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Development of Ultra-Heavy Gauge (210 mm Thick) 800N/mm? Class Steel
Plate for Racks of Jack-up Rigs
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Abstract

Nippon Steel Corporation has developed a 210 mm thick steel plate, world’s heaviest gauge material, for
racks of jack-up rigs to be used in frigid, deep seas. This plate combines a tensile strength of 800 N/mm?
class with excellent weldability and high notch toughness at the mid-thickness at temperatures up to
—60°C. The steel plate has been developed by optimizing the chemical composition and is produced by
utilizing the latest steelmaking technology and advanced rolling process instead of forging.
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DUATRAMRRET 2 H DT, LHrbRAERISMM ETOLD
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{3522 D, 2.5% Ni %195mm SR DM Tlddi2h O & #E &
NBEHRICIRED /48 Tk T hdida, Sdb DEELIEES RS,
INEZLDTR2IETT M6, WHEEEDE210mm SR/
KA EBAT D & WERIEASEE L 23, %5 T, 210mm B
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. Chemical composition (wt %) Ceq (%) | J*¥| _*4
Steel (Thicl%:::smm) 1 %2 (Po}“) (il'IDCIh) Remarks
' C | Si |Mn P S Cu | Ni | Cr | Mo V| Al B N ns{nw| ™
1.9Ni Guarantee of
(18()) 0.1210.32{1.07| 0.006] 0.002}0.28/1.85[0.51{0.56[ tr {0.04]0.062|0.0012] 0.0038 0.60(0.6610.30( 8.69 quarter-thickness
Conven- vE sue
tional
steel 2.5Ni Guarantee of
(.l:‘))‘i) 0.11]0.26(1.11| 0.003 tr 10.24|2.46(0.70|0.51] tr [0.04[0.072]0.0012| 0.0045/0.64|0.72|0.31[10.59 quarter-thickness
vi-soy
Newly
g:g" T(;;%‘;t 0.11[0.25{1.05|<0.005[ <0.001|0.25(3.35(0.70(0.55 0.04]0.065{0.0013] =0.0060[0.64{0.78[0.32[12.15
steel

®1 Ceq (JIS) =C+Si/24+Mn/6+ Ni/d0+Cr/5+Mo/d+V/14
*#2 Ceq (IIW) =C+Mn/6+ (Cu+Ni)/15+ (Cr+Mo+V)/5

*3 Pex =C+Si/30+ (Mn+Cu+Cr) /20+ Ni/60+Mo/15+ V/10+5B
*4 DI
OB 8% W %8 E (1993)

=0.367/C(1+0.7Si) (1+3.33Mn) (1 +0.35Cw) (14+0.36Ni) (1+2. 16Cr) (1+3.0Mo) (1+1.75V) (1+1.77A1)
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Water quenching
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¥ eV E— AR BR2LCTR T & 5 WIREAFIC 3 EFi» S
B fzo X, /v FAE GEREBPOHR(WM), K> FE(FL)
EU FL » & FFHEI~2mm OIE (FL+2mm) D 3MEE L,
THEFRERERT CRT.—60CCORRBECBT BN A LF
— XM OFEDOK &\ FL RO FL+2mm OB CHEE45] S L
DENBEBSIL T B,

] 3 FEHARFADOLERS (wt %)

; i . Ceq (JIS) Ceq (ITW) DI
C|Si|Mnf P S |Cu|Ni|Cr|MojV|Al |'B N 9] 6 Pew | (inch)
Target 0.11{0.25/1.05| =0.005|=0.001{0.25|3.35(0.70|0.55|0.04|0.065|0.0013| <0.0060 0.64 0.78 0.32| 12.1
g\,v;;;f;; 0.1110.24|1.06) 0.003| 0.001{0.24|3.30{0.69(0.54/0.03{0.078/0.0014| 0.0045 0.65 0.78 0.32| 11.9
15
Nl =14 N =Ul4 N =14 N =l N =14 N =H
. Ave*?=11 Ave=23.9 Ave=1044 Ave=32 Ave=06 Ave=242
g o $* =051 [ S =08 [ S =15 [ S =058 S =051 [ § =058
o
g
0 1 1 L Il 1 1 1 L) 1 J 1 ] 1 1 L
g 10 11 12 13 UM 2 2 24 26 28 0 98 100 102 104 106 108 110 1 2 3 4 5 6 =1 0 1 2 3 0 22 24 26 28 30
C (X10°%) Si (X10°%) Mn (X10°%) P (X10%%) S (X10%%) Cu (X10°%)
15
N =l N =14 N =1 N =14 N =l
P Ave=328.2 Ave=68.6 Ave=53.1 Ave=34 Ave=13.1
% 0F s =197 | S =050 [ S =074 . S =050 S =036
g
(1) B L 1) Y IR T ) 1 1 [l i i I} ! 1
320322320 326 32 330 332 4 36 65 G6 67 68 69 70 T 72 48 50 52 54 56 58 1 2 3 4 5 6 8 10 12 4 16 18
Ni (X10°%) Cr (X10°%) Mo (X109%) V (X10%%) B (x10'%)
15
N =14 N =l N =l N =44
Ave=319 Ave=65.4 Ave=776 Ave=11.8
0F 5 =036 B s =051 [ S =065 [ S =022

