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Konecranes Corporation manufactures huge steel structures in 16 factories 

worldwide, in which the environment and quality varies. The company has a desire 

to achieve the same weld quality in each factory, regardless of the manufacturing 

place. The main subject of this master’s thesis was to develop the present box girder 

crane welding process, submerged arc welding and especially the fillet welding. 

Throughput time and manufacturing costs can be decreased by welding the full 

penetration fillet weld without a bevel, changing present groove types for more 

appropriate ones and by achieving the desired weld quality on the first time.  

 

Welding experiments of longitudinal fillet welding were made according to the 

present challenges, which the manufacturing process is facing. In longitudinal fillet 

welding tests the main focus was to achieve full penetration fillet weld for 6, 8 and 

10 millimeters thick web plates with single and twin wire submerged arc welding.  

 

Full penetration was achieved with all the material thicknesses, both with single and 

twin wire submerged arc welding processes. The main problem concerning the weld 

was undercutting and shape of the weld bead. The question about insufficiency of 

presently used power sources with twin wire was risen up during testing, due to the 

thicknesses that require high welding current. Bigger power source is required when 

box girders are welded nonstop, if twin wire is used. For single wire process the 

penetration was achieved with significantly less amperage than with twin wire.  
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Konecranes valmistaa suuria teräsrakenteita 16 tehtaassa ympäri maailmaa, jossa 

ympäristö ja laatu vaihtelevat. Yhtiöllä on halu saavuttaa sama hitsin laatu 

jokaisessa tehtaassa, riippumatta valmistuspaikasta. Tämän diplomityön päätavoite 

oli kehittää nosturin kotelopalkin jauhekaarihitsausta ja erityisesti alapienan 

hitsausta. Valmistuskustannuksia sekä läpimenoaikaa voidaan vähentää 

läpihitsaamalla alapiena ilman viistettä, muuttamalla nykyisiä railomuotoja 

valmistukseen sopivammaksi sekä saavuttamalla haluttu hitsin laatu yhdellä kertaa, 

jolloin ei olisi tarvetta korjata hitsiä. 

 

Valmistuksessa ilmenevien vaikeuksien pohjalta tehtiin alapienan hitsauskokeet 

kolmelle eri uuman paksuiselle, 6, 8 ja 10 mm levyille. Kyseisessä kokeessa 

keskityttiin läpihitsauksen mahdollisuuteen yksilanka- ja kaksoislankaprosessilla.   

 

Pituushitsauskokeessa läpihitsautuminen saavutettiin kaikilla materiaalipaksuuk-

silla. Pääongelma hitsiin liittyen oli reunahaava sekä hitsin muoto. Nykyisten virta-

lähteiden riittämättömyys kaksoislangalla ilmeni testien aikana, koska kyseiset 

materiaalipaksuudet vaativat suuren hitsausvirran. Jatkuvassa tuotannossa 

virtalähteen täytyy olla nykyistä suurempi, jotta pitkät kotelopalkit voidaan hitsata 

yhtäjaksoisesti kaksoislangalla. Yksilankajauhekaariprosessilla tunkeuma 

saavutettiin huomattavasti alhaisimmilla virta-arvoilla kaksoislankaan verrattuna.  
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Abbreviations and symbols 

 

A  Rust grade: Steel surface largely covered with adhering mill scale but 

little, if any, rust 

AC  Alternative current 

Al  Aluminium 

APM  Assembly pressing portal, used by Konecranes Corporation 

C  Carbon 

Co2  Carbon dioxide 

Cr  Chromium 

Cu  Copper 

DC  Direct current 

EN  European Standard 

FCAW  Flux Cored Arc Welding 

GMAW  Gas Metal Arc Welding 

ICP  Industrial Crane Product, Konecranes crane product 

ICS  Industrial Crane Solution, Konecranes crane product 

ISO  International Organization for Standardization 

JWP  Butt welding portal, used by Konecranes Corporation 

MAG  Metal Active Gas Welding 

MIG  Metal Inert Gas Welding 

Mn  Manganese 

Mo  Molybdenum 

MPa  Mega Pascal 

Nb  Niobium 

Nd:YAG  Neodymium-doped yttrium aluminum garnet 

NDT  Non-destructive testing 

Ni  Nickel 

P  Phosphorus 

PA  Flat welding position 

PB  Horizontal vertical welding position 

pWPS  Preliminary welding procedure specification 

S  Sulfur 



 

S355J2+N Steel’s brand name 

 S Structural steel 

355 Minimum yield strength [N/mm
2
] 

J2 Impact toughness of 27 J at -20°C 

JR Impact toughness of 27 J at 20°C 

N Normalized  

SA  Surface preparation: Blast-cleaning 

SAW  Submerged Arc Welding 

SFS  Finnish Standard Organization 

Si  Silicon

Sn  Tin 

SWP  Longitudinal welding portal, used by Konecranes Corporation 

TIG  Tungsten Inert Gas Welding 

UCS  Unit of crack susceptibility 

UT  Ultrasonic testing 

WPS  Welding Procedure Specification 
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1 INTRODUCTION 

Main box girder manufacturing is global and near to the customer due to the logistic 

challenges, raised from the large physical size of the steel structure. Konecranes 

Corporation is a crane manufacturer, which has several factories worldwide and all 

of those factories work in different kind of environment. The aim is to get the 

manufacturing process and especially the weld quality on the same level regardless 

of the country where the box girder is manufactured. 

