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ABSTRACT : In this study, the Charpy impact test along with metallurgical observation was conducted to evaluate low
temperature impact toughness of structural steel welds with different welding processes to find out the optimal welding
process to guarantee the required impact toughness at low temperatures. The welding processes employed are shield
metal arc welding (SMAW) and flux cored arc welding(FCAW), which are commonly used welding methods in
construction. 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 a very low cost. To investigate the impact toughness at low temperatures of the
steel welds, specimens were extracted from the weld metal and the heat affected zone. Standard V-notch Charpy
specimens were prepared and tested under dynamic loading condition. The low temperature impact performance was
evaluated based on the correlation between the absorbed energy and the microstructure. Analysis of the results showed
that the optimal welding process to ensure the higher low temperature impact toughness of the HAZ and the weld metal
is SMAW process using the welding consumable for steels targeted to low temperature use.
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Table 1. Chemical Composition of the Materials (wt, %)

Base metal C Si Mn P S
EH36 0.08 | 0.32 1.5 | 0.008 | 0.003
SM520C 0.15 | 0.36 | 0.15 | 0.019 | 0.003
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Table 2. Mechanical Properties of the Materials

Yield Tensile Floneation Impact
Base metal| Stress Stress (‘;g/) Toughness
(MPa) (MPa) 0 J)
EH36 500 572 22 429(-407)
SM520C 433 555 25 265(-207C)
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Fig. 1 Weld Specimen Geometry and Dimensions

Table 3. Welding Processes and Weld Fillers

Base metal Welding process Filler Metal
Shielded Metal
EH36 Arc Welding S-76LTH (49)
(SMAW)
Flux Cored Arc
EH36 Welding supergﬁ%fﬂ K2
(FCAW) ’

Table 4. Chemical Compositions of the Weld Fillers (wt, %)

Filler

Metal ¢ E

Mn | P S | Ni | Ti B

S-T6LTH

(42) 0.08

0.35 | 1.35 {0.013{0.004 | 0.45 | 0.018]0.0015

Supercored
81-K2
(1.49)

0.07 | 0.36 | 1.05 {0.015|0.006 | 1.55 | 0.05 | 0.004

Table 5. Mechanical Properties of the Weld Fillers

. Yield Stress |Tensile Stress| Elongation
Filler Metal | (\py) (MPa) %)
S-7T6LTH
(4%) 540 590 30
Supercored 81-K2
(14%) 607 636 28
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Table 6. Welding Conditions (SMAW)

PASS Heat Input PASS Heat Input
No. (kJ/cm) No. (kJ/cm)

1 19.6 9 16.0

2 8.7 10 14.5

3 10.3 11 10.7

4 12.9 12 16.1

5 13.0 13 12.4

6 15.2 14 13.8

7 12.9 15 16.6

8 16.9 Avg. 13.9

Table 7. Welding Conditions (FCAW)

PASS Heat Input PASS Heat Input
No. (kJ/cm) No. (kJ/cm)
1 12.7 19.8
2 12.0 19.8
3 7.4 19.8
4 10.5 9 19.8
5 19.8 Avg. 15.7

Table 8. Welding Conditions (SM520C)

PASS Heat Input PASS Heat Input
No. (kd/cm) No. (kd/cm)
1 22.6 10 17.4
2 19.8 11 14.3
3 10.5 12 16.2
4 15.5 13 14.5
5 14.4 14 14.0
6 17.4 15 14.2
7 18.2 16 13.7
8 19.3 17 14.5
9 17.1 18 15.9
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