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Synopsis :

Quenched and tempered high tensile strength steel plates with large thickness are now
widely used for civil structures such as long span bridges, penstocks, industrial
machines. Good weldability, high notch toughness and homogeneous mechanical
properties in the thickness direction are required for these plates. This paper describes
fundamental experiments, manufacturing process and mechanical properties of HT-80
heavy plates for NANKO Bridge, in Osaka.
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Quenched énd tempered high tensile strength steel plates with large thickness are now widely used

for civil structures such as long span bridges, penstocks, industrial machines. Good weldability, high

notch toughness and homogeneous mechanical properties in the thickness direction are required for

these plates. This paper describes fundamental experiments, manufacturing process and mechanical

properties of HT-80 heavy plates for NANKQ bridge,
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Required properties for NANKQO IIT-80
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Table 2 Chemical compasition of the material used
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Table 3 Chemical compositions (ladle, wt %) and manufacturing process
of heavy RIVER ACE KO plates
;cikn:s;ii - _E-T_-. B ‘_ - B B Manufacturing prﬂccs;sh T
i :':::)l) _ C | S 'M P S {Cu | N cr | M v B | Al j C | § U]‘\i:;,ge? Melting furnace I“gm;gg(l;gg Qu:er;z:rngTC::rpne;-mg
T5la) 0,11 10.32 | 0.81 [0.010{0.007| 0.24 | 1.00 | .40 .38 {0031 0.0021 0,068’0‘46{) .249 lZ-AHQTI Bat LD converter | 20t 8.5 | 9wC 630°C
750 .12 ‘ 0.25 | 0.85 (0.0I3{0.010]0.23 | 0.98 | 0.42 | (.46 ;0.031 0. 0015 0.069 | 0. 492 | 263 !11 4124 | B5t LD converter | 20t B.5 930°C 640°C
TSe) 10147 0.30 | 0.82 0,007 0 005] 0,24 | 1.23 | 0.45 | 0.52 [0.004 0. 0014{ 0. 050 [ 0,542 | 201 ?53-49&5 15¢ electric furnace| 20t | 8.5 | 930°C | 660°C
|
100 0,15 [ 0.28 | 0.80 [0.007 0,006 | 0 24 11.24 | 0.47 | 0.52 |0.033|0.0015/0.078|0.552 | .301 37-0041 electric furnace | 30t ! 9.3 S30"C 660°C
¢ ! H H
L _ ! U B e
Cos, =€ +5i/24+ Mn/5+ Nifd0 4 Cr/5+ Mo/ + V305
Pew=C £ 5i/30+ Mn/20 4 Ni/60+ Cr/20+ Mo/15 + V/10+ Cu/20+ 5B¢ %
Table 4 Mechanical properties of heavy RIVER ACE KO plates
B T P -~ e —
Tension test (JIS No.4) Impact test (JIS No. 4)
Thickness . . . S I —_— . i _. .
>> | Posit D ;
(Symbol) | - cotion | Drection |y i point SE;‘;‘:fg‘i‘;l Elongation |  p£ 4 vTr v Ty
_(mmy | ] | (kg/mm®} | Ckg/mm?) &) (kg-m) (Cy ccy
Surface L ! - — — 23.1 —88 —04
C — — - 21.4 —105 ~101
75(2) e oL 80 84 25 23.6 —82 - 88
C — — — 22.3 —-93 —90
g ¢ L 76 82 24 20.5 —54 —49
i C — — 19.1 —45 —44
Surface L 77 81 27 20.1 — 86 —95
C — — - 18.5 83 —83
75(b) Mt L 77 82 26 19.9 —88 -89
C 75 81 26 17.2 —81 —81
Kt L 76 82 26 19.9 —74 —76
C — — - 17.4 —68 ~ 68
i z : 75 81 21 — — —
Surface L 78 84 26 21.3 < —120 < =120
c - - — 15.6 —75 —95
75(e) Yt L 78 g4 | 27 21.9 <—120 <120
C 78 82 26 15.9 —117 —116
Wt L 75 81 | 26 21.7 <—120 < —120
C - - - 15.2 - 80 —~175
YA 75 81 19 6.1 —36 —36
' Surface L 73 2 | o 13.2 57 —61
C — — ' — 9.4 —49 —57
100 . _ _
Yt L 74 81 27 15.5 73 78
C 73 82 ‘ 25 12.0 —70 —76
Yt L 71 80 27 13.2 66 —79
o — — — 11.2 —73 -71
A 70 80 | 18 — — -
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SR e BV, foERETSmm B o R 5 rey
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sy T 7. fﬁim%ff?)ﬂ%#m?t#tbﬂﬂb Lhify
1001 Applied stress frlsT105 0,/2.5 Tl BEZE & 540mm a3 iTadiy

