Mo Steel(1).

of Stress Relaxation

Test Temperature for Mod. 9Cr-1Mo Steel{(2).

of Stress Relaxation

Test Temperature for Mod. 9Cr-1Mo Steel.

of Stress Relaxation

Strain for Mod. 9Cr-1Mo Steel (1)

of Stress Relaxation

Strain for Med. 9Cr-1Mo Steel (2)

of Stress Relaxation

Strain for Mod. 9Cr-1Mo Steel (1).

of Stress Relaxation

Strain for Mod. 9Cr-iMo Steel (2).

of Stress Relaxation

Strain for Mod.9Cr-1Mo Steel.

of Stress Relaxation
Test Temperature for
of Stress Relaxation
Test Temperature for
of Stress Relaxation
Test Temperature for
of Stress Relaxation
Test Temperature for
of Stress Relaxation
Test Temperature for
of Stress Relaxation

Test Temperature for

........ 80
............ 81
Curves at 0.2% Strain
............ 82
Curves at 0.3% Strain
............ 83
Curves at 0.3% Strain
............ 84
Curves at 0.5% Strain
.............. 85
Curves at 500°C
...................... 86
Curves at 500°C
...................... 87
Curves at 550°C
.................... 88
Curves at 550°C
.................... 89
Curves at 600°C
........................ 90
Curves at 0. 1% Strain
9Cl‘"2M0 StEEI. .................. 91
Curves at 0.15% Strain
9Cr-2Mo Steel.  --eevcceerereriens 92
Curves at 0.2% Strain
9Cr-2Mo Steel (1).  =xeeveerereres 93
Curves at 0.2% Strain
9Cr-2Mo Steel (2).  reseererereeee 94
Curves at 0.3% Strain
gcr_zMo StEE].. .................. 95
Curves at 0.5% Strain
9Cr-2M0 StEEI. .................. 96



PNC TN9410 94-261

Fig,

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig,

Fig.

57
58
59
60
61
62
63
64
65
66
67
68
69

70
71

12

73

Comparison of Stress Relaxation Curves at 500°C

of Various Strain for 9Cr-2Mo Steel. ----vvreervvrrmaaninenennn. 97
Comparison of Stress Relaxation Curves at 550°C

of Various Strain for 9Cr-2Mo Steel.  crvecrvvvrrrerreciunaneen... 98
Comparison of Relaxation Behavior of Mod.9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.2% at 500°C(1). «cevevvevmeneerannn. 99
Comparison of Relaxation Behavior for Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.2% at 500°C(2). «-errevevrvoenersnns 100
Comparison of Relaxation Behavior for Mod. 9Cr-IMo and 9Cr-2Mo

Steels with Strain Range of 0.3% at 500°C.  +ecrrereervonnenninne, 101
Comparison of Relaxation Behavior for Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.5% at 500°C.  -«-correcrorvnnaanene 102
Comparison of Relaxation Behavior for Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.1% at 550°C.  ----vvcvrevccrennnnnn 103
Comparison of Relaxation Behavier for of Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.15% at B50°C. -----evveveerecenenn.. 104
Comparison of Relaxation Behavior for of Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.2% at 550°C(1). -rrereeerencererins 105
Comparison of Relaxation Behavior for Mod. 9Cr-iMo and 9Cr-2Mo

Steels with Strain Range of 0.2% at 550°C(2). «ccvvrvvvcreeennnn. 106
Comparison of Relaxation Behavior for Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.3% at 550°C.  ---cvcvvevecreendvnnn, 107
Comparison of Relaxation Behavior for Mod. 9Cr-1Mo and 9Cr-2Mo

Steels with Strain Range of 0.5% at 550°C.  «---vvvvvevecennnnnnn, 108
Comparison of Residual Stress with Strain for Mod. 9Cr-1Mo -

aﬂd QCr—2M0 Steels. .............................................. 109
Relation of Minimum Stress with Strain Rate.  rrererevereecevrenns 110

Comparison of Relaxation Behavior and Creep Equation
for Mod. 9Cr-1Mo with Strain Range of 0.2% at 500°C(1). «+--vv--- 111
Comparison of Relaxation Behavior and Creep Equation
of Mod.9Cr-1Mo with Strain Range of 0.2% at 500°C(2). ~-----vvrern- 112
Comparison of Relaxation Behavior and Creep Equation
of Mod.9Cr-1Mo with Strain Range of 0.3% at 500°C(1). +--vcvvrr--- 113



PNC TN9410 94-261

Fig. 74

Fig. 75

Fig. 76

Fig. 77

Fig. 78

Fig. 79

Fig. 80

Fig. 81

Fig. 82

Fig. 83

Fig. 84

Comparison of Relaxation Behavior and Creep
of Mod.9Cr-IMo with Strain Range of 0.3% at
Comparison of Relaxation Behavier and Creep
of Mod. 9Cr-1Mo with Strain Range of 0.5X at
Comparison of Relaxation Behavior and Creep
of Mod. 9Cr-1Mo with Strain Range of 0.1X at

Comparison of Relaxation Behavior and Creep

Equation

500°C(2).

Equation
500°C.
Equation
550°C.

Equation

of Mod.9Cr-1Mo with Strain Range of 0.15% at 550°C.

Comparison of Relaxation Behavior and Creep
of Mod.9Cr-1Mo with Strain Range of 0.2} at
Comparison of Relaxation Behavior and (reep
of Mod. 9Cr-1Mo with Strain Range of 0.2% at
Comparison of Relaxation Behavior and Creep
of Mod. 9Cr-1Mo with Strain Range of 0.3% at
Comparison of Relaxation Behavior and Creep
of Mod. 9Cr-1Mo with Strain Range of 0.3X% at
Comparison of Relaxation Behavior and Creep
of Mod.9Cr-IMo with Strain Range of 0.5% at
Comparison of Relaxation Behavior and Creep
of Mod. 9Cr-iMo with Strain Range of 0.2% at
Comparison of Relaxation Behavior and Creep
of Mod. 9Cr-1Mo with Strain Range of 0.3% at

Equation

550°C(1).

Equation

550°C(2).

Equation

550°C(1).

Equation

550°C(2).

Equation
550°C.
Equation
600°C.
Equation
600°C.

------------

--------------

--------------

------------

------------

------------

------------

--------------

--------------

--------------



PNC TN9410 94-261

Table

Table
Table
Table
Table

Table
Table
Table
Table

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

L = Lo N

w o -3

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
217

List of Tables

Summary of Manufacturing Specification of Mod. 9Cr-1Mo

StEEl Plate. ....................................................
Manufacturing Process of Mod.9Cr-1Mo Steel Plate.  +vevcvervv-ees
Summary of Manufacturing Specification of SCr-2Mo Steel Plate.
Manufacturing Process of 9Cr-2Mo Steel Plate.  «v-revvrevreve-s v
Summary of Manufacturing Specification of Mod. 9Cr-1Mo

StGEI TUbE. ....................................................
Manufacturing Process of Mod. 9Cr-IMo Steel Tube. <----rccvreve--
Summary of Manufacturing Specification of 9Cr-2Mo Steel Tube.
Manufacturing Process of 9Cr-2Mo Steel Tube. ceoorercrrereveveecs.
Chemical Composition, Heat Treatment and Mechanical

Prﬂpaties Of Tested Materials_ ................................
Results of Tensile Test on Mod. 9Cr-1Mo Steel Plate.  «ovevvv-vves
Results of Tensile Test on Mod. 9Cr-IMc Steel Tube, +---vvvvvv---
Results of Tensile Test on 3Cr-2Mo Steel Plate.  =-:-cvvvvevcnee:
Results of Tensile Test on 9Cr-2Mo Steel Tube. srevecvevrerevene:
Creep Test Results of Mod. 9Cr-1Mo Steel plate, sreeevvevrreveess.
Creep Test Results of Mod. 9Cr-1Mo Steel Tube.  -r-evvecvevreevres
Creep Test Results of 9Cr-2Mo Steel plate. ~-----veccereenseces.n.
Creep Test Results of 9Cr-2Mo Steel Tube.  +#e-vrevrevnvmneacn.n.
Creep Rupture Bquation — ccccvecrvrevecnsrnacnarioaeeionnacanns
Creep Strain BQuation r-----ererresserererennmaeaneeaieaaian,s
Results of Relaxation Test on Mod. 9Cr-1Mo Steel. (1)  wecevecrenes
Results of Relaxation Test on Mod. 9Cr-1Mo Steel.(2) ----vvvvere-
Results of Relaxation Test on Mod. 9Cr-1Mo Steel.(3)  cevevevreres
Results of Relaxation Test on Mod. 8Cr-1Mo Steel.(4)  «---vvvvv---
Results of Relaxation Test on 9Cr-2Mo Steel. (1)  ---cc-vecccverns
Results of Relaxation Test on 9Cr-2Mo Steel.(2)  ~-evcvverevnnens
Resuits of Relaxation Test on 9Cr-2Mo Steel. (3)  +evvvveesennsvne
Results of Relaxation Test on 9Cr-2Mo Steel. {4) -r---rrrverevess



PNC TN9410 94-261

1. 3T D

FENEFERE AL vl DBROZEF IS RARFEBVTR, THAL vl OFEMEGH ¢
BR—ZEREERHE LD, JVEBEELZERLARHRTONS ., SEFHCELCREEEIE
THEASNLHMBERER L LN, ELABNLRERHE2TR LI IERHNOBANERIN TV .
COESRBEOPT, EROFEFEIREZMHERDI2HB L LcEFREES TRISNERNh,
HMEIES SUVRBRECEh FER2E LCVWAHIZI AT Y 7Py BOMARRI S h T -
O, REETR, ChODHEZRAE ) 77V HOBERBRTON, Kod. Sr-IMoEHOF 7 n sz
UZ7FVEELRL, BERMBRE2E T LATERRECHM LB o T, QO 0O8)

COLIBRREPHEZ, Hod. I0r- INoSIRKIEF O—FERBEIREBHHE LCOBARYMEEN
THY 2, &z, Kod. Lr-1MoFHXEOKNREAHB & LTE RIS K SN, Hod. 9Cr-1ModH % SZH
OREBEHRCERTIRAHL- TR, BEFL LTORELLBHAOEREF— 5 ORMEIED 3 HEHR
5. TOLYD, fod.SCr-INoBMOBAMREE2Ho MR TSI L 2ENKE, 8HER, FHRD LUERS
HEOVWT—HORERE 2L T/, BBMaE (250~280tmm) BLOEKR (B5L)R2VTIE
WECORBEINTVS.

FHER, Mod.9Cr-1Mof OEHME (£81.8X3.5mmt) BLOERHBTRMYT 554 (12mmt, BT
ME#MEHLKIEES) RETALOTHY, & CRETHII T 26 &Nod. SCr- 1Mo DO B BRI, »
U—TRESIT IS 72—y a VRRBERRDVWTHET S, 270, HEBEME LTCr-2Hol2EE L,
Hod.9Cr-IMofl & LEEIRS L M RNBR DV T HHET 5. 125, Nod. 9Cr-1MofE O BH (L OMFHIBLE A
RELHZATHENCREINZTETH Y, FHETREJSHYEH OERNMRR 22Dt EXLY
RO L L.



PNC TN9410 94-261

2. BNEsEITEE

2.1 #RH

| FRBI AW EREZ, Hod. ICr-1HofR(ATHIEU SR 1F2,F3) B J U HEM & L TICr-2Hofl (AT
YR ES, H)TH B . REBRIE, BHE202 ETCRABRATERE & oRR Lo HK» 5 RRTHE
REMTF LIV HI, Mod.9Cr-1¥o$ B & CICr-2Hof OISR & BIEMBEZO D O LT
SR U L E RSN (EESIR © ~STEE1000WX1000L X12mm t ) B LTRBRAERVFE 28
BT 5700 OEHE ([ ¢$31.8X3.5t X12000mm) 2RV, ThooWEERSLICHE
—#%Table 1~8lKRY . i, SRAMOIFERS, BURFEBIT IV Y — FOBEREE2
Table 9WCRT . S

2.2 HPHENESEBLUHERBIERTE

Fig. 13 L UFig. 2l i, BHRAH» > ORBHFEDNEELTT. CGHEHIEH TRRBRF OF
FRRERAMOEEES RO U TEFE BB LS RHERL, i, EREREL CRERES]
P EHEERBAETHBETE RS L5 RBH L. RBRFOBRTER, GREHLEMT
BEFHERIOmmOMKABRBA TH 0, ELMERE (G.1) B5l&kE 2 ¥ — FABRA#50mm,
Y3 7e—ya VRBAMRIOOMmMTSH 5. EHERBA OBRARERE T O X Z OBIREZFTHE
BmmTADR LVREMT U AMRERBHF <50, SEAMERRSIR, 7V - "RBA & 330mm
& L. RBR OFRTE:%Fis.8,4lKmd .

