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Synopsis :

This article describes mechanical properties and weldability of ASTM A204C, A299 and
JIS G3103 SB49 heavy plates for pressure vessels served at intermediate and higher
temperature. The test results reveal that even the extraheavy plates thicker than
150mm can satisfy the specifications of the standards. Especially distinguished is the
A299 on notch toughness, and as for the decrease in properties through post weld
stress-relief annealing and in the strength at elevated temperatures, the A204C serves

the purpose most favourably.

(c)JFE Steel Corporation, 2003

AIIROR—VnbEETEET,




265

UDC 669. 14 413 : 668. 14.018. 44

K4 7 —HABEMKICOWT

Heavy Plates for Pressure Vessels for Intermediate and High Temperature Services

* @

Hiroshi Mori

R & E

Yuji Kusuhara

Synopais :

B X = B

Katsuro Inomata

=M o g
Shigehiko Yoshimura

This article describes mechanical properties and weldability of ASTM A204C, A299 and JIS 3103

SB49 heavy plates for pressure vessels served at intermediate and higher temperature.

The test results reveal that even the extraheavy plates thicker than 150mm can satisfy the

specifications of the standards.

Especially distinguished is the AZ99 on notch toughness, and as for the decrease in properties through

post weld stress-relief annealing and in the strength at elevated temperatures, the A204C serves the

purpose most favourably.
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Table 1 Rolled steel for boilers and other pressure vessels for high temperature service (JIS (3103- 1966}

