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81 Continuous cooling transformation diagram
C Si Mn P 5 Cu Ni Cr Mo Al
0.20 0.15 0.90 0.035 | 0.240 ~ . 0.45
5A204 Gr.B ~0.27 | =0.30 Max. |  Max. Max. ~0.60
. 0.28 0.15 9.80 0.045 | 0.045 _ 0.44 .
SA182 Fl Max. | ~0.35 | ~0.90 Max. Max. -£0.65
Steel 0.25 0.25 9.63 6.012 | 0.005 0.0z 0.02 0.05 0.48 0.011
880°C < L5min
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C Si Mn P S Cu Ni Cr Mo Al
0.17 6.15 0.40 0,035 | 0.040 ¢.80 0.45
SABT Gr.12 CMax. | ~0.30 | ~0.65 Max. Max. | 115 | ~068 -
- 6.10 0.10 0.30 0.040 | 0.040 0.80 0.44
SA182 F12 <0.20 | <060 | --0.80 Max. Max. - ~T.as | =0.65
Steel 0.16 0.24 0.54 | 0.012 | 6.004 0.1 0.02 1.04 0.47 | 0.003
§30°C X 15min
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C Si p Mn r S Cu Ni e Mo Al
0.17 0.560 0,40 0.035 0.040 _ _ 1.00 0.45 o
SAT Gr.ll Max. | -0.80 | ~0.65 Max. | Max. S150 | ~0.65
‘ i 0.10 9.50 0.36 0.040 | 0.040 ) 1.00 0.44 _
SAlse 11 “ooze | ~1.00 | ~b.80 Max. Max. Zts0 | ~0.65
Steel 0.15 0.64 0,60 | o012 | 0.004 0.03 0.02 1.41 0,59 | 0.016
§00°C % 15min
Acy 870°C
Ac, T55°C
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Time from Acy (s)
C Si Mn P 5 Cu Ni Cr Mo Al
0.15 0.50 0.30 0.035 | 0.035 _ B 2.75 0.90 B
SA3B7 Gr.21 Max Max. | ~0.60 Max. Max. Z3s | <110
. 0.15 0.50 0.30 0.048 | 0.04¢ 2.65 0.80
SAl82 F2l Max. Max. | —9.60 Max. Max. | - 23035 | ~1.06 -
Steel 012 0.13 0.50 | 6.010 | 0.007 0.03 0.02 3.02 1.45 0.006
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C Si Mn P g Cu Ni Cr Mo Al
0.15 0.5 0.30 0.035 | 0.035 _ ) 2.00 0.90 _
SANT Gr.22 Max. | Max. | ~0.60 Max. | Max. Z250 | ~1.10
. 0,15 8.30 0.30 0.040 | 0.040 2.00 0.87
SAls2 F22 Max. Max. | ~0.60 Max. Max. - - Z250 | ~1.13
Steel A 0.12 0.08 0.52 | 0.0 | o007 | o 0.03 2.45 0.99 | 0.025
Steel B 0.14 0.24 0.51 | o006 | 0.003 | 0.12 0.16 543 0.97 | 0.014
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C 5i Mn P S Cu Ni Cr Mo Al
0.15 0.%0 0.30 0.040 0.030 _ -~ 4,00 0.45
SA387 Gr.5 Max. | Max. | ~0.60 | Max | Max. ~6.00 | ~0.65
0.15 0.50 0.30 0.030 0.030 _ 4.0 0.44
S5Al82 F5 Max. Max. | —~0.60 Max. Max. ~6.9 -0.65
Steel 0.13 6,13 0.50 0.010 0.008 0.11 0,11 5.08 0.54 0.008
930°C X 30min
Ac, B40°C
200l Ae, 795°C
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Time from Ac; (s)
c Si Mn P S Cu Ni Cr Mo Al
A : 0.15 1.00 0.30 0.030 0.030 _ _ 8.00 0.90 .
SAIT Gr. 8 Max. Max. | —0.60 Max. Max. ~10.00| --1.10
Al182 F 0.15 0.50 0.30 0.030 0.930 _ 8.0 0.90
SAlsz b9 Max, ~1.00 ~0.60 Max. Max, ~10.0 ~1.10
Steel 0.13 0.61 0.44 0.012 0.006 0.01 0.10 8.76 0.94
060" C < 30min
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28 HMECHE

