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Thermal Cycle Test of High Strength Steels and Steel Plates

for Low Temperature Service

Yasuhide OBNO, Ryuichi HABU, and Shozo SEKINO

Syunopsis:

This paper presents the results of the investigation made into some factors govering the toughness of heat

affected zone(HAZ) in welded steel plates.

To examine the toughness of HAZ, a thermal cycle of welding from low heat input to high heat input was
applied to 12 kinds of commercial steels comprising high strength steels and steels for low temperature service.

The following results were obtained.

When heat input is low the HAZ becomes lower bainitic structure or martensitic structure whose toughness
is high. But with the increase of heat input, the structure changes to upper bainitic structure, while the

toughness becomes lower.

It is suggested from the above phenomena that the toughness of HAZ can be improved by adding some

elements which serve to increase hardnability.

Ni lowers v T',s of HAZ and a decrease in carbon content improves the toughness of upper bainite.
(Received Mar. 29, 1971)
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Table 1. Chemical composition of specimens (%5).

Seec-| g | si | Ma| P | s | Cu Ni|'cr (Mo | V. Ti |[Nb | N Remarks
A 0-16 [ 0-53 | 125 | 0017 O"O'OG| 0-12(005]0-24.| — 0°058] — — 10-0048| 60kg/mm? class
B 0-1310-48 { 1-23 | 0-015] 0-015] — — 0-25 — 0:040| 0:014) — |0-0057| 60 4
C 0°13 | 0-44 | 097 | 0-011{<0°005| 0-14 | 0°08 | 0-47 | 0°16 — — 0-036/0-0056{ 70 g
D 0-17 { 032 | 0:96 | 0-010| 0-010 0O-33 — 1:00 | 0-46 — — — 10-0108| 80 4
E 0°16 | 0-34 | 1-07 | 0-030, 0'015| 036 — 0-83 | 046 | 0038 — — 10-0067| 80 7
F 0-13 1 0°26 | 0-80 | 0-009| 0-0C6| 0-26 | 0:76 | 0-56 | 0-41 | 0-050, — — |0-0112| 80 7
G 0-09 | 0°62 | 1-46 | 0-023 0-023/ 6-15( 0-98 | 1L-03 | 0-52 | 0-041) 0-014 0°0072| 80 7
H 014 | 0-24 { 0°55 | 0-015| 0-010{ 0:05 ; 3-15 | 0-11 0-0097| Cryogenics steel *
1 009 {0-26| 114 | 0'013| 0-008] 0-C6 | 575 0-21 0-0080 v
J 0-13 | 0-27 | 0-40 [<0-005| 0-007| 1-08 | 5:50 0-54 | 0-094 0-0079 7
K 0-10 | 0-24 | 0-64 | 0-017{ 0-013| 0-08 | 8-90 0-0067 ”
L 0:10 {032 | 0-58 | 8-011| 0:015/ 0-06 | 2-90 | 0-72 | 039 0-0113 7

)* Cryogenics steel means sl@el plate for low temperature service.
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Fig. 2. Change of y7T,s and microstructure of high
strength steéls after thermal cycle test.
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Photo. 1. Microstructure of high tensile steels after thermal cycle test. ,
Table 2. Toughness, hardness and 7 grain size of high strength
-«
Cooling rate C (18°C /sec)* D (13°C / sec) D' (10°C / sec)
Specimen Hy |yT,s|vEp** r¥** | H, |y T,s| vEo g Hy |vT,s| vEp 7
A 286 76| 30| 1-1
B 279 65| 15| 19
C 299 15 80 24| 288 35| 50
D 363 | —14 | 5'5 379 25] 35| 1'8 oy
E 340 15| 6-5 —
F 341 | —40 (155 | 1'9| 325 | —34 (186 | 1-9
G 342 | —24 | 11°0| 3'1 | 324 | —26| 12-5 —

* Cooling rate at 540°C ** Lkgm **%*  ASTM No
— 92 _



BRI, RIRAEEMOMY 1 7 AMEBRER 309

Zh b 7TEEDEY 1 7 VEOMBTE % Photo. 1 X NI K ABMAITYE, A DO/NEWEH (A, B) T
XX Photo. 2 jz7RF. Photo. 11k 5% 7 4 #VTH B 7 =54 b& EE<—F4 b (BT Bu LBET)
fr L7 400 f50O%FEEE, Photo. 213 3000 fE L7  HWAMOKEZVETIE Bu 7213 TH 5. /INABAITRA)

2

VHEBEETHS. W7 =54 b OIEssgE <7eh Bu HBEEE WbiE

/ | & SEFRT e '1*

Specimen Thermal cycle Thermal cycle

Photo. 1. (Suite) Microstructure of high tensile steels after thermal cycle test.

steels after thermal cycle test.

