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Abstract. The paper looks at the impact of the internal welding defects on the strength of joints. The tension tests 
provided the values of the welded joint strength limits depending on the area of sporadic voids, slag intrusions and the 
field of discontinuities. Considering the results of the conducted experiments, the mathematical relationships between 
the strength of the welded joint and defected area were concluded. In presence of all three defects, the distance of the 
defects from the weld surface was measured. It is deduced that the defects nearer to the surface reduce the strength of the 
welded joint more than those noticed in deeper layers.
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1. Introduction

Welding is one of the main technological fabrication 
processes of ship’s hull. The quality of welded joints has 
a direct impact on the reliability of a ship. The structural 
mechanical features of welded materials as well as the 
quality of the weld depending on its internal defects are 
very important to the strength of welded joints. The de-
structive and non-destructive control is established on 
purpose to increase the reliability of welded joints in ship 
structures. The methods of destructive and nondestruc-
tive testing of welded joints are reviewed by Barkhatov 
(2003) and Meola et al. (2004). The ways of testing the 
reliability of the examined results are investigated.

The internal weld defects such as gas voids (po-
rosity), slags and weld discontinuities are the constant 
problems of welded joints.  The poor welded joints de-
crease production and labor productivity as well as raise 
production costs. The results of research confirm that 
the defects of internal welding have impact on the weld 
strength. Such impact on the abutting joints is analyzed by 
Serrano et al. (1998). Experimental research has proved 
that the quality and size of defects make impact on the 
strength of the studied joints. The relationship between 
the mechanical characteristics of welded joints and the 
amount of the fayalite slags in the weld was investigated 
by Navasaitis et al. (2003). Research of the impact ductil-
ity of the poor weld has proved that slag intrusions in the 
weld have impact on the ductility of its material.  

The failure caused by the defects related to the weld-
ing procedures is investigated by Nguyen et al. (2004). 
These defects included cracks in the weld joint, unfused 
welds, slags and porosity. Weldmetal tearing resistance 
often overrides weld discontinuity’s impact on weldment 
failure. The latter process is investigated by Matthews et al.  
(2001). The impact of porosity on thermite welds was ana-
lyzed by Chen et al. (2006). The relationship between the 
fatigue strength and the amount of the gas voids in the weld 
area was found by applying X-ray methods. The impact of 
porosity variation on multipass V-groove weld metal prop-
erties is investigated by Pereira Pessoa et al. (2006).

Although research on the internal defects of the 
welded joints of metal connections having impact on the 
mechanical characteristics of the weld has been carried 
out, such investigation is neither sufficient nor their re-
sults are elaborate enough to be applicable in the concrete 
cases. The impact of the internal defects on the strength 
welded joints of steel AH36 is analyzed in this work. Ru-
tile powder welding wire NST FC-1 was used for welding 
and the shielded metal arc welding was done by semiau-
tomatic machines using FRONIUS welding equipment.

The main purpose of this article is to determine how 
different types of the internal welding defects make im-
pact on the strength limit of the weld depending on the 
defect parameters and their positioning in the weld. The 
research object is the internal defects of welded joints 
including slag intrusions, weld discontinuities and gas 
voids (porosity).
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2. Methods and equipment
Experimental research was carried out. To define de-
fect type, width and the distance from the weld middle 
line, the X-ray method was chosen. The depth of the de-
fect was found using the ultrasonic method. The seam 
strength was defined by the transverse tension test. The 
regression correlation analysis was applied to the results 
of research.

2.1. Selection of the structural elements from the 
welds for the test
The research objects were chosen from all structural 
steelwork that had been welded by shielded metal arc 
welding using the semiautomatic machines. Welding 
was done applying FRONIUS welding equipment con-
taining TransPlusSynergic 4000/5000 power source, VR 
4000 wire feeder and JobMaster welding burner. 

The type of the welded seams is V shaped butt joint 
with the oblique edges. The weld cross-section scheme is 
shown in Fig. 1.

The parameters of the welding process and the 
structural elements of the joint are chosen according to 
standard (LST EN 440:1997). 

The samples for a tension test are cut from the sheet 
across the welded joint. After the mechanical treatment 
of samples the welding seam must stay in the middle of 
the sample.  

