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Development of Controlled-Rolled 70 kgf/mm? and 80 kgf/mm*
Class High Tensile Strength Steel Plate for Weld Structure
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Synopsis:

To meet demands for higher strength steel plates for construc-
tion machines with excellent cold formability and weldability, as-
rolled HT70 steel plates {TS: 686 MPa) having a maximum thick-
ness of 25.4mm and as-rolled HTB0Q (TS: 784 MFPa) steel plates
of 12.7 mm thickness have successfully been developed by using
a plate mill. Both precipitation hardening and inhibition of re-
covery of deformed ferrite are maximized by optimizing ferrite
and austenite dual-phase region rolling. Consequently, strength of
the plate has been much increased without deteriorating toughness
for lower C,,. The cold formability of the developed steels is
superior to that of conventional as-hot-rolled HT80. Weldability
tests have shown that the steels developed have good impact
properties at welded HAZ and do not need pre-heating in weld
fabrication. The fatigue limit of the steels with mill scale is
slightly higher than 509 of its TS, indicating the same behavior
as that of the conventional HT80.
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Table 1 Chemical compositions of steels

(wt. 95)
Steel | C Si Mn P s Al Nb Ti N CM P
1 1010 0.24 1.79 0.015  0.003  0.042  0.039  0.14 0.007  0.40 0.198
2 | 010 0.25 1.80 0.013  £.005  0.03%8  0.041  0.005  0.004  0.40 0.196

*# C,, =C+Mn/6+(Cr+Mo+ V)5+(Cu+ Niy/15
# P = C4Si/30+(Mn+ Cu+Cr)/20+Mo/15+ V/10 4+ Nij60 + 5B
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Fig. ! Effect of slab-reheating temperature on mechanical

properties
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Slab reheating temperature
a: 1300°C b: 1250°C
c: 1150°C d: 1050°C

Photo 1 Microstructure change due to slab reheating tempera-
ture (finish-rolling temperature: 710°C)
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Slab reheating temp.: 1 250°C
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Fig. 2 Effect of finish-rolling temperature on mechanical pro-
perties
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Fig. 3 Precipitation behavior of TiC

Finish-rolling temperature

Photo 2 Substructures of deformed ferrite
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Table 2 Aimed properties of steel plates §
Bendi 1 S
. . ending mpact
]eq;ﬂg_propernes proper- properties®s
(T-direction) ty#t (L-direction)
Thick. " Ldirecti
Steel Av. o L-direction )
{mmj | yg TS Test | Test |absorbed 10- alit sln bt
(kef/mm?) | (kgf/mm?) onde't‘ temp. | energy E L . lilfflr“”“
{MPa) {MPa) " [ONNHON oy | (kef-m) 5 : o
&)} CE i ,'
P ¥ ]
& L L
60< 70~85 | 150° 4.0< 5 . ’ =
HITO | 2541 (588<) |(686~833)] bepding| ~ > | (39<) 5 o - 4 =
E L L = 50
0 80~95 |Radius: 3.6< § ar i
HIB0 12.71 ggpe) |(785~932) 1.5¢ | —15 | (35) = - )
2Fr o 4 - o %
*1 Test piece JIS Z2204 No. 1 Y ", | D’é
*2 Test piece JIS Z2202 No. 4 (V-notch) L L I .
—80 40 0 =80 —40 0
Test temperature ('C)
Fig. 4 V-notch Charpy transition curves
Table 3 Chemical compositions of the steel plates developed
(we. %)
Steel Thick. c Si Mn P S Nb Ti Coq P,
HT? 25.4 mm .09 0.53 1.87 0.019 0.004 0.040 0.18 0.40 0.201
HT80 12.7 mm 0.10 0.52 1.81 0.019 0.003 0.039 0.18 0.40 0.208
Table 4 Tensile and bend tests results of steel plates o Fl(iin;c cut top-surface
= side hent outward
Tensile Test*t Bend Test —~@--Flame cut top-surface
: Test - side bent inward
Thick. | 1+ 5
Steel Direc- Y5 TS 180° di Wy — T T
)| Sion egfment)(kgt/mmey EL | 190" bendive - I
{MPa) | (MPa) 0 f=1.5¢ ‘T L-direction bending T-direction bending
s gl 1 1
vl
64 73 g
Lot o8 | i) | &7 Good Sg owp 1 i
HT70 | 25.4 Be gl + ]
T b7 (T Good 8 &
(657) (755) 0F O=a=0==0 T OO -
i 1 1 1 1 1 A 1 L vl
. - G 057102154208 0 0521.0£15¢20¢
L 3 82 30 Good
716 804
T80 12.7 ( -) ¢ ) Bending radius
T (72{5’) (Bgi) 27 Goad Fig. 5 Wide-width bend test results of as-flame-cut sample
(HT70, 25.4 mm)
#L Test piece: JIS No. 4 for thickness 25.4 mm
JIS No. 5 for thickness 12.7 mm
—O— Shear cut burr bent outward
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Fig. 6 Wide-width bend test results of as-shear-cut sample
(HT80, 12.7 mm)
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Table 5 Test conditions for cold hending