i - : =

| Chemical compesition [ %) : Tenmle test Bend test
. o T e et
Desig- Elongation
nation . C - P 5, l Tensile Yoller::l } s Angle| Radius
Thickness t (mm?} g Si Mn . > 1 Mo |Strength p Test o Thickness t (mm} [ of of
max. max. | max, Py min. 2,
¢ kg om?) 1+ |Specimen| 7¢ bend | bend
(kg,'ml ) s min.
19 and under 0.20 0.4 0,80 No. 1 26
SB 35 . 'r'"ax‘ ‘max 0.035]0.040 3542 19 5 and under 180° | 0,500
Over 19 to 50,incl. ! 0.22 i i No. 4 30 ;
25 and under 0.2t 5 i No. 1 39 |25 and under 0.50t
. . .15 (0,80 st P . - ™ 1Over 25 to 50, incl. 0.75t
SB 42 | Over 25 to 50, incl. 5 0.27 ? 0.035: 0040 4250 2 . 18¢°
~0.30] max,| : : ' 4= | Over 50 {0 100, incl. 100t
Qver 50 to 150, incl. lu.:sn No- 42 27 1 ver 100 to 150, incl, 1.25¢
25 and under 0.28 . ) No. 1 51 , 23 and under : 0.751
S8 46 |Over 25 to 50.inct. | 0.3t 218 B9 4 yas g 0 46 -55 | 25 [ Over 25 to 100, incl. i 180% | 100t
Over 5) to 150, incl. | 0.33 j Noo 4125 fver 100 10 150, lnLlj 1.25t
125 and under ' 0.3L _ No 1 1y | 25 and under . 1.00¢
- . - o 0015 096G i N g . 7 | Over 25 ta 50, incl. | 1.00¢t
5B 49 | Over 25 to 50, incl. 0.33 |77, Co L3S 0o - 4950 27 . 180"
Over 56 to 200, incl, | 0.5 0.0 max, ‘ No. 4 o | Gver 50 to 100, incl. | 1.25¢
ver 50 tn inc .35 i . Over 100 to 200, |ncl.t 1.50¢
(z):.v anju unoe(‘)rl 0. IH - B No. t 21 25 and under 0.50t
SB M | Orer 2o el O P oo v s |0 010 |® 45 [asss | ns Over 25 to 100, incl. | 180% | 0.75t
Over 100 to 150, incl, Ro- 426 Gyer 100 10 150, incl. 1.00t
{djl ang_ undrtol el ' Nou. 1 1y | 2% and uader 0.75¢
3 o .
SB 49M | gver 23 1 mo”:;d . O R T (R T A R B Over 25 to 100, incl. | 160° | 1.00t
v No- 4| 28 ouer 100 to 150, inct. 1.25¢
N . e PR N . JERS, N —
2 and under o0 | ‘ No. 1 | 17|25 and under 1.25¢
- COwver 25 to 5l incl. 0.23 0,15 |1.15 . 0,45 |z |l - . Over 25 to 50, incl. .1 1.50¢
SB56M | Gver 50 to 100, inch \ 0.25 |~ 0301, 50 0035\ 0. 040" 7 g 56 ~T0 ‘ 5 No. 4 91 | Qver 50 ta 100, incl. 180° 1 7 754
Cver 100 to 159, incl.| 0,27 i ! o =% | Over 100 to 150, incl. 2,00t
Table 2 Standard specification of ATSM for pressure vessels
Chemiral composition, 9, Tensile test Bend test
, - ——— . e e S T P . o
¢ ) Tensite | Yield Elongation ‘A | Ratio of bend
nation I o1 Mo | P 5, point . . NEl¢| drameler ta
max. | M max | max. | max. Mo Stkre:;itzl; (kg fom®) i ;gst‘ %, Thickness, in b:.:d thickness of
! Lk min, {*PEOMEN) i, specimen
[ E— . — in. N S
: o GL =8 19 1 and under 1
A201A | o 2, 0acl [ o - 0,45~ | 45.7~ g 200y Over 1 to 2, incl. . 1l
20 1 inel, gy L0000 T Tag g | B0 e oa ) L | Over 2o inet | 1Y 13
Over 4 (500 | 7| Qver 4 2
dI un(lt‘\ GL=§ 17 | L and under 114
. v to 2, o0k 115 . . 0.45 - 49. 2 - . . (2K Over 1 to 2 incl. . 2
y : y . 3
A204B OV?I 210 4. incl S 0.0 890 0085 0,04 0.6 5.8 281 iGL =2 ” Over 2 to 4, incl. 180 7
Over 4 Vhoy | T | Over 4 2l
;]:md]und;-r: 0,23 jGl=8 15 | 1 and under 2
. . ver | to 2 incl | 0,26 15 e (.d4h--| D2, 7 oy g 12005 Over 1 to 2,incl. X 2Ly
AZVC L bver 2 b0 4 incl | 0728 [-g g0 00 00SS 004 T PR | s Ty 1Y 4o | Over 2 to iy | 1# 3
Over 4 1,28 150 Over 4 3
[ i . e ik L4
I and under nogRl 1 ﬂ(;‘d a95 (UL _’ium‘ 16 | L and under 3
Az89 et INERIN AN SO L3O TR Y S T Over 1t L inel| 1807 3l
Over | 0.0 - 140 Over 1 ug 1 |GL-szw| 16
ta 2, inel =Sl G wEn 1 | Over 13 4
) I and under I Gl -8 ’ 1 and undar | e
Over 1 1o 2, incl, - e e ] 23| Over 1o 2,incl. 1
AD15 551 Over 2 to 4, incl “-c',".m w00 .oss| 6o0d) "3;4%': 2 g, B Gver 2 1o 4, incl | 180 11y
3((:\:&' é to 8, incl, o i R ! 0 27 | Over 4 tu 8, incl. Z
1 Over . Lot QOver 8 i 2l
1 and under 7 . 1 and under —r
Over 1 1o 2, inck [TRE: a2 GL=8B 9y | Over 1 to 2,incl. 113
AB15 60| Over 2 to 4, incl. A I RO Y e IR I Over 2 to 4, incl~ 180 2
gver g to 8, incl. | N ot b - e 25 [ Over 4 to 8,incl.! 2
hvar . - Over 8 | 2
1 and under R _I T | ! I 1 and under 1%
Qver 1 10 2, incl. - : BT S 19 [ Over 1ie 2, incl. 2
ASIS 65| Qver 2 to 4, incl. | 0233 "0 1o voons 0o W e, T Gver 2 to d,incl.| 180" 2
(r;m-g 1o 8, inck ; B i R gy, b2 [ Over 4 to 8incl. 2L
- Jver e iQver 8 2y
I and under ! B 1 and under T2 -
Over 1 Lo 2, incl, b 15 Gl 730(} 17 | Over 1 1o 2,incl 2
AS515 70 [{ver 2 ta 4, incl. . “' aul s 0ousd| 0.4 26,7 51 |‘) ! Over 2 to 4,incl. | 180° Ay
Over 4 to B, incl. - * Tn, | 21| OverdioBincl, 3
: Over 8 ol T overs s
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JIS SB46 ( ASTM AS516-70412%5), ASTM AZ299,
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Table 3 Condition of heat treatment

