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ABSTRACT 

The objective of this study is to verify fracture toughness and strength behavior of welded joints, with and without 
controlled flaws. Preliminary test results (tensile, bending, metallography, microhardness and Charpy) for the steel USI-SAC- 
50 are presented and discussed. Information obtained from this work will be useful for future studies of fracture mechanics 
and fatigue crack propagation. 

INTRODUCTION 

Many structures and components are manufactured using welding. In general this process introduces defects on the 
manufactured parts which may compromise the final product. In order to eliminate those defects or to minimize them at a 
pern2issible level according to the existent codes, it is necessary not only to know them, but also know their causes. The 
degree of structural safety highly depends on the fatigue and fracture behavior of these welded components, which are often 
submitted to dynamic loading during their service life - for example, buildings constructed using metallic structural members 
are submitted to dynamic loads such as wind loads, vibration, etc. In this work, partial test results are presented in order to 
verify fracture toughness and strength behavior of welded joints. A controlled flaw (lack of weld penetration) was also 
introduced on a group of specimens so that results could be compared to those obtained for a group of specimens flawless 
welded joints [ 1 ]. 

The reliability of the employed materials in construction and component production is usually confirmed through 
mechanical testing that reproduces the most severe service conditions. Although more sophisticated testing have been 
recently developed, such as fracture mechanic tests (Kic, CTOD, J-integral), the impact Charpy test using V-notched 
specimens is still currently in use due to its lower cost when compared to the others. It is mainly used in the study of brittle 
fracture in metals, being mandatory for several international technical codes as an acceptance test for materials that should 
work at low temperatures [2]. 

The V-notched specimens impact Charpy test is intended to simulate the worst group of circumstances involving a 
potential flaw: suppression of the capacity of plastic deformation of the material, low temperature, high deformation rates and 
a tri-axial stress state caused by the presence of a notch or defect in the specimen. It represents a relatively severe testing of 
the material toughness. 

Results presented in this work are preliminary and will serve as subsidies for the other tests proposed in the general work, 
a wider study planned to access the fracture and the fatigue behavior of welded joints. 

MATERIALS AND METHODOLOGY 

Experimental Methods 
The experimental methodology followed the sequence: 

• elaboration of the welded joints with and without lack of penetration; 
• chemical and metallographic analyses of the material in the delivery state; 
• specimen machining for tensile [3], impact Charpy [4], and bending tests [5] (weld face and root); 
• tensile, impact Charpy, bending tests and metallographic analysis; 
• analysis of results. 

Material 
The used material was the structural steel USI-SAC 50 with thickness of 12 mm and 19 mm, supplied by USIMINAS in 

sheets of 1,000 mm by 300 mm beveled in 45 °. Weld beads using bevels in V and in ½V were then elaborated. 
Welding was made in the Structural Integrity Lab at CDTN. After welding specimens were tested in radiography for 

verification of existing defects. Welds with bevel in ½V were performed generating specimens without defect, for 
characterization of the material with respect to toughness. These specimens were manufactured for tensile, impact Charpy 
and bending tests, and also for the metallographic analysis. Specimens with V-bevel welds were used for tensile and bending 



tests. Reduced type specimens were used for tensile tests. Fig. 1 shows the position of the machined notch in the ½V bevel 
specimens for the impact Charpy test. 

~ (a) 
(b) 

Fig. 1 Positioning of the notches on specimens for V=V bevel impact Charpy tests 
(a) notch along the thickness; (b) notch along the weld bead 

Tables 1 and 2 present chemical composition and mechanical properties of the material as supplied by the manufacturer. 
The metallographic analysis was performed at the Metallography Lab at CDTN using optical microscope with 

magnification of up to one hundred times (100x) to verify the structure of the base metal, the coalition line and the metal of 
the weld. 

Table 1. Chemical composition and mechanical properties of the steel SAC-50, 19 mm in thickness 

Chemical composition (%) Mechanical properties 
Obtained Transversal tensile 

C 

Mn 

Si 

P 

S 

AI 

Cu 

Nb 

Ti 

Cr 

Ni 

Specified Longitudinal 
bending 0.12 0.18 

1.14 1.50 (~¢ (MPa) (Yr (MPa) 180°/1.5 thick % 

0.29 0.15 -~0.55 

0.021 0.030 mfi.x. 

0.012 0.025 mfix. 

0.033 Not specified 

0.30 0.25 -0.50 

0.024 0.050 mfix. 

0.014 0.15 m~ix. 