§2 Strength and toughness
Ls Mo steel
C Si Mn P S Cu Ni Cr Mo Al
0.20 G.15 0.90 0.035 0.040 _ _ 0.45 o
SA204 Gr.B ~0.27 | ~0.30 | Max | Max. | Max. ~0.60
0.98 0.15 0.60 0.045 | 0.045 ) . - 0.44 .
SAls2 Fl Max. ~0.35 ~{0,90 Max. Max. ~0.65
Steel A 0.25 0.25 0.63 0.012 0,405 0.01 .02 0.05 0.48 0.011
Steel B 0.17 3.26 .73 0.008 0.008 6.02 ! 0.02 0.06 0.48 0.010
(1} Effect of tempering (2) Effect of cooling rate
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1Cr— LsMo Steel (1)

195

C S5i Mn P S Cu Ni Cr Mo Al
0.17 0.15 0.40 9.035 | 0.040 _ 0.80 9,45 _
SA387 Gr.12 Max. | —0.30 | ~0.65 Max. Max. <115 | —~0.60
0.10 0.10 0.30 0.040 | 0,040 o - 0.80 0. 44 N
SAl82 Flz ~0.20 | ~0.68 | ~0.80 | Max. | Max. <1.25 | ~0.65
Steel .16 0.26 0.58 0.010 | 0.003 0.01 0.20 1.03 0.54 0.014
{1) Effect of tempering (2) Effect of cooling rate
STTS ¥5 1 7%
VST R SR TP
vTa | By o \t 19.0
o e [ 48C min S 2 200
70t A | a 83 o« N o | = |20
oy ’.-—'_-'1
_ o | = |120 - E 60 -
% . o | & |50 - 5 . 8
£ s0f Sy - = —
g Sag =t S, Tl psanse oé{' -
< ——— = £ -0
e F]Z'TS \ ""‘h-"‘-\'.'_:’ ks FIZ,TS 9_‘0,—‘
5 by T — g sasgr v 0 gt
R A~ i, T 3 cats Sy
= l T~ TO-—-—- alls~. o 40F /S aeemg
5 SA8T “ecaL SRI8n. e E 'y "
i CL2. TS TEemal ~Iaa 2 °, o
§ 401 RN ~8 s o
] - BN 5 30 ar
° o~ . 5 30 saasr cizys
s .,  9TTTTTOmeall ° = SA182 F12,YS
< O dsperazvs s
¥ SA182 FIE,YS 20 L T I L i
=
1 1 I ! ! 440k /D
A
'
40 / ° i /
[ ~ — A
bl o +20
o ~ A a
. 20k a 8 .
5 / = = of 00/ 20
v -
i -
Q L .
ar 120 B T A B
., -
LI E ZE TR
e . - 1 =
3’—:: S i ;o RS § i
> e di0 & L
‘\‘ \\\\-\\\\ .- . o =
\_.\‘ ARSI h-lD L L il b e bl WY
~Xr:3§;)‘;____&' > 2 4 5810 20 4
BT o W s Cooling rate from 800 1o 400°C ('C/mn)
T{20 +loge) X 1073 (e:h, T2 K
¢ {3) Strength at elevated temperatures
E &0
= CR:9°C/min
e ——— " e TP:19.8
3 50
o I~ [ ]
7 TS
2 4ol _ 0.
E 40 o QGO \o
L
N No_vs *
5 o
= £ “-‘"‘O
E 1 1 J N L i
> 200 400 500

vi

Test Temperature (*C})