2.2. X-ray testing of the welds
The x-ray method was chosen to find the internal defects 
of the welds. The application procedure of this method 
is defined in standard (LST EN 1435:1998). The test was 
done using the X-ray scanner DOP 200.

The X-rays passing through the metal weaken be-
cause they are absorbed by the metal atomic grating. The 
weakening process of the X-rays depends on the thick-
ness of the metal and its physical and chemical qualities. 
After passing the metal, the X-rays of different intensity 
are recorded on the cartridge situated on the opposite 
side (Fig. 2). Darker spots appear on the cartridge in the 
defected areas. The defects recorded on the X-ray car-
tridge are identified according to their type and geomet-
rical parameters (length, width and the distance from 
the weld middle line).

2.3. Ultrasonic testing of welds
The location of the defects in the weld was detected us-
ing the method of ultrasonic testing by standard (LST EN 
1714:2000). The test was done using the ultrasonic scan-
ner USM 52. The scheme of appliance is shown in Fig. 3. 

High frequency sound oscillation directed to the 
weld reflects from non metallic inclusions, voids and 
cracks. The reflected ultrasonic signal is amplified, trans-
formed into the alternating current and directed to 
the electron ray tube (oscillograph) where the defect is 
drawn by the impulse of a specific shape which after be-
ing decoded shows the location of the defect.

2.4. Methods for estimating the strength 
characteristics of the welds
The transverse tensile test (according to the standard 
LST EN 1714:2000) is done to determinate the main me-

chanical qualities of the material. The test is performed 
in the room temperature (23±5) °C. The samples are ten-
sioned by the hydraulic machine ΓPM-1. The maximum 
power developed is 500kN.

The tension load is mountainously increased un-
til the sample is destroyed. The strength limit and the 
breakage place of every sample are recorded.

2.5. Methods for analyzing the collected data
The regression correlation analysis was applied to the 
research results. The analysis allows determining rela-
tionship intensity, shape and mathematical expression 
between the variables and depended variable. The above 
mentioned dependences between various parameters 
were calculated using MS Excel spreadsheet software. 
The relationship between two random values is estimat-
ed by the correlation coefficient.  

3. Results of the experiments

The X-ray photos of the welded joints given in Figs 4–6 
show the characteristic defects occurring in the welds. 
Slag intrusions occurring in the welded connections can 
be sporadic or located in a chain (Fig. 4). The welding 
discontinuities (Fig. 5) can be located between the layers 
and along the toe or root (the X-ray photo). Gas voids 
(Fig. 6) can be sporadic, linear or scattered.
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Fig. 1. The weld cross-section scheme

                     

Fig. 2. The scheme of detecting the internal weld defects: 
1 – cathode,  2 – electron flux, 3 – anode, 4 – X-ray, 5 – the  

X-rayed metal, 6 – cartridge, 7 – defect, 8 – leaden case  

Fig. 3. Ultrasonic testing of the butt joint
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3.1. Dependence of the weld’s strength limit on the 
geometric characteristics of gas voids
The samples welded using the rutile-powder welding 
wire NST FC-1 with rapidly cooling slag broke right in 
the metal of the welded joint.  From all X-ray photos the 
images with at least one visible defect of varying cover-
age were selected. 

During the tension experiment, the values of the 
welded joints limit were estimated in relation to the area 
of sporadic gas voids (see Fig. 7).

The values provided by the experiments were di-
vided into intervals and the average value of the interval 
was calculated. 

After the regression analysis of the experiment re-
sults had been completed, the dependence of welded con-
nection strength on the area of gas voids was achieved 
(see Fig. 8).  The equation of linear regression is 

y = –3.29x + 565.7, (1)

where: y – strength limit, x – the area of gas voids.
The results of experimental research were analyzed 

from different perspectives - the distance of sporadic 
gas voids from the middle of the welding line and the 
strength limit value of welded joints (Fig. 9).

It can be noticed that the defects located nearer the 
weld edge decrease the strength of the welded joint. Sim-
ilarly, the relationship between gas voids location in rela-
tion to the middle of the welding line and the strength of 
the welded joint was observed.