 

The basic structure of the box girder crane includes end carriages, the hoist, motor 

drives and the main girder but there can be variations in the structure depending on 

lifting loads or the operation environment. The main welding process in box girder 

manufacturing is submerged arc welding. It gives the possibility to weld efficiently 

but although the present way of welding is functioning, there are some things that 

can be developed to work even better. Welding knowledge varies in each factory, 

which creates problems, because one factory uses welding equipment without any 

difficulties and another factory faces challenges with the same equipment. The 

quality of material, cutting, consumables and welding knowledge affect the final 

quality of the product. Especially longitudinal welding process is playing significant 

role in box crane manufacturing. 

 

Full penetration fillet weld is required in some box girder cranes under the rail and 

therefore a bevel is cut to the plates for ensuring the full penetration. Bevel cutting 

increases costs and requires multiple runs with some thicknesses. Welding 6 and 8 

mm web plates without a bevel will decrease costs and throughput time. 10 mm 

web plates have an improper groove shape, which demands more manufacturing 

hours. Decreasing the cross-section area of the groove reduces the amount of runs 

needed in fillet welding.  

1.1 Approach and goal setting 

 

This subject is given by Konecranes Corporation and the thesis examines the 

present welding processes the company uses in crane main girder manufacturing 
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and the box type girder. Welding processes under examination will be twin wire 

submerged arc welding and single wire submerged arc welding. Focus in joint types 

will be fillet welding. 

 

The goal setting in this thesis is divided into three parts: the first part is to achieve 

an acceptable full penetration fillet weld for 6 and 8 mm plate without any bevel by 

submerged arc welding twin wire. The second part is to make a comparison 

between the required parameters for achieving full penetration between single wire 

and twin wire submerged arc welding. The third part will examine the possibility to 

achieve a fully penetrated fillet weld with twin wire submerged arc welding of 10 

mm web plate, 45° bevel and 3 mm root face. 

 

Full penetration fillet welding without a bevel in case of twin wire submerged arc 

welding has not been examined. Fillet welding without a bevel would decrease the 

cutting costs, but full penetration welding demands right groove dimensions, 

parameters, high cutting quality and good quality welding consumables. 

1.2 Introduction of Konecranes Corporation 

 

Konecranes is an industry leading group of lifting businesses and world leading 

lifting equipment manufacturer. The company offers a complete range of advanced 

lifting solutions to many different industries worldwide. It serves customers in 

manufacturing and process industries, nuclear industry, shipyards and harbors with 

productivity enhancing lifting solutions and services. [1] 

 

The company has 16 own factories and several subcontractors all over the world, in 

which around 5000 industrial cranes are built annually. From the manufacturing 

point of view Konecranes aims to harmonize the manufacturing process globally 

and the objectives are to give high level guidelines for manufacturing. Each factory 

calculates their productivity with several ways but from the box girder steel 

structure manufacturing point of view the used metric is hours per ton, which is 

calculated by dividing the labor hours by the weight of the steel structure plus the 

weight of the rail. This metric is used for comparing the factories and the best 
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factory is a benchmark for the other factories. This productivity number is 

calculated both for Industrial Crane Products (ICP) and Industrial Crane Solutions 

(ICS), which are explained in detail in chapter 1.3. [2, p. 24] Factories cannot be 

compared directly between other factories with hours per ton figure, because some 

of the factories are designed to manufacture mainly ICPs and other factories focus 

on ICSs. 

1.3 Konecranes crane product mix 

 

The box girder cranes in Konecranes are divided in two categories, ICPs and ICSs. 

The only thing that separates these box girder crane types from each other is the 

need for additional engineering designing. When there is no need for extra 

engineering the cranes fall into the ICP – section and vice versa. Table 1 illustrates 

the division of the two categories. [1] 

 

Table 1. The classification of ICP and ICS is divided into different codes in 

Konecranes. [1] 

 

 

The following crane classifications are discussed further in the following 

subsections. The subsections will also briefly introduce the configuration tool 

Markman and the basic principle of how many hours it takes to assemble a box 

girder crane. 

 

 

 

ICP ICS

SP11A Profile w/ rope

SP11B Profile w/ chain

SP12A Box w/ rope

SP12B Box w/ chain

SP13 Light

SP14 Heavy

SP15 Tailored



 

 

13 

 

1.3.1 Industrial Crane Products 

 

All the information needed to build ICP is located in the configuration tool 

Markman. ICP is a standard type of crane, which can be selected from the program 

without any need for engineering designing. The crane usually consists of different 

components such as end carriages, hoist, motor drives and the main girder, which 

can be a profile or a box. ICPs are quite simple and fast to build, because of the 

modular setup. Figure 1 shows a Konecranes double girder crane. [3, p. 3] 

 

 

Figure 1. Double girder standard duty crane can have span up to 30 m and lifting 

capacity up to 80 tons. (1) is the end carriage, (2) the main box girder, (3) the trolley 

and hoist, (4) the controller and (5) the drive motor. [1] 

 

As can be observed from Table 1, the cranes SP11 and SP12 have different steel 

structure and lifting equipment.  The manufacturing time is calculated in advance in 

Markman, which sets a time estimate that needs to be followed. This time can be 

divided to butt welding, box assembly, aligning, painting, mechanical/electrical 
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assembly and testing. For example the butt welding, box assembly, longitudinal 

welding and aligning for a single girder crane with 23.85 m long span takes 38 

hours according to the estimation of Markman. Double girder ICP can be offered 

with a 30 m long span and 80 ton lifting capacity. [1] 