196
1Y Cr— “ Mo Steel

C Si Mn P 5 Cu Ni | Cr Mo Al
0.17 0.50 0.40 0.035 0.040 1.00 0.45
SA3ET Gr.11 Max. | -0.80 | -0.65 Max. Max. - - ~1.50 | —0.65 -
0.10 0.50 0.30 0,048 0.040 _ 1.00 0.44
SAls2 FlI ~0.20 | <1.00 | —~0.80 Max. |  Max. | ~1.50 | ~0.63 -
Steel 0.14 0.63 0.64 0.015 0.008 0.0l 0.02 1.41 0.59 0.025
(1) Effect of tempering (2) Effect of cooling rate
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Strength at elevated temperatures
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2L Cr—1 Mo Steel (1) Low Si
C Si Mn P 5 Cu Ni Cr Mo Al
0.15 0.50 0.30 0.035 0.035 o o 2.00 0.90
SA3RT Gr. 22 Max. Max. | —0.60 Max. Max. 250 | =110
. 0.15 0.50 0.30 0.040 0.040 . _ 2.60 0,87 o
SA182 F22 Max. Max. | ~0.50 Max. Max. 250 | <113
Steel 0.13 0.08 0.51 0.009 | 0.008 0.12 0.12 2.41 1.01 0.011
(1) Effect of tempering (2) Effect of cooling rate
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2Y4 Cr—1Mo Steel {2)(3)

C Si Mn P S Cu Ni Cr Mo Al
0.15 0.50 0.30 0.035 ¢.035 0.90
SA387 Gr.22 Max. Max. | ~0.60 Max. Max. - - 20| <10 -
0.15 0.50 0.30 0.040 0.040 _ o 0.87
SAl82 F22 Max. Max. | ~0.60 Max. Max. A RS -
Steel A 0.14 0.24 0.51 0.006 0.003 0.12 0.16 2.43 0.97 0.014
Steel B 0.14 0.35 9.56 .003 0.004 0.01 0.06 2.18 1.02 0018
Steel A . Medium Si Steel B High Si-Extra lew P
(1) Effect of tempering (1) Effect of tempering
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(2) Strength at elevated temperatures {2) Strength at elevated temperatures
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Cooling rate from 800 te 400°C ("C/min)

3Cr— 1Mo Steel (1) High Si
C Si Mn P S Cu Ni Cr Mo Al
0.15 0.50 0.30 0.035 | 0.035 _ 2.75 0.90 _
SA387 Gr.21 Masx. Max. | —0.60 Max. Max. ~2.25 | ~1.10
0.15 0.50 0.30 0.040 0.040 - 2.65 0.80 _
SAlsZ F2l Max. Max. | ~0.60 Max. Max. ~3.35 | ~1.06
Steel 0.15 0.48 0.57 0.010 0.005 0.11 0.11 3.05 1.05 0.014
{1) Effect of tempering (2} Effect of cooling rate
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3Cr— 1Mo Steel (2] Low Si
C Si Mn P S Cu Ni Cr Mo Al
s 9.15 0.50 .30 0.035 3.035 o 2.75 0.80
SA387 Gr.21 Max. Max. | —0.60 Max. Max. - S35 1 C1w0 -
0.15 0.30 0.30 0.040 0.040 _ _ 2.65 0.30
Salsz Fal Max. | Max. | ~0.60 | Max. |  Max. 23,35 | ~1.06 -
Steel 0.13 0.08 0.50 3.010 0.007 G.01 0.03 3.22 .96 0.014
(1) Effect of tempering (2) Effect of cooling rate
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{3) Strength at elevated temperatures

xi

70
TP
20.3
20.8
= o 216
E 22.0
j
= gk
%
=
u
[
s 40
=
T ~5 A
a ‘ “
= 1
= [
- 20F \‘
1
CR : 13 C/min *
10 | 1 1 1 ! 1
0 300 300 600 800

Test temperature ("C)



5Cr— L2 Mo Steel
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T
C St Mn P 3 Cu Ni Cr Mo Al
] 0.15 0,30 0.30 0,040 0.030 4.00 .45
SA387 Gr.5 Max. Max. | ~0.60 Max. Max. ~6.00 | ~0.65 -
0.13 0.50 0.38 0.030 0.030 0.30 1.0 0.44
SA182 F5 Mazx. Max. ~0.60 Max. Max. Max. ~6.0 ~8.65 o
Steel 0.14 0.13 G.50 0.004 0.006 0.01 0.08 4.96 G.50 0.002
{1) Effect of tempering (2) Effect of cooling rate
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GCr— 1Mo Steel

