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A Study on the Mechanical Properties in High Heat
Input Welds of High Strength Steels

Young Sik Kim*, Cha Hurn Bae**

Abstract

The mechanical and microstructural properties in high heat input welds of home-made SM 50 high

strength steels were investigated and compared with the manual shielded metal arc welds.

Also, the fracture toughnesses of the simulated weld-bonds with various thermal cycles were

quantatively examined in order to provide the basic data for further development of the high

strength steels for high heat input welding.

Main results obtained are as follows.

(1> The embrittlement degree and the coarse grained region in high heat input welds appear to be

extraordinarily large compared with the manual shielded metal arc welds, while the differ-

ence in change of microhardness is not so large in both welds.

(2> The embrittleness in high heat input weld-bonds is mainly affected by the size of coarse grain

rather than the microstructure.

(3) The fracture toughness in high heat input weld-bonds can be improved by controlling the cooling

rate from 800°C to 500°C rapidly.
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Table 1. Chemical compositions & mechanical properties of base metal
Base Chemical compositions (wt%) ‘ Mechanical properties c
metal . T Y.P T.S Bl [V-Charpy| ~
Seon | C | st [ Ma | 0P | s [sol AU immnlcrg/mmn| 5 | Gigomd
ASmmt) | 16 ] 0.45 | 1.49 1 0.015 | 0.009 0.046 | 38 ) 54.5 ‘ 2 l(_gb?@[ 0.43

Ceq. =C+Mn, 6+85i,24+Cr/5+Ni 40+Mo,4+V 714 (%>

Table 2. Chemical compositions & mechanical properties of weld metal

Chemical compositions (wt%)

Mechanical properties

. Y.P T.S El V-Charpy
¢ ‘ Si ‘ Mn I P ‘ S l Mo ,(k;z/mmz) Ckg/mm®| (%) | (kg-m)
SMAW 19
Lo iAW ey | 0.07 [ 053 | 098 [ ooe| oo0] — | w9 | &7 | 2 | _iro
]
O T oor [oss [ 17 Jomz] om2jons | u | e | 2 |l
SMAW : Shielded Metal Arc Welding (low hydrogen. KSE 5016)
EGW : Electro-Gas Welding (CO, gas. KAW 3G. 52G)
Table 3. Welding condition.
Speed Ampere Voltage |Heat input
(em/min) (A W (Joule/cm) Remarks
- - ~ Drying condition of electrode : 1hr at
SMAW 15~16 | 170~180 | 25~30 | 21600 | 5038 o
Shielding gas CO,, 30//min. wire
EGW 10 s | 30 | 10200 | 300

Journal of KWS Vol. 1, No. 1, Aug., 1983



AAR WRIM FES MR 5 8k MY MR

Thermo counle(PR)

I
[¥e
} I ,1,5 = XY recorder

Fig. 1. Shape of groove

I RAR RS R W AR BN
BB v BES mEMNoE B3 A5
vl ¢7]4 Charpy #ERF-& # T2 el 8RR
sgled stz sk #fiel] VI notch® mLsh
o BEE EME ERS fTekgivh

HEabql SMB0A ®IETT MAe] AAR BEYE #A
R EIES] G4 TESC] S8 #do] S BB
By BHELE BE SEEY B vl Z BB
& S FAskdoh

HE #4e2 BBERE BENS FAINY 2
3] Ir#ste f@olr]. o] HEE FUEse 800~500°C
e HHEES BED B A &£49 A% BE
bﬁzﬁ BiES EASISCL o As g #mn e
BE 4E 5 ) GEFEE BHEY 5 g9k