1.3.2 Industrial Crane Solutions  

 

ICSs (SP13, SP14) are chosen from Markman but additional engineering designing 

is made for them. ICS can be also purely designed box girder cranes (SP15) that is 

not chosen from Markman. SP15 refers to a customer tailored cranes with complex 

systems. ICS cranes are used in constant production lines and their operating life is 

higher than with standard cranes. [3, p. 3] 

1.3.3 Similarities between ICP and ICS from welding point of view 

 

From welding point of view ICP and ICS have some differences, which depend on 

the lifting capacity of the crane and the use category the crane has. The utilization 

category describes how often the crane is bound to be used, what kind of loads it 

will lift and in what kind of environment it is utilized. The utilization category also 

determines whether the dimensions will change or if there are additional 

requirements regarding the full penetration, the non-destructive testing or the 

material. [1] 
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2 THEORETICAL PART OF BOX GIRDER 

MANUFACTURING PROCESS 

There are several processes included in the box girder manufacturing. The 

manufacturing process starts from the cutting of the plates with plasma or oxy fuel 

cutting and after that cleaning the plates with shot blasting. Cutting quality and the 

surface cleanness have a great influence on welding quality, thus the correct cutting 

and cleaning tools are required. Large material thicknesses, long welds, quality 

class of the weld and low throughput time demand high productivity welding 

process. The basic theory of cutting, plate cleaning, joint designs and welding 

processes in box girder crane manufacturing will be presented in the following 

subsections.  

2.1 Steels in box girder crane 

 

Steels used in box girder manufacturing in Europe are usually basic structural steels 

S235, S275 and S355, in which the yield strength varies from 235 to 355 MPa. 

Structural steels are carbon steels, their weldability is good and preheating is not 

usually required with the thicknesses, which are used in box girder cranes. Standard 

EN 10025-2004 categorizes steels used in box girder cranes to subgroups 1.1 and 

1.2, which applies for steels that have upper yield strength below 360 MPa.  In 

another continent, for example in US, the steels follow similar standards. [1; 4, p. 

74] 

2.1.1 High strength low alloy steels 

 

High strength low alloy structural steels are produced by using quenching, forming 

or heat treatment together or separately. The strength of these ferritic-perlitic steels 

is defined by these manufacturing processes. Therefore thinner high strength steel 

plate can have same strength levels than thicker, normal structural steel. This allows 

less material to be used in steel structures and thus decreased weight. From box 

girder crane point of view the advantages are that the pressure in rails, wheels and 



 

 

16 

 

other parts decreases. Therefore the need of repairing is decreases while the usage 

time of the crane increases. [4, p. 74; 5, p. 1] 

2.2 Plasma cutting and oxy fuel gas cutting 

 

In plasma cutting the thermal energy is used to melt the plate after which the molten 

metal is blown away from the cutting point by using the kinetic energy of the 

plasma gas. Gas is brought via the cutting torch in between the electrode and the 

plate. The torch and the gas squeeze the plasma arc narrower, resulting more 

concentrated arc and better cutting quality. Plasma is able to cut any metal and 

acceptable cutting quality for box girder manufacturing, depending on equipment, 

can be achieved when plate thickness is around 30 mm. Figure 2 shows six different 

characteristics that have an influence on the cutting quality. [6]  

 

 

Figure 2. Six characteristics that have an influence on the cutting quality of the plate 

in both plasma and oxy fuel cutting processes. [6] 

 

Oxy fuel gas cutting uses a chemical reaction between pure oxygen and steel to 

form iron oxide. The hot metal reacts with oxygen and the result, oxide slag, is 

blown away from the cutting area by the oxygen’s kinetic energy. The best cutting 
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result is given by acetylene and oxygen gas mixture. According to ASM Handbook, 

760 millimeters thick castings can be cut with the oxy fuel gas cutting process. 

There are many variables in oxy fuel gas cutting, because the gases, the torches and 

the tips vary. Equipment suppliers recommend different gas pressures and cutting 

speeds, in order that the end result of the edge would be narrow and smooth. [6; 7, 

p. 6] 

 

Nowadays the plasma cutting process cuts faster and with better quality, in which 

case it is used more by the plate suppliers. For this reason the bevel is cut mostly 

with plasma cutting device. Some factories use oxy fuel cutting devices, but the 

cutting quality of oxy fuel cutting varies widely, which can affect the final weld 

quality. 

2.3 Groove Preparation  

 

The purpose of a joint is to transfer the forces between the parts of the joint and 

along the whole weld. Joint design is determined by the strength requirements, the 

alloy, the material thicknesses, the type and location of the joint, the access for 

welding and the used welding process. [9, pp. 23, 27; 10, p. 7] 

 

Fillet weld and butt weld joints have two classified categories, which are full 

penetration joints and partial penetration joints. Full penetration welds are molted 

through the whole material thickness, partial penetration welds are not. If the joint 

has dynamic loading or reversing loads, it must withstand the loads and usually full 

penetration is required. In addition the welding joint must be designed in such an 

order that the cross-section area is as small as possible. When the cross-section area 

is large, it requires more weld metal and thus increases welding costs and time. [9, 

pp. 23, 27; 11, p. 48; 12, p. 180] 

2.3.1 Joint types used in box girders 

 