X i #4M & 4 —120°C LR ch o, Han s
i HtE, BRI, ffiié?éﬁ’ﬁtt ERFE LTS,
140 = —20°CofiMc 532 5 22 Lathin B,
: T RIVER ACE KO
—160f -~ Solid line 75(c)mm 6-2 SR BOME, @
Dot-dash line 75(b)mm
| Doted line  100mm Fh4io) 580°C k- 625°Cto0 S RIS od I & 41
B VR R - A DA% Table 5 iwiid, SR X oWz
¢(mm) stz b i,

Fig. 14 Relation between half crack length ( ¢ ) and
brittle fracture initiation temperature (T

Table 5 Change in the tensile and impact properties of
heavy RIVER ACE KO plate due to S.R. treatment

\ Tension test (JIS No. 4) - Impact test
Thickness ' N — | (IS No.4y .
Position Direction |S. R. temp. | ™ Yield i “Tensile : S. R. condition
{Symbol) ; point | StFEngth F10ngat10n vE_ss vTs
RGN 100 (ke/mmE) Gy LGy | oy |
580 76 ‘ 81 | 25 1 18.9 —~85 | Heating and
75(h) Wi L : cooling speed
3 625 | 76 \ 8L | 2% | 197 —87 ~350°C/h
S U A — e R S S
580 79 i 85 X 28 22.3 —-115 Holding time
75(e) Wt L 3h
625 76 82 29 21.8 { —120 i
43(;@) I’lat';: lTllsi}::l;ess \'\:'uldmlq 1 450-“') o m;(xlual ;\:I(Iing —
L S(3)mm Manua & MIG welding
& 75(himm Manual 420+ O Submerged arc welding
4600 O 75{e}mm Manual - .
¥ 75{c)imm MIG {Closed symbols--- J15 method)
440+ A 75(0)mm Submerged are 400}
- 420+
S
400
380+
_360_ ) . 3 e 100 _ Dlate thickness 7§(lr)mr‘r-1\'-‘
50 100 150 200 o 50 10¢ 150 200
Preheating temperature () Preheating temperature %)
lc) T .0 Manual welding -‘/“
480 X MIG welding
450k A Submerged are welding
6.3 =
440 & & ﬂf
420
fi 631 BEE
380 Wl 7 — 2w b (ABRE16,000 J/em), MIG &
360 . Plate thickness 100mm | f (AZAE 30,000 J/cm), 7 <—2 7 — 7%
0 50 100 150 200
Preheating temperature (%) ?%‘ZE (A?j‘tﬂl 45 000 J/Cm) K0T ]’ﬁh'&ﬂl K fe
) T dr B o5 = £ i,
Fig. 15 Effect of welding temperatures on the Tle - Pl S (Haw) SRR %
maximum hardness of welds Flg 15 et WFRL80F e i s LT+
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Table 6 Welding conditions for y groove restraint cracking test

we!dmg

Manual
Welding rod | KS 116
Red dia. 4 mm
Welding current 170A
Arc voltage 24V
Welding speed 150 mim/min
Heat input 16,000 J/em
Temperature 30°C
Humidity 80%
Pre-treatment 400°Cx1h

Bl 2 R4,
Uit C o EE I A

&< vz Fig, 15(a) 12 C4E#

Fai, 75mm (a) ok

CﬁLC if{_ﬁgﬁ')?lﬁM"CU‘)Hmnﬁi SGOHVHO) ﬁ’fgf f.%

LI EAHRERS

. Tt Fig. 16 im At b

S, JISthc#EUNEA20mm /e n LS
KBl HIRE LI RAE &, O REECIT e -
?;\100 - ‘\ Manual welding “
Eﬂ 80 \ 5 Solid line Surface crack.
H k \ v Dot dash line Internal crack
E 60f .T)utled line  Root crack
[~
ks 40 75{bimm 75l cimm i
S 00
o
O oplegimc e o % N
o VTR T fs e ks RS
§;§100’ MIG welding
= sof Salid line Surface crack
g Dot dash line  Internal crack
§ 60r Dotted line Root crack
o
w0 75(cimm
= | RN \FS\thm
RN
1] Lo e W F P I B
VRTTR TR  Wg T 1T ik s
Preheating temperature('C)
_Ei]ﬂﬂ’ — -_"\\ Manual welding
Eﬁ 80 \ AN Sulid line Surfare crack
[ \ v Dot-dash-line  Internal crack
E 6{]!* \ \\ Dotted line Root erack
- 40 \ 100mm
¥ \
= N
o 20 \ A
& : N
O gl . S
. R.T. 50 75 100 125 150 175
:\;100 ------w.,\ MIG welding
E’ 80 Solid line Surface crack
< ‘l Dot-dash-line  Internal ¢rack
; 60p ! Dotted line Reot crack
20 1 100mm
E \
s 1
o
b
3 9 -

CRTEe 75 10 15 1500 TS
Preheating temperature('C)

Fig. 16 Results of y groove restraint
cracking test
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Weldmg wire

Sealing gas
Wire dia.