Specimen Bending Evaluation
Steel Size (mm) Direction Edge preparation Method | Angle | Direction Crack length
As flame cut Inward
and
Cut sur- | outward
HT70 | 254 ¢x150Wx3s0L | LT face side | Moller | 150 | DEe®
;'- cut top-
A 11AZ surface
As shear cut Inward
Roller . gﬂ?ward Length of cracking
HT80 | 127¢x150 Wx3s0L | LT hending | 180 | Dending | oM €€
of shear
Shear cut burr cut burr
—%, VoD T E T, EROBEE E HTB0 2 320 T T T
BT 2.5~35¢ CHBEY IhCvaoe L, BRI Fig 6 1R ® HT70(25.4 mm)
TrowE, 20t MFETHAETES, SLRE LV IMIOBERT O HT80(12.7 mm)
2, WORERE ) T, WEHARREDEES A L 5, » g or i
Bty e — WL bR HTOARCT A FOFELT ATTE £
Thb, 0.5 lHFETHEIND, = 280 -
o
3.3 W £
JIS Z3101 1= 5 & B E S RE% Table 6 1R+ & & T E 2601 -
otz RER% Fig. TR d, HEA 0. 4mm OF 4 THTHIL %
Ty H—AFEE 0T TH ote Cog & HVaar DEIFDBA =
% &, MR EED HTS0 5 ORI TS B, 240r -
X5 JIS Z36B L X A Y B EERER Y HE 25.4mm
@ HT70 %\~ Table 7 iR 5B 4t TR L1, #5H% Fig. 8 220 1 | 1
iCt, GMAW (gas metal arc welding) O34, ElRHEEREER RT 50 100

0°C LT, SMAW (shielded metal arc welding) @4 ¢4 EhER
LR 50°C Th b, ERERO L 5 R EBEREEL < e

SRERTTHMALETLTEELEE L BN,

Table 6§ Welding conditions for maximum hardness test

Preheating temperature (C)

Fig. 7 Resuit of maximum hardness test

3.4 HBEFORE

Specimen thick.

Welding rod
Current
Voltage
Speed

20 mm*(HT70)
12.7 mm (HT80)
KSA 106, 4 mmg
170 A

2BV

2.5 mm/s

RIS 25.4 mm ¢ HT70 % fy., Table 8 i3+ 44T SMAW ##
FEIVERBRS AV GRS Z L 0% GMAW #F 4 (Fi
L, WEEfFHES ME L, Tabled im@F 358 & X UlITRE
AET.EY -, BY-CRBR S ARHEAEO TS 2R LT,

Fig. 9 v/ v #UBEDOY v A ¥ —HRRBEELT T, BbD
{b® 2 &4 % Fusion Line (FL) %, —20°C T 3kgf-m (201)

* Thickness was reduced to 20 mm from 25.4 mm according

to JIS provisions

Ll bt h M.

Table 7 Welding conditions for Y-groove weld cracking tests of HT70

Welding !
i Conditions I Atmosphere Plate ! Thickness
Method | d
| Wire ‘ Current ‘ Voltage ‘ Speed ‘ Air temp. ‘ Humidity i
GMAW | KM60, 1.6mmg | 300A | 31V | 4Smms | 15°C | e0% |
i | | - -
| A | \ HT70 i 23.4mm
SMAW ‘. KSA 106, 4 mmg | 170A | 23V | 2.5mmfs \11eC | 5305 | i
— 23 — ek EESE Vol 21 No. 1 1989
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Fig. 8 Result of Y-groove weld cracking test of HT70

Table 8 Welding conditions for HT70

SMAW GMAW
Welding wire KSA106 4mmg [ KM60 16mme¢
Shielding gas — Ar80% +C0220%
{;ﬁgﬁ;ﬁgﬁ " Room temp. Room temp.
ire];?;zizfure ) 10~110 70~120
Current (A) 170 310
Voltage (V) 25 33
Speed {mum.’s) 2.5 5.
Heat input(k] ‘mm) 1.7 2.0

(mm)

Groove shape

)R BYEkEEEE Vol. 21 No. 1 1989

Table 9 Mechanical properties of welded joints

Tensile test {L. direction) Bend test
Weldi -
methg]c% Test | fYP o |1 fTS \ Posntglon Side bend
iece | (kgHmm?) [(kgffmm?) | o Be1.0
P (MPa) (MPa) " | fracturet| £=1.0¢
74.4
Shorter (730) WM Good
gauge . 73.6 BM
(722}
SMAW
62.8 72.2
BM
Longer {669) {708} Good
gauge 61.0 71.5 BM
(598) (701
74,0
— EM
Shorter (726) Good
gauge _ 73.7 BM
(723)
GMAW
60.7 72.3
B
Longer {595) (709) M Good
gauge 61.5 73.4 BM
(603) (720)
* WM: Weld metal
BM : Base metal
T T T T T T T T T T t T
-
15 WM /: L FL [l HAZ I mim —150
’I —0— SMAW
-8~ -GMAW
P 8
10 F) - - 1100
(4 =
L]
Eoosf g - 1 50
2 |\ Yo
< 8
£
E Ot e
- —60—40—-20 0
"'é 15} 1IAZ 2 mm FHAZSmm 150
A
=
=)
no 1 1 1 1 1 L 1
0 —60 40 =20 0 —60-4{0-20 0O 0

Test temperature {"C)

Fig. 9 Charpy impact transition curves of welded joints
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Fig. 10 Result of tensile-type fatigue test
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