0.47 0.40 -0.65 

Not specified 

399 522 

0.17 

Without 
cracks 

Area 
reduction 

25 

Table 2. Chemical composition and mechanical properties of the steel SAC-50, 12 mm in thickness 

Chemical composition (%) 

Mn 
Si 

AI 
Cu 
Nb 
Ti 
Cr 
Ni 

Obtained Specified Transversal tensile 

Mechanical properties 
Longitudinal 

bending 0.12 0.18 m~ix. 
1.13 1.50 m~ix. (re (MPa) ~r (MPa) 180°/1.5 thick % 
0.34 0.15 -0.55 

Not tested Not tested 

0.024 0.030 m~ix. 
0.013 0.025 mfi.x. 
0.037 Not specified 
0.26 0.25 -0.50 

0.022 0.050 m~ix. 
0.009 0.15 mfi.x. 
0.44 0.40 -0.65 

Not specified 0.20 

Not tested 

Area 
reduction 

Not tested 



RESULTS AND DISCUSSION 

Tensile testing 
Table 3 presents the results of longitudinal and transversal tensile test on V-bevel specimens cut from the 19 mm 

thickness while Table 4 presents similar results for V-bevel specimens cut from the 12 mm thickness plates. Both the yield 
point limit and tensile strength of the longitudinal specimens were superior to transversal specimens, which is expected 
because the region of the welds usually presents superior resistance when compared to the base metal. All transversal 
specimens broke in the base metal. 

Table 3. Results of longitudinal and transversal tensile testing - V-bevel specimens cut from 19 mm 
thickness plate 

Specimen # 

° , , , ~  

e~0 

[ -  

Area (mm 2) Yield strength 
0.2% (MPa) 

78 

Tensile 
strength (MPa) 

649 

Elongation (%) 

19.6 1 60.8 

2 63.6 571 639 17.0 40 

3 60.8 601 668 20.2 37.5 

4 60.8 407 540 20.6 46.6 

5 59.4 396 544 20.2 42.5 

6 59.4 406 555 22.3 42.5 

Reduction of 
Area (%) 

39.8 

Table 4. Results of longitudinal and transversal tensile testing - V-bevel specimens cut from 19 mm 
thickness plate 

Specimen # 

1 
• 1,,,~ 

= 2 o 

3 

4 
r / )  

5 
[.-, 

6 

Area (mm 2) 

28.3 

28.3 

28.3 

28.3 

28.3 

28.3 

Yield strength 
0.2% (MPa) 

519 

539 

554 

480 

490 

470 

Tensile 
strength (MPa) 

675 

676 

693 

603 

598 

592 

Elongation (%) 

25.7 

25.7 

22.8 

17.0 

20.0 

20.0 

Reduction of 
Area (%) 

41.6 

41.6 

35 

31.7 

30 

31.7 

Bending Testing 
Bending tests of the weld face and of root were performed in three V-bevel specimens cut from 19 mm thickness plate, 

according to code ASME, section IX [5]. Two out of six tested specimens presented cracks, one of them in the weld face and 
the other in the weld root. Weld lack of penetration was verified in these two specimens which presented cracks. Cracks were 
not found on the remaining flawless specimens. 

Metallographic Analysis 
Metallographic analyses was performed on the base metal (BM), on the heat affected zone (HAZ) and on the weld metal 

(WM). Vickers microhardness measurements were also made along the WM, HAZ and BM. Figs. 2 and 3 show 
photomicrographs obtained from these three regions, with the purpose of identify the different metallographic structures. It 
can be observed from these pictures the presence of: (i) fine pearlite with grains of irregular sizes in HAZ, (ii) ferrite with 
attach6s of carbonates near to the melted zone, (iii) intergranular ferrite, polygonal ferrite and pearlite in the melted zone, and 
(iv) dark grains of pearlite and the clear grains of ferrite in the base metal. The structure observed along the welded joints, 
starting from the melted zone to the base metal not affected, have the same characteristics of a normal structure observed in 
regular welded joints for this type of material. 



(a) (b) (c) 

Fig. 2 Photomicrography: (a) BM, 100x; (b) fusion line, 50x and (c) HAZ 50x; 19 mm thickness plate. 
Attacks: Nital 3% 

(a) (b) (c) 
Fig. 3 Photomicrography: (a) BM, 100x; (b) fusion line, 50x and (c) HAZ 50x; 12 mm thickness plate. 

Attacks: Nital 3% 

Results of Vickers Microhardness Testing 
Table 4 presents Vickers microhardness test results with a load of 100 g, performed on one of the specimens of each one 

of the 12 mm and 19 mm thickness plates. The microhardness was measured in several points, ranging from the weld metal to 
the base metal, as depicted in the Fig. 4. It was verified a variation of the microhardness of the HAZ and of the WM zone 
with respect to the BM, but the highest values do not offer a risk of significant toughness losses (larger observed value: 
279 HV). 

