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Summary

50 kgf/mm?-class high-tensile steel plate produced by newly developed TMCP (thermo-
mechanical control process) is superior to conventional rolled steel plate in weldability
(resistance to low-temperature cracking) as well as in toughness of HAZ of the high heat-

input welded joirt.

However, HAZ of high heat-input welded joint softens because of the low carbon equiv-

alent.

The authors investigated the tensile strength of the welded joint with soft HAZ in ship

hull and other heavy steel structures.

‘As a result, it was found that even with the maximum heat-input welding process
prevalently in use in most of the domestic ship-yards, the tensile strength of the welded
joint thereby produced in wide plate would be 50 kgf/mm? or more and approximate

that of the base metal when Ceq. 20.23%.
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Fig.1 Hardness distribution at high heat
input welded joints
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Fig.2 Effect of heat input on tensile
strength of HAZ

Carbon [TMCP | RW:CR+Water Cooling Process ¢
(%) __[RW[CR] CR:Control RofQing Process 01'(/“
r10.08~009| O '
0.10~0.12/ A
551 10.13~0.15| V
r10.16~0.17 0
T (\, @ :10mm?)

mdp®

OHAZ (6mm?) (kgf/mm2)

% ) az
s 0 &
025 o8003 odo
Ceg. (IACS) (%)

]

Fig. 3 Effect of carbon equivalent on
tensile strength of HAZ
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Fig.4 Effect of carbon equivalent on
width of soft zone
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Fig. 5 Schematic diagrams of welded

joint with soft zone
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Fig.6 Effect of width of specimen on tensile
strength of soft welded joints
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HERE LRI, COBEHGTE IR RBDD LR
BRI E LT, MFFIRABRYER L,
3.2 FMEMRAEHRT
Bk 5 36 kgf/mm?® #f HT 50 gtk & LCi%, Ceq. 23

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

TMCP % HT 50 iRy D5 |5RM < B+ % 501 307

Table 1 Chemical compositions and mechanical properties of TMCP

type HT 50 steel plates

Thick Chemical Compositions (%)

Mechanical Properties

Gmde . RE NS 0~a.~.. EQ vE
mm| C | Si | Mn| P 'S Ceq. ('ngg/mmz)’fksf;mmz) (%) (kgf-m)
L: 0°C=10.0
A [
KA36| 25 0.14 0.1410.67]0.020;0.008/0.032|0.25| 35 52 20 Li-20°C= 6.2

(1) Ceg. (1ACS) =C+MP + L (Cre Mo+ V )+ J= (Ni+Cu)

6

Table 2 Welcﬁng conditions of TMCP type
HT 50 steel plates -

Welding| Arc |Travel| Heat

Current Voltage|Speed | Input
(A) (V) {Cm/min}i(kI/em)

Welding

Method Groove

&) L :1400L :33
FCB g} Ti:1250{Ti:42} 68 | 139
T2:1100| T2:53
40" ‘
w| L L :1100]L 33
& 29 |1
FAB } Ti: 800| Ti:38 38
2~3
© - 1.8 |a80
CES N} 400 | a9
’s ~2.0 |~533)
2001 FCB(H.L=139k/m), /2 t
180
160
140
120 1 !
o 220‘ FAB(H.1.=138kI/tm), /2
£ 180F
o
= 160F
>
| \W
120 i) 1 1 ‘l
2001 CES(H.I=480~533k1/n), /21
180+ :
1601
1401
120

10 0 10 20 30 40
Distance from Fusion Line (mm)

Fig.7 Hardness distribution at high heat
input welded joints
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E LT,

Tl R ARA BB EMT ©, HAZ B{boEELIiLE
THEET, €y I - AWIHHEZHE L, BIEHR
% Fig 7 iwiid, HAZ O REFE X3 130 Hy T

Table 3 Tensile strength of HAZ and
weld metal at high heat input
welded joints

HAZ | WM. —HAT
Weo'ding Method (ksg/ymmz) (:Qf'/mlrlﬂ) (E%Q)
W.M. 56.6 24
FCB HAZ | 232 | 480 | 30
WM | — | 534 | 29
FAB HAZ | 24.7 | 460 | 27
CES WM. | — | 516 14
HAZ | 274 | 468 | 29
T
) —WM. = o
G
___J@___L___] N\
WIL|R|[B