49

3. MRHER 3 %

3.1 KA HiEERCl #MOIE W M B

RAR IEERE B8 Loige] #ixbe] S KL T3
W otota Hi¥es) Highsted Fig. 2¢] ehygich

A7 A FE HB otota AELS thermo-coupled)
B L 3G pass)el A RBE EEQ 1300°C] TEs-
o MBI 7Y & 2ES nlE: 800~500°C
el wAdErL 3R HENW S2%Ee ¥z g
ok m3E o] A8 mEEArd] YolAE BIE vlel=
WO vl =l K3 BHYT B P AE PHES
A A& &+ ek ool W) AAR i 9
HER s KERE # 58k 1350°CY ikl £
sted  BTRR 800~500°CHES] wHll vl 4THE
W =d BRAEE Mol glEh

Photo. 1, Photo, 2% [l E3} 7222 #ste] 34 ulo}
Vel M =0 anesd] Mg BLE B BE o
oz HfEsl dHEw sl BES HEstd Jeld
Aol),

delez Jlx BB 7S FH olela HEEe A
el] Hosl] REif s SR HEAML Biko] &%
R, 2 R =% dizks] WA Ho] EEifiE
B M 2 ML Sl =74 He e ¢ 4
et = FE FEY A RS 9 o s
o]l @Hol s FEMEe] ¢l ferrite - pearlite
Moz vebhd sledl A, Ques sl g
FrE AT bR A8l bainite 5Ly EEY] Bk
] ferrite #ifho] Bl o8 volm gtk

LA AL AL S S M B Bt S M S S

15

1C

T T I v T ) T [ T 1

T

3 ISMAW1 Pass | Max.Temp. 470°C
b v 2 " 590°C
C v 3w o 1300°C
d n_ 4 o» " 730°C
e v 5w " 670°C
f IEGW 1 » » 1350°C

my——e

S BT |

1800%

— {8

le<‘XAL«

N B

: &% 0
Timel{sec)

Fig. 2.

RBEEBEE 1% 8158 19834 85

15 180 2% L0 7

O A AR e

Thermal history curve of SMAW and EGW




&AHE - RAR

Photo. 2. Change of continuous microstructure in EGW

B Esh e HES FE) Hfe] 800~500°CRHIS #
H oI Adeln =T S BEer HE HE M
F£E wAlE duEzg Jlx BB HEfEGsingle
pass) o 2 o] SET = 800~500° CRiS] w#l
7 W% gk WEoluk =T & BFEE =T %
BEEme] RAMA = B fRkre] RS B
ek 0|7 & IEEER 1100~900°C BEER  In#s o

o] R A fHmko B HEE I BT Bk mEHEe
B &
o] fHImL LI #me e TE) AEHEL & 2 0mm,

e Fla HES K 7 amm DR Add EAED

1
T,

3.2 iEiE SCEel BER Bt

Fig. 3¢ T8 s 942 te B 75l

wEEs T BMEE vehd Helsh
99z sla mEE REie o4 BA WEE
Hy(300g) 220° FE B AE He(300g) 2002

13,

A2 H#Eld & ERE neA fevh wehd T
V&"ﬂ Qe Ao R bt w3k BAEE Holu
boma s 2o glelA, Mkt e BRKE
Eeffie JIS 18# Hy(10kg)350R et o+ Ho sz
B SM50A fiEh WA AAR SR BE Bl
Bl e BT RS VehdE &+ ek

HgEE FH OAERY ER AW
B, Mk &£B(Welded Metal: WM, s & i (Heat~
Affected Zone:HAZ) 8 f3#f(Base Metal:BM)al] ¢l
}4 Charpy EE® Wi <X (-20°C)F Fig. 4ol
ERsia el Fig, 4o #ebd He RoEielA RIK
qEA7r Fh sen, se) dg =z Aha FHEANA

A

9 z2 s

Journal of KWS Vol. 1, No. 1. Aug., 1983



ARARE BRI IFHES) RN Y% () BT Bk

EGW L Wrilzr
SMAW [ariTen

b
50 5 10 15 2 25 30 3K

Fig. 3. Change of micro-vickers hardness in
welding zone

Absorbed energy(Kqg-m)

A SMAW
O EGW

1 | i 1 1
WM  Bond HAZ1 HAZ2 BM
Fig. 4. Absorbed energy of each zone(-20°C)

