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Table 1 Factored resistance of welds

Type of weld Type of stress Factored resistance

Butt welds, complete joint penetration Tension normal to axis of weld Weld metal: Tr = φwAwfuw

Fillet welds Shear Weld metal: Vr = 0,67φwAwfuw

Table 2 Welding qualifications

Training programme Qualification

Fillet welding National Certificate in Welding Application (Level 2)

Plate welding National Certificate in Welding Application (Level 3)

Pipe welding National Certificate in Welding Application (Level 4)
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INTRODUCTION

Adequate safety in welded connections can be 

accomplished either through quality control, 

which insists on a particular welding skill, or 

by means of design factors, which allow for 

the available levels of skill. Design codes that 

originated in the advanced Western nations 

where the availability of skill is not a problem 

use the former approach. The codes are based 

on a predetermined workforce highly skilled 

in fabrication and are appropriate for welders 

capable of high-quality work, such as pres-

sure vessels, pressure vessel piping, off-shore 

structures and other structures for which 

the consequences of failure, stress levels and 

complexity mean that a high level of welded 

joint integrity is essential. It is important 

to note that the South African steel design 

code, SANS 10162-1 (2005), is essentially a 

document of Canadian origin. Canada is a 

country where skilled labour is available in 

abundance and its design assumptions are 

thus a logical outcome of the state of the 

industry. The second approach is proposed 

here to be more suitable for small structures 

in the South African context where skills are 

in short supply. In less demanding structures, 

such as small to medium building frames and 

general light structural and non-structural 

work, a less stringent standard may be recom-

mended to ensure an adequate level of skill. 

It should be noted that this approach is not 

meant to replace the need for proper welding 

procedures and associated requirements, such 

as the type of electrode, position of welding, 

number of passes, edge preparation and size 

of root gap.

The design resistances of butt and fil-

let welds are typically defined as shown in 

Table 1 in which Aw, fuw and φw are the area 

of the weld, ultimate strength of the weld and 

resistance factor respectively. Since this inves-

tigation is focused on the strength of the weld, 

the parent metal’s contribution to the design 
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resistance is neglected. The resistance factor 

of concern is φw = 0,67. This factor was adopt-

ed from the Canadian code (CSA Standard 

CAN, S16.1, M89) and is used in the South 

African code (SANS 10162-1 2005, Clause 

13.13, Table 3) for design welds. It takes into 

account the variability of material properties, 

dimensions, workmanship, type of failure and 

uncertainty in the prediction of connection 

resistance. The type of failure and uncertainty 

regarding reduction of connection resistance 

were incorporated into the expressions of 

connection resistance to maintain simplicity 

(SANS 10162-1 2005). Assuming that the 

material properties and dimensions of the 

samples tested do not vary significantly, then 

φw = 0,67 can be safely taken as allowing for 

uncertainty in the weld quality, a factor that is 

influenced largely by the quality of the welder. 

The quality of the weld itself is a function of 

the number of defects on the weld, such as 

cracks, slag inclusions, lack of penetration, 

lack of fusion and porosity.

PROPOSED METHOD

The scarcity of skilled welders means that 

the development of additional factors, which 

will allow for variable artisan skills, should 

be possible. The objective of this study is 

therefore to develop a table of weld resistance 

factors, classified according to the grade of the 

welder. This is done to incorporate different 

skills into the design procedure, allowing the 

engineer freedom to assess the availability 

of welding skills and to specify connection 

details accordingly. Welders were classified 

into five groups, with Grades 1 and 5 being 

the lowest and highest grades respectively. 

These grades are a function of the training 

and experience of the welder. Welders in dif-

ferent grades will achieve different weld quali-

ties and strengths. This subject is relevant to 

conditions in South Africa today when it may 

be desired to use welders who are below the 

standard normally required. The purpose of 

this research is therefore to determine what 

adjustments, if any, should be made to the 

design factors when using such welders.

It should be noted that the concept of 

classifying welders is not new to this industry, 

as it forms part of a large manufacturing and 

construction industry. Welders are required 

for applications as diverse as jet engine manu-

facture and bridge construction, pipeline con-

struction and fabricating systems in different 

materials. In 2005 the Generic Manufacturing, 

Engineering and Technology Standards 

Generating Body (GMET SGB) established 

three levels of welding qualifications (see 

Table 2) in line with the International Institute 

of Welding qualifications. Table 2 is not com-

prehensive: it includes only the mainstream Figure 1 Types of specimen
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welding qualifications. Many other welding 

qualifications exist and are widely used. 

