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1. OBJECTIVES 

1.1. Objectives Definition 

The desired objectives to be reached in the project are those ones which allow 

us to acquire knowledge about the whole process of welding qualification, in 

this particular case, applied to steel materials. 

1.1.1. General Objective 

Develop the respective procedures of qualified welding to be able to 

correctly make an installation without risks, made of squared steel 

beams of 1.5 inch and tube of 0.5 inch chosen to elaborate a bike 

parking lot for the College of Mechanical Engineering. 

1.1.2. Specific Objectives 

 Stablish a long-term tasks schedule. 

 Stablish the adequate procedure to weld. 

 Identify and design the essential variables of this process. 

 Qualify the welding process.  

1.2. Scope 

In this work, we’ll develop the welding procedures for the construction of a 

bike parking lot for the College of Mechanical Engineering. It’ll incorporate the 

elaboration of an adequate planification to develop the required activities, 

the implementation of metal testing tubes for its respective tests, 

subsequently, the preparation and welding of the steel testing tubes to make 

the required tests. 

Meaning, this work allows the welding of a material which will be used to build 

a quality parking lot for its safe use in the College of Mechanical Engineering, 

testing this study effectiveness with the mechanical and chemical tests that 

support it. 

The design and analysis of the bike welding arises from the lack of a good 

parking lot for our bikes, currently in our college building there is only one 

bikes parking lot, that’s why we plan to build a parking lot for up to 30 bikes 

in an adequate space of free use for our students, covering the current and 

future demand. 



As we have the adequate furniture and space to safely leave the bikes parked, 

increasing the use and increase of this transportation method. 

 

1.3. Applied Standard and Codes 

For our work, which consists in design a model structure for the bike parking 

lot using squared and round steel beams. 

We chose the most common steel, ASTM A36, since according to the AWS 

D1.1 Standard, when smaller efforts than 400 MPa are required it’s the 

indicated material. 

 Chemical analysis of the sample: ASTM E415 

 Fillet minimum sizes. Preheating temperature: AWS D1.1 / D1.1M. 

 Micro attack test: AWS D1.1/D1.1M and AWS B2.1. 

  

2. THEORETICAL FRAME 

2.1. Steel 

Steel is an iron alloy with an amount of carbon which can vary between 0.03 

and 1.075% in weight of its composition, depending of the degree. Steel is not 

the same as iron. Both materials must not be confused. Iron is a relatively hard 

and tough metal, with an atomic diameter (dA) of 2.48 A, with a fusion 

temperature of 1535°C and boiling point of 2740°C. 

The main difference between iron and steel is the carbon percentage: Steel is 

iron with a carbon percentage between 0.03 and 1.075%. 

There are many steel types according to the present alloying elements. Each 

type of steel will allow different applications and uses, which makes it a 

versatile and very diffused material in the modern life, where we can find it 

everywhere. 

The two main components are found abundantly in nature. Steel can be 

recycled indefinitely without losing its attributes, this favors its production at 

large scale. This variety and availability make it apt for numerous uses such as 

machinery, tools and buildings construction, aeronautics, car industry, 

medical tools, etc. Contributing to the technological development of the 



industrialized societies, since no other material can equal it when we evaluate 

impact and fatigue resistance. 

 

2.2. Physical and Mechanical Characteristics 

Among the steel physical characteristics, outstands the following. 

 Medium Density: 7850 Kg/m3 

 It can contract, dilatate or melt, depending its temperature. 

 Its fusion point depends of the alloy and the alloying elements 

percentage. Commonly around 3’000°C. 

 It’s a tough material, especially in alloys used to make tools. 

 It’s relatively ductile; useful to make wires. 

 It’s malleable; can be transformed in sheets as this as 0.5 and 0.12mm 

thick. 

 Allows a good mechanization in machine tools before going through a 

thermic treatment. 

 Some compositions keep a better memory and deform when surpass its 

elastic limit. 

