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Notch Toughness of Heat Affected Zone in Welded High Tension Steels
(1st Report  Bead Weld Test)
by Kazuo Terazawa, Member, Midori Otani, Member
Kiyoshi Terai, Member, Sotaro Yamada, Member

Tsuneo Sakato, Member

Summary

Experiments were made to investigate the notch toughness of bead welded high tension steels, WT
50, WT 60 and WT 80. Kinzel bend test and Double Blow impact test were performed to make clear
the characteristics of fracture initiation in the heat affected zone of weldments. As the results of
experiment, the following were revealed.

(1) The bend angle at maximum load was proposed as the most suited criterion to measure the
ductility transition in Kinzel behd test. It was shown using this criterion that the weldments were:
remarkably notch brittle as compared with base plates.

(2) Energy for fracture initiation (W;) vs. temperature curves were measured in Double Blow
impact test, and a ductility transition temperature, (T,g;);, was determined from these curves. The
adverse effect of welding was marked in WT 60 and WT 80, whereas such effect of welding was-
unexpectedly slight in WT 50.
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Table 1 Chemical compositions(%).

Steel Cc Si Mn P S Cr Cu Mo Ni v

WT50 0.19| 0.37 | 1.36{0.012[0.027 | 0.05|0.12| — - -

WT6O0 0.13| 0.46| 1.24(0015]0.006|0.22( 0.15} — d -

wTBO 0.15/0,28| 088/0.012|0.006 (0.56 | 0.25| 0.48| 0.96| Tr.

Table 2 Mechanical properties.

Yield Tensile Elongation Reduction
Steel point strength {G.L.x50mm) | of area
( k9/mm2 ) ( kg/mm2 ) (%) (%)
wT50 36.2 -56.0 34.8 64.0
wWT60 53.0 63.8 293.7 73.8
wT8O| 79,1 83.6 22,8 ‘ 68.2
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Table 3 Welding conditions for Kinzel specimen.
welding condition "
Radius
Noto- | Elect- [Preheat
Stee! I'tion [rode [temp. [Current |Voltage [Speed H.h;'uf Hvmax | naich
1) 1 (A | (V) Jin/min)|tioulesi) {mm)
Baseply — | — | — | — | — | — | 160 | 0.28
6.4R Wg-1 | -85 z‘,:';' 175 | 24 4 |e3.000 306 |
_L25 ws-2| , ' . . 6 |42,000| 380 4
WTS0iw,-3| B . . . . + |1oo
We-4! 4 | 300 . . 16 + |246 | 025
Ws-5| , [-100} . . 12 {21,000 | 427 ’
W56 (ncag | foem | 4 . 5 |®.000] 368 |
[ L Bosepl.| — | — | — | — | — | — | 270} .
Wg=1{L-80| 400 | 175 | 24 6 [42,000| 324 ’
. . . WT80
Fig.2 Jig for Kinzel test. We-2| + (300 . . « f3es| o
We-3 P ?:‘:': * * . s 420 .

