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A Study on the Variation of Fracture Toughness in Welded
Parts of High Tensile Steel under Various Welding Methods

Jong-Soo, Lee

Department of Marine Engineering.Graduate School

Korea Maritime University

Abstract

In this study, the high tensile'steel AH36 plate specimens
having a single’edge cracked notch were investigated .to find
out the variation of fracture toughness in welded parts under |
such various welding methods as the shielded metal arc welding,
the submerged arc welding and electro gas welding by means of
crack opening disblacement (CoD) test, quantatively.

In addition, the mechanisms of fracture toughness variation
in the welded parts were discussed in connection with the frac-
tographs. of the fracture surfaces.

Main results obtained are as follows;

1. In shielded metal arc welding, heat affected zone and fusi-
on 1line showed the ductile fracture behavior in the range
of -60°C~aroom temperature, however, welded metal appeared

the brittle-ductile transition behavior.
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11 submerged arc welding, all welded parts showed bri-

. . C . o)
ttle-ductile transition Dbehavior at 0 C, however, in

electro gas welding, all welded parts showed the brittle

fracture behavior even at room temperature.

Regardless of the kind of welding methods, the critical

COD value in base metal
neat affected zones and

gue c¢rack propagation

appeared to be greater than 1n
fusion lines. however,. the ifat:i-

in base metal to be faster beha-

vior than those of parts.

The iow COD value in welded part of electro gas weldind

apveared te ke mainly resulted from the grain coars:

g phenomenan.,
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i #® # #
(Nomenclature)
ABHK ¥ (Width of specimen) ( mm)
REH 57 (Thickness of specimen) ( mm)
x> # (Notch width) (mm)
A% %72 ol (Effective notch length) (mm)
Az ol (Effective crack length) ( mm)
23 7)ol 9] Awl (Half loading span) ( mm)
1}o] X o x] o] (Height of knife edge) ( mm)

B AREtol A9 7#®E (Applied force at critical point)
(kg)

ZgAolx MfrE (Clip gauge displacement) ( mm)

RAEZNBMOMA (Critical crack opening displacement)
( mm)

ZBENANY BIRBE (Yield strength of temperature)

(kg / mmZ
B R5BE (Yield strength) (kg / nn? )
5|3 3B (Tensile strength) (kg / nm? )
JE fh# (Elongation) . (%)

FEHR &R (Stress intensity factor range)

(kg / »n'-® )



da/dN:

CGD

COD

BM

HAZ

WM

SMAW:

SAW

EGW

PrrEh T fre ob T RN SR RN g Ag mR

B E (Crack growth rate)
T M # (Young’s modulus)
ol (Poisson’s ratio)

Clip gauge displacement

Crack opening displacement
3+ (Base metal)

she, M (Heat affected zone)

W& & B (Welded metal)

303

(mm/cycle;

( kg / nm® )

(mm )

Cmm )

T B #E olob=a% (Shielded metal arc welding)

A Hvie]r = olol 3 ¥ (Submerged arc welding)

oddl E g s A¥EE (Electro gas welding)
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2. B & F ¥

2.1 R R BEGH

X Kol HEY HBRHHE BLBswolu mpd BHTHY
BAUESR, BHFKRY 2EdAKR 2 BE@Aks smPos @
55 S4 20me HE FHE BEHMMIA AH6 o2 7 (b

BRsS 2 MKEMEL Table 1o pehu ook

Table | Chemical compositions and mechanical properties of base metal

Chemical compositions(wt®s){Mechanical properties

A Y-S TS El.
Ci1SiiMn| P S | Nb So‘(kg/mrf'bl(kg/mn%) (%)

AH36 10.15]0.43[1.38]0.24J000200280043 40 | 55 | 27

Material

=CeiMneLSie-tNi«Lere tMo. Ly = :
Ceq=C 6Mn 2451 le 5Cr AMo MV(/o)-O.LOB

of MHE BHE St THEE obolisE (SMAW), Amsol
AT ool (SAW) 3 YYEZ shzmg (EGW) Y 3 A 4
grmel thsd HES s oW EAN & BER
LBRS T MREWEEL Table 23 o

Table 2 Chemical compositiohs and mechanical properties of electrode

. Chemical compositions(wt®/.)| Mechanical properties
Welding | Eiacirode i A3 TS EL
methods C Si {Mn| P S iMo (kg/mm (kglmmz (%)
SMAW |{00 F 20 er) 007/053|09800 001 | - | 49 | 57 | %2

saw | AWS 72 loos|o.26| 17000240013 - | 44 | s6 | 27
EOW  [VCos cos)’|008]036(172 porsioogor2| 49 | 59 | 3
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E 5016 )2 300 Col & 1HGH] i fiMstdy dueie]xs of

ob ~Lbhr £k E W G UM SRE A (flux) b skelo] (AWS F

U

12 -EH 14) 4 goRstglev, o dne shagge shadia Kl

viote] (AWS EG T07T2) % FiMehe]  sbzbzbs REFEAAD f7
ST

s obcizigghr, duolel s ofolA MR LU EZ v
piigny MRkt e A 3 WEKkA S Figl, Fig.2 o %

Table 3] ##& bERl QEhCol el BEEEA S HOM M fRol ok
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32
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g o - fa—

50 12
SAW EGW

Fig.1 Shape of groove
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ase 6. Ball bearing
2. Cormee.:ung tever 7. Eccentric ring
3. Reacting spring 8. Shaft
4. toad cell 9. Pin
5. Specimen 10. Column

Fig.4 Schematic diagram of fatique crack starter

11. Sensor
12. Counter unit
13. Motor

14. Reducing worm gear box
15. Strain amplifier

Photol General view of fatigue
crack starter
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Photo.3 General view of
COD test
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3.1 BEfMd wHE Ak ¥ EESMY B

Photo.4, Photo.5 ¥ Photo.6-2 iR #MolZ L o} &
G OBEIEE Y AR ET FHEE ololais, AHrox
Tt otolafr F dHUEZ Jlagmio & SBEHikod M k®
st el Aol A7l A HELBL WM, sE®is HAZ,
BHe BMog el ook

EECBAA YT BB Lk #ME wol mammEsige =g

Rtk el BRAx dE BHES + Atk A#Fol HEBEME

o

raEdE 0 xd B el Al olol IR kRl A @RI

Photo. 4. Change of continuous micro-structure in SMAW
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Photo.5. Change of continuous micro-structure in SAW
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Photo. 5. Change of continuous micro-structure in EGW
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Distance from center line of weld metal (mm)

Fig. 6. Distribution of micro-Vickers hardness in various
welding methods (AH 36)
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Fig.9 Critical crack opening displacement vs.
temperature in shielded metal arc welding
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Fig.10 Critical crack opening displacement vs.

temperature in submerged arc welding
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(a) EGW | (b) SAW

Photol0 Appearance of macro- fractographs in
heat affected zone of EGW and SAW(-60°C)

(a) EGW

(b) SAW

Photo.ll Micro -tfractographs in heat affected
zone of EGW and SAW(-60°C)
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