Plate thicknesses vary in box girder manufacturing process and there is a certain 

joint type for all of those thicknesses. The joints used in butt welding are I-groove 
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when material thicknesses are 6...12 mm, single V-groove with or without a root 

face for plates 12...40 mm and double V-groove for plates above 40 mm. I-groove is 

used in longitudinal welding when full penetration is not required and in case of full 

penetration weld the plate is usually beveled. In some factories full penetration 

without the bevel can be achieved with 8 mm web plate, but then the box girder is 

lying on web plate. Figure 3 shows the different joints used in box girder 

manufacturing. [1] 

 

 

Figure 3. Konecranes uses several joint types for different material thicknesses. [1] 

2.3.2 Hot crack 

 

Hot crack appears commonly with high heat input welding processes, namely in 

submerged arc welding and in large and stiff steel structures. It occurs during 

solidification of the weld, because as the solidifying grains grow, the impurities 

and/or minor alloying elements are excluded by them and pushed towards the centre 

of the weld. These impurities have normally lower melting points than the weld or 

the base material and therefore the weld cracks during the solidification. [4, pp. 

114…116] 
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Most commonly the crack is extended along the length of the weld, but there can 

also be smaller cracks that can occur crosswise. Concerning material’s chemical 

composition, hot crack can be evaluated with many different equations, for example 

by calculating ratio between manganese and sulfur or unit of crack susceptibility 

(UCS). These equations give an idea whether the material has a tendency for hot 

cracking. As for the welding, when the width/depth ratio of the bead is too high, 

above two units, the predisposition grows significantly. The ratio between width 

and depth can be controlled by adjusting heat input and penetration during welding. 

One variation of hot crack is crater crack that can appear to the end of the weld, 

when welding is suddenly stopped. [4, pp. 114...116; 6; 13, pp. 37...38; 14, p. 18; 

15, p. 111] 

 

 

Figure 4. Crater crack appeared in a run out piece during butt welding of 6 mm 

thick plates. Welding flux was Lincolnweld® 760 and wire was 3.2 mm Halcom 

(0.09% C, 0.11% Si, 1.6% Mn, 0.01% P, 0.014% S, 0.07% Cr, 0.06% Ni, 0.01% 

Mo, 0.18% Cu, 0.001% Al and 0.009% Sn). [1]  

 

As can be observed from Figure 4, the crack may also appear when the welding is 

ended abruptly. This can result a crater crack as the final weld pool rapidly 
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solidifies in on itself. [6] For this reason run out pieces, which are explained later on 

chapter 4.3, are used in butt welding. 

2.4 Shot blasting 

 

Shot blasting is a method to clean surfaces from rust and dirt by blasting an abrasive 

material against the surface. This process is important for the welding, because the 

welding surface is required to be clean. Shot blasting is carried out after the plates 

are cut by the plasma machine, for it removes the top spatter or the impurities from 

the cutting surface. Konecranes follows the preparation grade A Sa 2 ½ for surface 

roughness from standard ISO 8501-1:2007. The standard is a rust grade book that 

describes the grades for surface cleaning. The preparation grade A Sa 2 ½ refers to 

steel surface covered with adhering mill scale and rust (rust grade, letter A) that 

needs to be blast cleaned (method of cleaning, letters Sa) very thoroughly (the level 

of cleanness, number 2 ½), in order to remove all visible impurities from the 

surface. Figure 5 illustrates what kind of cleanness quality is required for the plates 

that are covered with adhering mill scale and rust. Abrasive material, size and 

blasting speed used in shot blasting affect the surface roughness. The blasting 

process has influence on the painting too, because the performance of protective 

coatings such as paint is affected by the state of the steel surface. Paint sticks better 

with certain surface roughness. [1; 8, pp. 4, 8, 9, 10]   
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Figure 5. Plate A, (left side) is a steel surface covered with adhering mill scale and 

rust, which need to be shot blasted in such manner that the end result would be Sa 2 

½ (right side). [8, appendix, pp. 1, 3]   

 

Welding plates that have iron oxide or some kind of primer in the surface can lead 

to unsuccessful weld due to the impurities that will infiltrate in the center of the 

weld. Figure 6 illustrates a cross-section of a test weld that was not cleaned before 

butt welding. 

 

 

Figure 6. The impurities in the plate surface affect the final quality of the weld. 

Plate thicknesses were 6 mm, backing flux was Esab OK Flux 10.69, welding flux 

Esab OK Flux 10.71 (typical all weld metal composition with OK Autrod 12.22: 

0.08% C, 0.5% Si, 1.4% Mn) and wire Esab OK Autrod 10.22 (0.1% C, 0.2% Si, 

1.0% Mn), with the diameter of 3.2 mm. [1] 
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As can be observed from Figure 6, the inside weld had a cell structure although 

visually the weld was good looking from the top and bottom. For this reason the 

plates need to be cleaned before welding, because this kind of weld is not 

acceptable. Same parameters are used in production successfully in other factories. 

