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Effect of Heterogeneous Microstructure on the Fracture
Toughness of Weld Metal
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Abstract

The effect of microstructure on the fracture toughness of multi pass weld metal has been
investigated The micromechanisms of fracture process are identified by in-situ scanning
electron microscopy (SEM) fracture observation using single edge notched specimen The notches
of the in-situ fracture specimens were carefully located such that the ends of the notches were
in the as-deposited top bead and the reheated weld metal respectively The observation of in-
situ fracture process for as-deposited top bead indicated that as strains are applied, microcracks
are formed at the interfaces between soft proeutectoid ferrite and acicular ferrite under
relatively low stress intensity factor Then, the microcracks propagate easily along the
proeutectoid ferrite phase, leading to final fracture These findings suggest that proeutectoid
ferrite plays an important role in reducing the toughness of the weld metal On the other hand,
reheated regions showed that the microcrack initiated at the notch tip grows along the localized
shear bands under relatively high stress intensity factor, confirming that reheated area showing
homogeneous and fine microstructure would be beneficial to the fracture resistance of weld
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Table 1. Chemical composition of base metal

Fed C /Mol P | S| S iNJA[VIT ] G N|MijC|N|O

bal 10084} 122|001 0001}0279| 0046] 0041|0085 0023] 0030|0026 0002/ 0019 | 0004 0001

Table 2. Mechanical properties of base metal
at room temperature

Tensile Strength| Yield Strength Elongation
(MPa) (MPa) (%)
565 458 34

Table 3. Welding conditions for the seam and
girth welds

Travel Heat Filler Metal
Voltage|Current|
Area|Process W) ) Speed Input DIA
(mm/min)| (J/mm) | CLASS {mm)

34~ |620~| 1100~ | 1012~ [F8A4-EA3K-A4| 4 8

7
Beam! SAW | "0 100 | 1250 | 1649 | enerasc 40

23 } 130 2990

~ —~ D ~
GlrthSMAW£2 80~ so~200 “8 | Roo16-G |32

(b) girth welds
Photo 1. Macrostructure of welds

(a) seam welds
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Fig. 1 Schematic diagram of 1n-situ facture
specimen
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Photo 2. Microstructure of the seam and
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Table 4. Chemical composition of the seam and girth welds

Fe| C |Mn | P S St | Nb | Al Vv Ti { Cr | No | Mo | Cu | N 0
Seam | bal | 008|136 |0021}0005/0393/{0023]0026/0035/0 01210 0390 018/ 0 160{0 051|0 010| 0 033
Girth Lbal 0073|106 100210 005|0 525/0 021{0 012[0 016/0 030|O 04610 023| 0 003|0 024| 0 011] 0 028
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(a) basic microstructure (b) development of strains
before loading(K, = ahead of notch tip and
OMPa<m) microcrack 1nitiation

{arrow) at the interface
between the proeutec-
toid ferrite nad acicular
ferrite(K; = 162MPavm)

(c) growth and linkage of (d) final propagation path
microcracks with notch of main crack along
tip (K, =166MPa<m) the proeutectoid

ferrite phase

Photo 3. A series of SEM micrographs near a
notch tip of the specimen strained
at room temperature for the as-
deposited top bead of seam weld
metal

Photo 4. strain accumulation and microcrack
initiation (arrows) at the interface
between the proeutectoid ferrite and

acicular ferrite
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(a) basic microstructure (b) formation of shear bands
before loading(K;, = near the tip region of
OMPa+m) notch and microcrack

initiation at the notch
tip(K; = 180MPavm)

{¢) propagation of main crack along the localized
shear bands, leading to final fracture

Photo 5. A series of SEM micrographs near a
notch tip of the specimen strained at
room temperature for the reheated
region of seam weld metal
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(a) basic microstructure (b) development of strains
before loading(K, = ahead of notch tip and
OMPa+m) accumulated strains

along the interface
between proeutectoid
ferrite and acicular
fernte(K; =137MPa+n)

(c) formation of microcrack (d) growth and linkage of

at the notch tip and microcracks, leading
the interface between to final fracture along
proeutectoid ferrite and the proeutectoid
acicular ferrite(K;, = ferrite phase
142MPaJm)

Photo 6. A series of SEM micrographs near a
notch tip of the specimen strained
at room temperature for the as-
deposited top bead of girth weld
metal
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(b) formation of shear
bands near the tip
region of notch and
microcrack initiation
at the notch tip(K; =
163MPam)

{(a) basic microstructure
before loading(K; =
OMPavm)

{c) propagation of main crack along the localized
shear bands, leading to final fracture

Photo 7. A series of SEM micrographs near a
notch tip of the specimen strained
at room temperature for the
reheated region of girth weld metal
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Table 5. Results of charpy V-notch impact
and CTOD testing
Average Absorbed CTOD(8m),
Energy(J) (mm)
Seam 125 025
Girth 182 081
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