Welding current |

Arc voltage

Welding speed

July 1972
MIG weldmg
KM-80
Ar 16 CO,4//min
1.6mm
J20A
32V

210 mm/min

Heat input 29, 600 J/em
Temperature 25°0
Humidity 81/0 (75 b\ 64/)

metinﬁbm#%&Bh,%mmﬁﬁmm
I TiFEERoSNEEBE L LR,

6:3-2 £y REARELhRE

Kk o50mm B L CiTrhe» o lE 7 — 7
Eh L MIG B L 28 yE LR b il
SR A Fig, 16 e, F oA T Ao E i
4efb 4 Table 6 i+, W7 — 7 EETORR

PR TG LOOCCLAUTFTh b, MIG &
ﬁza‘) /)u g‘["Dh‘z {&iﬁ]’lfé&%_) iﬁ: 75mm

Hio oo Tt C MY B &2 L F0.05% 8 F X4 4 &
PRfHEREL 2°CETTA2Z 00005

6-3-3 BFHEREREK

Table 7 (3081 B\ 7o B LTSI & et o
A, #k TSI kW B R 4 Table 812,

Table 7 Welding conditions for the testing
of weld joints

MIG welding Submerged are welding
Welding material RM-80 KB-p0C + KW-103R
Sealing gas Ar 16 CO: 4/ /min
Wire dia. |.fmn FRT L
Welding current 104 [
Arc vellage v ik
Welding speed 250mem; min 20mm; mn
Heat input 25,0000/ cm 49,000) cm.

Shape of grovve

Number of pass 6973

30i75mm], 500 190nm |
Pre-heat temp. 1607 100

lnter layer temp. 149 - 1587 1o~ 159
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Table 8 Results of the tension test and guided bend test of butt joint
o mma = T T e = ———— e
Thickness ) Tensmn test (JIS No. 1A) Guided bend test Decreased
! bol Welding method |~ "Tensile '7; i d_ Tt - thickness of
(Symbol) ! strength ri;ittl;;e Cracking |Bending angle| test piece
(mm) o 1 (kg/mm?) P "o
__\mk S " o
75th) MIG 81.1 W. M. | No >180° B side 5mm
Submerged arc R2.0 ‘ B.M. No >180° B-side 5 mm
75(¢) MIG 83.8 B.M. No > 180° B-side 5 mm
Submerged arc ! 83.9 B.M. No = 180° B-side 5 mm
100 Submerged arc 81.7 i B.M. No >180° B-side 5 mm
. i F-side 25 mm

W.M. : Weld metal
B. M. : Base metal

400 .
RIVER ACE KO 75(b)mm
—a— MIG welding
--0-- Submerged arc welding
350
- .
Iy "
i '
3001 3 .'. 2mm from f[inal side
1 Lo
$ L
25014 b‘ :
|l
)
350
2, Center of plate thickness
300
4
U
E
4
[+
T 250
3001
2501
200 : ' ! . — . L . L .

Measuring position

Fig. 17 Hardness distribution in the welds of heavy RIVER ACE KO plate
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-
8 10+
[45]
=
ool M o pnen D HHDH
pilHs L ETIOEEL T
20 M M _
’?E\ . r —
= st
;fi 0r
[H ! | B
FAP AT A AR A AN AR AR § 713 P4 P Y %%%%%%%%%%‘%%%%}%
W.M | BOND HAZ‘ WM [BOND! HAZ | WM |BOND|[ HAYZ | WM {BOND | HAY | W M | BOND| HAZ
MIG Submerged arc MIG Submerged arc Submerged are
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Fig. 18 Notch toughness in the welds of heavy RIVER ACE KO plate

FEMT A OMW X 5% Fig. 17T word, # T80
YR ek Fig. 18 iRt X5 BRiFTH D, &
CIABENE YT = =07 -y BT ORE
GROWIR = 7 — 5\ T B0, M
LEEMEOMEC I - Tib o Ol L A
s L DRTTREROMI B TR 2 LRl
T %,

7. ¥

[

B0+ v A AN E S o RS Kot
Rt 211 > T, PEROMS L b 4
LicBE TR Lo, BCYUBoiEEn <,
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