T Rl B FEel vebdg & 4 gk o]n)
R R HEs el QAL Wi o 1l
HEo 2 dh5d o) TH olota ke LDt
W 77%, AHER sl R RiEE #2146
HEIE Bk o)A B 2t gle malrh olg) 7
1 W Etke] b W B ool q A
FE B IR RY HES Fig 54 el g
Tl

of #iRell kel A= slx e R

i o e

46
&

o

REFEERBEE F 1% 515 19834 84

51

BH ¥ FB olela MY Jrmuc £ By EM
ol A B NAR L s WAl Vet glek =3 E
Ptk BBHRE A4 8H7F ~40°C~=60°C, =8
obola FEREs] L=l —20°C~=—60°Ce] o] M
St dHEZR sba SEEe) REdE WEEY 20°C~
—40°C WHE= Bz 3.&¢ »erh z=x Fig.
5 B, B LD, ET BE S BERgol
—60°C LIFl AL Bk ol A7t 1kg-m BEZ fEs)
Seblg o 4+ e

Photo, 3 f3#f, Fg) ololz ik Lig 9 dld e
= 7R B REEY -20°Ce] gl EiEmee)
m BAE ¥l RAolvh #HE = E(dimple)s] ko)
vt el sA M BIEE Vb a dom F
By 8 Redel JelAR WS pm BHAE Hel
3 ogek olell WE] AW ER Spa e Brmop
HE vl 2 BEBEA(fracture facet)e] BEESE o)
vhebd glol fhbk REEES) HEAES volm olu).

BlBst el KA HEEQ dyg=z s BB,
EERS BEET B BETY BFRE S Bk
prior austenite #5&% k& E linear interceptikdl] {&

4 Welded bond (SMAW)
S (EGQW

[AS)

Absorbed energy (Kg-m )
=~

80 60 40 20 0 20
Temperature(°C )

J

Fig. 5. Absorbed energy with change of tem-
perature

A N ——



52 SXkiE - BERE

i sy

Base metal Bond(SMAW) Bond(EGW)

Photo, 3. Fractographs of welded bond (—~20°C)

Bond 2 A 6 8 10 12 b 16 X0
—L— — AW

£~ o o™ p
f 7 1 T

Grain diameter(102mm)

~N
1

SR SUREEE U, TS SN NN SNV NN WS (NN RS VRS N N SN S

Bond 2 A 6 8 10 12 W 16
Distance from welded bond(10"'mm)

Fig. 6. Relation between grain diameter and distance from welded bond

Journal of KWS Vol. 1, No. 1, Aug., 1983



KAR WEIW REEES] MRy R Bl B Brge

3 HE e FAEstd Jebisl Fig. 63 2w, 89

o] ¥Rl fald, BE Bz weE YolA A9
E 2 7}& ¥R prior austenite FEdh WEL E
By BEee] 7ol Hal 2fF BBE =4 S gles &
T vk welA AAR HER O 28T B H
EZ W3 prior austenite HALE “tHdom o #%
R HXT bainite S £Re 2 FEIL WEETES
et Aer Fgu),

3.3 #MO|22| #bal olE2 E=go Mk
L1 3

RAB: BB Bto]l 9 b ©1& 2= W
P BLE ] Bild BEAN S nausEsS
FIHS] A 228 FEH #xel s B%S 173k
ok BERF S 11X11X55mme] =372 mTske] #et
o} & ME#k FiEe) Charpy RRHA =712 %K T
3te] HHS Telgrh. Bule| 28 A LR 825
E|RR A 1350°C71x] 30%butel] EiEs =35 m#skgl
L= o] EEA SBME MR % &E SEES ]
BAE HERAA HHRNS #Ks gt