(mm){(mmitmm) tmm)

30/300! 50| 60
200]400{180350
400}400[200/600

Fig.8 Dimensions of specimens

By, BHOVFHEI Xy 20H BELEEL 2T
Who ETo, BRLIEIEL 20~25mm, $icbb, HRER
EThdHI bbb,

IHIT, FHERRAABBEMTLIMOEREE %
BET DD, HAZ B IORESEN L. BES
FHEwe, BEE 6mm O EFERRBRE PR ULER L
720 GRS R % Table 3 IL/RT, HAZ Ho5[3ER
L, BMOTIRBEIHSN, 4~6kgf/mm? BEET
LT3,

3.3 HMFEIRABHEE

LEEHES R A BB BT OMF 5 RE S L EET
Bz, Fig 8 1wRd 385 (W=30, 200, 400 mm)
DHFLIRABRT LIERL, #A L%, 1 400 mm o
RERA LML, FTNTREM (as weld) & Ui, 1§ 400
mm O RIERERH O &1L, #F5ERE ST IIETHRED
HERIET S BT, KEMEAREE (fush) © 2
FEHEORBR ZH#A Lic, Ebic, Fig 9 wRTHEKERA
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S B ] B _|FcB139]
L— AR L 54r |0.25 A | A | A |FABLI38]
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£ B
Fig.9 Dimensions of NK % o] T e
U2 A specimen = i NK Rufle : 3250 kaf /mm?
23 R HAZ
B (NK UzAS8Eh spae - %4 ¢ u =47 kef /mm® _
ﬁ:o 46 1 1 1 1 L
. - . 0 100 200 300 400 W{mm)
BN HTIERREREY, Fig : 132 : . i L
10 wwd, Fig 10 X v, Wita 1. 2, ’
T b bR ERRSNRITIERF Fig. 10 Effect of width of specimen on tensile strength
Lo X h 5 EA D MFEER XL, of welded joints with soft HAZ
HAZ #{LHO5|EME L b 1kgf/mm? BE L, LR FORBRA CREBELZHE LTV, WIERAAEL
LTWwislyy LinLiadis, Wit 238 Llkwi s &, HE, BBEYERETLZENELNER T, Fi,

MFESIE®R 1Y, HAZ @Bog[E@EE L h, 4kef/ 1§ 400mm ORER TIX, £BMNERBRF & LREH -
mm? B LH L, 50 kgf/mm? (FRE 86 kgf/mm? ff  HBRF & T, MFFERICITLALEZTRL, BIFE
HT 50 gifcsdd% NK HERIERE) 2HET 5o HOFEREIICEERR LI, Xbic, BESBDORE
+7cbh, Ceq. 7% 0.25% o TMCP # HT50 $Bik 3% (FCB : 56.6 kgf/mm?, FAB : 53.4 kgf/mm?,
KABGBEMRF T, HAZ S{toBELKREL, 8D  CES:5l.6kgf/mm?) i3, MFIIEBIwIE, 13EA

\‘}%gttﬁf)‘of:o

WEAALE D X%, Photo 1 TR,

Fig. 10 104, NK #HBENK U2A 2B
IBHBRERLR LTSS, HERBA L Y ELhE
WMFSRB I, BEERECI>TEELENGED bR
Too FTindoh, CES BEO#MFT|BRE I, FCB, FAB
BECHRTEWERR L, Thuk, CES BE#F
(a) CB : 139 kJ fem Tk, REFRIELELOREROBESBERE -
T 5728, EALEB o528 (RE) wiEL, 20
ZEOWEGENEECEUcdEELBRS,

4 BFSIRRBRBROZELEH
Ceq. DFFREHA

LA BT ARE (W) ORETHEERRFE T,
BALE L R OSBRI O [S;(=0ffoBM)] &, #k
(b) FAB:138kJ/cm LFBOAERE [Xe(=Ho/)] 52 bhiuk, (3) X
TE St A e T X OMFESIRMEIEETEDL LN, EELO—F
Lo TERER TS,

