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ABSTRACT: There are strong demands for lightweight structures in cold regions, where construction cost 
penalties increase tremendously with remoteness of the locations and heaviness of the construction 
materials and equipments. High strength steels make it possible to design not only lightweight structures, 
but also simple structures with simple joint details. Among these, TMCP (thermo-mechanical controlled 
process) steels are now spot lighted due to the excellent mechanical properties of strength, toughness 
and weldability. Like most structural steels, the fabrication of structural member using TMCP steels always 
involves welding process such as FCA (flux cored arc) welding. Therefore, for the application of TMCP 
steels to cold regions, it is a prerequisite to clarify the ductile-to-brittle transition temperature in the welded 
joints in order to ensure the structural integrity of the welded structures. In this study, the Charpy impact 
test was conducted to evaluate the ductile-to-brittle transition temperature of the weld. The base material 
used is high strength SM570 TMC steel plate with 18 mm thickness. Double ‘V’ butt joint configuration was 
constructed using a multi-pass welding process. The impact specimens were extracted from the weld 
metal, the HAZ (heat affected zone) and the base material. Standard V-notch Charpy specimens were 
prepared and tested under dynamic loading condition. The transition temperatures of the weld metal, HAZ 
and base metal were derived by the impact test, and the applicability of the TMCP steel weld to cold 
regions was discussed in detail. 
 
 
1. INTRODUCTION 
 
There are strong demands for lightweight 
structures in cold regions, where construction cost 
penalties increase tremendously with remoteness 
of the locations and heaviness of the construction 
materials and equipments. High strength steels 
make it possible to design not only lightweight 
structures, but also simple structures with simple 
joint details. Among these, TMCP steels are now 
spot lighted due to the excellent mechanical 
properties (Tamehiro et al. 1985; Tsay et al. 1992; 
Lee et al. 2000; Porter et al. 2004; Shin et al. 
2006). TMCP is an acronym for thermo-
mechanical controlled process. Steels made in this 
way are characterized by excellent combinations 
of strength, toughness and weldability. The lower 
carbon equivalent of TMCP steels compared with 
conventional normalized grades of equivalent 
strength means easier welding with an increased  
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safety against hydrogen cracking, lower preheat, 
less need for repair welding, etc. 
Like most structural steels, the fabrication of 
structural member using TMCP steels always 
involves welding process such as flux cored arc 
(FCA) welding. Therefore, for the application of 
TMCP steels to cold regions, it is a prerequisite to 
clarify the ductile-to-brittle transition temperature in 
the welded joints in order to ensure the structural 
integrity of the welded structures.  
In this study, experiments were carried out to 
evaluate the ductile-to-brittle transition temperature 
of the TMCP steel weld, which was constructed 
using a multi-pass butt welding process. The 
experiments include observation of the 
microstructures and the Charpy impact test. The 
Charpy impact test was introduced in the late 1940 
s as a standard material test for welded steel 
construction, as a result of studies carried out on 
ships which suffered unstable brittle fractures. The 
Charpy impact test is a commercial quality control 
test for steels and other alloys used in the 
construction of metallic structures. The test allows 
the material properties for service conditions to be 
determined experimentally in a simple manner with 
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a very low cost. The transition temperatures of the 
weld metal, HAZ and base metal were derived by 
the impact test, and the applicability of the TMCP 
steel weld to cold regions was discussed in detail. 
 
2. EXPERIMENTAL PROCEDURE 
 
2.1 Metallographic observations 
 
The base material used in this study is high 
strength TMCP steel plate of SM570 TMC with 18 
mm thickness, which has been recently developed 
and applied to steel structures due to its excellent 
nature in Korea. Table 1 shows chemical 
composition and mechanical properties of the base 
metal.  
Double ‘V’ butt joint configuration, as shown in 
figure 1, was prepared for joining the plates. The 
joint was welded with four passes by FCA welding 
procedure using COREWELD 8000 electrode of 
1.4 mm in diameter as a filler material. Chemical 
composition and mechanical properties of the weld 
metal are presented in Tables 2. The welding 
conditions and process parameters used in the 
fabrication of the joint are listed in Table 3. During 
the welding, preheating is not applied, and the 
inter-pass temperature is controlled to be under 
250 °C. 
 
 
Table 1 Chemical composition and mechanical 
properties of the base metal 

Chemical composition (mass, %) 
Base metal C Si Mn P S 

SM570 TMC 0.07 0.3 0.91 0.015 0.004
Mechanical properties 

Base metal 
Yield 
stress 
(MPa) 

Ultimate 
strength 
(MPa) 

Elongation
(%) 

SM570 TMC 482 621 27 
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Figure 1: Specimen geometry and dimensions. 

Table 2 Chemical composition and mechanical 
properties of the weld metal 

Chemical composition (mass, %) 
Weld metal C Si Mn P S 

COREWELD 
8000 0.03 0.35 1.12 0.013 0.017

Mechanical properties 

Weld metal 
Yield 

Stress 
(MPa) 

Ultimate 
strength 
(MPa) 

Elongation
(%) 

COREWELD 
8000 582 610 27 

 
 
Table 3 Welding conditions and process 
parameters 

Pass Current 
(A) 

Voltage 
(V) 

Velocity 
(mm/s) 

1 250 28 4.1 
2 280 30 5.2 

Turn over    
3 250 26 5.2 
4 290 28 4.3 

 
 
After completion of welding, microstructures were 
analyzed using an OLYMPUS PME3 optical 
microscope. Samples used for microstructural 
analysis were cut from the base metal, the HAZ 
and the weld. They were finally polished with 1µm 
diamond paste on a cloth polishing wheel, and 
etched with Nital’s etchant for about 20~30 s.  
 