2.5 Submerged Arc Welding 

 

Submerged Arc Welding (SAW) is an arc welding process, where the heat is 

generated by an arc between a continuously fed bare, solid metal consumable wire, 

or strip electrode and the work piece. This process is concealed by a blanket of 

granular flux. The molten flux maintains the arc, refines the weld metal and protects 

it from atmospheric contamination. Unfused flux can be recycled back to the 

circulating system after screening and used again. The process is primarily carried 

out in a flat (PA) or horizontal vertical (PB) position. Submerged arc welding 

follows the standard EN ISO 4063 and the process number for SAW is ISO 4063 - 

12. [6; 16, p. 121; 17, p. 12]  

 

For box girder manufacturing process the process numbers are ISO 4063 - 121 

(SAW single wire) and ISO 4063 - 121-2 (SAW with two wires). Figure 7 shows the 

basic principle of SAW process. [17, p. 12] 
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Figure 7. Basic principle of SAW process. The flux covers the weld pool, thus there 

is no visible arc. [1] 

 

The SAW process can be either automated or mechanized and it gives lots of 

benefits for heavy steel manufacturing. The following advantages help the box 

girder crane assembly: 

 Flux seals the arc under it, thus there is virtually no arc flash, spatter and 

fumes 

 Current densities are high, thus penetration is increased and the needed 

accuracy of joint preparation is decreased 

 High welding speeds and depositions are possible 

 The flux removes contaminants from the molten weld pool and helps to 

produce sound welds with excellent mechanical properties. [6] 

2.5.1 Twin submerged arc welding 

 

Twin submerged arc welding (process number ISO 4063 - 121-2) is basically the 

same process as normal SAW, but it uses two wires in a single power source and a 

single contact tip instead of single thicker wire. Usually the wires are 1.6...2 mm 
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thick and the distance between them is 5...10 mm. Undercuts can be caused by 

smaller wire distance due to the strong electromagnetic forces while larger wire 

distance will decrease the heat effects between the wires and the arcs, which leads 

to different kind of welding cavity due to the low energy. Konecranes uses 6 mm 

wire distance in Twin SAW. Figure 8 shows Twin SAW equipment that is used in 

Konecranes production. [16, p. 132; 17, p. 12; 18, p. 254; 19] 

 

 

Figure 8. Twin SAW welding head used in Konecranes, which consists of (1) a ball 

shaped seam tracking device, (2) a flux feeder tube and (3) a welding torch. [1] 

 

In Figure 8 part 1 on the left side is the ball shaped seam tracking device, which is 

necessary when welding long fillet welds. Part 2 is the flux feeder tube that needs to 

be directly in front of the wires, which ensures that there is enough flux for the 

welding. Part 3 is the welding torch from which wires are fed into the weld pool. [1] 

2.5.2 Single wire vs. Twin wire 

Twin SAW has some advantages compared to single wire SAW, because the wires 

in Twin SAW are smaller and therefore the density of the current is larger. For 
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example the current density is 48 A/mm
2
 in case of 4 mm single wire and current of 

600 A. When using a 2 x 2 mm wire the density increases to 95 A/mm
2
. 

Furthermore the resistance heating is higher with smaller wires, for which reason 

the wires melt faster. Twin wires can be used in three different ways as can be 

observed from Figure 9 below. [16, p. 132]  

 

 

Figure 9. Positions of the welding wires in Twin SAW give several advantages 

during welding. Horizontal position enables increased welding speed, crosswise 

position enables both welding speed and the bead width to increase and vertical 

position results in a wider bead, which can be used in coating. [16, p.133] 

 

 Number of wires and the position allows the following advantages compared to 

single wire: 

 Increased deposition rate by 20...40 % compared to single wire 

 Increased welding speed, because the wires can be aligned horizontally, 

vertically or crosswise (Figure 9) 

 Better weld density if the wires are aligned horizontally, because the weld 

has longer melt and it gives the welding fumes time to get out of the weld 

pool. [16, pp. 132...133; 19]  

2.5.3 Welding parameters in submerged arc welding 

 

Proper welding parameters are the key to a quality weld and therefore the change of 

each variable must be known. Different variations shape the weld and have an 

influence on penetration, as well as the integrity of the weld deposit. [6; 16, pp. 

149...154]  
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In the SAW process the different variables of the procedure are the following: 

 Current 

 Voltage 

 Wire stick out 

 Travel speed 

 Flux depth 

 Torch angle in fillet welding  

 Wire alignment [16, pp. 149…154] 

 

Welding current is the most important welding variable, because it controls so many 

parameters. Therefore too low current tends to have less penetration while too high 

current leads to an unsuccessful weld with too deep penetration and too low bead 

width. Figure 10 shows the effects of the welding current on the weld bead profile. 

[6; 16, p. 150] 

 

 

Figure 10. How welding current affects weld bead profile when (a) too low current 

(b) too high current (c) correct current is used. [6] 

 

As can be observed from the Figure 10 above, the welding current has a significant 

effect on penetration. Additionally the density of the current has an influence on 

penetration and bead shape as described earlier. Using of a small diameter electrode 

and a high current produces narrower beads with deeper penetration. Large diameter 

electrodes larger root openings can be used for the bead size is wider. [6] 

 

Longer wire stick out will cause the electrode to heat and melt easier. In this way 

the deposition rate can be increased. Additionally the bead shape will be wider, but 

also the penetration will decrease. Therefore the stick out of the wire must not be 
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too long to ensure the proper penetration/bead shape. The extension of the wire is 

normally approximately 8...12 times the diameter of the electrode. [6]  

 

Adjusting of the welding speed will have an effect on penetration and bead width. If 

the speed is increased, the penetration and bead width decreases and vice versa. 