2.8 FIRRBFE
SlERARE, J1s-G-224]1 TEEHMNTIRIRB AL , JI1S-2-0567 TEEHHE S LUHBMEEOR
BEIERBRFE] 260Kk TFBREBHBAREHEES] O ERLTEELL. 0FsHE
B, #0.5%ToE0FaAITi30.3%/nin (RO IFAEE) , ChE2BAS3FVTHMT
W, FIRBET.0%/min (Zu X~y FIISHEHEARN) T55. 5IRAREERZE,5600CK
TEL, RS0 OHMEFBRICHRRZEBL -, GIRFARBOEMORE, qiE 2V &2H)

2.4 7)—7RBHE

7 —FRBAER, JIS-7-2271 T&EBHEO5|ER 7 V- TRBRAE] B I CJIS-1-2272 TR
HREIE S ) — THIRBR A%l B50R TFBREBMBRBEHEMES] 20 KB L T L
Ul G#MEESEH T3, RBR 02 ) - 7R RERMCR YN - EEF o2/ NHE
BERAVWRY TN L e AV 4 v F— s MBEEBTIVABRNCY v 7YY T Lk, CTORERE
P, 7Y —=70FsOBMELERT 2 — SO FHEEEERL, [FBREBMBRRER
BEE] ity, N2V —-TEES LTSN ) — RARESERD . AREBESEER,

9 -
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500°C~600CTH 5. £, EREMHHL TRIEOREHBRCEDL LHAEBER 7 V-7
WiRfOd & L. (7Y - HREORMLERR, fIH*V8H)

2.5 V37— avRBHE

Y G se—ya YRR, Nod.9Cr-1Mo# 35 & Ur9Cr-2Modfi iz D\ T J18-2-2276 T&BH R D51
U5 7e—va VRRAE] KUK TFBREBHMHFBEMEHESE] CORBMUTEBLL.
RRURRER (12,000 RVv =RV 57—y 2 YREEZHAV, RBEEMEIZ500~600C
ELR. BER, FEORECRLKRMMERLLE, RELBEHI¢THRA OV TFHEMNE
BHEACRBRBLUARSACEERZEILL, OFEREELCTHOoRR LB L. SRERRT
&, MEY—FBEFRBEEAYC, RBREES00~550COMBTERL 2. O TFARHII I
LYTHOFAHE2AY, ARAESBOVTABL2EZEMNE L. RREBOHMLRR, Bl
(ZUHE)
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. BNERAS SR IS I OVERSEST

3.1 5lER%E
Mod. 9Cr-I1Mo8R ¥ & CPICr—2Mof O ERSHHURH B L U EREH O3 RRBER £ Table 10~13

BLOFig.5~8lcmd. BB, SIERBRIVINEBLULESI-BOTEF—22—ELT
AppendixiT7RY .
3.1.1 FiERERE

(DFIRAS
Fig.5ic Hod. 9Cr-1Mo8fH & 9Cr-2Hof D MBI LHM & GHEM OFRBREER BT 555K

% 27F . Nod.9Cr-1MoSADBIEM S 13, EREHYHM, BHEH & b RE Totke/m2HE DK%
FUk. 21, BEE LRI L BVREARLRETENERTEEETERZED 50, TOHA
R4S0CH LOREESCETEY o hi. JBRITHT AR ORERR, BREHRBVT
SAROERETL: . ERERYET L EHEHN L OFIRRSOURTR, BB~00CETEE
KR EREROHARI~2K £/ mmBEEVEETRLTWAR, BICULOFRMNTRFEE &
SRERASTHY, WAL L 3FEREIBY AR 12,

ACr-2NofE DM X 13, ERSHELIR , EREH & BB T RREH61~62ke/m* BEOE
BRL, BEKEH N0, 9Cr-108 & AR ER T » 7. BREH & GREEMEH L OLKT
&, GHENOHHLENIEREEYEN & D b2~3ke/mBERVELRL, BRBRIC LS
ERRBED oI,

Mod.SCr-1Mof & 9Cr-2Moff O SHRB I D LLEE T I3, Mod.SCr-1MofA D i AMEEEM B L EHEHY
FHOTE &b SRREE R BV TIr-2Hofl & D BB VEETRLE, RFL, ZOEIFRERE
ENESnBEMERLRE.

(1)0. 2%t 7

Fig.BizMod. 9Cr-1Moffi 38 & T OCr—2Hofll D BB U IRM L EREH OFHBREER BT 50.2%
TN OBERTRT . Nod. 90r- IHoSBERSARAEM B & CEMEH ORER B 50. 2% 111250ke
/mPBECH o, Tz, 0.2%HARKT 5 BEOKEE S LCBEHRR &3 AR EROTIE
MILFETH- 7.

3Cr-2Hofl O EREHYHRHM B LCERSH ORER B 50.2% TN, 43~idke/m’BRETH
Y, Mod.9Cr-1Moff & B LU TIEWETH B . 1, BRILBT50.2% W Hd &I Hod. 9Cr-1
MDD ZN LD BEVETH - 72.

T, GRERYIEN & GREH L ORBTR, EABHOHNSRREEERK 510 T2~3ke
/P EELS RN BV ERR L.

(3)BRIR I
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Fmﬂk,ﬂ%ﬁémﬁ?%&%ﬁm&b?m&ﬂmz%ﬁﬂ%%%ﬁé@%Lt%ﬁﬂ%ﬁﬁﬁ
Efery. BRIEE, RBEEO LR THRAR ERTAARED I, 2O E R,
MIFEHBE LR BB VIBTHRETLTCWS L E2RTH0THY, 20HE, BB LR
WEBBVWEERERBE ERLTWS, 2L, GAS0BS, ERMTR, HBEHNRBF— 0
BoD2ERPNEVORKLT, 0 CULOFEMTCRF— ORI >ERASBIHAARR LY.

3.1.2 BIEREEYE
(DB

Fig.838 & UFig. SWHIH O B X U BB Y OBERFEHOBER-R T, Hod. 9Cr-1Mof =554
LR B & OERAEM OBERHOR, BE~S00CETRBLICET L, 400CHE THB/MENER
Ehic. ThF, Vinod X & PP REML RERBHLUEHOERB L OEFES SR 5VRY.K.
Sikkad P R L BHRIC D BE L, FRBRER L BT 5. 00CRLEOBEFRI 33
&, RBEHEOLAE LB IREMMORKRE RBHEANRED Shix. Mod. 9Cr-1MoB ORI M TR
FRT25%, 00CTRIBUHROERRLE. ChoBENSHBICERATHYEM ERETS
- 2. 90r-2Moff O EMERL M b L CEMEH OWHM TR, Mod. ICr-1Mo8l & FREOHERI TS
B, 400CE CREMSHELREM OB PERER LD BUBVEERRLTWE.

Mod. 9Cr-1Mo#f & 9Cr~2HoSH O LL8E 13, 400°C % TI39Cr-2Mo8B @ 5 hiMod. 9Cr- 1Mol & ¥ b EHT
HLRHM B SCERREH & LB R2~ke/mm* BERIWEELTR LA, 2hltoBEER T,
BERSOETH- .
€321 715:3))

Mod. SCr-1MoS DEZHTR D i, GRVEHURM B LUEREH LS SR, 40 CREEClIAR
BEAEABDENT, TI~0%RFEOELRLE:. ThP LOBEABCREE LR L BVE
BSPMR VO LRANRBY N, EREHYEM & EHEH L OB TR, 550°CH LTRIEHRT
FHYEBEHORVERR K R2EAABD oL, ZOBRERE, L O TH-. TANUTOR
EffficRaarEZRdidonsh ot

Cr-2HofA DM EHHUE M B L CEHET OWWRD 13, FEH 5500°CHIE F TRRWSI%EE
DEE%Y, ThEUELOREHERTIENod. Cr-1Mofl R BE LR L bRV D ERA S L
TR Ui, SCr-2Hof OGS RSN & GRER & OLBRTE, EREMSRMASERIE Y
EERLIHN, ZOERINIREDTH - T-.

Mod. 9Cr-1ModH & SCr-2MofR DIEWTHZ D OLLES ¢ld , ZHEHUEM B L CEREH & H500CE T
W&9Cr-2ModH D 5 HMod. ICr-1MoH & D b2 HMIE WEE R L. LAL, ZhiltoERME R
BBELHEOERBEELAERL, AZTH- Iz,

EBH-EBUTS

Fig.10%5 K TFig. 11iTMod. 3Cr-1Moff & 3Cr-2HoSHl O B H—HUO F 4 M OM&EERYT . M

SRLIEFRBREE LR LB NSRBEARBD SN, BOFH WY 3 EBHEO KM
5
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REE LR LHEREPHERY, MIEINE S B 3HANED 5. Hod. SCr-1Mos & 9Cr-2
KosE D Ll T, SCr-2Moffl O MEISHER/ND E S BRBHAD I 0 L BDR B,

3.2 2y —TRHE

Mod. 9Cr-1MoZA % & V*ACr-2Ho D EREH UM L EREMBO 7V — TRBEREZ—ELT
Tableld~1TRT .

3.2.1 2V~ HlHE

Fig.12icMod. SCr-1MofH O EREHNEM b L CEREH OZRRBER BYBEHE 7 Y —TH
WM OBBET YT . RBRAHE R B Y 2 EHEHYEY & EZHEH L OB TR, EHEHO
2 ) —7EHRERBLENRERTHLARHT LD 3D THIELL3HENPRD o . TOHN
BEES VO RFTERBRBIZF— 70RO xHHERELQTEINZI I LHE, ChHDE
RBRe— OO LHBININ, &, EREAOF - 2850 RENRTMEETS C
ERPEELEXIOND.

Fig. 1312 9Cr-2HofAl O B YKM B L CEMEH OZRBEER Y 3B L 7 ) — 7T
HoBFEERT . ICr-2HofHDIH &3 LR ONod. Cr-1ModH & IRV, EREHM O 2 Y — SR
EREREHYEM LV b TAREVERERLE. LML, TOBRERIZMI/AEL, Hod.
9Cr-1Mo$H & kIt t — PRIOEEEEZ SN B.

Fig.143 L TF15k Mod. 9Cr- 1Mo & 9Cr-2Mof D 7 Y — FHMTAE 2 HE L TRY . EHEHEIK
BLOUEHEH LS, Nod. ICr-1MofHIXICr-2Moff & LEEE L T, BV 2 Y — FHMERE 2RL, £0
HREZRREENE L, doREMENTC R BEEFcBD s h. FRBICH W 29Cr-2HofEiX
BEHEOH LOBSEASE8 7254 1 2EBINVTFVH4 POTAEER 2 R2E LTV . ¥AS
) MIRIBMAZWIE EERMTY = 54 FRiCFe oD &BAEMLAY (Lavestl) MHTHTZZ &
BPHELTHD, FHL S XICr-2HoflhiciT i3 3Fe.Mo2BRILEY (Lavestl) M2 U — 7
EOETE2ELIE2ERHLTVS ., KRR TICr-2Moff D 7 Y — THHTEREE HMod. ICr-1HofH & ¥
BFE-TVE—HE LTRFEHLATRERT B LI, Fe MoSBRILEGYOHH, RERIZbDLE
HEEIh3., L, SEAEEHEL AR LTwRY,

8.2.22 Y —IHHENSE
()2 ) —FBHET

Fig.16~ 191 Hod. 9Cr-1Mo#A 3 & T*9Cr-2Hodl DILWTESM & 7 V — I B M C OB & 2R T . Hod.
9Cr-1MoSREESETH L IR M OBWTH T I3Fis. IBRR L7 & 5 RK20~B%THY , RBEEOELVE
EBEERERTED >N o fo. BHEHTR, BHEMAR R LR 0SB 3Hmb
ZRBEECRO o, EREMO I ) — THRBIHFRIS~RUEBETH Y, {—RAREETO
FEEHBHEYEMOZN S EHEBL TN R 2HARED b,

Fig. 17t 8Cr-2Hofll DZMBH LS L EHEM O 7 V — FTRMH T OMGKEZR T . CREHEIEK
— 6 —
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BB LCEHEM TR0 CEER &, 7V —THFEBMAE BB REV Y Y — 7HEHT AN
{RzfERPeERERD o, i, GAEHYNEHOBS TR, 550°CH L U600°CTid40%
miQEVWﬁWW%%Ltﬁ,HWU?M%nM$&KDmﬁﬁwkﬁ?éﬁﬁmﬁgﬂﬁéén
7.

Fig. 18{zHod. 9Cr—1ModH & 9Cr-2Moff DX FRMEM K oW T 7 Y — THEHU OB 2R T .
Mod. Cr-1MoSA DM MU RIMBRBER £ 57, HH20~30% OHHANTHVTH Y, ICr-2HofB &
DILERI/NSIREERRVE, THRFis 19RR LA L S REHEOEREH OWM T O Rt
BOTHRRTH o7z, i, 9Cr-2MofH D HMod. OCr-1Modi & 0 MEREE 12 Xk AN HUIIC &
PREENRFZFRBED o, ICr-2MoB BRI ER R BEEHRNTH 2 &R, FELAF- nBER
DINV—FRBCV BT ERETHS.

(2)2 Y — THERY

Fig. 201 Mod. 3Cr—1Hod DIREEHLEM & EREH O 7 )V — TRV 2B L TRT . £y
HEARH O 7 Y — 7B D RS EIT80~R2UBETH o o, 1L, S00COHKELKR &, B
BRREARA BB E 7 Y —~ TR Y ZDTFHIRRSNE B HARAED s h i, EREHT
B, 7Y —-TEHROR, EREELURLY SL2E0ED OMF (65~85%RE) £120, »060
0°C D5000hr 2l E D REFHI M CRF L WKV 0ETRBY s hz, 2hiz, BT OMER
WHELTWS.

Bk Fig. 21 ICr-2Hof OEMEN YR L GREMRO 2 V — SHEFK D L KSR oBE:
Y. EHERIREY OBMR D X85~BURETH Y , EELRMKEED LCBEREE R
LohBhoi. EBREHMTE, T5~BUBEO Y ) — THEKVEERLE. ¥ BELSEEO
REERBO O Lr o B, 7)) — TRV EE, RREEXE BB ONTO T ERS
MEBZEAZR L, GREEYNEN L EABHORR TR, SRREEK BV TEISHY
BHBE W EZRLE.

Fig. 221 RAE SR 1T D Thod. 8Cr-1Mo8f & ICr-2HofB D 7 1V — FHEKTEE 0 & GRKTRERT O B
R2ny . A0 TR, |EMNICr-24o84Mod. 3Cr-1HoSH L D BB WERRLTWS. 20
CL@EFig. BEALA IS REHMEH R BV CEABETH 5. LavestRBELET IR VS5 #E
2E, EELOHITT 5L VBEYTREY. BERE L CERETM A 3 BERS 5. Kb,
Mod. 9Cr-1K¥oSBEME DBV CORBI BV TRV MBI /NI VL ORARIhE. Chiz, E&
HOMBRH HFig. SRR L& CHAMEOEHEM 20T 22 RBEBREMT LT VWS D E
B LB 3 0T MBENAS RN O EEI LN,

@7y =7

Fig.24~331Mod. 9Cr~1Modfids & L'OCr-2HoSB D RFBMR 7 V — 7O T A BB R LB L CRY .
Fig. 248 J T2 W& & D500~600°C O LG MO R %, Fig. 255 LU0 EREAIO 2 v
— 7R R Y. K/cFig.26~28% X UFig. 31~331c i3Mod. 9Cr-1Mo8H , 9Cr-2Molll @ & & DINTES

-7 _
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RIMEES 2 ) — 7% 8 U TRY . Hod. 9Cr-1HofH & SCr-2Hoffl D LB B W T, £HAMIKI
Cr-2ModBM S S 7 v — TR M DB oMU R A & RERB/R LT 55, B.J CANES &, B
BRI B L IETBERFO— 2 LIRHEHOARE IR LB LE2HELTVS . FHRTON
d.9Cr-1Mof & SCr-2MolB D ER OBVAL Z O LI BERAZTT IO LEI SN HH, TRHER
HoRIMBOBVWIL LB DO L DHEEIN, RRATE, EEOHECFERRHL M TETVRL.
3.2.8 BEIV-THE

Fig. 4B s B 2 )V — S EEOKEES, Fig.35~3BIER 7V — VHIE L BN OMKRE
Mod. 9Cr—1Mo&H ¥ & TE9Cr-2Moflic D W T RS . Mod.9Cr-1HofH & 9Cr-2ModE D LEBTIX, Mod.9Cr-1M
MO F R —EHOICr-2MotH X ¥ DEEZ YV~ THENEL ,, SRBREER BV THEKOER
Eisoi. i, BE SV — THE L BN OB T Nod. 9Cr-1Mo8A & 9Cr-2Holl & BT B &
Mod.SCr-1MofBOER 7 V — THEMNIVWHER LB o .