2.2 Charpy impact test 
 
Charpy impact tests were conducted with a Tinius 
Olsen Charpy impact machine using standard 
Charpy V notch specimens (10 × 10 × 55 mm) 
machined in accordance with KS B 0809 (2001). 
To investigate the toughness at low temperatures 
of the steel weld, specimens were extracted from 
the base metal (1), weld metal (2) and HAZ (3) as 
shown in figure 2. The specimens were cut at the 
depth of 10 mm below the surface of the weld 
piece, and the notch face of the impact test 
specimens was chosen perpendicular to the 
surface of the test piece, with the location of the 
notch measured relative to the weld centerline or 
relative to the fusion line. This allowed for impact 
tests where the notch was in the base metal, in the 
weld metal and in the HAZ.  
KS B 0810 (2003) and KS B 0821 (2007) 
recommendations were followed during the impact 
tests. Tests were carried out over a temperature 
range of -80 °C to room temperature (20 °C) at  
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Figure 2: Notch locations of the specimens. 
 
 

 

Figure 3: Test view. 
 
 
intervals of 20 °C with impact velocities between 5 
and 5.5 m/s. Each specimen was held for 
approximately 10 min at the testing temperature 
before testing began to make sure the 
temperatures evenly distributed throughout the 
specimens. Figure 3 shows the impact test view. 
 
3. TEST RESULTS 
 
Microstructural analysis results are first shown in 
figure. 4. Figures 4(a), 4(b) and 4(c) represent 
microstructures of the base metal, the HAZ and 
the weld metal, respectively. From the results, it 
can be observed that the base metal shows a 
bainitic microstructure, and the HAZ exhibits a dual 

 
(a) Base metal (× 600) 

 

 
(b) HAZ (× 600) 

 

 
(c) Weld metal (× 600) 

 
Figure 4: Light optical microstructure. 

 
 
phase structure (bainite-plus-ferrite). Moreover, 
HAZ has a grain refinement attributed to the 
recrystallization of the microstructure due to 
welding. On the other hand, the weld represents 
an arborescent pearlitic microstructure having an 
acicular ferrite in patches. 
Results of the impact tests are next presented. As 
described in earlier, the Charpy impact test allows 
the material properties for service conditions to be 
determined. Figure 5 shows the Charpy V-notch 
impact test requirements for full size specimens for 
carbon and low alloy steels depending on the 
minimum specified yield strength.  
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Figure 5: Charpy V-notch impact test requirements. 
 
 
The variations of Charpy impact energy with 
respect to the test temperatures for the base metal, 
the weld metal and the HAZ are given in figure 6. 
The impact test requirement is also superimposed 
on the figure. From this figure, it can be shown that 
the base metal exhibits the highest toughness in 
terms of highest upper-shelf energy, fracture 
transition plastic over which full ductile fracture is 
occurred and the lowest ductile-to-brittle transition 
temperature. This can be explained by the bainitic 
microstructure of the base metal, compared to 
those of the weld metal and the HAZ. Moreover, it 
can be inferred that the service temperature of the 
base metal is below -80 °C. The lowest upper-shelf 
energy and the highest ductile-to-brittle transition 
temperature have been observed for the weld 
metal. This is due to relatively poor mechanical 
properties of the weld metal induced by the coarse 
pearlitic microstructure. Therefore, for the 
application of the TMCP steel to cold regions, an 
appropriate electrode which guarantees the low 
temperature toughness to some extent should be 
used. The HAZ shows intermediate toughness 
amongst the weld components. Figure 7 portrays 
the changes of lateral expansion measured at 
room temperature on the broken halves of the 
tested Charpy V-notch specimens. Similar 
tendency to the test results of energy absorption 
can be found. 
 
4. CONCLUSIONS 
 
In this study, an experimental program including 
metallographic observation and Charpy impact test  
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(a) Base metal 
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(b) Weld metal 
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(c) HAZ 

 
Figure 6: Charpy impact test results (energy 

absorption). 
 
 
was carried out to evaluate the ductile-to-brittle 
transition temperature of SM570 TMC steel weld, 
which was constructed using a multi-pass butt 
welding process. The specimens were extracted 
from the base metal, weld metal and the HAZ. 
Standard V-notch Charpy specimens were 
prepared and tested under dynamic loading 
condition. The variations of Charpy impact energy 
and lateral expansion with respect to the test 
temperatures for the base metal, the weld metal  
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(a) Base metal 
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(b) Weld metal 
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(c) HAZ 

 
Figure 7: Charpy impact test results (lateral 

expansion). 
 
 
and the HAZ were presented, and the applicability 
of the TMCP steel weld to cold regions was 
discussed in detail. From the results, it could be 
concluded that, for the application of the TMCP 
steel to cold regions, an appropriate electrode 
which guarantees the low temperature toughness 
to some extent should be used. 
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