As indicated in Table 2, the competency 

of a welder improves as one moves from 

the lowest level to the highest level. Level 2 

welders are restricted to structural and non-

pressure applications and have lower welding 

skills than Level 3 welders. 

EXPERIMENTAL PROGRAMME

Material properties

Mild steel plates with a thickness of 10 mm 

were used in this investigation. A tensile test 

experiment, carried out on 15 coupons of the 

steel plates using a Tinius Olsen machine, 

produced an average ultimate strength of 

538,71 MPa and a coefficient of variation of 

0,79%. Tests on electrodes produced a mini-

mum nominal strength of 602,85 MPa. A 

comparison of the average ultimate strength 

of the steel plate and the minimum nominal 

strength of the weld suggests that the weld 

will fail if the cumulative effect of the defects 

exceeds 12% of the strength of the plate.

Plate preparation and test specimens

Each plate was flame cut, using an automatic 

flame cutter to produce uniform specimens 

with a longitudinal axis perpendicular to the 

direction of rolling. Sixty-two plates were 

prepared with a 30o bevel by flame cutting 

to form the 60o groove in butt welds. Any 

ridges or bumps on the bevels were ground 

off to form a smooth surface. 

To investigate the strength of the welds, 

butt tensile tests, cruciform shear tests and 

double-lap shear tests were carried out. The 

types of specimen are shown in Figure 1. The 

butt tensile test was employed to measure 

the strength of the butt welding joints under 

static loading, while the cruciform and dou-

ble-lap shear tests were employed to deter-

mine the relative strength of fillet-welded 

joints under the same loading condition.

The double-lap shear specimen was pre-

ferred to a single-lap specimen because it is 

symmetrical and therefore the state of stress 

under load approaches pure shear. This 

reduces the effect of eccentricity, thereby 

cutting down on the complexity of introduc-

ing moments into the joints.

The samples were welded by basic weld-

ing trainees and experienced welders at the 

South African Institute of Welding, to take 

advantage of their training programmes 

and the variety of welders trained by the 

Institute. South African Institute of Welding 

training programmes are widely sup-

ported by South African industry and the 

examinations are internationally accredited. 

Depending on the level of skill required, the 

training courses of welders can range from a 

basic course to a coded course for the weld-

ing of critical fabrications such as pressure 

vessels and boilers. The duration of a basic 

welding course is 20 days and the main aim 

of the course is to develop simple butt and 

fillet welding skills. At the end of a course, 

welders are given certificates of competency 

for that particular course, stating clearly 

the welding skills that they have acquired 

during the course. Welders were grouped 

as follows:

Group 1: Welders who have just started  ■

training

Group 2: Welders who have gone half-way  ■

through a basic welding course

Group 3: Welders who have just finished  ■

a basic welding course

Group 4: Experienced welders coming for  ■

upgrading courses

Group 5: Welding instructors ■

Half of the samples were welded flat and the 

other half vertical (see Figure 2). Although 

particular interest was focused on Group 3, 

Groups 1 and 2 were introduced to assess the 

impact of the training on the development of 

a welder. Groups 4 and 5 were also included 

in the investigation to assess whether a larger 

factor could be recommended for experi-

enced welders. The numbers of the welded 

specimens (butt, cruciform and double-lap 

specimens) tested are as given in Table 3.

Welding procedure

All welds were produced by welding from 

one side only. Each specimen was made by:

Tack-welding V-shaped run-on and run-1. 

off tabs

Making the root pass in one continuous 2. 

pass and inspecting visually for any defects

Cleaning the slag from the weld surface 3. 

before the next pass

Table 3 Welded specimens

Item
Number of each 

type of specimen

Group 1 18

Group 2 16

Group 3 14

Group 4 6

Group 5 8

Figure 2 Welding positions

(a) Flat welding (b) Vertical welding

Figure 3 Test set-up

Welded specimen LVDT
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Completing remaining passes with starts 4. 

and stops as required

Allowing the specimens to cool5. 