3.2.4 H|3#r YV — THEIERM
ﬁg%mm¢%fmﬁmﬂmﬂmﬁmﬁﬁﬁﬁﬁﬁﬁmﬁﬁémﬂ&ﬁsmaU—fﬁﬁﬁ%w
BE%2RT. A—BH&ETTE, Hod 9Cr-1Mo88 & D $9Cr-2HofB D5 M5 3 M 2 U — FHIGKE
RELB3HERRD NI,

Fig. 401 Mod. SCr-1Ho8% & 9Cr- 2ol O ESVEHHM M T B 5/ 3 M 7 U — 7 BRLAERR] & Bl
MoOBEERT. AEELSRERA—ERcRTCeNTE L. F3M 7 Y — FHlaRHIIE—
BHOZ ) — Bt LM cES I LBERrD LN,

3.8 U5 rE—vavil
3.8.1 V5re—vavEH

Mod.9Cr-1Ho8H 3 & TFA0r—2MofliD U 5 7 £ — ¥ = vIREE TR £ Table 16~19% X UFig.31~60i
559 . Mod.9Cr~1Ho#H 3 & TCr-2MofA DB VT 2 OIS HENEB OFFEN (0.0 BREERE ODH
BBOWTELIELL, 20RBRARET S 2HAABDERATVES. CO0 . OETRE, 2.0
00BSfSRIBE MO T h MRS BD s, Fig. d1~8ORBEHERT BV T, RIS E—
rtRTsEaRRY L RN, ChRYUERABRBOHAUHEERZLEXLNS. COTEREALT,
LS 2 B LU 2 53, 240r-1MoBB L USUSSUR BT BV 5 7 k—¥ 2 VEREL OREAR
BAER C WEHMER £ 5 C RO TAERLMA B LML THHTH B T LREMLT
V3., ARBLERNOHEHARFOLZEX N 2EYLAREEEL TV, FERB TR LD
& S RIEHEMEDRBD oI,

. ¥RIcFig.59~68I Rl —4:44 1 351F B Mod. 9Cr—1ModH & 9Cr-2Mo$ll O JE BT ET) & [k 2 /R 9. ™

WMOENBB, BRI ERRLAREMIhEARRY 6N 3R, ZOLRITBENRIEICr-2 Hofl

OFHNod. SCr-1MofH X VA E B AEANRS SR, COHBRABREEREVATCHEEFCRDS

N, ThRZV—FRBRT BT ACr-2HoflOEHE 2V~ TEEREV L EEHETE. RS,

90r-2Moflix & U — FERRFLAMod. SCr- 1Mo & LB L TN WHRTH 57D TH B .
_g -
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3.8.2 Bh@gns

Fig. 69 #MIGT) o (e dd 5 2008 f 35 & U 2000 R BB UGN 0, 02 LV T3 L OMIES
AT . BABHRRRECTANRAEIRIEYE, RAREEXFERIBEARSVELERLE., &
o, BBNRRBOTHR.2~0.3%EZHERETI2EELBY I, ChoRBEBR IS TR
BROMERT D 3 HMod. ICr-THER OIS BRI, RI—BE, A—0F50r-2MofBL D B/NEL,
BRLR A vERRED SN, Fis. 701220085 X 02,0006k B 3 094 & S HOBGRETT.
W& s PRBRENF A BIERVEINEHNESA X L ERLBAD S h, ZOMEIIE, Hod.9
Cr-1Moff & LB L TR S w2 R L.
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4. =

LT, EERBEARTEENTV BNod. SCr-1Hefiic DWW THTOMNBEREREE Y ¢ 0
REBRNZITOIEEBR, TORYUEROVWTEETS.
4. 1 BHIERS (Su) BLUOBHERR (Sy) O
Mod. 9Cr-1Mo8E DA SMEIHYIRH B L U EHEV OSIRBE R, Fis.SRARL ML, FHRBREE
EHREFEOJHTIERS (Su) UV 2RA4FBRELTCHY, FREBUTRE { LE>TWE.
Gl X TR00~400CORBRBEMMAT, LENYEMLAEVWEERLL, 460CLTR 2G4 L
LTSk g/ mm 2 HWHER . ThoREM 2V bAERBERINL,
0.2%WH T, Fig. BRARL AL I RERBBEFABRE BV TORHBRK (Sy) @ 2H
SHEBELTVE. BREBHNTZOERBASVHOOD, C00CTORHERETRS y LEBRMEWHEE R
7.
CNOOREDS, BAMHBREELYFEROS u, SYMROWCYHHRELRHBERVELE
Abhb.
4. 2 29— 7HERN & OLE
Fig. 12, 14~15iCJ5 1 & B BTEs R O BI 4R 2 Mod. 9Cr- 1Mo iz oW ¢ THPRRE RS EE) 20
B2 V- TRER S SBLUEY 2 V- THREERY (ar=1) OH (Table 18ZW) RHEL
TRT . FRBECTEONI 27 ) —THHHER, CREHNER B LOEREH L $ERBREER
BT SREARSHMELCW ., LT V- FREdRE OhETE, B8, ERE2EYT
IO & ILRNB TR —FER LT,
ChoDEEIHBMERREERONM 7V — FHH®RE (SR) RELTEsERNflo
RBRHRBE S I TR, YERSHBEELRZTIMBERRVEZEILNS.
4. 8 7V —-70FIrRNE DK
Fig.35~88izMod. ICr-INoSH O REFOR—R L o fc 7 Y =TV B (Table 19BH) 2%
PORDIEEEZV—TOEGHEN (ac=l) &, BRI V- THEORLDERRT acc+ LV
ac=3. 0B TARLE., S00CORBHERETH, PIFHRRORIBHNORBE 7 V) — FEEMNE Y
HERZRLTV3300, BEGH Y » 7 7 - 3PREEZABEIh Tz, 550CTORE CR,
EBMNOER 7 ) — TEERDFI NSNS VERE T TVEHN, BEZ Y —7OFERE
—F3 3. X5RE00CTOLE TIRSCTORRCRKEESRMAUTCOBRAER 2 ) —THE
BINSVEREBTVERIBR I YV —TERRNTRI L RNTES. FRRTHLNLERA,
Bo2&RRT o~ BLT B 00FHTEETICENTE, ChRL- THITMBBEEE
BERMPELCVRE S EMBERASAIELHRTE .
4. 4 V5 2€—vavizdd s —7OFEaRNL LR OWT
Fig. TI~84IFERE L 7V — 7O FREB OIS o 5 FliEk 22 & LTS 29 HdHEMm
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ENS.OBFRAVEZ V- FOTERNORMER e =32 BEAL, ac=8k ac=4k&aT
7)—7OTHBHORE 5O RED, TUREVEIENEDHOR S > SHELHEL, Rk
Rl REL, 22 CRISNENBRENORSSSRERLTVEY. Ths ORRERR,

ECEHER & — 87— 2RVTIERY » 7 ¥ —8OMAN, $LREAUTOL L3
Zihd, ) —THEOELOECIHAY 5 7t —y = VEHOE 60 S 2TICE 2R & %5 -
o, &, SERRZIE—FRFORL-ER2BRLTVE LD, HBL— OS> &FE2
&%, T HUENRD S .

xﬂﬁfﬁantcnewﬁﬁﬁ%ﬁ,ﬁ&%ﬁsntm6Hﬂﬁ§ﬁ$®ﬁﬁbﬁ;0ﬁﬁ%
A EHRAO D ORELF— 2 LTCRBEN S,
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5. =E XD

FBRABFO—HEHRMNEIREBHB & UTEANRTE SN T BHod. Cr-1MoFi 20T, G#
BHMER O URERSOEFHHEE2EMMIT A 701, BESIERR, 7V - 7HBBLUVY 5
=y o VRBEEB L. BRI, SCr-2Mofl2AVRIEORBRZEBLE . BohiiHRR
2WTI, Mod. OCr-1MoAMEBRBRA Eh 32 ¢ 2ZR L, HHAEEEHEUER L OLBERH2HFV,
FOSMELMI LI, 2, 7V —EBEHRERBELTRZV-TBFERZ VR 2 Y- TR
ORBHERS>VWTHBER L.

BohiBRE2ENTZLLUTOEYTHS.

1. 5ER%SH
(1)Mod. SCr-1MofBS AM OF BRI B 5 TIR0.2% WA, EEH» 5600°COFHR BWTHTOH
HSEEEEEEOSu, SY2RA/WEITIDOTH - 1.
(2)Mod. 9Cr- Mo D EEZ MM L EHEH L OLETR, HETOWEL 2155 dOODFIER
%, 0.2%WHRBEASTHY, HRBROFEREZRZED Shlkd o1z,
(8)Mod. Cr-IMoSH DB IEEM X 13, FRBCTEME L BB ~600°COEEHE I 3V TIr-2Moff D E
BERLDIBEWERRLLE.
2. 7 y—7H
(1)Mod. SCr-1MoSH D EHEIRLIRM B LCEREH O 7 ) — FHERER, 500°C~600Cik BV T
BiTHHGERERYEEORIT 2 UV — 7HNE NS SE2L# Mt K& { LEl- Tk,
(2)Mod. 9Cr-1MoEH D 7 V) — THETAE ZIRH B L EHEHM L Cr-2Mofl & D B FVMEERL,
Mod. 9Cr-1MoSEAREN /- 2V~ TEHER2E L TWA I ¢ RHEL AR B o iz, Ef, Hod.SCr-1HosH
OFEH & EREHH L OB TR, 2V —HRECHELZRRED A, o k.
(3)Mod. ICr-1MoEROEH 7 V)V — VHE L WM L 0B BWT, FKRBOHERE, HiTOoHH
BERHMBERCRINBEE 7 V- TOFAEE & L ERHBV—FE2R L.
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Table.1 Summary of manufacturing specification of Mod.3Cr-1Mo steel Plate.

| 2| ! =

1. BEBER001S TREHETHRECHET SRESORHEREZED

BWRRE AER] BE—EBEBCRLAEE, (gH)

2.J18 G 4108-1977 TRAS—BLUEAERARZIvA
Y 77 EER B

B BRPTEBRE. xv2 o5 JHER (ESR) S0H§E
o FEZE : SR ELE v - VSR
BALE X AN 1050CX0.83hr A.C

BEEEL 780CX1.00hr A.C

W

1. {E2Ema (wt2%)

C Si Mn P S [Ni Cr Mo

1 A
x100 x1000 x100

V-~ F)|8~12|20~60 |30~60 | =20 | =10 | =40 | 800~350 | 85~105

Favo [8~12]20~50 |30~60 | =20| =10 | =40 {800~950 | 85~105

V INb|A] N

REA A% x1000 | x100 x1000

v—Fn 18~25 |6~10| =40 |30~70

Fxw2 1825 |6~10 | =40 | 30~70
2. gmetE
SlERAE

C.2%M0 | BIERMIS | O | &Y
ke/mm® keg/mm® % %

=42.2 60 =20 -
3.BAE E¥ 12mm, B 1.000mm, &% 1000mm

LEURSHIJIS G 0821

.ﬁgnnﬁ}ﬁ +JIS G 0821

HERR JIS Z 2241

.Enﬁﬁgﬁﬁ HBEAERBL018528$564L& #HERE
IEEBAEWJ IS G 0555

. HEENE :JIS G 0551 (EMLE) -
.W#Eﬁﬁ%ﬁﬁ @EQET%5OI%2§%II%
M JIS B 040

ABRB LU
RETTH

WQO'JCJ'I»FAOO[\D'—*
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Table.2 Manufacturing Process of Mod.9Cr-1Mo Steel Plate,
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Table.3 Summary of manufacturing specificatior of 9Cr-2Mo steel Plate.
H B N =
1. BEEERS015 MREAETHEMRET 2BESO0ERERER2E ®
BHRE 53488 FEBERRHEDIHE, (&H)
2.JIS G 4108-1977 THAS—BICEHBESRHE 2 &4
TY 77 @R A
1. B8 BRIFTBEE., v 2 rux5 VEER (ESR) SOoRE
2. I : #HEE o — N8R
U B 3. #aE I HKExAh g950CX0.883hr A.C
BERL T70CX1.00hr A.C
1. EFHE7 (ht%)
C Si Mn P S |Ni Cr Mo
B %
x1C0 x1000 x100
v—Fi| =8 =8 | 3060 | = = x | 800~1000 | 180~220
FzvZ | =8 =8 |30~80 | = = * | 800~1000 | 180~220
R BEFE
Vv Nb | Al N
BALR: x1000 | x100 x1000
v— KN * X X X
Fewd X X X ¥
2 . HAHEE
5l eRARER
0.2%W 77 | 5lska % | f@yr 53]
kg/mm? ke/mn?® % %
z830 zb2 [(z2hH X
3. TE EE 12mm, I8 I\OOOmm,Eé 1000mm
1.5 :J1IS G 0821
2. 8548 (JIS G 0821
3.51%ERR :JIS Z 2241
REB LU 4.ﬁﬁﬁﬁgﬁﬁ BEAERELH01S525$565 EEE
BEAE D. k&N EH:TJIS G 0555
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7.%#@%%%3& BESETREAEDO1IE2E8F1 145
8. & :JIS B 0405
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Table.4 Manufacturing Process of 9Cr-2Mo Steel Plate.
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Table.b Summary of manufacturing specification of Mod.3Cr-1Mo Steel Tube.