A-A SECTION Table 4 Welding conditions for double blow

oL specimen (bead weld).
4R 28 N "
i Elech- Preheat! Welding  condition
100 Steel [Notationl rodg [temP. | Cyrrent [Voltage | Speed |Heat input Hvmox
= (°C) | (A (V) [(in/min.)|( joule/in.)
Q
i Basepl.| — — —_— — — —_—
E BEAD P 160
_'g TR TITTXCITRS ——————1 100 W5~ !]L-551400) 175 24 s 42,000 231
< 150 — | wiso | Ws 2| - j200| - . " . 280
2 Ws-3! . [RT.| . . " 350
A
= 250 ﬁJl Ws-4| » |-00| - ” & 390
(d) WELDMENT Ws=5| - - ” . 12 21,000 455
Base ptf — | — | — —_ —_ — 2
% V-CHARPY SPECIMEN o
o Ws-! |LB-60 400 | 175 24 6 42,000 250
r———w-—: WT60 Wg-2| . 300 - “ “ ” 260
e e N & 28mm w-3| « | 200 - " . “ 295
We-4] » |RT.| " . Y 354
(b} SPECIMEN Ws-5! - |-100] - . “ » 374
Basepl| — | — —_ —_— — 270
[i5 mm }é 5/ Wa-! |L-80] 400 175 | 24 4 63,000 | 305
" sls L3 )2 wreo| %2 * | - ud “ é 42,000 | 338
4 DISTANCE (mm) We-3| » {300 - . " . 366
We-4| » | 100 v " . - 430
(C) HARDNESS MEASUREMENT Wg-5| + |RT. “ v " “ 437
Fig.3 Specimen for double blow Tabel 5 Transition temperatures in Kinzel test.
test (bead weld). [Radius
P T, T, Trg, | T Tr, Trs | Tre
Steel [Notation| Hupay of notch| Ty | Was | gy | Trhe [ Tres s | Trsioo
X imm) | €1 | to¢) | toc) | 1oc) | tse) | 101 | o0y
Base pl.| 160.| 0.25|-133|-145|-100|-52 |-58 |-50 |- 40
ST
W Ws-1|306| + |—40(~30)|-14 |-15 |-66|-43]| 0o
e Ws-21380| ¢+ | — [-2 |+ 6 |+24|-40|-4 |+20
H WT30|ws-3| ¢« | 10| — |-30|— 6 |+14 |—-37.|-18 |+20
< Ws-4 1246 | 0.25|-100|-30 [-26 |-3 |-42|-14] o
x
§ 4t W5-5 1 427| + [-22(-15{-18| o |-44|-18|+10
] ——(W-w, —] W, —— Ws-€)368f 4+ | — |-10|+2|+9 |-40|- 5 |+20
S LA 7
o Base pl.. 270| 4+ [-137|-130]|- 90 |-84|-64 |- 29|+ 20
- Wi va Wy
) £ We~![324| + |- 92|-20|-38|- 8|-38|-22][+20
) WT80
ABSORBED ENERGY, E (kg-m/em?) We-21365| s+ |-80|-56|-54|-32|-40-10| o
' Wa-3| 420| 4+ |-45|-40|-42 |-18|-60|{-37] o
Fig.4 Definition of W; and W,.
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Fig.5 Transition curves in Kinzel test.
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Fig.7 Transition temperatures in Kinzel bend test
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BT5vbw s ductility BBEE L L COKSELIRBCTL, loB2rhe CHBC O TR X
Z & Rbdot,

BEA—AF >4 FRD ductile bead i1, WFHOBBEECHLTS HEOE ~ 1 (BEARFR) & iFH
CHExRLI,

(4) ThoOBBREOEEY S HIRNT 5ok, Knotth niig L -BBRE (Trer) OBES% AV
STl BUIEKSAOLIRBMIFREBICI T, RBHK 2 general yield L=k ¥ict SEBmBIIZ L x
ERYBBEE Troy & LD THBA, KBELCK TR FRICHENSO L LT, Fig.8 offE~SBXik
DRI T, RBRAIBOIDOFELE AERT LN ToCWBER L, 1mm DEMBERATEU L B
BT 2REY Trey LEHRL TR,

D Trey 1%, Fig.9 X35 LTRDBE LM CEB. F7rbb Fig.8 FIR LI E~BR LR -,
BRS 1mm 2 R 5HE (Pey) L BEANE (Poax) & %2R, ChoezRREBCR LTS vy b LT Fig.
9 DHFRYEE, FWHRS—KT5EEYRETRDT Troy L 350TH Bo

RENLEREMOBE L BHCH LT, 20X 35 LTHRELYE Trey & Hvyoy OB Fig.7 it
BTRINTVS. ZORICENT Tray & Tres OBERY 252, WT 80 ¢ Ho 2% 324 DRIVFNCH B
DB, MEDELOERITH L REARCH O ¥7/-KE 25mm DERGEMIC 35\ Tix, TRED
fE 237 D B LTy 7, '