Kind | Thick- |
of | ness Plate Test specimen
steel | t(mm) {
1R - —
: Normalizing I S. R
SB49 ‘ 180 930°C » 4hr ‘ 625°C x 15. 2hr
. S R,
. Normalizing
A299 170 s | 625°Cx
‘ 930°C x 4hr | 6.7hrx 3times
— Normalizing |~ -
900°C x 4hr R
A204C 153 Tempering 1 2
0 ~_600°C x 10hr lhr x 2times
4-1-1 {EFEP
LR G O— (%, K5 ATl s LORAS

HiEw-ouC Table 4 @wm,

4:1-2 FeERB

Table 5 i3, JIS GO555 iz X A i5@ERBEL T
ootk BT H 5, IEKES (ASEA-SKF

Table 4 Chemical composition (wt%)

== . | ,
Kind of E‘:Slsck ‘ Ladle analysis |‘ Check analysis
steel oyl ¢ | si | Mal s 'Cu ‘Ni|cr Mol s| C|Si|Mn P| S Cu|N1 Cr [Mo
. L PV S i L | .
: ‘ | | ‘ Tlo. zs‘o 260 970. 013‘0 006‘0 020 oz]o 02|0 08
sB4o | 180 | 0.28 0.26 0.950.0150.007| 0.020. 01‘0 190. 08|
| ‘ | ‘ B, 29‘0 zap o7lo. 013‘0 0060. 02‘0 020. 20‘0 08
| \ o \ | ;! T 0.2300.231.340. 0070 0090 02 21. 260.18
A299 | 170 | 0.22 0.22 1.290.0080.008 0. 020 190 240.17
| | ‘ ] B ‘o 22‘0 24|1 33‘0 0070. 009|0 oz‘o 2100, 250 17
i ' \
i | | | |0 260.250. 85\0 om\o 0060.040.11). 29'0 53
A204C| 153 | 0.25 0. 25‘ 0.840.0100. 006 0.030.100. zso 531
] | B 0.260.25 0. 11‘0 29\0 50

* T : Top in ingot B : Bottom in ingot
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Table 5 Cleanliness of the steel plate
(According to JIS GO0555}

e AT e | de L, o
K 15 5o o B8
SB419 0.046 | 0.029] o] 0.7
A 209 0.033 ‘ 0.025 | 0 “ 0.058
A204C | 0.050 ‘ 0. 008 ! 0.02L \, 0.079

Location in ingot : Top

413 F-RAFH4 MERHE LA

Photo. 1 13, JIS GO551 & @Rk Hik
ST, A — AT P RERBER AT S
FERTH A, SB49, A299 15iE No, 6, A204C
VLEIJE No. 4 Th 5,

Absorbed energy (kgrm)

0
3
3
&
0
0
_Longitudinal
20 174
o---=-0 SB4Y N
x—-—x A294 N e
—e a2nC
15r ’
10
5_
3
{} 1 1 Il il L I 1
—40 =20 1] A 40 i an - [ J
Test temperature 1 C} Photo. 1 Microstructures of austenite grain size
. " \ According to JI 0551 100
Fig. 1 Transition curves of three kind of steel ( g to JIS G ) (x )
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Table 6 Test results of tensile test (Tup in ingot)

Kind of steel | ! Direc. N or NT | _ N SR OTW{‘IT SR o
(Specy | POAON pon . STTTTTST | EL UEAT VS, RA.
A | ‘ (kg/mm*); (kg/mm™y" (%) (%2 \(kg/m‘.“_z)__(l‘_g/mmz) (/) (%)