H H 2! =B
1. BEEESR5015 NREBAETHRECHT 28BSO HEE
p)aips ok 2.JIS G 8462—1878 THA5— «MTHUBASELHE &
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1. L2845 %)
C Si Mn P S [Ni Cr Mo
|
' x100 x1000 x100
Vv—F (8122050 |30~60 | =20 =10| =40 800~950 | 85~105
Fxw? |8~12|20~50 {30~60 | =20| =10| =40 { 800~950 | 85~105
Vv Nb| Al N
B A8 x1000 | x100 x1000
v—Fn|18~25 |6~10 gm'mwo
Fxw2|18~25 |6~10| =40 { 30~70
S, BRTITEE
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0.28W N | F1RBE | MY | Y
kg/mm?® kg/mn? % %
=42.2 | 260 |=z20] ~-
3. iR~ A%E31. 8mm, EX8. bmm, £ 12.000mm
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2. #nahm JIS G 0321
3. 5lRAR JIS Z 2241
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BEHE B.WULRUFRBR:JIS G 83482
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Tablie.6 Manufacturing Prosess of Mod.9Cr-1Mo Steel Tube.
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Table.7 Summary of manufacturing specification of 9Cr-2Mo Steel Tube.
H = A 24
1. BEEELRD01%5 NMEBHETIRMB BT 2BBEFTOEHEL)
BREE 2.JI8S G 8462=-1878 [I#45— MATPBHAALEE #
H
1. B I BRFETERE, v 27 1ux5 7BE% (ESR) SoKs
2. FE : R4 LatH 8RS
8 &8, shamE I gxAh 950CX0.33hr A.C
BExREL 7T860CX1.00hr A.C
1. {LZEE5 (wth)
C Si Mn P S |Ni Cr Mo
K &
x100 x1000 x100
v—=Fn | =8 =8 |30~60 | = = x | 800~1000 | 180~220
Fewy | =28 | =8 [30~60 | = = x | 800~1000 | 180~220
*EEBESE S
Vv NbjAl N
AR x1000 | x100 x1000
v—-Frn X b 4 b3 %
Feuwd X X * X
2. Bmanrs
SliRAE
0.2%T0 | BlERMA X | T | BV
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z30 =b2 (22D x
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1. ¢34 JIS G 0821
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8. BAHEBERGAE | BEAE~BO01528E1 1%
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Table.8 Manufacturing Prosess of 9Cr-2Mo Steel Tube.
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Table 9 Chemical Composition,Heat Treatment and Mechanical Properties of Tested Materials.

(a)Chemical Composition

192-76 O01V6NL ONd

Chemical Compesition(Product Analysis wt¥)
Katerials Heat No. | Form Stress Relief
{mw) | Treatment C Si Mn P 8 N i Cr Mo Nb Al Vv N
Mod. 9Cr-1Ho F2 Plate | 740°CX10.60hrs | D.10 0.040 | 0.43 0.014 | 0.001 6.07 8.73 0.96 {0.08 |[0.013 |0.22 0.0510
Mod. 9Cr-1Ho F3 Tube T40°C X 10hrs 0.09 0.041 | 0.42 0.013 | 0.001 0.09 | 8.83 0.98 [0.07 |o0.02 0.21 0.04
9Cr-2Mo H3 | Plate | 715°CX10.75hrs 6.08 0.043 | 0.59 0.007 | 0.001 0.30 8.51 1.80 [ 0.001 |0.012 |0.020 | 0.040
9Cr~2Mo 4 Tube T15°C X 10hrs 0.07 0.05 |0.80 0.006 | 0.002 0.29 8.52 1.81 [0.002 |0.013 {0.025 | 0.042
(b)Heat Treatment
Materials Heat No. | Form Normalized Tempered
()

¥od. 9Cr-1Mo F2 Plate | 1050°CX0,83hrs 780°C X 1.00hrs
Hod. 8Cr-1Mo F3 Tube 1040°C X 1.0hrs 780°CX1.0hrs

9Cr-2Mo 13 Plate | 950°CX0.83hrs T70°C X 1.00hrs

9Cr-2Mo H4 Tube 950°C X0, 33hrs 760°CX1.0hrs

(c)Mechanical Properties (at Room Temperature)
0.2% Proof | Tensile Elongation Reduction Grain
Materials Heat No. | Form Stress Strength of Area size
(ke/om®) | (ke/mn®) (%) (% (No.)

Mod. 8Cr~iMo F2 Plate 49.7 69.3 29.7 74.3 -
Mod. 9Cr-1Mo F3 Tube 51.3 7.0 32 - 9.3

Bcf-zﬁo H3 Plate 42.5 86. 1 31.3 79.4 -

9Cr-2Ho H4 Tube 45 85 39 - 8.0




Table 10 Results of Tensile Test on Mod.8%Cr-1Mo Steel Plate.

Specimen Test 0.2% Yield Jltimate Fracture - Reduction Apparent Fracture Yield
' Temp. Strength Tensile Elongation of Area Elastic Location Ratio
No. Strength Modulus

) (kg/m? ) (kg/m? ) (%) (%) (kg /mn?) (%)

EUEGAD 48.8 66.7 25.9 74.1 2.03 x 10% A 73.2
EUEGA1 w1 48.9 66. 9 25.7 73. 4 2.01 x 104 A 73.1
EUE6A2 46. 2 61.9 24.1 75.5 2.14 x 104 A 74.6
EUEGA3 0 46.4 62.2 24.2 75.0 ©1.95 x 10% A 74.8
EUEGA4 44,3 59.0 22.0 75. 4 2.01 x 104 A 75. 1
EUEBAS 20 44.5 59.2 22.2 74. 8 2.03 x 10% A 75. 2
EUE6AB 43.4 56. 2 20.0 74.2 2.00 x 104 A 77.2
EUEGAT 30 43.0 55.9 20.3 73.7 2,04 x 104 A 76.9
EUEGAS 41.1 53.2 19.2 T2.7 1.85 x 104 A 71.3
EUE6A9 40 41. 4 53.6 19.4 72.6 1.91 x 104 A 71.2
EUEGBO 40.1 51.6 20.8 75. 6 1.75 x 104 A 7.7
EUE6B1 40 40.8 52.5 21.3 75.3 1.74 x 104 A .7
EUE6B2 38.6 47.8 25.5 81.2 1.65 x 104 A ~80.8
EUE6B3 o0 38.4 47.8 25.8 81.0 1.64 x 104 A 80.3
EUE6B4 34.5 41.3 30.2 87.8 1.48 x 10% - A 83.5
EUE6B5 °%0 33.9 41.0 28.9 87.7 1.60 x 10* A 82.7
EUE6B6 27.3 33.9 35.2 92. 8 1.31 x 104 A 80.5
EUE6BT 500 26.6 33.6 34.4 92.8 1.33 x 104 A 79.2
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Table 11 Results of Tensile Test on Mod.9Cr-1Mo Steel Tube.

Specimen Test 0.2% Yieid Ultimate Fracture Reduction Apparent Fractt_lre ,Yield'
Yo. Temp. Strength gggggéﬁh Elongation of Area gcl)gﬁil;lllcs: Location Ratio
(C) (kg/m? ) (kg/mm? ) (%) (%) (kg/mn?) (%)

EXZTAD 49.7 67.8 26. 0 72.0 — A 73.3
EXZ7BC w1 49.9 68.0 24.0 74.0 — A 73.4
EXZTAL 47.8 64. 3 22.0 74.0 — B 74.3
EXZ7B1 1 47.3 63.1 21.0 74.0 — B 75.0
EXZ7A2 45.2 60. 2 21.0 74.0 — A 75.1
EXZ7B2 40 44.8 60. 3 21.0 71.0 —_— A 74.3
EXZTA3 44.2 57.4 19.0 74.0 — B 77.0
EXZ7B3 30 44.0 57.2 19.0 74.0 — A 76.9
EXZ7A4 41.4 54.3 17.0 75.0 — A 76.2
EXZ7B4 400 42.2 54.4 18.0 73.0 — A 71.6
EXZTA6 : 39.9 51.5 22.0 75.0 — A 77.5
EXZ7B5 450 40.2 51.6 21.0 74.0 E— A 77.9
EXZ7Ab 36.4 46.4 26.0 81.0 —_— A 78.4
EXZTB6 °00 37.4 48. 4 1 25.0 79.0 — B 80.6
EXZTAT 33. 2 40.3 29.0 85.0 — B 82. 4
EXZ7B7 %50 33.9 40.9 31.0 85.0 — A 82.¢
EXZ7A8 26.6 33.6 33.0 87.0 S A 79.2
EXZTA9 o0 26.1 33.5 36.0 90.0 — B 77.9
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Table 12 Results of Tensile Test on 9Cr-2Mo Steel Plate.

Specimen Test 0.2% Yield Uitimate Fracture Reduction Apparent Fracture Yield
Ko Temp. Strength ggggiéih Elongation of Area gégﬁ?ig Location Ratio
c) (kg/ma? ) (kg/mm? ) (%) (%) Ckg/mm?) (%)

EVEGAD BT 43.1 60.6 28.5 79.7 1.90 x 104 A 71.1
EVEGA] 43.9 61.6 28.4 78.5 2.03 x 104 A 71.3
EVEGAZ 41.0 56.4 21.2 80.9 1.77 x 10% A 72.7
EVEGA3 o 40.7 55.8 21.3 80.7 1.92 x 104 A 72.9
EVE6A4 200 38.5 51.9 24.7 81.2 2.04 x 10* A 74.2
EVEGAS 38.2 51.7 25.1 81.9 1.99 x 10% A 73.9
EVEGAG 200 37.0 48.7 22.3 80.8 1.90 x 104 A 76.0
EVEGAT 36.9 48.6 22.5 79.7 1.81 x 104 A 75.9
EVEGAS 400 35.4 46.9 21.8 78.9 1.85 x 104 A 75.5
EVEGA9 35. 4 46. 8 22.5 77.5 1.87 x 104 A 75.6
EVEGBO 34.0 45.3 22.1 78.5 1.77 x 104 A 75.1
EVE6B1 490 33.8 45.0 21.7 79.5 1.76 x 104 A 75.1
EVE6B2 32.6 41.5 25.6 82.9 1.73 x 104 A 78.6
EVE6B3 00 32.6 41.5 26.0 83.5 1.67 x 104 A 78.6
EVE6B4 30.0 36.3 30.9 86.5 1.54 x 104 A 82.6
EVE6BS °% 30.0 36.5 30.4 87.3 1.62 x 104 A 82.2
EVEGB6 25.1 30.7 39.0 92.2 1.24 x 10% A 81.8
EVE6BT o0 24.9 30.4 38.1 92.2 1.43 x 104 A 81.9
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Table I3 Results of Tensile Test on 9Cr-2Mo Steel Tube.
Specimen Test 0.2% Yieid Ultimate Fracture Reduction Apparent Fracture Yield
o Temp. Strength gggzliléih Elongation of Area ﬁ‘ljgﬁmg Location Ratio
c) (kg/mm? ) (kg/mn? ) (%) (%) (kg/mn2) (%)
EYZTAQ BT 44,5 62.3 27.0 75.0 — A 71.4
EYZ7BO 44.6 62.5 - 28.0 79.0 — A 71.4
EYZT7A1 42.1 58.0 27.0 80.0 — A 72.6
EYZ7B1 100 42.7 58. 4 26.0 77.0 E— A 73.1
EYZ7A2 200 39.9 54.1 23.0 79.0 -— A 73.8
EYZ7B2 39.8 - 53.9 23.0 79.0 — A 74.0
EYZTA3 38. 8 51.2 20.0 75.0 —_— B 75.8
EYZ7B3 0 38.5 51.0 21.0 80.0 — A 75.5
EYZTA4 400 37.5 49.4 20.0 78.0 — B 75.9
EYZ7B4 36.6 49.6 20.0 77.0 —_— B 73.8
EYZTA5 36. 4 - 48.2 21.0 78.0 — A 75.5
EYZ7B5 450 36. 2 48.1 22.0 77.0 A A 75.3
EYZ7A6 34.9 44.7 25.0 74.0 — B 78.1
EYZ7B6 200 34.6 44.6 26. 0 82.0 — A 77.6
EYZTAT 31.5 38.7 34.0 87.0 — B 81.4
EYZ7B7 °%0 31.7 39.1 310 87.0 — B 81.1
EYZ7A8 25.9 32.4 43.0 89.0 — A 79.9
EYZ7A9 500 25.8 32.8 37.0 92.0 — B 78.7
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Table 14 Creep Test Results of Mod.SCr-1Mo Steel plate.

Test Test Temp- | Nominal Rupture Time Fracture Reduction of | Fracture Strain Steady Creep Rate Time to Tertiary
Specimen No | erature Stress Elongation | Area Location On Load . Creep
(°C) (kg/nm?) (hr) (%) (%) (%) (%/hr) (hr)

FUF6AQ . 81.0 | 1908.94 28.4 | 84.3 A ]10.225[0.972 x 1072| 1024.0
FUF6A3. 29.0 | 5554.0| 33.2 | 84.8 | A |0.185|0.400 X 10| 2920,0
FUF6A6| _ 1'27.0 |17288.7| 22.1 | 85.5 | A |0.161]0.186 x 10| 8120.0
FUFG6AS .26.0 125855.4 24.5 | 85.9 | A ]0.178|0.132 X 10| 16500.0
FUF6B1 34.0 399.5| 26.6 82.4 A 0.314/0.709 x 102| 228.0
FUF6B5 82.0 | 1928.7| 83.a | 8a.a |7 A 10.226(0.109 x 102| 1073.0
FUF6AL 28.0 1 . 694.4) 25.6 | 87.6 | . A ]0.139]0.595 X 107%| 440.0
FUF6A4 21.0] 2141,0] 22.7 | 87.8 | B |0.149|0.188 x 10%| 1495.0.
FUEGAT| oo |-19.5] 9851.3| 25.4 | 86.7 | A ]0.132)0.314 X 102| 6760.0
FUF6BO .18.0 122365,.8]| . 20.7 1. .82.4 | A ]0.05910.108 X 107°| 15600,0
FUF6B3 0.25.0 286.4| 34.0 | 87.3 | A 10.208)0.151 X 107!f 158.0
FUF6RB6 22,0 | 1598.7| 29.2 87.5 A |0.1720.2686 x 102 937.0
FUF6A2 .16.0 | 857.9| 25.2 | 90.7 | B 10.159([0.112 x 107'| 232,0
FUF6AS 18.0] 7864.8[ 80.9 | 86.1 | A lo.os7) - 1 o
FUF6A8 | o 1 12.015716.1] 20.3 |779.9 | B |0.101[0.159 x 107} 10200.0
FUF6B2 11.5 [10169.7!] 25.1 83.0 B 0.098[0.297 x 103] 6060.0
FUREBA|  [UBL0| i%s.1| 855 | 818 | AL [0. 1680418 X 167 87 8
FUF6B7 14.0 | 8397.5| 82.0 | 88.24 | A |0.143[0.935 x 10| 2140.0
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Table 15 Creep Test Results of Mod.9Cr-1Mo Steel Tube.