(5) BBERE Tre, 13, S OBBEMEEHORNELUET BRoXMMTEBRELLT, kT
AVARBOCTRRNASESACLRTE . LaLERBRO LD, RBERC 4T Tre 13, Tres 0L B
TEURFHROEWME 1T 5 LXK TH D, ductility BEBERE > L TOHBIZLRRMRR T Sh 5,

FVYELRBR OBERERBNC 2 5 v 7 B\ RET IBY M5 - dIcffieot Voldlich DERER 5
BT2e, FYFEBD 2 79 20 F NP VRIED i, ThDTHCRET S,

€— FEERRT OBELHET 5L, Try BEOBERTCRIED2 5 v 213 cleavage T35, LLI
BER (S)~REHRICE T, RE Tre Or 20 SOz WT 50 < 50%, WT 80 T§y 10% Tk
DPRIIRHALIRD X5, Zo cleavage 7 5y 73— BIEMRBICE T, Bt % b 5 R 4 R
RILD0THS 5. BIUEER (¢) BENBCHATEINIDTHEND, EHI 5 v 7 RE OB R fbt ok
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BrY—BELZT5LBbh5DT, KFFEOHKCIIREIEL Tt X 5 Thot,

(6) BIBRDZ L, Trs WBEOEBYRTI LMK THLOLN, Fig.7 RRENRTWB L b, Trg
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Fig.11 Examples of d.~E diagram (2).
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Fig.12 Examples of d,~E diagram (3).
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Fig.16 Hardness distribution of specimen for Double Blow test.
Table 6 Transition temperatures in V-notch Charpy test and
Double Blow test.
Standard blow Double blow
Stoel | ion |Pma] Thg | e | Ty | Treg | Tis | Tao|(Terl] s | T
tion | "max s | Irg ¢ | 'ss | s |'si00 Ei)z Ei | 'ep
(°c) [tecy jtec) [(ecyr|tecr|(c)|iocy|(oc)|(ec)
Basepl.| 160 |~8) |-43 | -78 |52 | ~45 |-35 | -79 |-43 | +2
Ws-1| 231 |-68|-37 |-72 | -85 |-43 | -20 | -66 |-41 | -I7
W5-2| 280 {~53 | -21 |-48 |-40 | 30 | -20 | -50 | -26 | -14
WT50
Wg-3| 350(-47 | +2 | -39 |45 | -9 | ~t0 | ~40 | =14 | +7
Ws-4| 390 -37 | +12 | -21 |[-40 | -4 | -30 | -30| -1 |#7
Ws-5|455[1-44 | +8 | -8 |-35 | -2 [+50 | -36| -3 |+13
Basepll 210 [~137 | -80|-i28 |-115 |-88 |[-70 |-138 | -89 | -19
We=1| 250|-75|-32|-77|-40|-20|-10 | -68|-38 | -4
We-2| 260 (-88 | -25 | -75[-45 | -15 {+10 | -83| -38 | +7
WT60
We-3| 295(-80 | -21 |~67 |-40 |-14 | +10 [-75 |-26 | -4
We-4| 354 | -7 | ~4 | -63 |-45 | +1 [+20 |-70|-16 | +9
We-5]| 374 |-56 [+4 |-61 |[-50 [+5 |[+30 |-41 ] -10 | 412
Basepl.| 270| -90} ~15 | -57|-80 [-26 | +10 | -85| -26 | + |
We-1 | 308) -72 [+31 | +3|-70 | ~8 | +50 | +10 | +32 | +1
We-2 | 338| —72 | -21 [-45 | -70 | -31 | +20|-54| -36 | -7
wT80 '
We-3| 366| -75| -27 | —73 | -90 | -38 | -20| -54 | -43 | - 8
Wg-4 | 430|—121 | -46| -84 | -68 | -36 | +10 |-n7| -85 | -25
We-5 | 437|-118 | -2 | -79 | 80| =26 |+20 | —g7]|-40 | - 17
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Fig.17 Transition temperature in Double Blow test.
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