(oD wy=(1+1/3.86 X, *®)of
i l, Xi>m O Xeg.=X:
Xism Dy Xeq.:(Xt+m>/2

m=2{S,/3.86(1—S,)}1/08

(3
(c¢) CES:480~533k]J/cm g . # HT 50

[w=400 mm, t=25mm] (3) A&, HAZ LR35 Tl'\/ICP i__
Photo 1 Fracture appearance of wide MEOMFFIRBSICHEAT 570, Fig 11 wmRd 4
welded joint tensile tests SIRERER T ET ML LI, Tiebb,
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Fig. 11 Model for estimation of tensile
strength of welded joint with

TMCP # HT 50 gRiAEHEMF 055 B8+ % 5{E 309
Soft | Wefding
Symbod] Base Metal Xt Zone| Method
@® [HT50 (TMCP) [0.6~1.0|HAZ {High H.I.W
/A |[HT80 (@.T.) 0.2~0.3|W.M.| SMAW
O |(HT250(Maraging)(0.7~1.0|W.M.| EBW
1.0
0.9+
= 0.8¢
Og
o3
o L 0.40%£+0.18 , ~7 _ <BM.
0.7 Sr2 Ga3weroz2  0u=0u
040X%t+0.18 | o7 S
Sr< Savanss t 0u=(0.43Xt +0.22)0
0.6 "0 T e 0 40X OB
(0.2£X££1.0, 0.65Sr£1.0)
0.5+

soft HAZ
W [FCBIFABCES|EG
150/ O | —|—|—
2000010 @A
597 250 0 |——[—
= L1400/ ® @ |8 |—
E * X @ T 1 HAZ
£ 0 (&% ¢ w*: Flush] 62 <—_——3.85Xeg.°'8+1) Iy
£ K Xe>m:Xeg. =Xt
s F % Xt§m=Xeg.=%(Xt+m)
3‘:’ 50k @ - Sr o8
= m'z{:}.t:f(i—Sr)}
S L g e
] Sr-———o_g“_ S Xa=g
50 55

(GgL)CaQ. (kaf /mm?)

Fig. 12 Relation between experimental and
calculated tensile strength of welded
joints

O HELBOIERIE, BHOZEERILZE LW
ET5 (o M=ofM).
@ HKBUROEEIINETD.
® H#H & HAZ 83, ThPh—Fesmnt:
BrxETHLT5.
@ EMLIE (Hy) 13, €y » —AWIHMETH
HOFHEI L TELHERETS.
® BFOSEREME (of) 1%, HAZ |OFHEMS
[oHAZ(6 mm? FHIESIRABRAIC L HE] L& LW
B
Fig. 12 iz, EkREEFESNT, (3) Rk hiEE
UcIAIERES D 5 (3R & &, SEERE & OMHBIBEFREY R
T AL, (3) R L CHELLABHREDT]
R, FRELISHEEALTVD I LA brb, T
ok, BEBERTE GMLELREESE) OFBND
Bon-fEgHEER [(3) R 13, HAZ Hicikibi®s
LOMFIH LTLBEBTELZENHELA LT,
Fig. 1313, KIBMETS R I OERE L, BT
EEME EOBRY, MEEE LM OFIREBE (0BM)
THRLUTERTLLTRLELDTH Y, HERERT
DOEERESL AR L TH S, AKHOBHEIT, (3)
R L O RDHERERETH b, B, TR (4)
R L > TRDILDTH B,

05 06 07 08 08 10
Sr (=63/08™)

Fig. 13 Effect of strength ratio on tensile
strength of welded joints

S;=(0. 40 X;+0.18)/(0. 43 X;-+0. 22) D% [
o) =oBM.
Sr<(0. 40 X;+0.18)/(0. 43 X, +0.22) D%
o= (0. 43 X;+0. 22)0§+ (0. 82—0. 40 Xt)a,*}MJ
(4>
2L, (4) ROBAGEHEIZ 0.2<X,<1.0, 0.6
S, Z1.0 ThB,