Test Specimen | Test Temp- | Nominal Rupture Time | PFracture Reduction of | Fracture | Strain Steady Creep Rate | Time to Tertiary
No erature Stress Elongation | Area Location | On Leoad Creep
Q) (kg/mm?) (br) (%) (%) (%) (%/hr) (hr)
FXZ7A0° ..85.0 ..97.8] 28.8 | 783.3 1. A ST SOOI N T
FX27A3’ 32,0 ) 1006.8| 19.9 |"7i.8 | "B | O RNE-SoN N I
FXZ7AB’ 29,0 | 1890.9| 21.4 | 70.3 | A e e -
FXz7BOT) 0 | 26.5 1101001 81T |74 E [ | TTTIT T i
FXZT7AQ 38.0 ] . 290.1) 26.0 | 74.0 | B |- SN DU R T
FXZ7A1 31.5 | 76(_)_.__1__ 27.0 . 81.0 | B | T D N -
FXZ7A2 .80.0 ] 1428.0] 22,0 78,0 | B | . R - R =
FXZ7A9 29.0 | 2881.9| 21.0 80.0 B -~ - -
FXZTAL .25.0 | . 79.8| 80.0 | 78.8 | Al S USRS SN T
FXZ7A4 .22.0 [ 762.1| 26.8 | 75.4 | . A e e T .
_FX27A7) o, |.18.5 110806.1) 23.8 | 58.4 | Al S S I T
FXZTA3 .28.5 | 240.5| 24.0 | 85.0 | B .. N RS B T
FAZT7A4 21.5 | 997.5| 38.0 | 83.0 | . B ... R A VR .
FYZ7A3 19.5 |>7600
FXZ7A2’ 16.5 170.7 ___31.__%“_ 77.7 B S T N -
FXZ7A5" 14.5 | 952.3| 24.9 | 73.3 [~ B | - - 1. -
FXZ7AB’ 12,5 | 6434.7] 18,6 [ 85.4 | B |- [TIT I
FX27A97| 600 | 11.5 |14774.2| 6.6 | 9.8 [ B | T .
FXZ7A6 15.5 | 538.5| 32.0 | 87.0 | A | - 4t - -
FXZTAT 14.0 | 2287.3] 24,0 | 78.0 | A [T =
FXZT7AS8 13.5 2457.4 25.0 79.0 B - - -
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Table 16 Creep Test Results of 9Cr-2Mo Steel plate.

Test Specimen | Test Temp~| Nominal Rupture Time Fracture Reduction of | Fracture Strain Steady Creep Rate Time to Tertiary
No erature Stress Elongation | Area Location On Load Creep
(C) (ke/om?) (hr) (%) (%) (%) (%/hr) (hr)

_FvFeAo0 | | 33.0 70.0] 40.5 | 85.8 | A 10.457/0.888 X 107|  26.0_
_FVFBA3 | .80.0 ] 251.2| 82.0 | 85.7 | B 10.253]0.177 X 107|  99.9
_FVFBA4 | 500 | 28.5 | 444.4| 88.0 | 86.9 | A ]0.210]0.104x 107"} 180.3
_FVFBAS | .22.5 ] 5994.2] 40.8 | 88.8 | A 10.129[0.187x107| 2012.1

FVFBAQG 20.5 17025.5 35. 7 87.56 B 0.113]0.553 X107 10088.83

Fveeal | | 17.5 | 1092.8| 638.1 | 90.3 | A [0.115]0.101 X 107"| '564.5
_FVE6A8 | | 18.5 ] . 440.8) 72.8 | 92.0 | A 10.09910.228 X107 183.4
EVFeA® | o [ 17.0 | 971.1|°77.8 | ©8.4 | A ]0.128|0.106x10""| 883.1
_FVF8BO | | 15.0 | 8285.8| 58.6 | 90.9 | A ]0.098|0.294 X 107} 1548.7
_FVF8BL | | 13.5 | 8667.2| 650.2 | 89.7 | A 10.078/0.853 X 107°| 4546.7

FVF8B2. 12.5 7872hr (Stop) - — - 0.068[0.38392 x 107® —
_FvFea2 | | 10.5 | 1609.7| 39.4 | 89.9 | B ]0.115]0.800% 1072 798.0
FVFBB3 | | 13.0 | 182.6| 70.8 | 92.5 | "B _10.123[0.689 X107'| 73.8_
_FVFeB4 | . [ 10.5| 978.4] 72.8 | 95.1 | B 10.089/0.918x 10| 875.5
_FVFBBS | | 8.5 | 5506.2| 56.5 | 87.8 | A | - ]0.189 x1072| -24387.9
_FVFBBS 7.5 112840.5| 44.8 | 88.5 B__|0.057[0.453 X 10| 5088.5

FVEEBT | | 7.0 Tz ston | T I T T T T e U051 (0. 288 X 10| 7878, 1

19¢-¥6 O01V6NL ONd




Table 17 Creep Test Results of 9Cr-2Mo Steel Tube.

Test Specimen | Test Temp- | Nominal Rupture Time | Fracture Reduction of | Practure | Strain Steady Creep Rate | Time to Tertiary
No erature Stress Elongation | Area Location | On Load Creep
(C) (kg/mn?) (hr) (%) (%) (%) (%/hr) (hr)
FYZ7AQ’ 31.0 214.6| 382.5 | 79.7 | A RS S R RS T
FYZTA3’ 28.5 ]  728.9] 87.7 [ 74.2 | A |7 e T T
FYZ7A9’ 24.0 | 8283.8| 39.7 | 73.8 | A | - e I -
FYZ7BOT| o 1 21.0 126458, 3] 82,4 | 80,1 | A [T T
FYZT7AO . 29.0 498.3 __ﬂ%f%___________S__G_ ____________ A‘ _________ S Y R -
FYZ7Al ' 26.5 | 1227.4| 34  [T77 B | - i e -
FYZ7AZ 25.0 | 2310.8| 43 [ 87 |7 B | - - -
FYZ7AL7 L 19.0 f 614.6| 42.4 | 84.6 | & S SO IR I
_FYZ7A4’ . 16.0 | 8368.7)| 40.6 | 77.6 | LS O SN R P
FYZTAT] 15.0 ). 5284.1} 25.9 | 89.7 | B __|.... S DU I T
FXz7A5 | 550 | 20.5 | 186.8] 48. [ 92 | Bl o S-S i
FYZT7A4 18.0 1 . 751.0) 57 ). 88 | .. A S R Tl
_FYZTAS A7.0 4 1526.8| 44 | 87 | . B .. U D T
FYZ7A9 16.0 | 2278.0| 37 84 B - - -
FYZ7A2’ 15.0 9g.8 63.1 87.5 A i - -
FYZ7A6" 13,0 | 337.6| 60.7 | 84.8 | A | - =TT —_
FYZ7A" BP0 VLT 00 T 15 200 O S O DO
FYZ7Bl'| 600 | 8.5 | 8628.0| 36.7 | 76.2 | A | - ~ T -
FYZTAS T35 | 8%0.4] 46 g0 | B e R D Zo
FYz7AT|  [To.s | Tie7i.e| me [ TEa lTE I
FYZ7A8 9.5 3168.8 32 89 B — - —

19¢-¥6 OTV6NL ONd



PNC TN9410 94-261

T : Temperature (T) 375<TS700
o . Stress (kg /mm?) b=o
ta : Tice to rupture (hr)

ar : Tine factor (pean value ar=1)

¢
As

Table 18 Creep rupture equation Ret. (29)
(T+273.15) {(logie(ar *» tr)+C)} =
ho+hilogie ¢ +A2(logie o )2

28. 1146 A1 = 3055.52
31808. 82 A2 =-5148. 248

Ref. (29)

Table 13 Creep strain equation

ec=C1{1-

exp(-r1t)} +Cz {1—exp(-rat)} + eat

ea=Fo - exp{-Q7R(T+273.15)} - tR-A

: Temperature (T) 375=T=600

: Stress (kg /mm?) 4o

: Tize to rupture (hr) |

: Steady creep strain rate (on/pn/hr)
: Time (hr)

: Tire factor (mean value ac=1)

= tr/ac

0.30546 £.%-59235 /(ry/7.0)
3.5%0.26505 £a2-%1857 /1y
7.0#45. 2986 te~?-58858

14. 3245 tp-8-82278

0. 77322 Q= 16956.0
1.0778 R= 8.3l
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Table 20 Results of Relaxation Test on Mod.SCr-1Mo Steel.(l)

Haterial Mod8Cr—1Mo (12t)

Temperature (°C) 500 550 600
Test Specimen Nu RURSBAI RURBAZ2 RURGAS3

ﬁg?ﬂiﬁé"%?gé (sec)| 108.0 107.0 14.0

Strain (%) 0.2 0.2 0.2
Test Time (hr) 2000.0 2000.0 2000.0

0 28.920 24.213 20.220

1 X 1073 28.630 23,170 19.630

2 28.630 22.691 19. 150

3 28.660 22.494 18.830

6 28.570 21.338 18.200

1 X 10°2 28.380 20.746 17.780

2 28.120 20.634 17.210

~ 1 3 28.030 20.521 16.400

H 8 27.480 20.521 15.330

} 1 X 107 26.920 20,521 14.300

R 26.120 19.508 18.220

@ 3 26.840 18.181 12.670

o 6 24.920 17.174 11.740

b 1 X 100 24. 250 16.856 11.110

v 2 23.330 15.813 10, 440

~ 3 22,700 15. 198 10.140

o | 6 21.740 14.094 9.630

. 1 X 10! 21.200 13.558 9.300

o 2 20. 450 12.769 8.810

3 20.030 12.403 8.580

6 19.310 11.698 8.180

1 X102 18.840 11.418 7.920

2 18.180 10.683 7.524

3 17.870 10,119 7.313

6 17.110 9.387 6.680

1 X 108 16.700 9.274 6.258

1.5 16. 150 8.118 5.857

2 15.620 7.838 5.625

End Time(hr) 2040.2 2016.0 2090.8
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Table 21 Results of Relaxation Test on Mod.9Cr-1Mo Steel.(2)

Material Mod9Cr—-1Mo (12t)

Temperature {(°C) 500 B0 800

Test Specimen No RURBAO RURBAD RURBHB7

Load Control

Holding Time (sec) 47.0 0 47.0
Strain (%) 0.8 0.3 0.8
Test Time (hr) 2000.0 '2000.0 2000.0

0 37.560 30.260 21.939

1 X 1078 36.870 28.740 21.298

2 36.220 28.170 20.780

3 3b.760 27.860 20.287

] 35.020 27.089 20.164

1 X 1072 34,660 26.620 19.055

2 34.130 25.800 18.217

3 33.570 25.040 17.689

B 32.330 238.830 16.097

1 X 107! 32.410 22.780 15.234

2 28.970 21.420 13.607

3 23.260 20.700 12.818

6 27.810 19,240 12,079

Residual Stress (kg/mm?)

1 X108 26.580 18.290 11.338
2 25.130 16.960 + 10.898
3 24.570 18.160 10.600
6 23.230 15,120 10.230
1 X101 21.3860 14.500 9.836
2 20.170 13.660 9.367
3 18.800 13.360 8.800
B 18.640 12.620 8.728 .
1 X102 18.000 12.270 8.258
2 17.750 12.010 7.790
3 17.230 11,442 7.420
8 16. 550 10.714 T.444
1 X 10°% 15.780 10.175 6.804
1.5 14.580 9.636 8.311
2 14.1%4 9.224 6.286
End Time(hr) 1918.8 2008.6 2018.26
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Table 22 Results of Relaxation Test on Mod.39Cr-1Mo Stee.l.(3)

Material Mod8Cr—~1Mo (12t)
Temperature (‘C) 500 500 500 550
Test Specimen N RUGBC 1 RUGBB7 RUGBBS RUGEB2
Load Control
Holding Time (sec) .
Strain (%) 0.2 0.3 0.5 0.1
Test Time (hr) 200.0 200.0 200.0 200.0
0 31.100 85.480 37.780 14.040
1 X 103 30,020 33.960 35.970 14. 100
2 29,980 33.580 85.620 14.130
3 29.670 32.750 34.730 13.780
8 29.090 . 32.530 33.870 13.480
1 X 10°2 28.680 32.470 33.260 13.210
| 2 27.850 30. 840 32.240 12.760
w | 8 26.990 29.410 31.260 12.100
_\,é 6 26.290 29.160 30. 180 12.000
-~ | 11X 10 25.780 27. 880 28.460 11.550
.1 2 26. 460 27.280 28.070 11,430
@ 3 24,890 26.420 27.530 10.980
| 8 24.810 26.040 26.360 10.890
o 1X10¢ 23.300 23.840 24.890 10.470
=2 23. 400 22.540 23.430 10. 280
=| 3 23.400 21.040 22.920 10.060
-] s 21.870 19.180 22.220 10. 060
ol 1x10¢ 22.000 18.650 20.560 9.990
=1 2 21.100 18.430 20. 400 9.930
3 20.240 18. 140 19. 480 10. 060
6 21.100 17.540 20.240 9.930
1 X 102 20.020 17.870 19.740 $.900
2 1. 100 17,700 18. 460 9. 450
3 —_— —_— — —_
B — —_— —_— —
1 X 108 — — — —
1.5 — — — —
2 — e —_— —_
End Tine(hr) 200.0 200.0 206. 0 200.0
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Table 23 Results of Relaxation Test on Mod.39Cr-1Mo Steel.{(4)

Material Mod9Cr—-1Mo (12t)
Temperature (°C) 550 550 550 550
Test Specimen No RUGSEBbG RUGBB4 RUGE6AS RUGEBB3
ﬁg?giﬁgn%ri'gé (sec)
Strain (%) 0.15 0.2 0.3 0.5
Test Time (hr) 200.0 200.0 200.0 200.0
0 24.990 30.750 81.930 34.190
1 X 10°® 24.130 29,350 29.980 32.340
2 23.870 28.930 29.630 31.740
3 23.590 28.390 28.780 30.780
6 22,700 27.370 27.570 29.440
1 X 1072 22,350 26.830 26.990 28,810
2 21.450 25.690 25.690 27.870
- | 3 20.090 23.840 23.550 25,080
5 6 19. 260 22.820 22. 440 23.970
f 1 X 107! 18.650 21.710 21.200 22.310
2 17.570 20.560 19.990 21. 140
S 17.380 20.690 1. 540 20.750
1 8 16.620 19.320 18.750 13.860
2 1xwd 15.630 17.780 17.440 18.330
- 2 15.080 17.670 16.770 17.190
51 8 15. 150 16.970 15. 980 16. 550
- 6 14.510 16.270 15.790 16. 200
w1 X 10! 13.620 15.020 15.180 14.850
e 12.860 14.320 14.290 13.780
3 12.610 14.040 18.240 18.530
8 11.330 13.560 13.180 12.830
1 X 102 10.830 12.990 12.960 12.480
2 10.570 12.830 12.180 12.030
3 —_— — — —
6 —_— — —_— _—
1 X 103 — e — —
1.5 — —_ — —
9 _ — — —
End Time(hr) 193.90 200.0 152. 50 200.0
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Table 24 Results of Relaxation Test on 9Cr-2Mo Steel. (1)