 The steel hardness varies between the iron toughness and the one it can 

reach through alloys or other thermic or chemical procedures, the most 

known being the steel quenching, applied to steels with a high carbon 

content, which allows, when superficial, to keep the tough core in the 

piece to avoid fragile fractures. 

 Easy to weld. 

 High electric conductivity. In the high-tension air lines aluminum 

conductors with steel core are frequently used. 

 It’s used for the fabrication of artificial magnets, since a magnetized iron 

piece doesn’t loose its magnetism if it isn’t heated up to certain 

temperature. 

 Steel can be recycled. 

 

 



2.3. WELDING 

It is the union of 2 materials or elements which require heat at a high 

temperature and the elements fusion to weld. There are different welding 

processes, however, mentioning all of them is not necessary, what peaks our 

interest us the most in this case, to perform a good welding work and prevent 

future risks, are the following points: 

a) Type of material to weld: This is a very important point, since here the 

material properties are considered, which are important to secure a proper 

joint functioning. 

b) Usually tests are performed to obtain more data of the material. 

c) The origin of the material: Usually we must know where it came from an 

where it is going, to ensure the joint life and avoid accidents in the present 

and in the future. 

d) Work place: This must be known to choose the welding process more fit to 

our work. 

e) Radiation level: This will be useful to choose the necessary protection type. 

 

2.4. SHIELDED METAL ARC WELDING (SMAW) 

Consists in the use of an electrode with a determined coating, according to the 

specified characteristics. Through the same, a determined electrical current 

type circulates, be it alternating or direct. A short circuit is stablished between 

the electrode and the base material, at the same time through the coating 

combustion an atmosphere is created to protect the process, this protection 

includes avoiding humidity penetration and possible pollutant elements. Also, 

slag is produced which covers the generated wielding chord. The electrode 

consists of a core o metallic rod, covered by a coating layer, where the core is 

transferred to the base metal through an electric zone generated by the 

welding current. 

 

 

 



2.5. JOINT TYPE 

There 5 basic joints used in metal welding: butt, L, T, lap and edge. But we’ll 

only mention the type of joints we’ll use in our project. 

2.5.1. Corner Joint or L 

L joint is used to unite 2 objects in a 90° degree. The objects are 

collocated in such a way they only touch in one border. 

This leaves an “L” shaped groove, that must be filled with welding 

material. Using this “L” joint welding allows is a much stronger joint, 

and also allows the welder to unite the objects in one step. If the 

objects where arranged in a different way, the union may require two 

separate welds (in the top and bottom) and may result not so strong. 

2.5.2. Lap Joint 

Lap joints are used to overlap two objects that don’t lay directly one 

above the other. As a small portion of one of them is overlapped, a 

border joint isn’t enough. Instead, the joints are weld where the 

border of one of them touches the other. For instance, imagine a stair 

with the steps representing a series of metallic objects. A lap joint 

would be located in the intersection of each vertical plane with the 

horizontal step. 

2.5.3. T Joint 

The T joint is used to unite two objects in an adequate angle to form 

a T shape. A simple example would be a metal beam suspended in the 

ceiling. The welding can be done in one of the two sides of the beam, 

where this meets the ceiling cover. If the metallic object were located 

above the ceiling in a cross shape, the welding result would be what 

is known as cross shaped joint. 

 

2.6. FILLER MATERIAL 

In some welding operations the union is produced with the fusion of the base 

metal in a pond without filler material addition, but in others it is required any 

other type of additional metal to generate the required coalescence. This 

additional metal is denominated filler material. For example, in the SMAW 



process there are the coated rods, which are also the energy conductive 

medium (electrodes).  

Since the electrode is an important characteristic of the welding process by 

coated electrode arc, is necessary to understand how the different types are 

classified and identified. The American Welding Society has developed a system 

to identify the welding electrodes by coated electrode arc. The specifications 

of the American Welding Society A5.1 and A5.5 describe the requirements for 

the carbon steel electrodes and low alloy respectively. Describe the different 

classifications and characteristics of the electrodes. 