Set-up of tensile tests

All tests for the welded specimens were 

conducted in a 600 kN Tinius Olsen uni-

versal testing machine at the Department 

of Civil Engineering at the University of 

the Witwatersrand. To ensure that the test 

equipment was properly matched to the test 

at hand, the test machine equipment had to 

satisfy the following two requirements:

Force capacity sufficient to break the  ■

specimens to be tested

Control of test speed (load rate), as  ■

required by the test specification

Grips were checked to find out whether 

they were worn out, had uneven tooth 

marks across the width of the specimen or 

had split-collar grips, as these contribute 

to off-centre loading; those with these 

defects were discarded. Grips were chosen 

so that they had sufficient force capacity 

and therefore could not be damaged during 

testing. Specimens were gripped at both ends 

and subjected to increasing axial load until 

failure. The testing machine recorded the 

maximum load automatically.

TYPES OF FAILURE

The purpose of this experiment was to deter-

mine whether the quality of the welder had 

an influence on the ductility or brittleness of 

a weld. Ductility or brittleness of the welds 

was determined from a load-elongation 

graph and by observing the fracture surface.

Load-elongation graph 

A linear variable differential transformer 

(LVDT) with a 25 mm gauge length was 

used to determine whether the mode of 

failure was ductile or brittle. The spindle of 

the LVDT was attached to the upper mount 

of the testing machine and connected to a 

multimeter and plotter. A typical set-up is 

shown in Figure 3. The spindle was adjusted 

to read zero on the multimeter. As the load 

was applied, a graph of load vs elongation 

was drawn autographically until the speci-

men failed. Each LVDT was calibrated before 

and after the test programme to determine 

the linear operating range and to be able to 

Figure 4 Butt welded specimens
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Figure 5 Cruciform welded specimens
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Figure 6 Double lap welded specimen
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The coding of the graphs in Figures 4, 5 and 6 
is as follows:
■  The letter G stands for group. 
■  The number after G denotes the group of the 

specimen.
■  The letters F and V indicate that the 

specimens are welded flat and vertical 
respectively.

■  The last number stands for the number of a 
specimen in a particular group.
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plot the scales. The first indication of non-

brittleness of the weld was generally demon-

strated by the straightening of the specimens 

as they were stretched. The rotations and 

deformations that most of the welds expe-

rienced to remove out-of-straightness are 

clear indications that the welds are ductile 

–  otherwise a crack would have developed, 

thereby promoting brittle fracture.

Typical load-elongation graphs for butt, 

cruciform and double-lap welded specimens 

are shown in Figures 4, 5 and 6 respectively. 

These figures show high initial deformation 

without any substantial increase in load. 

This was caused by the slipping of the jaws. 

A defined elastic range then followed up 

to the yield point. In the specimens from 

Groups 3 to 5, the lower yield point was 

subsequently followed by plastic deforma-

tion. Plastic deformation was more extensive 

in the specimens from Groups 4 and 5 (see 

Figures 4, 5 and 6). The ability of the mate-

rial to undergo cold plastic deformation after 

behaving elastically up to the yield point is a 

clear indication of the ductility of the weld. 

It is also evident from the graphs that 

specimens welded flat are more ductile than 

those welded vertical. A number of specimens 

in Groups 1 and 2 showed little or no plastic 

deformation, indicating brittle behaviour.

Ductility of the weld was also shown 

during testing by the welds failing at a lower 

load after reaching the maximum load. The 

deformation and propagation of the ductile 

fracture could be stopped by reducing the 

rate of pull to zero. This is a property of 

ductility as a ductile fracture proceeds only 

as the material is being strained. In brittle 

fracture the crack, once initiated, propagates 

through the material with a velocity compa-

rable to that of the speed of sound, and there 

is virtually no possibility of arresting it in 

transit (Masubuchi 1980). 

Fracture surface observations

The fracture surface of almost all butt welds 

occurred at an angle of 45° to the plate 

surface, while the fillet welds failed near the 

fusion surface of the plate. Fracture of the 

butt and fillet welds appeared to have begun 

at the root and propagated as described 

above. The appearance of the fracture surface 

provided information about the type of failure 

that occurred. A silky and crystalline (grainy) 

appearance suggests that the failure surfaces 

are ductile and brittle respectively (Brick et 

al 1977; Masubuchi 1980; Bolton 1987). The 

photographs in Figure 7 show a ductile failure 

and a ductile-brittle fracture. The failure 

surfaces of Groups 3 to 5 were predominately 

silky smooth in appearance – an indication 

of ductility. A few samples, especially those 

in Groups 1 and 2, had a few spots that were 

grainy or crystalline. This shows that incom-

plete penetration, lack of fusion and porosity 

caused certain portions of the weld to resist 

independently and to fail in brittle mode.