Extremely low travel speed will increase the penetration, but melts the wire and the 

flux too much. This molten metal can flow under the arc and interfere with the heat 

flow. Extremely high travel speed may lead to undercut and porosity. [6] 

 

In SAW process the flux is a unique variable that is not found in other welding 

processes and for the process to work properly the amount of flux cannot be too 

high or low. The depth of flux will affect penetration, appearance and quality of the 

weld. Too deep layer of flux results in a narrower weld bead, because the process 

melts more flux than normally. This may also produce some surface imperfections, 

because the gases can be trapped under the deep layer of flux. Inadequate amount of 

flux will lead to a rough appearance or porosity, because the arc will flash through 

and shielding of the atmosphere will be inefficient. Also alloying of the weld is 

possible with different kind of flux. [6] 

 

The torch angle has also a significant effect on the penetration in fillet weld, 

especially when full penetration is required. The heat can be directed to the back 

end of the web with the correct torch angle, which is illustrated later on page 39. 

Wire alignment has the same affect in the case of directing of the heat to the right 

place. [1] 

2.5.4 Copper backing bar 

 

High penetration in the SAW process gives an advantage to weld plates with only 

one run from one side. This kind of welding requires a backing bar for it removes 

heat from the process that SAW brings to the welding area. It also prevents the loss 

of the flux, melt through and ensures full penetration welds on one sided joints. [6] 

If the backing bar is not used, the heat can cause the weld to burn through even with 

low plate thicknesses. Figure 11 shows butt welded 6 mm thick plate without a 
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backing bar. During the welding the current was 530 A, voltage 30 V, welding speed 

40 cm/min and wire stick out 25 mm.  

 

 

Figure 11. Welding without a backing bar can result a wide hole, because there is no 

bar supporting the melt. The plate thickness was 6 mm, welding flux was Esab OK 

Flux 10.71 and wire Esab OK Autrod 10.22. [1] 

 

In case of SAW the backing bar is normally made from copper due to the high 

thermal conductivity. Copper backing bar is removable and does not stay attached 

under the joint. Sometimes there is a water cooling system inside the copper bar to 

get cooling more efficient. The copper bar has a channel, where the backing flux is 

spread and depending on the flux brand, the backing flux can be different from the 

welding flux. [9, pp. 15...17] Figure 12 illustrates the water cooled copper backing 

bar with a channel.  
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Figure 12. Water cooled copper backing bar at butt welding table. Water increases 

the cooling effect and therefore the required copper thickness decreases. [1] 

 

The manufacturer of welding equipment Esab has a recommendation for the 

backing flux and channel size, which is shown in Figure 13. [9, p. 17] Hyvinkää 

factory uses 3 x 35 mm size channel, because the plates are thicker and wider 

channel size allows a greater misalignment of plates.  

 

 

Figure 13. Recommendation of Esab for the backing bar. Konecranes uses larger 

channel dimensions, which allows greater misalignment of plates. [9, p. 17] 

 

Other kind of backing bars can be used also, but if a permanent backing bar or 

ceramic bar is used, the heat is not conducted away from the process as efficiently 

as it would with copper bar. Permanent backing bar lowers fatigue strength in the 
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weld for it enables cracks to form easier. Ceramic bar on the other hand requires a 

separate run to the root side, which means that the plates are turned. [1] 

2.6 Gas Metal Arc Welding 

 

Gas Metal Arc Welding (GMAW), the process number ISO 4063 – 135, is an arc 

welding process, where metals are joined together by heating them with an electric 

arc that is established between a consumable electrode, which are in this case a wire 

and the work piece. This process is shielded by an externally supplied gas or a gas 

mixture. The electrode is continuously fed wire, which is fed from the welding gun. 

GMAW has two basic variations: metal inert gas welding (MIG) and metal active 

gas welding (MAG). The difference between them is the gas used, for MIG uses 

inert gas, which does not react in the welding and MAG uses active gas, which 

reacts in the welding. The gases used for MIG are argon, helium or a mixture of 

them and in MAG a mixture of argon and carbon dioxide, argon and oxygen, argon 

and oxygen and carbon dioxide or just pure carbon dioxide. Figure 14 presents the 

principle of GMAW process [6; 16, pp. 159...160; 17, p. 12]. 

 

 

Figure 14. The basic principle of GMAW. The gas shields the arc and molten metal 

and at the same time the consumable electrode is brought to the process [6]. 
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The gases determine which materials can be welded. Basically active gases are used 

for structural or stainless steel and inert gas for other metals, for example 

aluminium. There are many benefits in GMAW that make it suitable for high-

production and automated welding applications. Some of the advantages of box 

girder manufacturing process are the following: 

 The electrode length does not face the same restrictions as in manual metal 

arc welding, because the synergetic control adjusts the wire length, voltage 

and current automatically 

 The welding can be accomplished in all positions with proper parameters, 

unlike in SAW 

 Continuous wire feed makes sure, that there will not be so many 

interruptions 

 The welding process can be used in a semi-automatic and automatic modes 

 Possibility to use more than one wire in welding, thus increasing welding 

efficiency 

 There is not much post-weld cleaning, because of the absence of a heavy 

slag. [6; 16, pp. 175...177] 

 

GMAW is used mainly for tack welding the box girder and assembly welding, but 

some factories use it in longitudinal and butt welding. The company has a desire to 

replace GMAW with SAW for the efficiency in longitudinal and butt welding is 

higher with SAW.  