Fig. 13 X b, REHEMFEZHZCTIE X=10
DRg, S,=0.9 BET, HFFIERIIE, BHOBER
LLEBERFCD,

K, KABBERBERALZIRE LT, EBEYO®
ELMEL O VEItOBE Y B LT 5 —o0ik
EL LT, B Ceq. OTFRMEOBRELRZI,

Fig 14 1z, HAZ B2 E T HFO5ERI v #
ETHFEERT, ANL D, BHOKEYE (Ceq.),
BHOFIEREE (BY), WECL), B&E (Hy) 25
ZbhiuE, BILE (S;=dfA%[e3M) LiEHE (X=
) 3kE D, WEHRFOFRMINEETCES L
Abnb, ,

Fig. 15 13, ERFHBESWT, LEHF O ER
&% 50 kgf/mm? (BE{RA 36 kgf/mm? % HT 50 $Ri
w345 NK SRREMRE), 5 %\ % 48 kgf/mm?
(BefR A 82 kgf/mm?® % HT 50 ghftic 35 NK #
BRERE) 2BRETAOILELRHMDOBERI &
HAZ #ib#O5IER & & OBFREY, (4) &0 6§ @
oHAZ A LTRDELDTH S, Bi{LiEI:, Fig 4
Xy, BRLBILBETT2EE LIS, X (it
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310 HAEMES

S
aff

XE HE157H

B =10 I, i, MBI, oA ww
57 % Ceq. D% (2) Rk v, B LI
Fig.15 I b, JRIEHFOFIHERE A, BHOBERS
EEEERTENhD Ceq. DEHEAHEIL, CEBR LT
RIcBH, kkzif, C=0.15% O, Ceq. % 0.28%
BE X T, KE#FOFEEER I 50 kgf/mm? 23R

| Needed Information to Estimate |
v Joint Strength with Soft HAZ |

-

| Lower Limits of 08 (Fig.3)
1 C=017%:05A%=62.5Ceq+32.4
| C=0.45%:08**=61.3Ceq.+30.5
| C=0.08%: 01A%=61.1 Ceg.+285
T

!
Strength Ratio
Sr=0i%/ 03"

i
Refative Width

Xt=Ho/t
]

Wide Pate Tests |Evaluation of Joint Strength

03 (W»t) 0% =9 (Xt Sr,04%) (W»t)

{ |
|

~ Lower Limits of Ceq. * (Ceg.)min

Ceg. 2 (Ceg.)min == O3 (W>»>t) 2 50 (kgf/mmd)
[Provided that High Heat Tnput Welding is Appﬂicablle,]
Which is Used in Present Ship Yards.

Fig.14 Flow chart of basic procedure to
estimate the tensile strength of
welded joint with soft HAZ

THLENALNTH B,
5 ¥ & B

HAZ #iti#B%4E 3 %5 TMCP & HT 50 itk A Sk
BERFOS|IREILIUET 0D, SEAASEER
FORERBEYER Lo TORBBEEYHBE 2T, &

ARS TEAIN TV A RAABED KA BA S E A

ZHIERE LT, EEEDOREL, MEE bWk E
DERECOVTRHALICER, kKO- ENELME-
oo

(1) HAZ #{toB53, Ceq. »%0.35~0. 40% 2
EUTERS LA TS, BILOBEL LTz, HAZ %
EEOFIRE S (6 mm? OHESEREF 12 L 5) 2%
45kgf/mm® BEX CETTHZEMNDD, ¥, BKiL
181z, HEDH 0.5~1.0 {SBETH 5,

(2) GESFOIERSIT, X, ELE/FE =10
D, Sr(ofA%[6BM)20.9 ThIE, BHOIERS
LRZI S, ' '

(3) IRIEMF OFIER S », S TFEE [50 ket
mm?® (RefR/G 36 kgf/mm? 1), 48 kgf/mm? (k&
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Fig.15 Relation between tensile strength of base metal and HAZ for satisfying
50 kgf/mm? and 48 kgf/mm? tensile strength of welded joints
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