Material 9Cr—-2Mo (12t)
Temperature (°C) 500 550 800
Test Specimen Nu RVRBA2 RVRGAS RVR
Load Control
Holding Time (sec) 117.0 67.0
Strain (%) 0.2 0.2 0.2
Test Tine C(hr) 2000.0 2000.0 2000.0
0 27,020 26.340
1 X 1072 26.900 26.030
2 26.740 25.840
3 26.740 25.550
8 26.740 25.230
1 X 1072 26.550 24,950
2 26. 480 24.380
8 26.200 23.650
6 25,660 22.420
1 X 107t 25,410 21.210
~] 2 24.620 18. 440
& 3 24.360 18.400
E [ g 23,320 16.280
g 1% 108 22.620 14.660
a| 2 21,160 12.700
% 3 20.870 11. 460
B3| s 18.910 9.500
1 X 10! 17.810 8.360
2 18.440 7.000
3 15.370 . 6.130
8 13.910 5.140
I X 102 12.830 6. 840
2 11.380 3.951
3 10.520 —
6 8.870 —_
1 X 103 7.420 —
1.5 6.210 —
2 5.290 —
End Time(hr) 2018.1 195.2




PNC TN9410 94-261

Table 25 Results of Relaxation Test on 9Cr-2Mo Steel.(2)

Haterial 9Cr—2Mo (121t)
Temperature (C) 500 500 500 500
Test Specimen No. RVGBA4 RVGBADL RVGBAS3 RVGBAL
Load Control
Holding Time (sec) . .
Strain (%) 0.1 0.15 0.2 0.8
Test Time (hr) 200.0 200.0 200.0 200.0
0 17. 540 24. 220 26.710 31.320
1 X 10°° 17.830 23.550 25. 810 29. 860
2 17.600 23, 400 25. 780 29. 510
3 17.510 23. 300 25. 500 29. 320
6 17.030 22,730 . 25.270 28. 840
1 X 102 17. 160 22. 630 25. 050 27. 950
: 2 16. 900 21.870 24.730 27.630
% 3 16. 580 21.710 24. 100 26. 830
E 6 16.710 21,960 24. 000 26. 360
Zl 1% 16. 140 20. 660 23. 240 25. 530
2 16.110 20. 340 22.790 25. 210
o | 3 15. 820 20. 590 22. 280 24,730
ol s 15. 790 18700 23.090 23. 870
o 1x10 15. 370 18. 970 21. 070 23. 270
~ | 2 15. 090 18.530 20,910 22. 310
1 3 14.770 18. 300 20. 500 21.710
MY 14.770 18, 140 20. 210 20. 880
o1 1x10! 14. 100 16. 800 18. 560 19. 670
= | 3 13.810 15. 340 17. 000 17. 920
3 13.110 14, 420 16. 680 17. 190
6 13. 020 13. 690 15. 310 15.980
1 X 102 11.970 12. 320 14. 260 14. 390
2 11. 400 11. 200 12. 030 12. 860
3 —_ — N —
6 —_ — —_— _
1% 103 — — _ —
1.5 — —_ - —
2 —_— — _— -
End Time (hr) 200. 0 200.0 200. 0 200. 0
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Table 26 Results of Relaxation Test on 9Cr-2Mo Steel.(3)

Material 9Cr—2Mo (121t)
Temperature (C) 500 550 550 550
Test Specimen My RVGBAZ RVG6B3 RVGBBS RVGEB1
Load Control
Holding Time (sec) . .
Strain (%) 0.5 0.1 0.15 0.2
Test Time (hr) 200.0 200.0 200.0 200.0
0 34, 060 16.170 22. 660 25. 310
1 X 10°¢ 32.560 15. 760 22. 060 24. 320
2 32.310 15.720 21. 870 23,940
3 31.990 15. 410 21,170 23. 430
6 31. 450 15. 280 20. 590 22.790
1 X 102 30. 940 15. 250 19. 890 22. 220
2 30, 460 15. 090 " 19,230 21. 170
~ | 3 28. 330 14. 580 17. 480 19. 390
5 6 28,550 13. 690 16. 680 18.530
F T x 27,220 13.370 15. 340 17. 000
2 26. 260 12.640 14. 640 16. 110
ol 3 25. 970 12. 320 13.720 15. 250
o] 8 25.110 12.100 12.830 14. 290
2] 1x1p0 24, 380 11. 460 11.430 12, 380
~ | 2 23. 330 10. 540 9. 800 12.190
S 3 23. 080 9. 550 9, 040 12.410
S 21. 960 8. 940 7. 890 11. 780
2| 1x10! 20. 630 6. 880 6. 180 9. 840
e | 2 18. 840 5. 980 5. 630 7.290
3 17. 760 5. 280 4. 490 6. 490
6 16. 580 4.620 4.110 5. 700
1X 102 14. 900 3,850 3.690 4,770
2 13. 500 —_ 3.120 —
3 R —_— —_ N
6 —_ JR— — _—
1% 103 — — — —
1.5 — — — —
2 R —_— —r— —_—
End -Time (hr) 200. 0 140.0 200. 0 146.0
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Table 27 Results of Relaxation Test on 9Cr-2Mo Steel.(4)

Material 9Cr—2Mo (121t)
Temperature (C) 550 550
Test Specimen Na RVGEB4 RVGE6B2
Load Control
Holding Time (sec) . .
Strain (%) 0.8 0.5
Test Time (hr) 200.0 200.0
0 27.530 30. 850
1 x 1073 26. 390 28. 780
2 26. 130 28. 460
3 25. 560 27. 410
6 24. 760 26. 520
1 X 1072 23. 870 25. 810
2 22.790 24. 480
:é 3 20. 400 21, 900
N | 8 19, 390 20. 590
= 17. 760 18. 650
2 16. 360 17. 540
o | 3 15. 630 16,770
i 14, 450 15. 530
21 1x1w0e 12. 700 13. 850
~ 1 2 11.610 12. 250
M I . 640 11. 460
il 8. 470 10. 500
o | 1x10! 7. 100 8. 820
= | 3 6. 050 7,070
3 5. 440 6. 330
6 4, 500 4,970
1 X 102 4,110 4,460
2 3. 500 3.530

3 —_— —_

6 — —

1% 103 — —

1.5 . —

2 — —
End" Time (hr) 200. 0 200. 0
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Fig. 1 Sampling Method of Tensile,Creep and Relaxation Test Specimen of 9Cr-Mo Steel Plate.



PNC TN9410 94-261

3.5

Specimen

A\

$31.8

Fig. 2 Sampling Method of Tensile and Creep Test Specimen of 9Cr-Mo Steel Tube.
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{a) Tensile Test Specimen (1)
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(b) Tensile Test Specimen (2)
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(c) Creep Test Specimen (1)
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(d) Creep Test Specimen (2)

Fig. 3 Size and Configuration of the Specimens(l).
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{f) Relaxation Test Specimen

Fig. 4 Size and Configuration of the Specimens(Z).
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Fig. 5 Ultimate Tensile Strength as a Function of Tesi Temperature for Plate and Tube of

Mod.9Cr-1Mo and 9Cr-2Mo Steels,
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a0 | -
80 F @%% R
8 2°,
s e 8 o ©
g > @ E ©
° 7O -]
-
o -
(2
'U .
— 60 "
i3]
o | i
50 _
40 |- -
O:Mod. 9Cr~1Mo (Plate)
A:Mod. 3Cr—=1Mo (Tube)
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Fig. 7 Variation of Yield Ratio with Test Temperature of Mod.9Cr-1Mo and 9Cr-2Mo Steels.
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Fig. 8 Fracture Elongation of Mod.9Cr-1Mo and 9Cr-2Mo steels.
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Fig. 8 Reduction of Area at Mod.9Cr-1Mo and 9Cr-2Mo steels.
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Fig.10 True Stress-Strain Curve between Room Temperature from 600°C of Mod.9Cr-1Mo Steel.
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Fig.11 True Stress-Strain Curve between Room Temperature from 600°C of 9Cr-2Mo Steel.
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192-76 O1V6NL ONd



*

Creep Strain

35.0 — Material Mod. 9Cr-1Mo ]
30|0 [— ]
N T.P No.: FUF6BO T.P No.: FUF8A9 i
Temp.= 550 C Temp.= 500 C

25.0 - 0 = 18.0 ke/nn? X o = 26.0 ke/mn® ~
n T.P No.: FUFGAS : ]
Temp.= 600 C I y

~ o = 12,0 ke/on?® |
20.0 ¥ X | -
i \: | { i
e ! | -
; | ! ! -
15.0 |- ! , | -
n | | i

: o
- | _
| | [ _

i
10.0 el
5.0 ——
0.0 ' TN AU RO PR RS PR G PR |
0.0 10000.0 20000.0 30000.0

Fig.25

Comparison of Creep Curve for Mod.9Cr-1Mo Steel Plate at Various Temperature(2).

Time (hr)

40000.0

192-76 OIV6NL ONd



€Y

Creep Strain

35.0

30.0

25.0

20.0 —

15.0 -

10.0

5.0

Material : Mod.9Cr-1¥o
Temperature : 500 C

T.P No.: FUFGAD
¢ = 31.0 ke/mn®

T.P No.: FUFBAS
o = 26.0 kg/mn®

N

——— —— — — _.________*

|

5000.0 10000.0 15000.0 20000.0 25000.0
Time (hr)
Fig.26 Comparison of Creep Curve for Mod.8Cr-1Mo Steel Plate at 500°C.

30000.0

192-76 O1V6NL ONd



69

Creep Strain

35.0 —

30.0

25.0 [~

20.0 —

15;0 [~

10,0

5.0 p-

Material > Mod.$9Cr-1Mo
Temperature : 550 C

T.P Ho.: FUF6Ad

o = 21,0 kg/mo®
T.P No.: FUFBBO

o = 18.0 kg/mm?

~— X

i PR IS TSI YN UOUIF VRN TSN AN TN SOV S TN AU OO BN UNN NI NN B R N AR

5000.0 10000.,0 15000.0 20000.0 25000.0 30000.0
Time (hr)

Fig.27 Comparison of Creep Curve for Mod.9Cr-1Mo Steel Plate at 550°C.

192-176 OTV6NL ONd



#

Creep Strain

35.0

30.0

26,0

20.0

15.0

10.0

5.0

1 I 1 I i | 1 l I l 171 ] I 4 I 1 [ 1 l ¥ I 1 ] L I 1 ] 1

Material ¢ Mod.8Cr-1Mo
Temperature . 600 °C

T.P No.: FUFGB7
o = 14,0 kg/mm®

T.P No.: FUFGAS
o = 12.0 kg/mn®

L I 1 l 1 I 1 l 1 I I l 1 ! 1 I 1 l i l 1 I 1 l | ] H I 1

I

Fig.28

5000.0 10000.0 15000.0 20000.0
Time Chr)

Comparison of Creep Curve for Mod.9Cr-1Mo Steel Plate at 600°C.

25000.0

19¢-76 OT1V6NL ONd



(%)

Creep Strain

80.0

60.0

30.0

Material * 9Cr-2Mo I.P No.: FVFGAS

Temp.= 550 °C
o = 17.0 ke/un? T

T.P No.: FVF6A4 I

T.P No.: FVF6B4
Temp.= 600 C
o = 10.5 kg/mm®

1

Teap.= 500 C ||
o = 28.5 kg/mm? ll'
]l
X i/
|
[
.' ’/
| 7
|
|
!
R SR R N S T YA O T AT R T R O T
300.0 600C.0 900.0

Time  (hr)

Fig.29  Comparison of Creep Curve for 9Cr-2Mo Steel Plate at Various Temperature(l).

1200.0

192-¥6 OTV6NL ONd



(%

Creep Strain

Q0.0_' Il[ llil l[l'l]lll]l[lll!lllllllIll
a Material 9Cr-2Mo —
60.0 —
- T.P No.: FVFGBI 1.P No.: FYFEBS J
— Temp.= 560 'C Temp.= 600 C T.P No.: FVF6AG —
I o = 13.5 ke/un® o = 7.5 kg/mn Tenp.= 500 'C ]
>r o = 20.5 kg/um?
s I —
' X
L | I —
_ f X 4
! |
. : -
30.0 ; —
» I ]
- -
0.0 P R P TP IO S NPT PO NS (N NN BT HAU HAPUN SO U B B
0.0 5000.0 10000.0 15000.0
Time (hr)
Fig.30

Comparison of Creep Curve for 9Cr-2Mo Steel Plate at Various Temperature(2).
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Fig.42 Comparison Stress Relaxation Curves at 0.2% Strain of Various Test Temperature for Mod.9Cr-1Mo Steel(2).