2.7 Other high efficiency welding processes 

 

As stated before, crane main girder welding requires a high-production rate welding 

process. Welding productivity can be increased by increasing welding current, 

welding speed or using several welding wires. Few of these kinds of processes are 

tandem submerged arc welding or laser-hybrid welding. Both welding methods 

offer huge advantages compared to the traditional processes.  
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2.7.1 Tandem submerged arc welding 

 

Tandem submerged arc welding, the process number ISO 4063 – 121-2, differs 

greatly from twin wire SAW. Tandem has also two wires in use, but both wires have 

their own welding torches and power sources. Both wires can be adjusted by the 

power source separately. The leading wire is usually adjusted to DC+ (direct 

current) and the trail arc to AC (alternative current). The process is stable when 

using AC and DC+, because AC does not interfere with DC+, which means that by 

using two DC+ wires the process becomes more unstable. Figure 15 illustrates the 

wire alignment. [16, p. 133; 17, p. 12; 19; 20, p. 3] 

 

 

Figure 15. In tandem submerged arc welding the leading wire is tilted little bit in a 

dragging position and trail wire is slightly in a pushing position. [16, p. 134] 

 

The welding current is set higher with the first wire, which results a deeper 

penetration and the second wire fills the groove more efficiently due to higher 

voltage. The wires distance affect the penetration and usually the wire distance 

varies from 12 to 25 mm. The leading wire is usually in a flat position and slightly 

tilted to a dragging position and as for the trail wire; it is slightly tilted to a pushing 
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position. Advantages from tandem are the increased welding speed and deposition 

rate compared to single wire SAW, but the investment cost is quite high compared 

to for example Twin SAW process. [1; 16, p. 134; 19; 20, p. 3] 

2.7.2 Laser hybrid 

 

Laser hybrid combines two welding processes in order to benefit the good 

properties of both processes. Laser, whose process number ISO 4063 – 52, can be 

called keyhole welding, where high intensity beam of the laser is focused to a small 

dot near the work piece. The beam is absorbed in the work piece and absorption of 

the laser’s energy produces heat, melting the material in the localized absorption 

area. This area is melted by the conduction of heat from the laser-absorbing part and 

when the laser beam moves forward, the molten surfaces cool down and create a 

weld. [17, p. 12; 21, pp. 6...7, 11; 22, pp. 39...40] 

 

The combination of laser-hybrid is usually laser-CO2 or Nd:YAG and traditional gas 

arc welding process; MIG/MAG, tungsten arc welding (TIG) or plasma. Laser beam 

is brought in a vertical position to the joint in order to get maximum penetration and 

welding speed. Arc energy is brought, either in front of the laser beam (dragging 

torch angle) or behind the beam (pushing torch angle), about 2...4 mm from the 

lasers focus point. Torch angle is quite commonly dragging, when welding 

structural steels and pushing, when welding aluminium. [21, pp. 7...8] 

 

The process can work separated or connected in the same weld pool. Figure 16 

illustrates the principle of the two different ways of welding. [21, p. 7] 

 



 

 

34 

 

 

Figure 16. Laser-Hybrid can be used in welding in two different ways. The figure 

on the left side illustrates the processes, when they are working individually and on 

the right side, when they are working in the same weld pool. [21, p. 7] 

 

When laser and arc process are working separately, the distance between them is so 

large that the weld pool from the first process has time to cool down before the 

second process is in the same spot. This process is used in tube manufacturing lines 

and ship building lines, because the root is welded with laser and the arc process 

welds the top bead. When the processes are connected, both processes are acting in 

the same welding zone influencing and supporting each other. [21, pp. 7...8] 

 

Laser-hybrid welding has higher process stability, higher welding speed, good 

metallurgical properties and good flowing of weld edges compared to traditional 

laser or arc welding. Also the distortions are smaller than with SAW. With material 

thickness of 15 mm the welding speed is three times faster than with traditional 

single wire SAW. Disadvantage with Laser-hybrid is requirement for high accuracy 

joint preparation, which means a groove preparation with a milling machine. Also 

the investment value is quite high and laser-hybrid is more suited for longitudinal 

welds. [21, pp. 16...18; 22, p. 39] 
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3 WELDING MECHANIZATION IN KONECRANES 

Welding mechanization can be divided roughly in five different groups: 

1. Manual welding 

 Welder moves the torch by hand and controls the welding process 

2. Half mechanical welding 

 Welding machine does some part of welding, for example in MIG/MAG-

welding the wire is fed by the machine 

3. Mechanized welding 

 Welding machine does the welding, but it requires an operator to control 

and monitor the process 

4. Automated welding 

 Welding equipment does the welding according to premade program. 

5. Robotized welding 

 Mixture of mechanized and automated welding, where automation moves 

the torch and monitors the welding according to program. [23] 

 

Using a welding mechanization is necessary when the manufacturing volume is 

high enough and the product manufacturing is standardized. For example when 

welding long fillet welds, mechanization gives huge advantage in quality, because it 

can be controlled more easily compared to manual welding. The mechanized 

welding processes in the box girder manufacturing are, depending on the factory, 

single wire SAW, twin SAW or GMAW. The following subsections will tell the 

basic principle of the mechanized processes that Konecranes uses in their 

production.  

3.1 Butt Welding Portal 

 

The butt welding portal (JWP) is designed to be used in the Konecranes 

Corporation box girder crane manufacturing process and the portal has SAW 

welding equipment integrated to it. The portal is either two or three meters wide, 

depending on the box girder size. Figure 17 demonstrates the structure of the butt 

welding portal.  
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Figure 17. Butt welding portal uses a single wire SAW process in butt welding. 

Hydraulic clamps press the plates firmly onto the table, reducing the possibility for 

distortion. [1] 

 

A vertical cross beam is attached to the portal frame. An integrated beam-travelling 

carriage is set on the beam for mounting the welding head. Welding head itself is 

equipped with manually operated cross slides used for welding head positioning. 