C Si Mn P 5 Cu Nioo oo Mo Al
_ 0.15 1.00 0.30 0.030 0.030 8.00 6.90
A38T Gr.9 Max, Max, —0.60 Max. Max. - 10.00 -1.10
{.15 0.50 0.30 0.030 0.030 _ _ g8.0 0.99
SAls2 F9 Max. | ~1.00 | ~0.60 | Max | Max. ~10.0 | ~1.10
Steel 8.13 0.61 0.44 9.012 0.006 0.01 0.01 8.76 0.54 0.009
(1) Effect of tempering (2] Effect of cooling rate
80y
vs [Ts] CR TP.F'TP
("C/min) 75k o 207
o~ vl | vEy 4 1211
E 70F o o e | 12 - o 218
£ —_— >
‘-E‘n I"‘-—-—.______:\ A Fy 80 E 70k -
~ . 5 g
= 1 SAL82 T— = ° S0
= 6O FO,TS “\.\. i —_ N P
£ A387 = —
% [4CL2TS 6ol
& 5o °T=IIzzza C
@ ~o. o —n. a—
5 T = —————
z ~oe_ z
5] SA182 Tl = SALB2
= 4O0F tFo vs S~ ‘ 60P[F9,TS
2 A38T ’ sf A
g _' CLLYS5 "“'JCI]&I? Lot I
20f ' ' ) : 20} [TP=206--218
) o
L 0F 0 —————o 0-—'—"—-0—-—-_- =)
7o o F T
L & °9 5 it
- %f OO 8 0000
——— e
— 20} 20 : o~
[ - =
. B - e
. o
_ A Jio =
Ly
= 5
I i 1 L 0 - 1 1 L1 H
205 210 215 22.0 25 2 4 20
) Cooling rate from 800 1o 400°C °C min)
F 120+ 1ogt) X 10 3 {t:h, T:K}
(3} Strength at elevated temperatures
" .\ YS|TS] TP
A ol w208
i :\l\ sl ]212
£ 60F \\’ ol w|216
< N o2 1 e 220
32 e v v [ 234
‘—é} 50l Z:\O\ \._:\ CR:12°C/min
~a
P e e WA
7 o Y. Giipe-e 1y
& odop el R
[ v e G A
-
=] 30._
=
3
-
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i L & L
W40 %06 600 800
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§3 Susceptibility to temper embrittlement

