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A study on fracture toughness of welded joint and orientation
in TMCP steel by the SP test
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Abstract

In this paper, the fracture toughness evaluation of the various microstructures such as HAZ, F.L
and W. M in weldment of TMCP steel which has the softening zone owing to high heat input welding
was carried out by using of the small punch(SP) test. In addition, the fracture toughness with the
specimen orientation of rolled TMCP steel was investigated by means of SP test and the crack opening
displacement (COD) test and then was compared with that of conventional SM50YB steel. From the
results of SP test for TMCP steel, it could be seen that the SP energy transition curves of three
different orientation were shifted to higher temperature side in order of S, T and L. But the DBTTy
of each orientation specimen did not show a lot of differences and were quite lower than those of
conventional SM50YB steel. The mechanical properties of HAZ structure in weldment of TMCP steel
such as hardness, SP energy at room temperature and -196C and the upper shelf energy of SP
energy transition curve were lower than those of base metal due to softening. The DBTTy of each
microsturcture in weldment of TMCP steel increased in order of HAZ, F.L and W.M against base
metal, but all microsturctures showed a quite lower DBTTs than those of SM50YB steel.
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T ¢} (crack opening displacement : COD) A1 €&
ANt SPAEAFAET v - &G

2. AlgHE H dEdy

£ Ago Algd A85E FA4 25mme] AH36F
7+&d e TMCP ZAleh Fe 3l A8 9
= SM50YBZelm, F ZAle sletd e 2 7143
A} A& Table 13} 2t}

Table 1. Chemical composition and mechanical
properties of steels used.

Chemical compositions (wt%)

C Si Mn| P N Al Y Ti
SM50YB [ 0.17 | 0.34 | 1.2 |0.016{0.008{0.042|0.048
TMCP |0.1510.25| 1.1 [0.016{0.003{0.035 0.018

Mechanical properties

o (kef/mm?) L kef/mm?) | Elongation (%)
SM50YB 45 57 25
TMCP 38 52 26

A gl 182 8HEE A7) 93 Table 29 2
< X722 SAW (submerged arc welding) &% 3}
fow, SPAPAL 24 2§15 2z 27 oA
Alddidel = mlHz2 29E cut-off wheel 2
ALE3Fe] 10X 10%0.7~0. 8mmz A gstgdh, o]
2 HAg® AFAL #1200 emery paper B &
T AvtAE AME3sle] SPAIEE Y F2¢] 10X
10x0. 5mmZ 7}Fstch o] ) A g Hol) 71537
37t B FEE F98e spaEd. 33
3 FEMTH9] (crack opening displacement :
COD) AlgelA AR 10X 10X55mme] =7
2 slg e =29 7}&L cut-off wheel & A48}
o £ 0, 14mm, Z°] 2mmE A&t

Fig. 12 TMCP % &35 9H 9 B4 %, SPA|
98 AR WA a8lu e Rawde
EAE Zoln, Fig. 2& SPAE 2 3dZY

Table 2. Welding condition of TMCP steel.

Heat input Current. Voltage Welding speed
(kJ/cm) (A) Y] (cm/min)
80 930 36 25
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Fig. 1 Schematic illustration showing the extracted sskglor), SPAde) o3 AAUA 5 Spost
position of SP test specimen in welded block Ao 2] (ESP) &= st5- A= oo HHe=s
of TMCP steel. 5 :lls}?\i‘:]'. olgA 3t IRt 1 A
P22 g dSAlZl 34, F SPoAdA-2% &
S (LS) : Thickness '_—‘:‘ﬂ‘j——iﬁﬂ AA-FAANAFTHY Ho|E
short transverse direction (ductile-brittle transition temperature : DBTTSP) &
T LT : Width ZASIAT oW DBITy: &% of&34e|

long transverse direction

L (TL) : Length

longitudinal rolling direction ond

thermucouple
loading bar na

puncher

specimen zig

® B

liquid nitsogen

{a) SP test equipment

: ‘)
loading bar °

1 ¢ ciip gage strain gage
-]
specimen L hiquid nitrogen
block == \

Fig, 2 i i i n i .
g Code system for specimen orientation a d _Aikmle g
crack propagation direction in SP and COD —A— 1= ) v
tests. -