 

2.7. WELDING POSITIONS 

Generally, there are different welding positions, in an angle or in a corner 

designated with the letter F and the butt welding designated with the letter G 

according the American standards (AWS) according to the European standards 

(UNE) are always denominated with the letter P. 

2.7.1. Welding Joint Position in Corner Angle 

1 F Position (UNE – PA) Flat welding and one inclined coupon at 45° 

more or less. 

2 F Position (UNE – PB) Horizontal welding and one coupon vertical. 

3 F Position (UNE – PF) Vertical welding with both coupon s in vertical; 

in the American standard both the ascending and descending welding 

keep being 3 F, but in the European standard the ascending vertical 

welding is denominated PF and descending vertical is denominated 

PG. 

2.7.2. Welding Joint Position Butt Set 

1 G Position (UNE – PA) Horizontal coupons, flat welding. 

2 G Position (UNE – PF) Vertical coupons with horizontal welding axis, 

or also denominated cornice. 

3 G Position (UNE – PF) Ascending vertical welding, descending 

vertical welding (PG). 

4 G Position (UNE – PF) Under roof welding. 

3. WELDING DESIGN 



3.1. Methodology 

3.1.1. Base metal Qualification (Essential Variable) 

WPS requires a qualification that uses the base metals numerated in 

the table 1. 

 

Table 1. Base Metal to Qualify according AWS D1.1 

According AWS D1.1 standard, in the section 4 indicates the use of the section 

3 to qualify the base material. ASTM A36 steel of the group 1 is verified for 

the performed tests. 

Sample results of the steel sheet (Traction Test) 

Thickness 

(mm) 

Wide 

(mm) 

Initial 

length 

(mm) 

Yield 

Force 

(Kgf) 

Yield Strength 

Kgf/mm2 (MPa) 

Ultimate Tensile 

Strength Kg/mm2 

(MPa) 

Elongation 

(%) 

7.76 12.2 50.8 2978 31.5 (308) 42.97 (421) 27.4 

 

3.1.2. Preheating Temperatures (Essential Variable) 

According the table shown below of the chemical results. 

 

Having these results, we procced to calculate the equivalent carbon 

percentage and to verify the preheating temperature it’ll be done 

with the Seferian formula and with the hydrogen control method. 

a) Equivalent Carbon Calculation 

According the laboratory results we have the material chemical 

composition. Applying the following formula of the IIW to 

calculate the CE: 



 

Replacing and operating: 

 

Locating our steel in the Graville Diagram: 

Carbon 0.267% 

Equivalent carbon: 0.275% 

 

We conclude that the material in the ZONE II (Careful Welding) 

 

b) With the Seferian formula 

Next, we procced to calculate the preheating temperature 

through the Seferian formula: 

 

Where: 

 

e: thickness mm 

Replacing: 



 

c) By the hydrogen control method 

By the hydrogen control method to determine the preheating, 

according the H annex. 

 

According the composition parameter formula: 

 

 

 

Table 2. Susceptibility Grouping 

And the restriction level is low. This level describes fillet joints and in common 

spline, in these exist a reasonable movement freedom of the members. 

 

 

Table 3. Minimum Preheating Temperature according the Hydrogen Control 



Hence, the minimum preheating temperature is of 20°C, which indicates us that the it’ll 

be weld at room temperature. 

 

3.1.3. Fillet Welding Position (Essential Variable) 

 

Table 4. Qualified Welding Positions 

The tests to perform will be done in flat position (2F) fillet welding in squared 

beams. 

 

Table 5. Fillet Welding 

3.1.4. Filler Material (Essential Variable) 



 

Table 6. Recommended Electrodes according its Material 

The electrode to be used is E6011 for the root and E7018 for the filler of a 

diameter of 1/8 inch, according the 1 note for steel ASTM A36. 

 

Table 7. Filler Materials to Coincident Resistances 

3.1.5. Current for the chosen electrode (Essential Variable) 

 

Table 8. Recommended Currents for Electrodes 

The current for its application in the E6011 electrode is 80 A and the electrode E7018 

works with 98 A. 