I | | i
Material : Mod.9Cr-1Mo
Strain ! 0.2 %
iy -
e 500°C
550°C 1
—
600°C
| ; 1 1 |
0 500 1000 1500 2000
Time (hr)

19¢-¥6 OTV6NL ONd



45 L I L L T I Nt L BN L I s s s S B By B By B s
— Material : Mod.9Cr-1Mo ]
- Strain : 0.3 % 7
30 —
g\ | . -—
B J
\
2 ]
. R
a3 | |
= 500°C .
______/"—-—‘.—.
T e 550°C 1
P ST I P N PO B B N AP R AP EU AN ST PR IO I P I
0 50 100 _ 150 200
Time (hr)
Fig.43 Comparison Stress Relaxstion Curves at 0.3% Strain of Various Test Temperature for Mod.9Cr-1Mo Steel(1).
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Fig.44 Comparison Stress Relaxation Curves at 0.3% Strain

of Various Test Temperature for Mod,9Cr-1Mo Steel(2).
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Fig.b0 Comparison Stress Relaxation Curves at 600°C of Various Strain for Mod.9Cr-1Mo Steel.
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Fig.51 Comparison Stress Relaxation Curves at 0.1% Strain of Various Test Temperature for 9Cr-2Mo Steel.
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Fig.52 Comparison Stress Relaxation Curves at 0,15% Strain of Various Test Temperature for 9Cr-2Mo Steel.
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Fig.53 Comparison Stress Relaxation Curves at 0.2% Strain of Various Test Temperature for 9Cr-2Mo Steel (1).
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Fig.55  Comparison Stress Relaxation Curves at 0.3% Strain of Various Test Temperature for 9Cr-2Mo Steel
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Fig.56 Comparison Stress Relaxation Curves at 0.5% Strain of Various Test Temperature for aCr-2Mo Steel
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Fig.57 Comparison Stress Relaxation Curves at 500°C of Various Strain for 9Cr-2Mo Steel.
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Fig.59 Comparison of Relaxation Behavior of Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.2% at 500°C(1).
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Comparison of Relaxation Behavior for Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.2% a{ 500°C(2).
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Fig.61  Comparison of Relexation Behavior for Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.3% at 500°C.
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Fig.63 Comparison of Relaxation Behavior for Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.1% at 550°C.
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Fig.64 Comparison of Relaxation Behavior for of Mod.9Cr-1Mo and SCr-2Mo Steels with Strain Range of 0.15% at 550°C.
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Fig.66 Comparison of Relaxation Behavior for Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.2% at 550°C(2).
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Fig.67 Comparison of Relaxation Behavior for Mod.9Cr-1Mo and 9Cr-2Mo Steels with Strain Range of 0.3% at 550°C.
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Fig.74  Comparison Relaxation Behavior and Creep Equation of Mod.SCr-1Mo with Strain Range of 0.3% at 500°C(2).
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A-Table 1 Relation Between True Stress and True Strain for Mod.9Cr-1Mo Steel Plate(l).

Test Temperature R.T Test Temperature 100 °C Test Temperature 200 °C
No. EUEBAD No EUEBAL No EUEBA2 No EUEBA3 No. EUEBA4 No EUEBAS

True True True True True True True True True True True True

Strain Stresgs Strain Stress Strain Stress Strain Stress Strain Stress Strain Stregs
(%) (kg/mm?) (%) (kg/om2) (%) (kg/mm®) (%) (kg /mn?) (%) (kg /e ®) (%) (kg/mm =)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.020 4,134 0.020 4,113 0.020 4.386 0.020 3.930 0.020 4,025 0.020 4.127
0.040 8.287 0.040 8.228 0.040 8.771 0.040 7.860 0.040 8.049 0.040 8.254
0.060 12.401 0.0860 12.338 0.080 13. 157 0.060 11.789 0.080 12.074 0.060 12.381
0.080 16.534 0.080 16.451 0.080 17.542 0.080 15.719 0.080 16.098 0.080 16.508
0.100 20.668 0. 100 20.564 0.100 21.928 0.100 19.849 0.100 20.123 ¢.100 20.636
0.150 21.001 0.150 30.846 0.150 32.891 0.150 29.473 0.150 30.185 0.150 30.953
(.200 44,557 0.200 40.8627 0.200 41,168 0.200 39.104 0.200 38.857 0.200 39.210
0.250 45. 435 0.250 45.681 0.250 43,942 0.250 43.154 0.250 41.874 0.250 41.985
0.300 47,155 0.300 47.348 0.300 45.112 0.300 44.790 0.300 42.854 0.300 43,195
0.350 47,954 0.350 48.199 0.350 45,766 0.350 45.581 0.350 43.683 0.350 43,873
0. 400 48.608 0.400 48.762 0.490 48.284 0. 400 46.199 0.400 44.327 0.400 44. 488
0.450 49,087 Q. 450 49.204 0.450 46.692 0.450 46.669 0.450 44.748 0.450 44.980
0.500 49, 433 0.500 49.614 0.500 47.068 0.500 47,023 0.500 45,227 0.500 45.415
0.550 49.711 0.550 49.938 0.550 47.411 0.550 47.431 0.550 45.554 0.550 45.800
0.800 50,089 0.8600 50.248 0.600 47.712 0.600 | 47.761 0.600 45.930 0.600 46.134
0.650 50, 369 0.850 50.546 0.650 48.083 (.650 48.055 0.650 46.287 0.650 46,454
6.700 50.685 0.700 50.838 0.700 48.364 0,700 48.852 0.700 46.664 0.700 46,841
0.750 51.005 0.750 51.130 0.750 48.622 0.750 48.687 0.750 46.989 0.750 47.195
0.800 51.330 0.800 |- 51.422 0.800 48.907 0.800 48,997 0.800 47.287 0.800 47.528
0.850 51.572 0.850 51.709 0.850 49,207 0.850 49,262 0.850 47.600 0.850 47,822
0.900 51.8086 0.900 51.992 0.900 49,543 0.900 49.525 0.900 47.913 0.900 48.132
0.950 h2.085 0.950 52.270 $.950 49, 856 0.950 49.799 0.950 48,224 0.950 48,4686
1.000 52.387 1.0090 52.548 1.600 50.047 1.000 50.073 1.000 48.534 1.000 48,781
1.200 53.502 1.200 53.614 1.200 51.165 1.200 51.154 1.200 49.647 1.200 49,957
1.400 54,585 1.400 54.831 1.400 52.147 1.400 52.142 1.400 50.688 1.400 50,951
1.6060 BG. 473 1.600 55.901 1.600 54.839 1.600 54,244 1.600 51.687 1.600 51.850
1.800 57.740 1.800 57.463 1.800 55.388 1.800 55.006 1.800 52.582 1.800 52.754
2.000 58,558 2.000 58.4561 2.000 56.136 2.000 55,753 2.000 53.275 2.000 53.578
2.200 h9.348 2.200 59.302 2.200 b6.892 2.200 56.500 2.200 53.967 2.200 54.403
2.400 80.044 2.400 80.152 2.400 57.650 2.4900 57.264 2.400 54.857 2.400 55,091
2.800 60.741 2.600 §1.002 2.600 58. 351 2.600 58,028 2.600 55.343 2.600 bb,748
2.800 61.397 2.800 61.692 2.800 58.979 2.800 58.759 2.800 55,928 2.800 56.314
3.000 62.052 3.000 62.382 2.000 59.607 3.000 59.38309 3.000 56.422 3.000 5B6. 881
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A-Table 2 Relation Between True Stress and True Strain for Mod.9Cr-1Mo Steel Plate(2).

Test Temperature 300 °C Test Temperature 400 °C Test Temperature 450 °C
No. EUESAS No. EUEBA7 No. EUEGAS No. EUEGA9 No EUESBO No EUEBBI

True True True True True True True True True True True True
Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress Strain Stregs
(%) (kg /mm ) (%) (kg/wm 2) (%) (kg/mm®) (%) (kg/mm?) (%) (keg/mm ®) (%) (ke /mm?)
0.000 0.G00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.020 4.078 0.020 4.051 0.020 3.728 0.020 3.885 0.020 3.431 6.020 3.502
0.040 8.152 ¢.040 8.101 0.040 7.458 0.040 T7.729 0.040 6.863 0.040 7.004
0.060 12.228 0.080 12.152 0.060 11.184 0. 080 11.594 0.060 10.294 0.060 10.506
0.080 16.304 0.080 16.202 0.080 14.912 0.080 15.458 0.080 13.725 0.080 14.008
0.100 20.379 0.100 20.253 0.100 18.840 0.100 | 19.328 0.100 £7.157 0.100 17.511
0.150 30.569 0.150 30.379 0.150 27.949 0.150 28.984 0.150 25.770 0.150 26.017
0. 200 37.648 0.200 37.671 0.200 34.083 0.200 34.876 0.200 31.854 0.200 32.045
0.250 40. 408 0.250 40.204 0.250 38.777 0.250 37.523 0.250 35.322 0.250 35,754
0.300 41.478 0.300 41.505 0.300 28.598 0.300 39.319 0.300 37.433 0.300 37.88b
0.350 42.835 0.350 42.432 0.350 40.044 0.350 40.474 0.350 38.817 0.350 39.316
0.400 43.313 0. 460 43.071 0.400 40.922 0.400 41.304 0.400 39.809 0.400 40.348
0.450 43.968 0.450 43.859 0.4560 41.898 0.450 42.134 0.450 40,542 0.450 41.220
0.500 44.473 0.500 44.261 0.500 42.405 0.500 42.7176 0.500 41.208 0.500 41.988
0.550 44. 936 0.550 44.715 0.550 43,008 0.550 43.300 0.550 41.772 0.550 | 42.525
0.600 45, 360 0.600 45.124 0.600 43.534 0.600 43.814 0.800 42.370 0.800 43.004
0.650 45,778 0.8650 45.522 0.650 43.961 0.650 44,293 0.850 42.789 0.850 43.540
0.700 48,176 0.700 45.901 0.700 44,402 0.700 44.692 0.700 43.187 0.700 43.944
0.750 48,558 0.750 48,277 0.750 44.840 0.750 45,088 0.750 43.552 0.780 44,328
0.800 46,930 0.800 46.681 0.800 45h, 256 0.800 45.475 0.800 ([ 43.911 0.800 44.671
0.850 47.270 0.850 46.962 0.850 45.604 0.850 45. 849 0.850 44,244 0.850 45,003
0.900 | 47.590 0.900 47.281 0.900 45.936 0.900 48. 150 0.3800 44.561 0.900 45.324
0. 950 47,875 0.950 47.540 0.950 46.258 0.950 48. 485 0.950 44.861 0.950 45.612
1.000 48.188 1.000 47.818 1.600 46.579 1.000 46,784 1.000 45.138 1.000 45.913
1.200 49.415 1.200 49,038 1.200 47.702 1.200 47.907 1.200 46.183 1.200 46.968
1. 400 50.414 i.400 50.004 1.400 48.723 1.400 48.914 1.400 47.013 1.400 47.716
1.600 bl.284 1.800 50.818 1.600 49.504 1.600 49,778 1.600 48.081 1.600 48.753
1.800 51.853 1.800 51.443 1.800 49,973 1.800 50.382 1.800 49.005 1.800 49.758
2.000 52,343 2.000 52.048 2.000 50.442 2.000 50,923 2.000 49.512 2.000 50.259
2.200 52,815 2,200 52.562 2.200 50.902 2.200 51.383 2.200 50.018 2.200 50,735
2.400 53.321 2.400 53.075 2.400 51.336 2.400 51.838 2.400 50.456 2.400 51.198
2.600 53.857 2.600 53.538 2.800 51.757 2.600 52.264 2.800 50.871 2.500 51.658
2.800 54,333 2.800 53.971 2.800 52.144 2.800 52,875 2.800 b1.296 2.800 52.088
3.000 54.808 3.000 54,403 3.000 52.531 3.000 53.013 3.000 51.733 3.000 52.488
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A-Table 3 Relation Between True Stress and True Strain for Mod.9Cr-1Mo Steel Plate(3).

Test Temperature 500 C Test Temperature 550 C Test Temperature 800 °C
No EUEBB2 No. EUEGB3 No. EUE6B4 No. EUEGBS No. EUEGBSG MNo. EUEBB7
True True True True True True True True True True True True
Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress Strain Stregs
(%) (kg /uom?) (%) (kg /mm 2} (%) (%g/mm?) (%) (kg/mm?) (%) (kg/om?) (%) (kg/mm %)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.020 3.350 0.020 3.297 0.020 3.004 0.020 3.188 0.020 2.599 0.020 2.821
0.040 6.701 0.040 6.593 0.640 8.008 0.040 6.378 0.040 5.199 0.040 5.242
0.0860 10.051 0.060 9,890 0.080 9.013 0.060 9.564 0.060 7.798 0.080 7.863
0.080 13.402 0.080 13.186 0.080 12.017 0.080 12.752 0.080 10.397 0.080 10.484
£.100 16.752 0.100 16.483 0.100 15.021 0.100 15.940 0.100 12.996 0.100 13.105
0.150 24.420 0.150 24.418 0.150 22.101 0.150 23.258 0.150 18.540 0.150 17.908
0.200 30.488 0.200 30.115 0.200 27.521 0.200 27.801 0.200 22.5567 0.200 21.408
0.250 33.991 0.250 33.782 0.250 30.500 0.250 30.531 0.250 24.785 0.25b0 23.577
0.300 35.945 0.300 35.823 0.300 32.351 0.300 32.154 0.300 26.088 0.300 25.066
0.350 37.358 0.350 37.138 G.350 33.396 0. 350 33.188 0.350 26.836 0.350 26.045
0. 400 38.254 0.400 28.070 0.400 34.168 0.400 33.891 0.400 27.371 0.400 26.726
0. 450 39.001 0.450 38.758 0.450 34.773 0.450 34.409 0.450 27.857 0.4560 27.3086
0.500 38.570 0.500 39.422 0.500 35.295 0.500 34.934 0.500 28.083 0.500 27.701
0.550 40.128 0.550 39,928 0.550 35.613 0.550 35.336 0.550 28.274 0.550 27.942
0.800 40,531 0.600 40.372 0.800 36.039 0.600 35.807 0.600 28.441 0.800 28.170
0.650 40,892 0.650 46.671 0.850 36,269 0.8650 35.831 0.650 28.598 0.850 28.352
0.700 41.27} 0.700 41.034 0.700 36.411 0.700 36.057 0.700 28.873 0.700 28. 480
0.750 41.542 (.750 41.374 0.750 26.615 0.750 36.238 0.750 28.739 0.750 28.570
0. 800 41.821 0.800 41.877 0.800 36.789 0. 800 36.437 0.800 28.863 0.800 28.693
0.850 42.075 0.850 41.954 0.850 36.929 0. 850 36.616 0.850 28.915 .850 28.743
0.200 42.311 0.900 42.187 0.200 37.111 0.900 86.719 0.9900 28.928 0.900 28.753
0.950 42.510 0.950 42,344 0.950 37.196 0.950 36.820 0.950 28.941 0.950 28.781
1.000 42,714 1.000 42.544 1.000 37.293 1.000 36.917 1.000 28.980 1.000 28.822
1.200 43,430 1.200 43.259 1.200 37.638 1.200 37.265 1.200 29.091 1.200 28,010
1. 400 43,888 1.400 43.7886 1.400 37.752 1.400 37.383 1.400 29.161 1.400 29.014
1.800 44,741 1.800 44.654 1.600 38.769 1.600 40.129 1.600 30.289 1.600 33.298
1.800 46.059 1.800 46.0290 1.800 41.051 1.800 41.102 1.800 34.055 1.800 33.934
2.000 46.814 2.000 46.791 2.000 41.634 2.000 41.3586 2.000 34.528 2.000 34.248
2.200 47.280 2.200 47.253 2.200 41,825 2.200 41.597 2.200 34.835 2.200 34.384
2.400 47.877 2.400 47.604 2.400 42,111 2.400 41.827 2.400 34.754 2.400 34.499
2.600 48.019 2.600 47.978 2.600 42.296 2.600 42,029 2.600 34.804 2.600 34.569
2.800 48.329 2.800 48.387 2.800 42,453 2.800 42.222 2.800 34.831 2.800 24,531
3.000 48.643 3.000 48.839 3.000 42.584 3.000 42,347 3.000 34.852 3.000 34,55H8
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A-Table 4 Relation Between True Stress and True Strain for 9Cr-2Mo Steel Plate(l).