Frequancy

u #1 N Number of heat
*2 Ave : Average
L1 #3 S ! Standard deviation

0
28 29 3 31 32 33 34 62 63 64 65 66 67 68 75 76 77 78 79 80 81
Pem (X 10%%) Ceql JIS) (X10%%) CeqUIIW) (x102%)

12 114 116 118 120 122 124 126
DI
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vk Ty 7N IOTy 2 R (210 mm) 800 N/mm? 8ol 7%
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Plate Heat Tensile test Bend test
lHeat No. | thick- tl‘t‘fll'- Thickness
b S| ness ‘ position Yield point Tensile strength Elongation Reduction area L Yo
(mm) ment (N/mm?) (N/mm?) o %) Radius Angle |Resull
1/4- 826 836 19 64 P .
Quenched thickness 827 884 20 65 Ef“ fee Good
NQw77 [ 210 [and thick 180°
tempered 1/2- 786 854 20 66 o .
thickness 789 859 20 65 ness tiood
Quenched 1/4- Minimum Minimum Minimum Jf\\'lce No
Target 210 |and thickness 656 834 15 - thick- 180" |crack-
tempered (2 70kgf/mm?) (= 85kgf/mm?) i e:s.\ ing
Note: {I) Tensile test specimen: Round type (Gauge length=70mm, diameter = l4mm)
(2) Bend test specimen: Recluced to 35mm, thickness with the original top surface retained
100 100
& o--—0Surface cracking ratio
= X 380 N .
£ ol ‘o p ®—. —e Section cracking ratio
= c)\ 260 . .
% ~ = X=X Root cracking ratio
g }~~l =
< ° ~~&. %0
~~3 £ 40
-
Quarter- 8
° thickness G20
® Mid-thickness
250 0
100 125 150 175 200
Preheating temperature (°C)
Swor 17y TR
&
2
Y150 +
Z
5 Weld metal Heat affected zone
o
< 100
Measuring line
o 18 YIRS R
T100 <80 —e0 —a0 —20 0
Test temperature (‘C) 450
14 2mm V-/ v F ¥ v & — i SR as 2 (EAE ¥ 1)) © 3.30% Ni, 210mm
g ® 135% Ni, 127mm
BB 4001
350 52 cacges
:’U: ] . 5’; 3501
g 300 [ Top surface M'd'thi‘:k“ess Bottom surface =
o)
o W I L ! )
g 400 RT 100 150 200
E 250 |- Reheating temperature (°C}
g 19 RS AR
g
£
P | AN S S S S S N S S
0 20 40 60 80 100 120 140 160 180 200
Distance from top surface (mm! . . - .
15 IS 5 R WEUTHBRERAT
Groove shape Type A Type B
200 Welding method SMAW SAW SMAW
Section A-A’ Welding consumables L-80SN |Y-80MxNB250H | L-80SN
Test ection A- (4.5mme) (3.2mmeg) (4.5mmeg)
™" weld ™| Restraint \(60"7, Welding current (A) 130~180 470~500 170~230
> A | bed N\ Arc voltage (V) 23~25 28~30 25
EEH 030))) L T §'= Travel speed (cm/min) 7~12 29~32 18~24
A Heat input_(kJ/mm) 1.6~2.8 2.7~3.0 1.3~1.7
[~ 60 80 60— 2+0.2 Preheatin;
+0. g 9
(mm) temperature (°C) 100 100 130
Interpass .
" ip (e o 105~130 96~130 110~130
16y A0 TR A LR 0 Ik temperature (°C) °

