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A 50 kg/mm*® High Tensile Strength Steel with Good Weldability

Synopsis:

Yasumitsu ONOE, Shozo SEXINO,

Yoshihiro SHIOMI, and Makote SATO

Recently there are demands to decrease the carbon equivalent of 50 kg/mm? high tensile strength steels
in order to prevent cold cracking of welds on welding with a low temperature preheating or without pre—

heating,

The carbon equivalent of 50 kg/mm? high tensile strength steels was reduced from about 0.40 per cent

to below 0.30 per cent.

tained to ensure the tensile strength to be more than 50 Kg/mm?

A special heat treatment was applied to a low carbon equivalent steel thus ob—

The steel produced by this method

has an excellent notch toughness in addition to the specified high strength because of the extra low carbon

content and very fine grain structure.

The sensitivity to cold cracking of weld HAZ was examined by the Tekken cracking test, overhead fillet

welding cracking test, and so on.

No cold cracking was found at all in welding even at such a low temperature as 0°C, and the low carbon

equivalent was confirmed effective.

The weak point of this low carbon equivalent steel is softening of HAZ when welded by large heat inputs.
The tensile strength of weld-joint decreases about 10 per cent in a narrow width specimen.
However, the decrease of tensile strength of weld—joint is at most 3 per cent in the wide specimen with the

width about 6 to 7 times the plate thickness.

It was found that softening could be neglected in almost

all the steel structures because they were composed of wide plates.
(Received Sept. 8, 1973)
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Table 1. Chemical composition of the steels tested (%).
Steel C Si Mn P S Al
71 0-04 0-34 1-35 0-009 0-014 0-009
72 007 0-34 1-36 0-009 0-014 0-006
73 0-09 0-33 1-36 0-008 0-013 0-006
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Fig. 2. Effect of carbon content on mechanical properties of steel.
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Table 2. Chemical composition of steels (%).
Steel ' C | Si Mn | P s T Al ﬂ Ti | N
1 0-14 0-49 1-23 ‘ 0-012 0-018 0-02 ! — 0-007
2 0-14 0-48 1-23 ] 0-012 0-018 0-02 001 0007
3 0-14 0-48 1-26 1 0-009 0-021 0-02 — 0:017
4 0-14 0-48 1-28 ] 0-009 0-021 0-02 | 0-01 0017
—_ 58| -
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(0} L » | S S | o,
Weld metal 0! 2 3 Ceq (%)
Distance from fusion lina (mm ) Fig. 4. Relation between Ceq and tensile strength
Location of notch of conventional HT-50 Steels (Ceq=C+
Fig. 3. Effect of Ti and N on Charpy impact 1/24 Si+1/6 Mn)

energy of weld-joints,
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Table 3. Chemical composition and mechanical properties of steels produced

on a commercial basis.

Chemical composition (%) Mechanical properties
Stecl ‘ C Plate
Stee °1 | thickness Yield Tensile
C Si{Mn|l P! S |Ti (%) ( mm) point strength | Elongation ‘LE_QO V,,Tés
| (kg/mm?) |(kg/mm?) | (%) | &™) ] 9D
A 0-05l0-261-150-0160-013)0-01 0-25 | 30 34-0 52-2 24-4 104 | —20
B 0-040-31 1-350-015/0-007/0-01) 0-28 30 33-8 . 54-2 24-3 20-8 —40
C 0-050-26{1-410-017/0-020;0-01} 0-30 30 36-8 547 24-0 14-3 —45
D 0'06‘0'231'430‘020i0'0240'01 0-31 30 39-6 589 23-1 15-1 —55
E 0'06;0'351‘090'0130‘0100'01 0-26 25 39-2 560 273 30-0 —-71
F 0'06i0'351‘170‘013I0‘0100‘0] 0-25 30 38-0 54°2 251 398 —38
Conve- | ! ! ! | ! !
ntional |0-140°461-410-021,0:017! — 0-40 30 361 | 539 26-7 8-8 —23
HT-500 ¢ |
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Photo. 2. Fracture surface of Double tension test specimens (x500)

: Supple-
Starter plate fArrester | ental
plate
plate

Crack propagation o
[ direction o
x\ s o

Notch \\\ T
A\
Submerged~arc
welding
750 300—=1=250—=]
Fig. & The shape of Crack arrest test specimen.