After the regression analysis is deduced, the equa-
tion of parabola 

y = –0.19x2 – 0.13x + 564.83, (2)

where: y – strength limit, x – the distance of gas voids 
from the middle of the welding line (Fig. 10).

Fig. 4. Slag intrusion lines (X- ray photo)

Fig. 5. Discontinuities between the layers (the X-ray photo)

Fig. 6. Gas voids

Fig. 7. Values of the welded joints strength limit depending  
on the area of sporadic gas voids

y = –3.29x + 565.66 
R2 = 0.63

Fig. 8. Welded connection strength dependence   
on the area of gas voids

Fig. 9. The strength limit values of welded joints

y = –0.19x2 + 0.13x + 564.83 
R2 = 0.73

Fig. 10. Relationship between welded joint strength and the 
distance of gas voids from the middle of the welding line
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3.2. Relationship between welded joint strength and 
the geometric parameters of slags
The results of the tension test of the sporadic slag intru-
sions area and welded joints with the before introduced 
results are given in Fig. 11.

After the regression analysis of the results had been 
performed, a relationship between the strength of the 
welded connection and the area of slag intrusions was 
proved (Fig. 12).

The equation of linear regression is 
y = –1.59x + 564.32,  (3)

where: y – strength limit, x – the slag area.
Similarly, the impact of the localization of slag de-

fects in relation to the middle of the welding line on 
welded joint strength was estimated.

Regression analysis shows dependence between 
welded joint strength and the localization of slag defects 
relatively to the middle of the welding line (Fig. 13).

This dependence shows that welded joint strength 
decreases when the defect is located nearer the weld edge.

3.3. The relationship between welded joint strength 
limit and sporadic discontinuities 

The results of the tension tests on the joints with sporad-
ic welding discontinuities are shown in Fig. 14.

Regression analysis shows dependence between weld-
ed joint strength and sporadic discontinuities (Fig. 15). 

The equation of linear regression is 

y = –1.52x +566,  (4)

where: y – strength limit, x – sporadic discontinuities.
Similarly, a relationship between welded joint 

strength and the distance of discontinuities from the 
middle of the welding line was achieved (Fig. 16).

In presence of all three defects, their distance to the 
surface of the joint was measured. In all cases the results 

Fig. 11. Values of the strength limit of the welded joint and 
the geometric slag parameters 

y = –1.59x + 564.32 
R2 = 0.98

Fig. 12. Relationship between the strength of the welded 
connection and the slag area

y = –0.47x2 + 0.47x + 560.18 
R2 = 0.98

Fig. 13. Dependence between welded joint strength and 
sporadic slag distance from the middle of the welding line

Fig. 14. Welded joint strength limit values with sporadic 
welding discontinuities

y = –1.52x + 566 
R2 = 0.96

Fig. 15. Dependence between welded joint strength and 
sporadic discontinuities

y = –1.14x2 – 0.88x + 545.92 
R2 = 0.97

Fig. 16. Relation between joint strength and the distance of 
discontinuities from the middle of the welding line
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were very similar – the defects nearer to the surface de-
grade the welded joint more than those in deeper layers.

The relation of the strength of the welded line and 
defect distance from the surface is displayed in Fig. 17.

4. Conclusions

1. The experimental investigations of the welded joints 
have proved that the defects (voids, slag intrusions, 
discontinuities) reduce the strength of welded joints 
when joint material is a weakly alloyed NST FC-1 
rutile-powder wire.

2. The experiments prove the relation between welded 
connections strength and a defected area, their 
distance from the middle of the welding line and the 
depth from the weld surface. The linear regression 
equations relation of the strength limit and the area 
of defects (voids, slag intrusions, discontinuities) are 
deduced. 

3. The resultant mathematical relationships allow 
estimating compliance with the strength requirements 
of metal constructions manufactured from AH36 
steal by carrying on standard routines to evaluate the 
quality of the welding joint measuring the internal 
defects of the joints.

4. The results of this study provide material for improving 
and refining the existing requirements for the quality 
of welding joints by performing a classification in 
relation to the requirements to the strength of welded 
joints. In turn, this would increase the efficiency of 
manufacturing steal constructions.
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