B & % ! ®38 5

(1993)

— 15 —



Sy kT 7Y SOFy 7 (210 mm)800 N/mm? S e

Type A Type B
(SMAWY (SAW +SMAW)

20 BOSERZIK

7. #&

57 A ARSI, T13RM & AS780~870N/mm? D F K /F210mm
DEERDT v 7 AR ElLBERC L 57, FHFRHH
FUSHEEEEAC AR THAEL .

 OEEREIRGEEEMETH 2 b r b ST, EROEE

SR & FREOBRBEEEL T2, X, (ERRLERORRER

—60°CT, BIED b - & b I { WIREFLROBEIRIES NS,

T DR B A SRS L BMEROSE, SERENRT A0

AR UEFRCEEORERI & 0 SETRTH 2.
FERMADEHITROBEY TH 5,

(E#H ORESRLEOMmY /v F ¥ v v E—RNT 3V F —
VE_soec 13457 BLE T, WEEBEBESX% FATT 13—55°CLATTH
5,

OB EBEEEROMMmY /v F ¥ v VE—RIRTANF— b &
BV~ DE_gpc245] 2R T 5,

GEEH EREEDERA S v 7 IEESIR « FIRET, y MiEEbh
REZ B 2 LETHRE 13150°CTH 3,

ill}

& | X
1) Yamaba, R. et al. : Metallurgical Factors Controlling HAZ Toughness in
HT80, IIW Document [X-1442-86
Yamaba, R. et al.: Newly Developed 80kgf/mm?* Class High-Strength
Quenched and Tempered Steel Plates with Heavy Sections. Conf. Porc. of
Int. Conf. on Technology and Applications of HSLA Steels, 1983, ASM,
p.667-677
KTERZ &0 g 69, Adl (1983)
Ohnishi, Y. : A New Steelmaking System for Super Clean Steel. Iron and
Steel Makers. 12 (2), 29-34 (1985)
HER, hRICT &, 63 (4, S219 (1977)

2

3
4

5

=

%= 6 ABEET O3 RFERER

Tvne Thickness Test piece size () Tensil Fractured

YPE Nacation Thickness | Width strength location
A |Surface to 69.90 25.10 896 Weld metal
(SMAW)[1/3-thickness 69.70 25.10 890 Weld metal
1/3-thickness 70.05 25.10 925 Weld metal
to 2/3 thickness 70.00 25.00 916 Weld metal
2/3-thickness 70.10 25.10 925 Weld metal
to thickness 70.00 25.10 913 Weld metal
B |Surface to 70.10 25.10 938 Base metal
SAW \| 1/3-thickness 69.70 25.10 941 Base metal

+

SMAW 1/3-thickness 70.00 25.10 937 Base metal
to 2/3-thickness 70.00 25.15 943 Base metal
2/3~thickness 70.15 25.15 938 Base metal
to thickness 70.10 25.15 944 Base metal

210

Type A
(SMAW)

® 21

(mm)

Type B
(SAW +SMAW)
e n e BB ORIALE

%7 BEMFEO?2 mm V-/ v Ty e —HRARER

Thickness Notch Test Absorbed energy (J)
Type location location temp.
(See Fig.2l) (¢C) |Eachvalue| Ave. value
A 1 WM —60 | 77| 91 86 85
FL —60 |201}221(196 206
FL+2mm —60 |206{231j142 193
2 WM —60 | 67| 62| 73 67
(SMAW) FL —60 157 93|142 131
FL+2mm —60 |201]238|160 200
3 WM —60 96(142) 82 107
FL —60 |109| 75| 86 90
FL+2mm —60 98(211]211 173
B 4 WM —60 | 69| 75} 84 76
FL —60 |128] 95[155 126
FL+2mm —60 |219[192{211 207
SAW 5 WM —60 | 60f 54] 52 55
( + ) FL —-60 234|196(179 203
SMAW FL+2mm —60 931150| 62 102
6 WM —60 | 64| 69| 64 66
FL —60 | 91j167| 69 109
FL+2mm -60 |241)211}172 208

— 16 —

OB % f | W8T (1993)