WELD DEFECTS

Most of the defects in the welds were a result 

of incomplete penetration, lack of fusion, slag 

inclusion, porosity and failure to weld to the 

given dimension.

Incomplete penetration

Incomplete penetration contributed sig-

nificantly to the defects in Groups 1 to 3. The 

deposited metal and the base metal failed to 

fuse integrally at the root of the weld, as shown 

in Figure 8. This was probably caused by the 

failure of the butt weld root to reach fusion 

temperature to its entire depth, or by the 

failure of the weld metal to reach the root of a 

fillet weld, leaving a void caused by the bridg-

ing of the weld metal from one to the other. 

The heat transfer conditions existing at the 

joint are a more frequent source of this defect. 

If the areas of base metal that first reach fusion 

temperature are above the root, molten metal 

may bridge between these areas and screen off 

the area before the base metal at the root melts. 

All other areas of the base metal then receive 

heat principally by conduction. If the portion 

of the base metal closest to the electrode is 

a considerable distance from the root, the 

conduction of heat may be insufficient to attain 

fusion temperature at the root.

Since the design of the groove was 

adequate, incomplete penetration may have 

resulted from the use of too large an elec-

trode, an abnormally high rate of travel or 

insufficient welding current. Travelling too 

fast causes the metal to be deposited only 

on the surface above the root and if there is 

not enough current or if the current setting 

is incorrect, the weld metal cannot be forced 

from the electrode to the root of the joint. 

The arc may not have been strong enough to 

melt the metal at the root.

Incomplete fusion

Incomplete fusion was experienced in welds 

done by Groups 1 to 3. There was no proper 

fusion between adjacent layers of weld metal 

or adjacent weld metal and base metal. 

This was probably caused by the following 

conditions:

Failure to raise the temperature of the  ■

base metal or the previously deposited 

weld metal to the melting point. Reasons 

Figure 7 Typical failure surfaces

Silky surface Ductile surface Crystalline surface

(a) Ductile failure (b) Ductile brittle failure

Incomplete penetration

Figure 8  Specimens with incomplete 

penetration 

Slag inclusions

Figure 9 Specimens with slag inclusions

Pores

Figure 10 Specimens with voids
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for this failure include an electrode that is 

too small, a rate of travel that is too fast, 

an arc gap that is too close and a welding 

current that is too low.

Failure to dissolve (because of improper  ■

fluxing) the oxides or other foreign mate-

rial present on the surfaces to which the 

deposited metal must fuse.

Improper electrode manipulation. ■

It should not be inferred from this brief 

discussion that it is necessary to melt an 

appreciable portion of the sidewalks of the 

groove in order to be certain of securing 

proper fusion. It is only necessary to bring 

the surface of the base metal to the fusion 

temperature to obtain metallurgical conti-

nuity of the base and weld metals. Lack of 

fusion is best avoided by ascertaining that 

the surfaces to be welded are free of injurious 

foreign material.

Slag inclusion

This defect was found as elongated or 

globular inclusions in welds (Figure 9). They 

were frequently found trapped in the weld in 

a V-shaped recess or in the root area of the 

weld. Slag in the root area resulted from the 

electrode being so large that the arc struck 

the side of the groove or fillet instead of the 

root. It then rolled into the root opening and 

was trapped by the weld. Slag was probably 

formed and forced below the surface of the 

molten metal by the stirring action of the arc 

or by the flowing ahead of the arc, causing 

the metal to be deposited over it. Once slag 

is present in the molten metal, due to any 

cause, it tends to rise to the surface by virtue 

of its lower density. A number of factors, 

such as high viscosity of the weld metal, 

rapid solidification or too low a temperature, 

may have prevented its release. Under these 

conditions, the arc fails to heat the bottom to 

a sufficiently high temperature to permit the 

slag to float to the surface.

Porosity

Voids were frequently found in welds 

(Figure 10). They were derived from gases 

released by the cooling weld metal because of 

reduced solubility as the temperature drops 

and due to chemical reactions within the 

weld. Overheating and undercutting of the 

weld metal, too high a current setting and 

too long an arc probably caused porosity. A 

metal temperature that is too high increases 

unnecessarily the amount of gas dissolved 

in the molten metal. The excess gas is avail-

able for release from solution upon cooling. 