Test Temperature R.T Test Temperature 100 °C Test Temperature 200 °C
_No. EVEBAD No EVEBAL No. EVEGA2 No EVEGA3 No. EVEGA4 No. EVEBAS
True True True True True True True True True True True ) True
Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress Strain Stregs
(%) (kg/mm?) (%) (kg/mm?) (%) (kg/mm2) (%) (ke/um?) (%) (kg/mm?) (%) (kg/mm?)
0.000 0.000 0.000 0.000 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.000
0.020 3.847 0.020 4,142 0.0820 3.590 0.020 3.854 0.020 4.134 0.020 4,008
0.040 7.693 0.040 8.283 0.040 7.180 0.040 7.708 0.040 8.268 0.040 8.015
0,060 11,540 0.060 12.426 0.060 10.770 0.060 11.563 0.060 12.402 0.060 12.023
0.080 15.388 0.080 16.567 0.080 14,360 0.080 15.417 0.080 16.535 0.080 18. 030
0.160 19.233 0.100 20.709 0.100 17.950 0.100 13.271 0.100 20.689 0.100 20.038
0.150 28.850 0.150 31.063 0.150 26.924 0.150 28.906 0.150 31.004 0.150 30.057
0.200 38. 466 0.200 40,888 0.200 35.954 0.200 37.942 0.200 36.900 0.200 36. 457
0.250 42.038 0.250 43.109 0.250 39. 861 0. 250 39.867 0.250 37.6684 0.250 37.368
0.300 42.708 0.300 43.512 ¢.300 40.5186 0. 300 40. 346 0.300 38.129 0.300 37.845
0. 350 43.0056 0.350 43.827 0.350 490.796 0.350 40.822 0.350 38.375 0.350 38.166
0.400 43.217 0.400 44,008 0.400 41.061 0. 400 40,838 0.400 38.751 0.400 38.431
0.450 43,424 0.450 44.212 0.450 41.3801 0.450 41.043 0.450 38.988 0.450 38.672
0.500 43.647 0.500 44.433 0.500 41.513 0.500 41.209 0.500 39.224 0.500 38.926
0.550 43.853 0.550 44.684 0.550 41.690 0.550 41. 447 0.550 39.447 0.550 39.212
0.600 44.030 0.600 44,850 0.600 41,928 0.800 41.6867 0.600 39.671 0.500 39.439
0.650 44.199 0.650 44.974 0.650 42.161 0.650 41.870 0.650 39.910 0.650 39.849
0.700 44,362 0.700 45,187 0.700 42.378 0.700 42,125 0.700 40.149 0.700 39.89¢
0.750 44.599 0.750 45.419 0.750 42.613 0.750 42,351 0.750 40.395 0.750 40,142
0. 800 44,838 0.800 45,674 0.800 42.858 0. 800 42.554 0.800 40.644 0.800 40.388
0.3850 45,0563 0.850 | 45.901 0.850 43.053 0. 850 42.785 0.850 40.892 0.850 40.6086
0.900 45,270 0.300 46.123 0.900 43,247 0. 900 42.011 0.500 41.122 0.900 40,823
0.950 45,519 0.95¢ 46,349 0.950 43.484 0.850 43.258 0.950 41,345 0.950 41.078
1.000 45.768 1.000 46.583 1.000 43.741 1.000 43.499 1.000 41.566 1.000 41.339
1.200 46.737 1.200 47.517 1.200 44.747 1.200 44,448 1.200 42.488 1.200 42.228
1.400 47.565 1.400 48.439 1.400 45.576 1.400 45,300 1.400 43.358 1.400 43.038
1.600 48.834 1.600 50.152 1.600 46.975 1.600 46.218 1.600 44,228 1.600 44.000
1.800 b0, 240 1.800 51.330 1.800 48. 297 1.800 47.252 1.800 45,004 1.800 44,957
2.000 51.097 2.000 52.187 2.000 49.089 2.000 48. 147 2.000 45,781 2.000 45.728
2.200 51.955 2.200 53.003 2.200 49.881 2.200 48.889 2.200 46.511 2.200 46. 500
2.400 59.714 2.400 53.816 2.400 50.673 2.400 49.831 2.400 47.200 2.400 47,128
2.600 53.529 2.800 54.572 2.600 51.2986 2.600 50.374 2.800 47.856 2.800 47.7386
2.800 54,285 2.800 b5.328 2.800 51.911 2. 800 51.089 2.800 48.385 2.800 48.298
3.000 54,937 3.000 56.032 3.000 52.527 3.000 51.870 3.000 48.9156 3.000 48.822
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A-Table 5 Relation Between True Stress and True Strain for 9Cr-2Mo Steel Plate(2).

Test Temperature 300 C Test Temperature 400 C Test Temperature 450 °C
No EVEGAS No. EVEBAT No EVEBAS No. EVESA9 No EVEGBO No. EVEGB1

True True True True True True True True True True True True
Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress Strain Stregs
(%) (kg/mm?) (%) (ke /mm 2) (%) (kg/um?) (%) (keg/mn?) (%) (kg /mm %) (%) (kg/mm?)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.020 3.828 0.020 3.685 0.020 3.694 0.020 3.7861 0.020 3.576 0.020 3.490
0.040 7.857 0.040 7.250 0.040 7.387 0.040 7.523 0.040 7.151 0.040 6.981
0.0860 11.485 0.0860 10.874 0.060 11.081 0.060 11.284 0.060 10.727 0.060 10.471
0.089 15.313 0.080 14.499 0.080 14.775 0.080 15.045 0.080 i4.303 0.080 13.961
0.100 19.142 0.100 18.124 0.100 18.489 0.100 18.807 0.100 17.878 0.1800 17. 451
0.150 28.712 0.150 27.186 0.150 27.763 0.150 27.988 0.150 25.775 0.150 25.507
0.200 34.700 0.200 34.246 0.200 32.109 0.200 32.077 0.200 29.600 0.200 29.328
0.250 35.793 0.250 35.560 0.250 33.535 0.250 33.542 0.250 31.441 0.250 31.148
0.300 36.371 0. 300 36.196 0.300 34,492 0.300 34.401 0.300 32.741 0.300 32.485
0.350 36.831 0.350 36.856 0.350 35,104 0.350 35.083 0.350 33.529 0.350 33.336
0.400 37.215 0.400 37.057 0.400 35.688 0.400 35.674 0.400 34.248 0.400 34.039
0. 450 37.510 0.450 37.389 0.450 36,171 0.450 36.144 0.4560 34.857 0.450 34.662
0.500 37.839 0. 500 37.692 0.500 36.639 0.500 36.519 0.500 356.811 0.500 35.119
0.550 38.153 0.550 38.007 0.550 37.055 0.550 36.928 0.550 35.733 0.550 3h.542
0.8600 38.458 0.600 38.288 0.600 37.333 0.800 37.278 0.600 36.097 0.600 35.933
0.850 38.757 0.850 38.557 0.650 37.708 0.650 37.598 0.650 36.453 0.650 36.197
0.700 39.036 0.700 38.831 0.700 38.040 0.700 37.916 0.700 36,774 0.700 38.516
0.750 39.314 0.750 39.113 0.750 38.368 0.750 38.250 0.750 37.069 0.750 36.801
0. 800 39.584 0.800 39.402 0.800 38.694 0. 800 38.609 0.800 37.349 0.800 37.101
0.850 39.806 0.850 39.654 0.850 38.984 0.850 38.902 0.850 37.604 0.850 37.400
0.900 40.050 6.900 $9.902 0.900 39.275 0.900 39.128 0.900 37.871 0.900 37.614
0.950 40.298 0.950 40.149 0.950 39.532 0.950 39.13562 0.950 38.153 0.950 37.849
1.000 40.546 1.000 40.3897 1.000 39.778 1.000 39.800 1.000 38.363 1.000 38.103
1.200. | 41.447 1.200 41.874 1.200 40,768 1.200 40.552 1.200 39.186 1.200 38.959
1. 400 42.213 1.400 42.179 1.400 41.572 1.400 4].334 1.400 39.905 1.400 39.648
1.608 42.932 1.800 42.940 1.600 42.320 1.600 41.989 1.6400 40.644 1.600 40.862
1.800 43.492 1.800 43.654 1.800 42.904 1.800 42.433 1.800 41.284 1.800 41.057
2.000 44,032 2.000 44.320 2.000 43.345 2.000 42.857 2.000 41,740 2.000 41.582
2.200 44.572 2.200 44.949 2.200 43,785 2.200 43.273 2.200 42.196 2.200 42.093
2.400 45.161 2.400 45.480 2.400 44.219 2.400 43.689 2.400 42.650 2.400 42.46b
2.600 45.731 2.600 45.914 2.600 44,654 2.800 44.088 2.800 43.103 2.800 42.830
2.800 46.187 2.800 46.349 2.800 45.018 2.800 44,472 2.800 43.479 2.800 43.212
3.000 46.642 3.000 46.787 3.000 45.371 3.000 44,848 2.000 43.827 3.000 43.588
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A-Table 68 Relation Between True Stress and True Strain for 9Cr-2Mo Steel Plate(3).

Test Temperature : 500 °C Test Temperature : 550 °C Test Temperature : 600 C

—E81 -

No. EVEGB2 No. EVEGB3 No EVE6B4 No EVEGBBS Ne EVEGB6 No EVEBB7

True True True True True True True True True True True True
Strain ‘Stress Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress
(%) (kg/mm =) (%) (kg /mm?) (%) (kg/mm ) (%) (kg/mm =) (%) (kg/mm?) (%) (kg/mm?)
0.000 0.000 0.000 0.000 0.000 0.0600 0.000 0.000 0.000 0.000 0.000 0.000
0.020 3.472 0.020 3.318 0.020 3.082 0.020 3.273 0.020 2.442 0.020 2.797
0.040 6.943 0.040 6.637 0.040 6.163 - 0.040 6.545 0.040 4.888 0.040 5.5956
0. 060 10.415 0.080 9.955 6.060 9,245 0.060 8.818 0.080 7.325 0.060 3.392
¢.080 13.886 0.080 13.274 0.080 12.326 0.080 13.091 0.080 9.767 0.080 11.189
0.100 17.358 6.100 16.5392 0.100 15. 408 0.100 16.213 0.100 12.208 0.100 13.899
0.150 24.481 0.150 23.700 0.150 21.781 0. 150 22.199 0.150 17.670 0.150 18.496
0,200 28.333 0.200 27.812 0.200 25. 357 0.200 25.758 0.200 20.997 0.200 21.451
0.250 30.147 0.250 29.917 0.250 27.630 0.250 27.803 0.250 22.885 0.250 23.022
0.300 31.4398 0.300 31.217 0.300 28.749 0.300 28.944 0.300 23.988 0.300 24.079
G.350 32.304 0.350 32.028 0.350 29.653 0.350 29.771 B.350 24.704 0.350 24.1745
0.400 32.858 0.400 32.804 0.4G0 30.121 0.400 30.258 0.400 25.228 0.400 25.199
0.450 33.410 g.450 33.319 0.450 30.618 0.450 30.669 0.450 25.834 0.450 25.465
0.500 33.817 0.500 33.637 0.500 30.985 0.500 31.035 0.500 25.835 {.500 25.747
0.550 24,181 0.5650 34.0786 0.550 31.241 0.550 31.312 0.550 28.074 0.550 25.913
0.600 34.429 0.660 34.423 0.800 31.431 0.600 31.536 g.800 26.204 0.600 26.078
0.650 34.747 0.650 34.724 0.650 31.667 0.650 31.771 0.650 26.288 3.650 26.186
0.700 35.111 0.700 34.981 0.700 31.824 0.700 31.939 0.700 26.405 0.700 26.254
0.750 35.307 0.750 35.233 0.750 31.953 0.750 32.074 0.750 26.545 0.750 26.308
0.800 35.501 0.800 35.478 6.300 32.080 0. 800 32.195 0.800 { 26.595 0.800 £26.374
0.850 35.708 0.850 25.8556 0.850 32.206 0.850 32.318 0.850 26.607 0.850 28.420
0.3800 35. 896 0.900 35.813 0.900 32.315 0.900 32.423 $.900 26.612 0.900 26. 457
0.950 36.0863 0.950 85.945 0.950 32.397 0.950 32.504 0.950 26.648 0.950 26.482
1.000 256.210 1.000 36.140 1.060 32.478 1.000 32.625 1.000 26.676 1.000 26.508
1.200 36.824 1.200 36.855 1.200 82.737 1.200 32.987 1.200 26.759 1.200 26.540
1.400 37.367 1.400 37.309 1.400 33.011 1.400 33.154 1.4060 26.708 1.400 26.504
1.600 38.017 1.8600 37.915 1.600 33,757 1.600 34.027 1.800 29.578 1.600 28.798
1.800 38.724 1.800 38.589 1.800 35.036 1.800 35.166 1.800 30.353 1.800 29,539
2.000 38.319 2.000 39.222 2.000 35,550 2.000 35.625 2.000 30.708 2.000 30.144
2.200 |. 39.787 2.200 39.769 2.200 35.936 2.200 35.997 2.200 31.024 2.200 30.576
2.400 10.200 2.400 40.150 2.400 36.264 2.400 356.285 2.400 31.24% 2.400 30. 866
2.600 40.539 2.600 40.475 2.600 36.533 2.800 36.528 2.800 31.411 2.600 31.051
2.800 40.877 2.800 40.775 2.800 36.786 2.800 36.1769 2.800 81.558 2.800 31.189
3.000 41.165 3.000 41.080 3.000 26.9588 3.000 37.008 3.000 31.571 3.000 31.306
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