|
L e ‘ 59.7 | 34 | 59 _ R
366 | 5.2 37 | 2 | \
surface N \ ?;5.7 ! 58:9-.---3 31 ‘7:9 ’}_ _ 1 ‘ ‘ __.
3.4 | 586 | 31| 5T | ‘
SB49 : . - — :
L 36.4 | 585 | 33 | 57 | 33.4 1 55.1 ‘ 36 | 63
Y. S. 35.0 | 596 | 33 | 58 | 336 549 | 37 59
=27 1t S L B e R s
T. & c 36.5 58.4 ‘ a0 | s0 33.2 1 55.2 35 | 59
4960 36.4 580 | 30 | 49 | 355 | 554 | 3 ‘ 57
EL S O R ,. . R
223 | L 353 | 580 | 33 | s 32.7 55.5 35 ‘ 60
3.0 88 | 34 | 53 | 348 55.1 | 35 | 59
L c | 365 s8.8 | 26 | 43 | 326 55.6 | 34, 57
P 358 58.6 | 25 | 42 33.0 55.7 33 ‘ a7
B : S . . - i
, 32.3 56.1 ‘ 17 1 25 o o
‘ ‘ 32.7 56.6 | 20 | 25 | ‘
| - L S R R
L 35.8 ‘ 56.3 | 38 | 68 o ‘ _
3.5 L 570 ‘ 33 ‘ 66 | "
Surface - T T T T - X T ] = -
c 37.9 6.0 |33 e L _ |
36.4 56.6 34 ‘ 60 | | i
290 R | o S B S
A L 24.8 56.3 | 36 | &7 | a7 | 583 |39 | 71
Y. s. | 355 s6.7 | 33 | 66 | 335 532 | 39 ‘ 71
>27.6 R T _ _E—
T. S. 578 | se5 31 | s5s | 330 | sao0 | 34| 6
C
51.7~62.1 770 | 565 | 30 | 56 . 335 , 530 | 36 | €0
JOIN — I R .l . -t L
=19 L 37.8 50.6 | 30 | s . ‘ _ _
38.2 58.9 30 | 58 ‘ ! |
- . ‘ ,‘.._‘! 1
; bo37.3 59.5 ‘ 29 | 55
1 i L _ . —
nt ¢ 4.6 | 87 | 28 56 | | ‘
——_— — _ | S -
. 524 | 544 | 20 | 38 ] ]
200 . 540 | 17 37 :
L 44.0 50.1 | 30 | 59 | _ | ]
4l 4 8.5 | 31 | 57 ‘ ‘
Surface |— —~ i s -
c 38.8 58:3 | 31 | 57 3 ‘ B ]
! | 388 58.0 . 20 | 55 | ‘
SV S B R e e T
A LoaLT 59.9 | 30 | & | 380 ‘ 572 | 32 | 60
Y. s. | 42 | 598 ‘ 30 | 59 | 38.0 576 | 32 | 6l
>30.3 Wt |— - ! T RS
T. §. c 8.7 | 606 | 29 | a9 i 387 | s7.4 | 20 | 58
52.863.3 39.4 | 604 | 28 | 5 ‘ 37.8 | 6.2 | 28 | &
EL e - : e - e—
=21 L | 128 503 | a2 | sl ‘ ]
40.3 58.9 31 58 ‘ !
| - ' - __. 1 - —
39.7 60.0 - 20 | 56 }
{ — _ — —
At c 38.6 59.2 | 28 | o7 | ‘
N il ) | !
, |- s5.1 | 24 | 40 o |
| L 55.9 | 27 | 46 |
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Table 7 Test results of impact test (Top in ingot)
Type | Kind of ‘ N or NT | N-SR or NT SR
of Location | DITEC |- R R o P B
specimen steel tion Eo ’_I?rs Tre | Eo Trs Tre
B | (kg-m} ‘ s Cy ¢ (kg-m) (°C) o
O L U T -
gt ‘ 2.0 ‘ 48 34
- i 4 - —
‘ |
SB49 - ’ |
3.0 ‘ 0 | 3
Yot 2.5 ‘ 48 ‘ 33
| o
f—! Surface !
g S A R
|
> 9.5 9 | -2
E S ;
E %t . 16 | 1 | 1
o A299 e . , B -
vA 4.2 ‘ 0 | 6 ‘ ‘ :
© L
|2 Lo a7 |4 ‘ 6 | |
%51 C 29 | 13 ‘ 8 ‘ |
= ———— PR
. \
3 z o200 | | | | |
Z . R ; R | _ [ N N
oL a2 | s s | |
fi.’_’}, Surface ! RS S - ' -—
¢ | oas | e | oam | |
L ‘ 13 | 48 a2 32 | s 19
1 A [ R JR
A t’ I
A204C C ‘ 3.1 ‘ 52 | a0 | a5 | 45 30
oL | ss | s | a2 |
i E . . L A
o %e | c i 3.4 3| \
i ! i - PR
. oz ‘ 1.8 ‘ 55 | 46 |
y = CL ‘ 16.6 ‘ -6 | 53 ‘ 15.8 —15 ‘ —25
z & A 299 B o L |
o 2 ¢ e | -4 | -3 | e w | -
o. D - Ll L. : . S — I‘ -
Z L Lo owe | | - '
, |
w B | A204C Yo | : S
Sl ¢ ' oss | oa - | |