Underheating does not permit the weld pool 

to melt sufficiently to allow the trapped gases 

to escape. If the welding current and/or the 

arc length are excessive, the deoxidising ele-

ments of the electrode coating are used up 

during welding so that there are not enough 

of them left to combine with the gases in the 

molten metal during cooling. Excessive poros-

ity in metal arc welds has a serious effect on 

the mechanical properties of the joint. 

Fillet weld with insufficient 

throat thickness and leg length 

The other contributor to the large defects 

was failure by the welders to stick to the 

required throat thickness and leg length, 

which were smaller than the required 

dimensions. This defect was common in 

all groups. Too fast travel and excessive 

welding current probably caused insufficient 

throat thickness. Improper electrode angle 

and faulty electrode manipulation probably 

resulted in insufficient leg length. In 

addition, a fast travel during welding may 

have contributed to insufficient leg length.

PRESENTATION AND ANALYSIS 

OF STRENGTH RESULTS

The mean gross area and design strength 

as defined in SANS 10162-1 (2005) for butt 

and fillet (cruciform and double-lap) welds 

are given in Tables 4, 5 and 6. The tested 

Table 4 Butt welds

Specimen
Average 

area (mm2)
Design strength 
SANS 0162 (kN)

Average 
load (kN)

Standard 
deviation

Design strength
1% probability (kN)

G1F 558 225,38 144,20 68,69 0,00

G2F 502 202,76 158,88 35,56 76,03

G3F 501 202,36 182,13 38,73 91,89

G4F 522 210,84 275,43 8,56 255,49

G5F 505 203,97 261,65 11,73 234,32

G1V 557 224,98 123,36 60,29 0,00

G2V 510 205,99 142,55 33,85 63,68

G3V 508 205,19 163,14 43,06 62,81

G4V 542 218,92 278,67 5,12 266,74

G5V 500 201,95 257,70 15,86 220,75

G1 = Group 1; F = Flat; V = Vertical

Table 5 Cruciform welds

Specimen
Average 

area (mm2)
Design strength 
SANS 0162 (kN)

Average 
load (kN)

Standard 
deviation

Design strength
1% probability (kN)

G1F 501 135,58 144,13 58,99 6,68

G2F 499 135,04 200,43 28,39 134,28

G3F 503 136,12 221,90 25,94 161,46

G4F 500 135,31 261,17 12,19 232,77

G5F 498 134,77 267,55 11,55 240,64

G1V 504 136,39 94,26 54,24 0,00

G2V 506 136,93 110,27 41,72 13,06

G3V 504 136,39 188,86 11,83 161,30

G4V 503 136,12 188,73 17,57 147,79

G5V 501 135,58 217,93 8,18 198,92

Table 6 Double-lap welds

Specimen
Average 

area (mm2)
Design strength 
SANS 0162 (kN)

Average 
load (kN)

Standard 
deviation

Design strength
1% probability (kN)

G1F 707 191,33 120,41 50,83 1,98

G2F 704 190,52 227,24 36,34 142,57

G3F 712 192,68 254,47 32,46 178,84

G4F 709 191,87 269,27 15,73 232,62

G5F 714 193,22 273,83 6,89 257,78

G1V 702 189,97 119,35 47,43 8,84

G2V 707 191,33 143,35 42,43 44,49

G3V 689 184,46 206,77 33,19 129,44

G4V 700 189,43 228,00 14,17 194,98

G5V 714 193,22 220,05 13,19 189,32
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minimum nominal strength of the electrode 

of 602,85 MPa was used to determine the 

design strength. The mean and standard 

deviation of the maximum loads obtained 

from testing the samples, for each group, are 

also given in these tables. A simplified level 

1 analysis procedure for ensuring adequate 

safety against failure, as defined in SANS 

0162-1, allows the use of a member strength 

that gives a probability of failure which is less 

than 1%. In order to determine the strength 

equivalent to this probability, it is first neces-

sary to establish a mathematical model for 

the strength distribution. The normal dis-

tribution (Chartfield 1970) was assumed and 

used to determine the design strength.

The value of design strength obtained 

using the standard normal probability distri-

bution is given by:

X = x + zσ (1)

where

x = mean value

σ = standard deviation

z = a multiplier

A 1% probability of failure as specified by 

SANS 10160 (1989) with normal distribution 

is given by:

X = x – 2,33σ (2)

The design strengths in column 6 of Tables 

4, 5 and 6 were calculated from Equation 2. 