203

{1) Base metal
. Before temper embrittlement After temper embrittlement
Cooling Struc-
Meterial rate YS TS vTs T vTs vTa 4y Ts 4Ty
T ture
(T /min kef/mm? | kgl mu? T ko v “c ‘c T
Carbon steel 33--100 =P 28 - 30 49 --31 --43- -33| —65--—55| —32-—-25| —65--—51 5--13 0--8
Ly Mo 1 Mo 10 F+P | 33~34 | 50-51 ) —23~ —20 3 —13——4 5 10--16
steel e §~12 |F+P~B| 42~50 | 5d4~64 12-82 | —21~20 | —9-35 | —28~5 —17~-23 | —23~9
Fine 9 F+P 28 46~47 | —40- -2 | —72--35| —H~—11] —-61~—136 0~16 2~21
1Cr -4 .
T grain , F+B | 27~45 | 5360 | —47~—14| =57~ ~38| =31—4 | —49~—27| 3~24 8
Mo steel -
Course " F+P | 30-31 | 46~49 34 12-27 3845 36--41 4--11 5~10
144 Cr— 14 Mg 1-18 | F+P 35 52~56 | —33~-- 3] —61~—-37| —34~10 | —59~—25| - 1~15 2~12
steel 2030 | FrB | 41-32 | 61~67 | —55~—27| —80—~-55| = 5~5 —40~-30[ 32--50 2540
0.65~17 | B AP | 2143 | 4457 | 66~ 3 | -T6~— 2| -850~ 3 | -65~-4 | — 2~ |- 6-14
Low Si
22 B 33-55 | 49—63 | —80~—59] —88~—70| ~77~—55| —B5~—59| — 2~5 - §~12
24 Cr—11 ... |85~17 | F+B | 30~36 | 52~54 —41 ~45 -0 — 58 1t -13
- High 5 )
Mo steel | " » (27~ 41) | 151~63) | [—3B~—4) | i=75~—30) | (=¥~ 12} | (-71~-11) | {-23~15] [—4~131
o
Extra | 2485 B 45~55 | 61~69 | ~44~— 3| —76~—41| 36~77 | —65-15 4677 4262
“low B " / (33~57) | 271} | (=T~ 300 | (=07~=56) | (=56~-24 | (-89~ | 3-8 | (~1-B
3Ce —1Ma| Low Si 3.5-60 B 42~34 | 5968 1- 100~ —47 [~117~—66 | —75~—22| —97~ 66| 2025 0~
steel High Si{ 20~30 B 29~38 | 55~36 | - 5~0 | —d3——17| —12-2 | -25~-- 7| 10~31 0-~38
5Cr—Y Mo steel |4.2~23 B 42--53 | 56-68 | —79~ 58 |~100~—69 | —83~ 32| —96~—62| - 4~26 | —13-24
9Cr—1Mo steel 12 B 4150 | 61--68 0~ 5 | —-42--33] -~ 5~3 —40~ 35| — 5~5 - 7-2
(2) Welding zone e
Welding | Welding Refore t.e. After temper embrittiement
Material
method | zone Ty +Tw vTs wTw Ay Ty 2:Ta
WM -3 - § 2 -1 1 2
Mo MAW
HAZ —54 —95 45 -9 9 23
WM a4 - 50 31 —az 13 8
SAW
HAZ 34 —69 -30 53 4 16
oMo steel
WM — 42 |-w--2] 4-10 |-7-8 2~14 |- 5~ 4
M- Mo | MAW
HAZ - 53 -8l 47 —78 6 5
WM | —36--31| —41~ 39| -40~—35| 50 - 43| - B 4 G4
SAW
HAZ —19 51 - 16 32 3 19
wM |- z2-8 — 8- 2 9--32 5 28 1-34 4~36
MAW
1Cr - Mo steel Bond | —51-—12 | —58- 15| -47 - 3 57T-— 2| 2715 39 23
SAW WM —~ 8 ~15 -8 -2 0 5
W -17 -2 -3 13 14 16
1}4Cr=]12 Mo steel MAW
Bond 13 - 66 -8 20 25 46
WM [ -2~ - 4| -17-—13) - 315 -1 7 919 3-20
MAW
24 Cr— 1Mo steel Bond | —43~-38| —36~ —55 - 29 SB2~-35 | 11-14 3-21
SAW WM 21 31 © 6 5 27 26
5Cr—i Mo steel SAW WM -25 —35 J‘ 18 —23 7 12

- xiy
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§4 Creep
1Cr— L4 Mo Steel
C i Mn P 5 Cu Ni Cr Mo Al
0.17 0.15 0.40 0.035 0.040 - - 0.80 0.45 B
SA387 Gr.12 Max. | -0.30 | -0.65 Max. Max. 15 | =060
0.10 0.10 0.30 0.040 0.040 _ - 0.80 0.44 o
SAl8z F1z <026 | ~0.60 | -0.80 Max. | Max. ~1.25 | ~0.65
Norma. —T empe 0.13 0.19 0.52 0.005 0.002 0.01 0,02 1.03 0.49 0.002
orma. MPET- | 017 | ~0.26 | ~0.58 | —0.013| —0.005| ~0.04 | ~0.21 ~1.11 | ~0.56 | —0.014
60
40+
450°C
S00°C ASME
— Sec. VI
"t Div.l
E 201 Clz
L —Me
2 o
” FMin.
g S50°C | 500C
@ 10k
S_
G |
3 550°C
600°C I
4_
w0 ‘ 10* * - IIO* 10°
Time to rupture [h) .
L 600°C
14 Cr— ¥ Mo Steel
C Si Mn P 5 Cu Ni Cr Mo Al
- 0.17 0.50 0.40 0.035 0.040 _ _ 1.00 0.45 _
54387 Gr.11 Max. | ~0.80 | ~0.65 Max. Max. 150 | ~0.63
0.10 0.50 0.36 0.040 0.040 1.00 0.44 _
SAl82 F1I Z0.20 | <1.00 | ~0.80 Max. Max. 150 | ~0.65
0.12 0.57 0.53 0.003 0.006 0.01 .02 1.21 0.47 0.605
Norma. —Temper. ~0.16 | —~0.64 | ~0.61 ~0.022{ —0.009| —~0.10 | —o0.03 ~1.38 ~0.54 | ~0.014
60
40+
I 450°C
- ASME
B Sec. ¥
Div. 1
~ 500°C ClL2
Ezg— —Mean
-~ 450°C
= I Min.
=
F 500°C
& 10} 550°C
S_
G- 550°C
600°C
Ak
| ] 1 L1 1 i L T L 1 1 Ll ‘J,
10° 10¢ 10 1P .
Time to rupture {hl L 5o0°C
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214Cr— 1Mo Steel