53

ol&k ¢] 3}l Fig. 7¢] ®, ®, ©, O dimeo =
ERT vke} zEe] 800~500°CRES]  wr:ImeRa-S- 150%,
79%, 377, 1288 4AEE=R BEAATE 4714 @ %
o] EL BEABME 102.6K]/cm) & iz d¥ER
b EEe] #otel Eel AT =R TIBE N
80K [/cm, 3T#HE= #1 55K ]/cm, 128% 30K ]/cms
EHEARE &4 gL O

Dlbst e #ede] 2 B3 2l oA ks a
# =} 7 micro-vickers 3t-2- photo. 4s] lElf gtk

By dddEg vhx B FAET @ @] 29
FERE o1 HKLQl bainite ferrite #HARe] #igso)
M 9 EEEE 99 ER s BEY HBREY AR
oz F%siel Fig. 8& K RBHe RSt ey
SM50 gi4Fe] SH-CCT s 29l Aok v

o213t SH—CCT diifs} Photo, 4] i o 2
B 800~500°CRie] 4Aimeife] gholde] we} = M
Kat fEdbAr RRER el T K54k dRRBE seqbsl
3 des ¢ vk =3 FEMELS bainite, fe-
rrite ko 2 W8] martensite, bainite, ferrite #
Mio.Z wbr=, 800~500°CHAS] #AIF:o) 12831 7

T T i [l

Max. temp. 1350°c
15

v
D
LIRS L B S A I S M

' 800-500%at)] Hv (300g) lcooling rate
E0W | 147 sec 212 2.0%/sec
A 150 sec 208 2.0°ckec
5 79 sec 225 3 8%c/5ec
C 37 sec 250 8.1 c ke
) 12 sec 437 25 °c/sac
- e 800°F

T
(ww]

A T Y SO OO T Y AN (N T S T o I B

500TC

[N

IS N S N VO N N S

30 60 99 120
Time{sec)
Fig. 7. Thermal history curves in simulation test

1001 (8

Hv 225

o e

mm“,A1®uw
Hv 208

: .mou"b;%- 100
Hv 250

150 180 210 20 270

Hv175

Hv 437

Photo. 4, Microstructure with change of cooling rate

AEBEEBEEE 1% 513 19834 84




54
C Si
016 0.45

Mn

1.4S

SAHE - BAHR
P S
0,015 0.009

ure (°C)

o~

un
o O
D

W
<O
(]

Temperat

N
(o)

)
f

Cp

i
Cf
1 2 L 6 810

martensited] HHEH7 60% LlEo® Hmsla
S- & 4 2t micro vickers®] BEMEE EH
el A HHEMY] B ==l adEstm 9l
4 wqlvh.
Fig. 9% @] Z9 &t Wi @,0,0, 0 &5
Fel —20°Cel] gleiA Charpy @RIk ol W28} 84t
£ vekd Felvh

o] #HEE 800~500°Ciie]
g} Ekte] wmela JgE nelx ek oRE E
Bio® EEE, A HHRS Y9 ER 72 BERL A3
5 FHT BERAF @ TR Bk dUAE HEEe
2 98« BBA Ot Bk A £ 35% ik
stdm, B Ot # 60%, BBAr O 2871 4
= 110%8E mEshses Helx glrh

LS el A Bgdee] Hm 800~500°CREe] #
Hppfge] sfid] =8 AERERS it XEdrie.
2 {eBslx, martensite Ei M LB ferrite
o] vehdrl el Ao ® HEdrh

L
~
L.

=

o 1o %0, o

Bl Folale]

20 40 6080100 200 400 600

Time (sec)
Fig. 8. SH—CCT curve of SM 50 steel

4, # e

B SM50A BiEH SIS HEow RAR B
qd e e slx ) FH ootola BEES &% HiESH
o] A REime] MR KR E R sz,
HIE #vlolZ RES &Edle] #delEd #{Ld J&
Lo e BB E mRiYe s TET MR ohEE
2o fhEme dgich