CP 12 CP 19 

BM ", HA.Z'~ WM 

1' 2' :3 4~51~7_~1011 
12 

BM 
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9 10 11 12 

WM 

Fig. 4 Positioning of points for microhardness measurements 
(CP12 = 12 mm thickness plate; CP19 = 19 mm thickness plate) 



Table 4. Results of the microhardness Vickers tests 

Number of 
measurement 

Position 

CP 12 

HV-100 g 
Value Position 

CP 19 

HV-100 g 
Value 

1 BM1 216 BM1 189 
2 BM2 235 BM2 202 
3 BM3 213 BM3 199 
4 HAZ1 245 HAZ1 249 
5 HAZ2 251 HAZ2 222 
6 HAZ3 242 HAZ3 249 
7 HAZ4 254 HAZ4 245 
8 HAZ5 193 HAZ5 249 
9 WM1 233 WM1 224 
10 WM2 279 WM2 240 
11 WM3 262 WM3 233 
12 WM4 242 WM4 221 

Remarks" MB = Base Metal; HAT = Heat Affected Zone; WM = Weld Metal; 
CP 12 = 12 mm thickness plate; CP 19 = 19 mm thickness plate. 

Impact Charpy Tests 
The graphs below (Figs. 5 and 6 for the 12 mm thickness plates, and Figs. 7 to 9 for the' 19 mm thickness plates) show the 

curves of transition temperature obtained using ½V-bevel specimens. The notches were positioned in the heat-affected zone 
and in the weld metal. Figs. 5 and 6 present results respectively for notches on HAZ in the direction of the thickness and in 
the longitudinal direction, for 12 mm thickness plates. Figs. 7 and 8 present similar results for 19 mm thickness plates. Fig. 9 
presents results for notches along weld bead in the direction of the thickness, also for 19 mm thickness plates. It can be 
verified that for the testing with notch in the longitudinal direction there was a very big dispersion, mainly in the superior 
level (toughness region). This was due to the discontinuity existent along the weld bead, verified in the correspondent 
specimens, after the accomplishment of the test program. 
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Fig. 5 Transition temperature curve of HAZ with notch along the thickness (12 mm thickness plates) 
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Fig. 6 Transition temperature curve of HAZ with notch along the weld bead (longitudinal) (12 mm 
thickness plates) 
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Fig. 7 Transition temperature curve of HAZ with notch along the thickness (19 mm thickness plates) 
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Fig.  9 T r a n s i t i o n  t e m p e r a t u r e  c u r v e  o f  W M ,  w i t h  n o t c h  a l o n g  t h e  t h i c k n e s s  (19 m m  t h i c k n e s s  p la tes )  

HERTZBERG [2] and BARSON & ROLFE [6] present correlation among Charpy impact energy and Kic for several 
classes of steels in the transition area and in the superior level of the transition temperature curve. Eq. 1 shows a suitable the 
correlation for the type of steel used in this work (yield point between 410 MPa and 480 MPa): 

05 Kic = 14,6(CVN)' (1) 

where KIC is given in MPa~/m and CVN (Charpy V-notched) in J. 



For the curves of Figs. 5 and 6, CVN = 60 J and CVN = 40 J are respectively obtained resulting in KIC = 113 MPa~/m, and 
K~c = 92 MPa~/m, respectively. For the curves of Figs. 7, 8 and 9, CVN = 40 J, CVN = 45J and CVN = 90 J are respectively 
obtained resulting in K~c =92 MPa~/m, K~c = 98 MPa~/m and KIc = 138 MPa~/m, respectively. Those relationships are empiric 
and depend on a series of factors, but they supply a reasonable estimate of the value of material fracture toughness which will 
aid in more precise determination. 

CONCLUSIONS 

Although this is just the initial phase of a much wider work, some conclusions can be drawn from the presented results: 
1. Bending tests indicate that the both face and root weld have a tough behavior in fracture, not presenting cracks in the 

flawless weld specimens (the cracks that appeared in the weld face and root bending test specimens resulted from lack of 
penetration of weld); 
The temperature transition curves for specimens with notches in the direction of the thickness present a higher toughness 
level than the curves with notches in the longitudinal direction on the ductile-fragile transition region, which indicates 
that cracks will propagate more easily in the longitudinal direction than in the transverse direction;. 

3. The Vickers microhardness values observed in the heat affected zone, although higher than those observed on the base 
metal, were not very high (larger observed value, 279 HV), which shows that the region of HAZ is still tough, not 
presenting great risks to occurrence of brittle fracture; 

4. As the welded joints were not preheated for this first phase of testing, it is expected that preheating will result in superior 
quality welding, related to the toughness behavior. 

The results here presented will be used as an orientation for the accomplishment of future fracture mechanics and fatigue 
testing (J-Integral, CTOD) as well as crack propagation testing (daJdN vs. AK curves). 
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