205

C Si Mn P S Cu Ni Cr Ma Al
0.15 0.50 0.30 0.035 0.035 2.00 0.90
SA3B] Gr.22 Max. Max. | —0.60 Max. Max. - Z250 | ~1.10
. 0.15 0.50 0.30 | 0.040 | 0.040 _ _ 2.00 0.87 _
5A182 F22 Max. Max. | ~0.60 Max. Max. ~2.50 | ~1.13
Narma. -Temper. & | 0.08 0.06 0.38 0.066 0.003 0.0L 0.02 2.05 0.96 0.061
Quench.—Temper. ~0.15 ~0.45 ~0.60 —~0.013{ ~0.010( —0.20 -0.20 —2.48 —1.05 —0.016
50
a0r
I ASME
Sec il
450°C | piv.1
& o CL2
g — Mean
5 450°C
= 500°C [ Min
i | s00°C
T
o L
gk 550°C
i 550°C
ok
L 600°C
ol | e00°C
| I 1 I T | 1 | 1 [ |
10% 10° 100 10°
Time to rupture (h)
5Cr— 14 Mo Steel
C Si Mn P 3 Cu Ni Cr Mo Al
0.15 0.50 0.30 0.040 0.030 . 4.00 0.45
SA387 Gr.§ Max. Max. ~0.60 Max. Max. ~6.00 ~—0.63
. 0.15 0.50 0.30 ¢.030 0.030 1.0 0.44
SAL82 F2 Max. Max. | ~0.60 Max. Masx. - - <60 | —0.65 -
g 0.06 0.24 0.40 0.007 0,006 0.06 4.12 0.47 6.002
Norma. -Temper. | To'gq | 096 | ~0.44 | ~0.008] -0.007| 0-92 ~0.11 | —4.65 | ~0.4¢ | ~0.005
50
a0
\ 450°C ASME
o 20k See ¥l
g Div.l
‘\E_ SOO‘C _Cll\:'|2ean
= | 430°C
= Min.
p
2
£}
ot 550°C L
8t | s00°C
6_
" go0°C | sa0°C
4
1 1 L L L.l L 2l 1 L lEal‘;).(TL l L 1 Lol
107 00 10 10°
Time to rupture (h) - 600'C

!
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§5 Fatigue
L4Mo Steel
C Si Mn P Cu Ni Cr Mo Al
, .20 0.15 0.90 0.035 0.040 - . B 0.45 i
SAZ04 Gr.B ~0.27 | <030 Max, Max. Max. ~0.60
, - 0.28 0.13 0.60 9.045 0.045 _ i _ 0.44
Salsz Fl Max. | ~0.35 | -0.99 Max. Max. =655
Norma. n.25 0.24 0.73 0.010 | 0.008 0.01 0.03 0.04 0.49 0.017
o R.T.
. 450°C
r TRD301{20°C)
I
L1072
s
=
=
[=
s
-
7
=
3 =
' i ASME design cur‘ve)h =<~
(UTS = 80ksi)
10 1k ASME design curve
F (UTS 115~ 130ksi)
B |- 1 1 1 I N N Y L | S 1 A 1 L
10% 10° 10¢
Number of cycles to failure, Ny
1Cr— Y Mo Steel
C 51 Mn P 5 Cu Ni Cr Mo Al
0.17 0.15 0.40 0.035 0,040 _ 0.80 0.45
SA3T Gr. 12 Max. | ~0,30 | ~0.65 Max. | Max. ~L15 { ~0.60
. 0.10 ¢.10 0.30 0.040 0. 040 - 0.80 0.44 -
SAls2 F12 ~0.20 | ~0.60 | ~-0.80 Max. |  Max. ~1.25 | ~0.65
Norma. ~Temper. 0.16 0.26 0.58 0.010 6.003 0.01 0.20 1.03 0.54 0.014
H o LT
i . 450C
W op e
o
-]
[=
s
=
@
*'Z \"‘\:_H o~
e r ASME design curve S mEee L
(UTS S80 ksi} =
. ASME design curve
e (UTS 115~130 ksi}
| ! Lot 1 111 L 1 11 1