(b) COD test equipment

CODAIE ol 2% ek HE71E s AlgH Y A Fig. 3 Schematic illustration of experimental
2w o) we \rekS JEld Aotk CODAE equipments for SP and COD tests.
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Fig. 4 SP energy transition behaviors as a function
of specimen orientation for SM50YB parent
material.
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Fig. 5 SP energy transition behaviors as a function
of specimen orientation for TMCP parent
material.
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L( TL) L(TL)

TMCP Steel SMS0YB Steel

Fig. 6 Microstructures of three mutually
perpendicular planes of parent materials in
SM50YB and TMCP steels.
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b) -196°C

Fig. 7 SEM macro-and microfractographs for TMCP
steel-L orientation at-150°C and -196°C
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Fig. 8 Critical COD transition begaviors for TMCP
parent material.
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Table 3. Ductile-brittle transition temperature by SP
test and COD test in TMCP and SM50YB

steels.
Steel Orientation | (DBTT)s, (C) | (DBTDcm (C)

S/LS -174 -152

SM50YB T/LT -155 -125
L/TL -147 -150

S/LS -190 -156

TMCP T/LT -190 -155
L/TL -182 -150

#2 7|98t Ate ") Table 32 2+ AR
A4-HAAY 2EYEZHOZHEH DBTTw9
DBTTcw® T3l Ueld Aoz = 79 Zt =t
ol b2 SP 9A-HA4 Mol HEE duE
W TMCPZ9] 744 S, T H&e] Ho|EE -10T
2 F38] Ao xstm, Akl L kel A
ol ZF B -IRTE Rolm ). T
% | W2 DBITE Z# ¢ SM50YB
7l b8 g5o] W& dA-FHA Ho|2EE Hol
o 9th
gHH, CODAEARE BH, TMCP 249 #
<+ SPAIE Auabel o] AMbdko| glo] DBTTY &
ate)lE Ho|i QA o}, SM50YBZA S AL
= SPAlE At =2 A Alwake] DBTTe, 27
7} F3 g 2olrl (S & = Ak o)e A
AFRERZRE G-I Ed 9% 579
2 HrHA FE9 CODAY BUE njaxdae
o|- &g SPAI ol ogt HoQlA] HAMN HL ¢
T A ¢ Utk ol: AEAe S$HA )
CODAE Y #AS BT SPAIYY A% g2 715
3t 92 HAME) (membrane stress condition) ©} 1L,
a2 s 4 AP L TN YEhdE s A8
gHAFe vidd A#A2 Algdd. zdn
CODAIE 9] 79Kt SPAIH 9] 7 %o DzBTTs7}
2 o)lfE AlgHY FA zold 93 An=,
AldHe QRgHo dis CODAYEHAY A=
HHHY (plane strain) FEl Yol ¥ SPAIEH
A BHEH (plane stress) AEjol7] wWl&o]
o, &, SPAIYHLS BHo|= 2 plane strain AFE}
Bk A AgFFol 2] Wi CODA
Fol AgHt o $& Lxgddda] dA-HA
Helg | AFL ®ol7] WEole Alzgr).
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F.D 239 oldza AbdSolt), o5 258 &
Huw TARgolre] 22 HEH Ar~Arol
X} 7h&uWzt 2N 7R ferried] o A4
S F7HR o2 Foj = wololE ZH o
FAEH Yee & F Aok o] e AR} H&
W7k TMCP %49 3294 e a7l
L3 Aot 2y SHRN Y 27,
8 F.L 2499 22 87Ad 93 714
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Fusion line

Fig. 9 Microstructures of welded joint of TMCP
steel.
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Fig. 11 Displacement and SP energy obtained of

welded joint in TMCP steel.
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