3.1.6. Essay for Tubular Testing in Fillet 

 

Table 9. Fillet Tests 

 

Table 10. Minimum Dimensions for Coupon 

 

Figure 2. Macro attack test tube 

Three macro attack tests will be performed for the squared tubular coupon 

weld to a metallic sheet. 

 



 

Fig. 3. Macro attack test in the corner joints 

 

4. CALCULATION 

4.1. Welding Chord Calculation 

Since our model won’t be used for works that demand permanent shear and 

axial forces because it is design to support its own weight and work as safety 

pole for bikes, considering that the effort of a person pulling a bike compared 

to the material and chord resistance is negligible. 

According to the standard the minimum size of the welding fillet is the thickness 

of the thickest part, with a single pass. 

e: 1/8’’ = 3.175 mm = min. size of the fillet welding 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5. PROCEDURE QUALIFICATION 

5.1. WPS 

 

 

 

 

 

 



5.2. PQR 

 

 

 

 

 

 



5.3. Applying the qualified procedure 

To perform the qualification of the qualified procedure, we followed the 

standards and procced to: 

i. Prepare the steel tube A36. 

 

 

ii. Acquire and prepare the sheet of the same material 

 

 

iii. Unite the tube and the sheet in 4 points. 



 

 

 

 

iv. Unite the tube and the sheet, at the root and filling. 

 



 

 

v. Prepare the test tubes. 

 

 

MACRO ATTACK TEST 

Chemical attach with Nital 



 

 

Micrography 

 

 

 

6. COSTS 

Filler material cost: s/. 13.00 Electrodes cost. 

E6011: s/. 11.4 per Kg. 

It was used 24 E6011 electrodes and 20 E7018 electrodes, besides, the number of 

electrodes per kilogram is:  

E6011: 74 electrodes/Kg, for a length of 300mm and 2.4mm of diameter. 

E7018: 28 electrodes/Kg, for a length of 300mm and 3.2mm of diameter. 

Then, the cost in soles of the used electrodes would be:   

 

Total cost for electrodes would be: s/. 3.31 

 

Cost of the welding personnel: 

Welding payment per inch: s/. 5 per inch. 



Length to weld: 110 inches. 

Then the total cost for personnel: s/. 550 

 

Materials Cost 

The squared and circular beams of 5m and 10m respectively are observed, which 

equal to 15m. 

 

We’d use 1 squared beam of 6m, its cost would be: 120*1 = s/. 120.00 

We’d use 2 circular beam of 6m, its cost would be: 60*2 = s/. 120.00 

  

TOTAL COST OF THE PROJECT 

240 + 550 + 13*44 = s/. 1’362.00 

 

 

7. CONCLUSIONS AND RECOMMENDATIONS 

 The standards used to perform the procedures and qualifications of the WPS 

and PQR for fillet welding with structural beams, are: AWS D1.1 and AWS B2.1. 

 The tests were done to qualify the WPS (macro attack), with results with 

excess in bite, greater than 1/32’’ according to the standard, but we had a 

correct lateral and root fusion. 

 The welded fillet size in the coupon is of 3.2mm which is greater that the 

minimum indicated by the standard 3mm. 

 The preheating temperature was just at room temperature (20°C), which was 

verified by the hydrogen control method. 

 It was decided to weld in two passes, uno for the root (E6011) and the other 

for the filler (E7018) with a diameter of 1/8’’. 

 The cleaning in the first and last passes were done with a grinder with a brush 

equipped and to perform the cleaning between each pass it was used a 

roughing disc to eliminate any type of slag and dirt which would be shown in 

the macro attack test. 



 It is recommended to ease the preparation of the test tube for the macro 

attack, that the face to prepare to have a certain small concavity, which 

outstands the union for an easy sanding and polishing in the rotatory machine 

with alumina and procced with the chemical attack with Nital. 

 It is verified that there is no Widmanstatten structure and that the structures 

are similar, the welding and the base material. 

 The macho attack test shows an imperfection for the lack of penetration in 

the root, which would be fixed with a slower speed. 

 