L1y L

bl 1111 1

10°

6%

104

Number of eycles to failure, N,
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1'4Cr ~ 14 Mo Steel
C 8i Mn Pos Cu Ni Cr Mo Al
c xngn 917 0.50 0.40 0.035 | 0.040 _ B 1.00 0.45
SAET Gr.11 Max. | -0.80 | -0.65 Max. Max. ~1.50 | ~0.65
0.10 0.50 0.30 6.040 | 0.040 1.00 0.44 i
SAL82 F11 ~0.20 | ~1.00 | ~0.80 |  Max. |  Max. ~1.50 | ~0.65
Norma. ~Temper. | 0.12 0.59 0.54 9.011 | 0009 9.01 0.03 1.28 0.47 0.009
L ol R.T.
i . 450°C
- THRD301(20°C) ]
= 10 '
W
_ [ TRD301450°C;
& L
g
E -
- L
: 3
E L
= (UTS %80ksi)
103k ASME design curve
F {UTS 115~130 ksi)
i | 1 L 1 | | 1 1 ol {41 1 L 1 I
102 19 10
Number of cycles to failure, N,
2L4Cr— 1Mo Steel
C Si Mn P 5 Cu Ni Cr Mo Al
. 0.15 0.50 9.30 0.035 | 0.035 ~ 2.00 0.90
SAZET Gr.22 Max. | Max. | —0.60 Max Max. - ~2.50 | ~T.10 -
0.15 0.50 0.30 0.040 | 0.040 _ 2.00 0.87
SAlsz Foz Max. Max. | ~0.60 Max Max. | Zos0 | <113
Quench.—Temper. 0.13 0.08 0.51 | 0.009 | 0.008 0.12 0.12 2.41 1.04 0.011

—
=1
I

Total strain range, g,

—
[=]

T T

-~

ASME design (:urve/?“"--:"‘
(UTS < B0ksi}
ASME design curve
(UTS 115~ 130ksi}

Lt L) 1 | R 1 I S T N B ! L J

10 10? 10¢

Number of cycles to failure, N,
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3Cr— 1Mo Steel
C St Mn P S Cu Ni Cr Mo Al
. 0.15 0.50 0.30 0.035 0.035 _ 2.75 0.90
SAST Gr. 21 Max. Max. ~0.60 Max. Max. —~3.25 ~1.10
0.15 0.50 0.30 {.040 0.04¢ . o 2.65 0.80
SAlEZ F2l Max. Max. --0.60 Max. Max. ~3.35 ~1.06 -
Norma. -Temper. 0.13 ¢.43 0.57 0.010 G.005 0.11 0.11 3.05 1.05 0.014
B 0 R.T.
i . 450°C
B TRD3G1{20°C)
=
w
g 10°%
i
=1
id
=
‘=
7]
@
K
= - ~
| 3ad L - —
ASME design curve—  ~ ==
(UTS = 80ksi] /
Lo ASMEdesign curve
r [UTS 115-130ksi}
i | A L A A N S il il 1 I L A L 1l 1
10# 104 10!
Number of cycles to failure, N
5Cr—L5Mo Steel
C Si Mn F S Cu Ni Cr Mo Al
- 0.15 0.50 0.30 0.040 0.030 _ 4.00 0.45
SA387 Gr.5 Max. | Max. | ~0.60 Max. |  Max. <6.00 | -~0.65
0.15 0.50 0.30 0.030 0.030 _ _ 4.0 .44 o
54182 F21 Mas. | Max, | ~0.60 Max. |  Max, ~6.0 | ~0.65
Norma. —Temper. 0.09 0.24 .44 ¢.007 0.007 0.03 0.07 4.65 0.47 0.002
t o R.T.
: . 450°C
o TRD301 (20°CY
= 102}
w L
s [ TRD301(450°C)
ED -
g I~
= L
;; i ASME design curve—" ===
[UTS =80ksi)
107k ASME design curve
r [UTS 115~130ksi)
i i 3 L L | I 1 1 | N I | L Lt |
10° 104 10!

Number of eycles to failure, N,
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