D A ER 7be BEEE 1026K]/em) # =
7] BRI 800~500°Cell A 1478524 cooling
ratel 2.0°C/secE #&i83e H#l FE ototatmi(A
# 216K J/cm)e 800~500°C Atolell A AAMMERG-S
33%5, cooling rate 9.1°C/secEA &#o|th

2) KAR HEN MEERNY &S5 HXMt R
ER) ofola B 7Sl HEl A 3L WA -
Elyteth,
- 3) SM 50A §EAFS} AARL FEERS Lo #Ee] BESE

Journal of KWS Vol. 1, No. 1, Aug., 1983



KA# BB BEFTS] BRn ki S BT Bk

— 6
e

i

o 5¢
'

8 Lr
<

c

@ 2
o -
a

o 5
o 45
0

a

b o 1 L

i | ! ! ] I

EGW A B C D M
Kinds of specimen

Fig. 9 Absorbed energy with change of
cooling rate

< BE Hy(3008) 2208 9= Yomz JIS 4 Hy
(10kg) 3500 #fehA =) miFsic),

4 B &BS B8 B dUxE Higos 9
£ A TE olela 8 REEE K 77%, AAS
fEEel 4=z Ji2 ME BoHEl f21%d 2y
e B Pk o X E 2o gtk

5) SMS0AQl &) ZEME —fb: EBERMS —46°C
~=60°C7} 1=, FE olola IF#r el ~26°C
~=60°C, dHEZR 7} HERH Lol 20°C~ —40°
CE =o] A#de] 4% EHERS Bivn B
BRE: s gt

6) FEMEE 9 d¥ew sla ek Lome) g
{Ee} prior austenite grain sized] BERE HEislw
FEEY #HalAE 2 2e)7l givh. =8y prior au-
stenite grain size: QA7 J}A WHEES ok
T4 =277 F@ oolotzm FERY A$ur) 2 EE
av. weld] ElEe BEEEC SR ke |
fel BEES U Aor BExT

D KRB BHEAT KR 800~500°Ce] gle]
A LEge] BHEEE weldezsd BMEMEE Bk
A2 4 vk o] A2 austenite i F RES JA =

REEHSEE £1% 815 19834 88

55

PRE 7P o7l AEels a¥=E flEe] miEe
RBAAE T BES dASlE 44THE BN 2
=7 gl

FOR K v 1982%E EZEHRMES miri
XEo = olFexl Aoz H HEM Z-L BES =
She] BB MR WAl Al ZIAIA BWEER
% KEGEMATLS PAFREMAA 2 BHE zath

2 F X M

D &AM, “FRIME IFERY MR, AREREY
%, Vol.22, No,3, 1982. p.175~183.

2) BHAGMMERE, “SUTHERT NEAE SRAN
BWORAR BESTFO HESHE FEo B
SR HEDR", Fisekl, No. 244, 1976. p. 1~5.

3) FH, AN A, “BEROIE BE K Eo 3
M BT 29S8, BEEg, Vol 43,.
No. 10, 1974, p.95.

4 JSSCEE WEIHE BEPR, “KAEE Mk
BEEIRCHETS HRE 23", JSSC. 11-116,
1975, p.17~36.

5) BERBEGS, ‘475 v B BEEIhERFE,
WES. 1104~1980, p.10.

6) 47K, B, “WHEESEEBE", BEWAMK, 1978, p.62~
67.

7 R IUFE, “50~60F e JEFREM B #EEHO
FEARE UAM", BARBEBEE, Vol 50, No. 1,
1981, p.11~19.

8 HII #, KE, “BREHREETNO R Mk
32 FrCEIE”, S, Vol. 42, No. 2,
1973, p.46~56.

9) American Sociaty for Metals, “Metal Hand
Book, Metallography, Structure & Phase Di-
agram”,Vol. 8, 1973, p. 37~47.

100 Mg, HEEE, AE 0k, 1978, p. 918.

1D &#2H, FH, &8, ‘88 BRI AEA £
WAVRREE”, B BINTIRET BIEEHE, Vol
5, 1962.