E (7°C / sec) F (4°C /sec) G (2°C / sec) H (1:5°C /sec)

Hy |vT,s{vEp r |Hv |vTys| vEo r |Hy |vT,s|vEo 7 Hy ‘VTrs l vEop 7
244 55 4-5 11 231 62 2-0 1'0 218 65 20 0'8 221 64 2-5 0-7
274 68 1'5 25 239 35 2-0 — 231 30 2-5 — 256 40 25 —
262 73 2-0 1-9 241 67 1-5 1-7 226 76 1-0 1-1 226 78 1°5 1'6
294 54 20 1-9 271 98 20 2-2 258 > 100 1-5 1-5 257 1>100 05 1:0
299 19 6'5 — 261 82 2:0 — 259 75 1'5 — 256 84 1:5 —
313 | —21 ] 200 24 252 49 50 25 247 63 20 2°0 242 73 20 1-4
326 | —28 1 14-0 31 315 — 3 75 35 305 7 55 33 297 24 50 31
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Photo. 2. Microstructure of high tensile steels by replica after thermal cycle test.
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Table 3. Toughness and hardness of cryogenics steels after thermal cycle test.
D D' E F G H
Cycle
Hy | vTrs Hy vTrs Hy vT,s Hy vTys Hy vT:s Hy vTys
H — — 258 41 245 38 211 35 192 33 207 57
1 — 332 | — 76 322 — 105 322 | - 75 326 — 54 309 —
J 353 —-95 — — 351 — 99 360 | — 94 349 — 91 356 - 91
K — 330 | —154 329 | —130 336 | —116 333 —120 331 —110
L — — 320 - 22 304 | — 20 286 53 268 53 278 49
100 |- 120 |- .
. 1S Specimen F 15k Specimen G
Specimen C Specimen D
80 80 o /o
— Z 10| 10+ \o
o 60 60 %
< ) o
2 - Cooling cycle
Rk 40 < a0 N 5-. /05~—0—G cycle *
O, —0— F cycle
20 | 20| T ¥e
o ] i 1. 4Lo 1 [l 1 i
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60 | Holding time Fig. 4. Effect of max heating ‘temperature upon
Specimen F —®— O sec Specimen G vEo.
—o— 30 sec
or 0 Fafiou 8
60 | +Bu
F+8u —SB“ Bu Bu*B. Specimen
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\ . \ \ ! 1
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mm 55 0°35mm (ASTM No 2°7 7»%5 No—03)
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Fig. 5. Change of y7T,s and microstructrues of
cryogenics steels after different thermal

cycle test.
3.2 {ER®HE
3.2.1 ABMBORE

Table 3 i 3 EIEEMEAH~ L ORiC >\ C & 758
B4 o NEELIHD Hy, vTrs 7T

Fig. 5, 6 wixxhrh vT,s, Hy OWHEEEIC X
BEERLE. CRLOEREZSE, N OV
I, J, Kix, ERENER & T 5 & — i BHIR
Wicx <, ABEI X HELED 7.

Photo. 3 T WINFATE TEY 4 7 VEOMBIZ TR
$AH, L (LoMEBEFEIR L TWaY) OMEZEILX

— 95 —



312 # & @ 58 &£ (1972) 25

H E
e 1S
I |0D
J 0
K 0
/ t
Specimen Thermal cycle Thermal cycle

Photo. 3. Microstructure of cryogenics steels after thermal cycle test.
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Photo. 4. Micro-cracks

observed under the brittle fractured surface.
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after thermal cycle test.
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Fig. 8. Relation between yT,s and hardness in
high strength steels.

2
A 2
I \'«“6\
100 - ©
&
&
~ 80} ‘9\@
<
o I @0
n
K 60 I /
a0 + /J:
3 7
20 1 ] i 1 1
oos 010 O12 014 016 018

C (%)
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Fig. 11. Relation between upper shelf energy in

Charpy test and Ni content of cryogenics
steels.
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Table 4. Allowable cooling rate of HAZ at 540°C
for practical use (°C/sec).

i Temperature minimum

Specimen e e

i 0°C L 10°C

A 49 | 2-6

B >4-0 | >55

C 11-8 ; 11°1

D ‘ - —

E | — ! 7-0

F 55 : 50

G ‘ 4-9 J 1'9

12 2R3 X5, 5ERYFMIICHIEE LT, 7 » F4uih
WERHIS N &MU <1k SHBET, 7 vy FIKRUF
v bhsd., ZoORBPBEAZXL TRy, 0
WHEIS NI PR A TR VRO BIREE T & v\,
COMWMBELT CHREME LTS LI TV5. "R
FPHEW X% Fig. 12 offvhiE, 3555 Ceq 3K
b, WEZFEELT, ZORPS vEr, #3k®, v
WE —OEBEEN DX ORI = A X —DEDRE Y
kotE T DA BNS. ZDX ST LTHRDA T
% Fig. 13 wind. T VERBRELT AT hER S
T &d b, HRBEZHRONE, o> BIRFE
HEERRDOLND. —TF, FEOT /757 %7135
BRXERVHRE, FEARESPRD LR DD, Table 4
I DEZR Lz, DT ErD Ceq HMETFIUE

B30 DL T B R S LBHEBFEABBELNS
ZEbrs.

5. B

BA®ES M X CURIRAMIC oW T, # F, HAZ
OEEE T B 72 DT, SENEER K222 TR 4
2 VBTV, AT o wmE 5.

(1) ABEEZX 5T L1, 800~500°C RH¥H]
EEERLR DT L LFERUTH D, Y4 7 VB0
T LT, WHEEOZEP oL HREV. BH
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7D, EExR<< s /N hB5 L, HEIE Bu
b, EMEEEIET S,
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BB d oL XL WifiEix Hy € 300~350 1A TH
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