30 |-
€
E 20 _
i‘o: : /A\S’reel A
"
g
5 1
3 10}
= L Passed | Arrested
Q
a a A
< [¢) L]

i 1 1 14 1 1 1 i 1
0 -50-40 -30-20 -I0 O 10 20

Temperature (°C)
Fig. 9. Results of Crack arrest test.
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Fig. 12. Effect of the width of tensile test
specimen on the tensile strength of
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Fig. 13. Hardness distribution of electro-gas
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Table 4: Welding conditions.

Plate i

. . I | Welding | Arc Travel Heat
rvr\::tlt?;c]lg thickness Preparation i\ﬁ:’;e and  Pass | current voltage speed input
( mm) ; (A) (V) (¢cm/ min) | (joule/cm)
’s vDasg| B | 80 | 3¢ 30 5800
Submerged arc /o XYF-15 900 32 33 52 400
weldin ; 5

g N o v-D6.45| B o0 ' 39 | 27 78 000

,r,@ XYE-15 g 1150 8 | 24 110 000

elding = 30 Eﬂ:} EG-50V ‘ 550 | 36 53 244 000
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Table 5. Notch toughness of the weld-joints.

_ Absorbed energy at 0°C

getlglgg Steel Weld (kg-m) Location of notch

etho N Bond |HAZ1 | HAZ2 |HAZ3

metal
One-side- F 16'8 | 317 | 30°5| 326 34-1
one-pass
submerged Conven- Weld melol 4 HAZI
arc tional 7°9 | 47 61 84 7:9 - HazZ
welding HT-50 N ‘
F 58| 51| 33-2| 330| 282 —

Electro-gas R R

1di Conven- ==
welding tional 41| 32| 46| 53| 61

HT-50
Table 6. Welding conditions.
Weldin Welding Arc Travel Heat
meethodg Preparation Wire Flux current voltage speed input
(A) (V) (cm/min) (j/cm)

One-side-one- y (L) 1200 32 36
pass ‘é Y-A, 4'8¢ | NSH-50 130 000
welding /s (T) 900 44 36
Electro-gas ? Eg-50V 550 36 53 224 000
welding g

Weld metal

Photo. 3. Microstructures of electro-gas welded joints (x 100)
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WA X—%&mR L. BEFHE Table 6 TRT.
ABUCIFHE LTHAH 5 & 130000 ]/cm & 220000 J/cm T
BHEVEMSLLRE V. TR LY o HRBET
BABIZE L T Cu 0BEY LI X DEHEIh T

70+
e Lizd it 2WTH~xk ABiithzh 130000 — eof e
J/em & 220000J/em THB. AABMEETHRGLME  E T Bose Tn:&' (Conven-
i tional HT-50
Cis O Kivl HAZ (s oMigite g %
w 30}
b4
285R ’E Electro-slag: weld-joinis
(350000 J/cm)
b 2 20t Submerged -arc weld-joints
T , H g Sobmeoet-are wald jaints
g b—77" g u(cgnvgqntionol HT—SIO) 4 R N
[ - ] 10 10° 10° 10* 10° 10*
T Cycle {N)
Fig. 14. Shape of fatigue test specimen Fig. 15. Results of the fatigue tests of steel C.
Table 7. Properties of line heated portion (Steel A).