4-1-4 #BEHHEHE

FHEEBMR O F ¥, & LR ISR SR
HBogaR, 1 b U E R LS B o % Table 6,7

s, EEST I & JLEE R M B T 1A 00 5 R4
MOERIE LA T, Uichis TilmNE itk
ZEAFBELLAT, i, FEHFML LTUES
HiL AT 2 mE AR (Z0m) oEEoRbd
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BEH BRI, 10, IRBREREM X A, EENRTHED Mo TR LoD
LB T 3kg/mm® §i#hTH 5, Fig. 111 THhH, 3EOPTIE MnjC o4y A299
T D f ¥ oA O v e — BB DPHERERIT T C T B,

SB49 ‘ A299 A204C

Photo, 2 Appearances of side bend test specimens

Table 8 Test results of NRL drop weight test

Test temperature
Heat

treatment Location | Direction [--———-—— = wm o smmemm e NDTT

0°C -5°C —10°C } —-15°C —20°C

‘ = — S R
i

NT 14t L @B | @ | D | | —10°C

sk L @B 0D | GO 6@ | -u

Specimen : P--2 type (Number : Crack length, mm)

— 141 —
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0
= Longitudinal
“E ol Tensile strength Lt SBa4
E; . —--= Az
= R —-— A204C
= | ]
= S 100
=]
v
-] Y
[Z] ¥ 4
L \ &
E / )
< .
= 30 . 160 .
= | T T ' 2
B =
E o0k A1) E
W £33
E
®
-

10 st

L J £ L L L L Q)
] 10N 200 30 400 AU R} T0HY
Test temperature {C)

Fig. 2 Test resuits of high temperature tensile
test

Fig. 2 u aRsIERBOFEL T L b oOTH
Do WTHOSELHE L LY SEEEORE &
LTS, A204C 0 0.2 it ER. &
&L fEA R LTV %, Photoo 2 izt y
AT S SRR AR T h D,

4-1-5 AHSBER

Photo. 3 1= G #0398 O BB A 17
MEFEERFEO N TH D,

4:-1-6 NRL HEEZRE

A204C oo T NRL BHEEE%A 1T - Tofk
H4 Table 8 ==+, NDT EHEr SR i
T—10°C, SR ¢ —15°C & -1z, T @
Table 6, 7 Thon % L 547, SB49, A299 o
Bir, SRECEVTELOMEOH{LERT
2 AZ0AC DB, WRAR HERR
A BT ML LOEFE LA SR R
Mot

4-2 FHEEFEH

SRR S D, BB ABIEL, B
ORI - 1z,

— 142 —

SB49
(As normalized)

A299
(As normalized)

A204C
(As normalized and tempered)

April 1974

Photo. 3 Microstructures after heat treatment
( % 1003
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4-2-2 HEAMEE

MO ERS, b ERRBOSEY
Table 10, 11 i, #F0ERET, REH
245\ 11 3 4 I L AR IT & e T e -

BERHG

g, Table 9 WURT R LD T - 72,
Ji’?%&)\ﬁ?%f!i%’} 40 OOOijCm Tha, s, Hu
TR T - T 2 RETH D,

4-2-1

Table 9 Welding condition (Submerged arc welding)