It should be noted that whenever the value 

of X is negative, the design strength is taken 

as zero. The partial resistance factors, which 

would give the same strengths, are given in 

Table 7. These partial resistance factors are 

calculated from φw = 
X

Aw fuw

 for butt welds,

and φw = 
X

0,67Aw fuw

 
for cruciform and 

double-lap welds, where fuw = 602,85MPa; 

X is the design strength as calculated in 

Equation 2, and Aw  is the average weld area 

for the specimen. The partial resistance fac-

tors for Groups 4 and 5 compare favourably 

with the resistance factor of 0,67. 

ASSESSMENT OF RESULTS

The factors obtained from specimens welded 

flat are higher than the factors obtained 

from specimens welded vertical. This is 

expected since it is easier to weld a speci-

men flat than vertical. Flat welding has less 

operator fatigue, greater welding speed and 

better penetration. Vertical welding can be 

referred to as “out-of-position welding” and 

requires the use of manipulative techniques 

and electrodes that result in faster freezing 

of molten metal and slag to counteract the 

effect of gravity. The factors in Groups 1F, 1V 

and 2V are so small that it would be unsafe 

and uneconomical to use welders at this 

level. Welders in Group 2F achieved a usable 

strength factor. It is suggested that people 

who have undergone training for a short 

period of, say, 10 days should be allowed to 

do fillet welding in a flat position only, with a 

design factor of 0,30.

The factor of 0,21 in Group 3V for butt 

welds is still low and therefore cannot be 

used. Since the cruciform and double-lap fac-

tors are obtained from shearing a fillet weld, 

it may be sensible to take 0,45 as the factor 

for fillet welds obtained from welding in the 

vertical position. This means that people 

who have undergone a full training course 

(20 days) should be allowed to do fillet weld-

ing in a vertical position at a design factor of 

0,45. Welders with the same training should 

be allowed to do butt and fillet welding with 

factors of 0,30 and 0,60 respectively in a flat 

position. From this analysis, one can deduce 

that it is easier to develop a fillet weld than a 

butt weld.

Welders in Groups 4 and 5 are both taken 

as experienced welders and as a result the 

factors are assessed as one group. It is sug-

gested that experienced welders should do 

butt welding in the vertical and flat position 

with factors of 0,70 and 0,75 respectively. 

Welders with the same skill should do fillet 

welding in the vertical and flat position with 

factors of 0,65 and 0,80 respectively. The fac-

tors are summarised in Table 8.

CONCLUSION 

The load vs elongation graphs, plotted auto-

graphically up to the failure stage, through 

the plastic range, generally showed the weld-

ed specimens in Groups 3 to 5 to be ductile. 

This was confirmed by the silky smooth 

texture of the failure surface. Vertical weld-

ing resulted in less ductility compared with 

flat welding. The weld defects were a result 

of incomplete penetration, lack of fusion, 

slag inclusion, porosity and failure to weld to 

the given dimensions. This investigation has 

demonstrated the different weld strengths 

achieved by welders at different levels of 

training and experience. This has led to 

proposals for resistance factors that could be 

used in designing small structures that are to 

be constructed by welders. It is also interest-

ing to note that the factor of safety of 0,67 

used in the code SANS 0162-1 (2005) was 

generally achieved by experienced, trained 

welders.
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Table 7 Partial resistance factors

Specimen Butt welds
Cruciform 

welds
Double 

lap welds

G1F 0,00 0,03 0,01

G2F 0,25 0,67 0,50

G3F 0,30 0,79 0,62

G4F 0,81 1,15 0,81

G5F 0,77 1,20 0,89

G1V 0,00 0,00 0,03

G2V 0,21 0,06 0,16

G3V 0,21 0,79 0,47

G4V 0,82 0,73 0,69

G5V 0,73 0,98 0,66

Table 8 Proposed new resistance factors

Welders and position
Fillet 
welds

Butt 
welds

Flat welding

Untrained welders – –

Short training course 0,50 –

Full training course 0,60 0,30

Experienced, trained welders 0,80 0,75

Vertical welding

Untrained welders – –

Short training course – –

Full training course 0,45 –

Experienced, trained welders 0,65 0,70