Test piece Tensile test Charpy test(Plate surface) ngs;i?rr:::f(g(i)drﬁm)
Heating . PS TS vE_3 vEo T. S (kg/|EI{(GL=100)
temp. (°C)| Co°ling (kg/mm?)| (kg/mm?)| B! (%) (kg-m) | (kg-m) | mm?) | (%)

Base 331 529 23-3 . .
metal L 325 53-1 27.0 | © 10-0 16-3
36-7 45-9 23-2 .
o 2 1/ min 36-2 49-3 24-3 . . .
907G WG L 385 503 24-4 | © 11-6 15-9 534 - 48
3 {/ min 368 486 25-4 . , .
wQC L 37-3 49-6 925-7 C 16-7 . 289 54-2 47
38-0 46-4 26-2 .
o 2 |/ min 389 49-3 27-0 . , .
850°C WwC L 39-4 505 26-3 C 12-3 19-1 54-1 45
3 I/ min 387 49-1 277 . . .
we | b 39-9 50°5 266 | C 6-6 208 | 548 47
38:4 481 255 .
AC L 383 489 285 C 20-4 >30 — —
800°C 2 I/ min 39-9 49-4 275 . .
we | L 39-3 49-7 245 | C 140, 198 .
3y iy, 39°5 49-1 281 . C | 166 20-5 - —
38-9 50-0 ! 28-3 .
AC L 38-0 5000 | 302 | C 181 | >30 - —
. 9 I/ min 38-3 507 26-2 . .
650°C |"\we 1 L 38-0 19-6 263 | ©C 13-4 218 - -
§
i [ .
3 I/ min. 37:9 | 51-0 24-0 - s .
we | T 37-3 | 511 25-1 ; C 12°6 13-4 - -
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RIRINBAF VL7 € F Lo H AN —F — VKGO
BAEZE0%S 100mm ORLEICKE , ZVahERET
%. BIE D 3 X O a8 A V3B s Bk i i <
X951, 2mm J o F v 4 v E—IRETRI HE
L7z

RERFSE VT Table 7 (z779. 800°C DA kRhnZh L7-3%
#EEOR VR (25 mm f§) THIERO/HEITE
53 kg/mm? O FH D5 |3k 0 X H3AK 46 kg/mm? £ T
KT L. La» L 420 mm (EHOIRES R % H
Wi EWSNnD 50 kg/mm? DL EERL, HERKFORE

BRDEE L FROGEENELN. BROZEAHBD,
L LS TRIELSOSTNRERTIIRRKE Y. HE
IR = 0 & — ISBEE, WHFEDO VA BT
FEFZEVEERL, 20X 57K C K Coq FlEZhIn
T LT E LD THMALEISL L L EL LCHATE
5T ENHISND. Photo. 4 13 IKMINEAEROMEZ T L
b OTHB. NERRES 950°C Tla~—F4 bHkoD
MBI TDRT W B HIT, INEEFE T 0T LA A5 §6%
THdHEEVZ, MEERE 950°C BEC LAAFBX
DRELTHSS.

7. &%

7-1 0°04~0-07%C, 0°2~0°3%$i, 1-0~1-39%Mn,
0-019%Ti DILEMKER T HMELANICHEHET SR
WEMET 52 Lk b, 50kg/mm? FRDF|IRD R
HETHHEENROE DL FE L WlERLET 5 2
EMRTEB.

7.2 BKLERE ST BERTSIRD BRIV
EVIEALERD AR LR E Vs, @R IRED 6~7 &
FNEbOEEINTEAELONALL LD

7.3 001% BEOHE Ti 2FMT52LTXVE
R EE RS b X h, EEsmET 5.

7-4 K C-{K Coq SAIEANME DLIEELINZD &,
EESRRIDSIRE A <, BRMEIMESSEHAE X D IRERICE
{7%0h, 750mm OFWEENO>XEIETSRENITGT
16 kg/mm? THF HT-50 » —10°C THoHDicst L
T —30°C :7chify 20°C METLHFEMHTE 5.
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