— - —
: Dia, of . Welding Arc Welding Pre-heat
Kind of steel electrode | Bead No.| current voltage speed temperature | Remarks
1 (mm}) (A) (V2 {cm/min) °C) I
4 1~10 | 5BO~620 | 30~34 30~35 Single
11~20 | 650~700 3034 30~35 Single
§ B49 U A 100°C o
1.8 20 %% 30~34 Tandem
} e 65
. succesion
final ) eso | 0% | (7 electrodes)
4 1~10 | s80~620 | 30~34 50~35 Single
11~20 | 650~700 30~34 3035 Single
A299 S S 150°C e
4.8 21 ahead 30~34 Tandem
E T 65
. sSUCCesion - 5
fm?l 1 60 30~—34 (2 e]ectrodes)_
4 1| 160~180 — S (Manual)
A204C 2 150°C )
4.8 ! 550~650 32~34 — Single
| 19
! S— ——

Post weld heat treatment : SB49 : 600~-650°C x 16hr
A299 : 600~650°C x Thr
A204C : 600~650°C x (1hr +5hr)

Table 10 ‘Tensile test results of welded butt joint

Kind of steel T;“g;ﬁ?:ss Ten(s}il;/z:;:y)gth Broken positicn
I ] Fa;z;ider o B4.5 We[d;‘,;,] metal
SB49 - l\rdd[e__ 54.9 - __/'f -
| Back side | Csss | p
| Faceside | 5.8  Base metal
A 299 Niiidéle ) W;Wi - 5075 //__-”
) "i3ack side ; - 59.2 w ) B
- | Faceside | 64.6 Rase metal
A204C i e ——— S S
Back side | 63.6 Welded metal

143 —
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Table 11 Impact test results of welded butt joint
Notch position
Kind of steet R H A Z H A Z T
wom | S e on e oy 27 S
. o | y fusion boundary/ | \fusion boundary 4 B
SB49 12,1 7.5 12.7 9.7 : 4.4
A299 9.2 ‘ — 13.0 — —
AZ04C 2.4 | 17 14.7 ‘ 3.0

Absorbed energy at 0°C (kg-m), 4t

SB49

A299

AZ04C

100

200

Vickers' hardness Hy {Load 10kg}

200

Photo. 4 Appearances of side bend test specimens (Welded butt joint)

100

Fig.

1444
SB4g
) Hmm
TBM - gy BAL
A299
TBM—EA m BAR TR T
A204
—BM-BAL e AL
Measuring position
3 Hardness distribution of welded butt joint

foo i, HRARIABREOURLEEY, £
Photo. 4 38k
EHMoMFRB oRBRoABET LI LD
it BRIE i kit 2Rk
FROME S FAaa LI,

EaRLI- I B Thitt» 1,

Thh,

Fig. 3

4-3 IR
A204C Stz # 925°C SEfCmE L., pyfen

1100mm O ERFIC,

—[[17 v A BRI A 1T

e oto, TOBENTEOEEO—F L bR
PR L, MTESHMESEEYRE L.

Table 12, 13 i1,

FIREE A DO RN

DIERCH D, Tods, FABAE, B AUGE %
EH S LT, REDN, BB IUUDMEL D
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Table 12 Tensile test results after bendmg (A204C)

Heat

' N
L Y.S (kg/mmz) T S. (kg/mmzj 1. (/) -
treatment Location iDlrectlon >3 3 5o 8~63 3 ‘ R. A. (%
It ‘ C ‘ 38.9 ‘ 61.6 ‘ 30 ‘ 51
As received T T o - \
1 1
(NT) Kt | C 38.2 1 59.8 29 ‘ 5L
3t ‘ C 40.5 ‘ 60.3 ‘ 30 53
%t e D ses L sz ‘ 29 | 55
As received T ‘ -
(NTY %t ¢ | ws | s st | s
i R _ R LT 1 _
Ht \ of ‘ 37.0 ‘ 56.8 30 ‘ 58

Table 13 TImpact test results after bendmg (A204CH

- Heat Thickness ‘ E
treatment position iD:rectlon ('kgtzrsn) (kg“rﬁn) l (kg m)
‘ L 5.0 — 3.6
% t \li,_ IV — e e — i -
T T T B TR S 0
As received | L 5.5 - { 2.5
Wt - 1
(NT) * ‘ c 4.1 3.7 E 3.8
' L | 7.7 \ — L 41
L -
C 4.9 4.0 .
a0 | s
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Lt IR —
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% t .
C 5.0 4.8 1.5
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