There is a possibility to adjust the angle between the track and the welding bed, 

enabling the web plate welding parallel to cambering radius. Also the portal is 

equipped with two parallel cambered hydraulic clamps that are pressing 

individually the ends of the welded plates towards the copper backing. The portal 

moves on rails, on top of the welding table and the welding is done in a PA position. 

JWP has an Esab A6SF F1 welding head and LAF 1001 power source. [1] 
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3.2 Longitudinal Welding Portal 

 

The longitudinal welding portal (SWP) moves on top of rails, over the bed and 

welds symmetrically from both sides at the same time due to the heat impact that 

welding does to the metal structure. A ball-shaped seam tracking device follows the 

fillet joint and the operator’s main task is to adjust the starting point and monitor the 

welding process. Figure 18 shows the longitudinal welding portal. [1] 

 

 

Figure 18. Longitudinal welding portal welds symmetrically by using a twin SAW 

process. [1] 

 

The default welding process is twin SAW, but there are variations of the portal, 

which use MAG. Welding torch is adjusted to 55...60° angle (calculated from 

vertical position), when welding full penetration or in a 45° angle when welding 

normal fillet weld. Portal uses usually an Esab LAF 1001 power source and A6SF 

FI Twin welding head. The common wire thickness is 2 x 2 mm, but some factories 

have smaller power sources and thus the wire thickness is also smaller, namely 2 x 

1.6 mm. [1] 
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4 PRACTICAL PART OF BOX GIRDER 

MANUFACTURING PROCESS 

The main box girder crane manufacturing process includes many steps, which are 

carried out before it can be sent to the customer. Variations between manufacturing 

processes appear in each Konecranes factory. Therefore the following subsections 

will focus only on one factory. Hyvinkää factory has a long history in crane 

building and nowadays it manufactures mainly ICSs. These subsections will focus 

on steel structure manufacturing, not in mechanical or electrical assembly. Figure 

19 illustrates a cross-section from the standard manufacturing drawings.  

 

 

Figure 19. A cross-section from the standard manufacturing drawings describes 

what kind of inner welds the box girder requires. [1] 

4.1 Quality and quality assurance 

 

Quality requirements for welding in Konecranes are divided in five categories: 

company image, product safety and reliability, quality of the weld, quality control in 

production and cost control. Konecranes follows these five categories, in such a 
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manner that all category requirements are fulfilled. The company has a welding 

quality assurance handbook, which defines these factors in order to support the 

continuously developing products and production methods. The handbook includes 

welding standards that are formalized to a standardized Konecranes approach. [24] 

Welding standards offer guidelines that companies can use in the production lines 

according to their needs. Table 2 below illustrates the welding quality standards are 

followed by the company.  

 

Table 2. Konecranes follows several welding standards that help to build the quality 

into a product. 

 

 

ISO 9001:2008 describes, how an organization needs to demonstrate its ability to 

consistently provide product that meets the customer and other requirements. EN 

ISO 3834 offers a method to demonstrate the capability of a manufacturer to 

produce products of the specified quality. The standard itself does not set any 

particular measurable requirements for technical product features or the results of 

welding. The main aim of the standard is to describe, how the procedures related to 

welding should be realized in practice in order to reach the planned quality. ISO 

3834 can be implemented without ISO 9001. [1] 

Welding coordination. Tasks and responsibilities

SFS-EN 287-1

SFS-EN ISO 15609-1

Quality management systems - Requirements

Quality requirements for fusion welding of metallic materials - Part 2: 

Comprehensive quality requirements

Qualification test of welders. Fusion welding. Part 1: Steels

Welding - Fusion-welded joints in steel, nickel, titanium and their alloys 

(beam welding excluded) - Quality levels for imperfections

Specification and qualification of welding procedures for metallic materials - 

General rules

Specification and qualification of welding procedures for metallic materials - 

Welding procedure specification. Part 1. Arc welding

SFS-EN ISO 15607

SFS-EN ISO 15614-

1+A1

Specification and qualification of welding procedures for metallic materials. 

Welding procedure tests. Part 1: Arc and gas welding of steel and arc 

welding of nickel and nickel alloys.

SFS-EN 10160
Ultrasonic testing of steel flat product of thickness equal or greater than 6 

mm (reflection method)

Standard number

ISO 9001:2008

EN ISO 3834-2

EN ISO 5817:2003

Name

SFS-EN ISO 14731
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Standard EN ISO 5817:2003 represents the quality levels for imperfections in the 

weld. There are three quality levels; B, C and D, from which B is the most 

demanding quality level. Konecranes uses weld quality class C for all ICP welds 

and for ICS butt welds the quality class used is B. [1] 

 

Other standards provide different guidelines, starting from the qualification of the 

welder to an examination of a weld with non-destructive methods (NDT). Also 

there are general instructions for tolerances the welders follow during the assembly 

process. [1] 

4.2 Plate Cutting 

 

The box girder consists of webs, flanges, diaphragms, stiffeners, backing-bars and a 

rail. In Hyvinkää factory the plates, which include webs, flanges and diaphragms, 

are cut and shot-blasted by a plate supplier and then delivered to the factory for the 

assembly process. Webs are cut to fixed dimension and both side edges have the 

same radius of 2000 m. The length of the web are normally 6, 9 or 12 m. Beveling 

is required, if the web thickness exceeds 8 mm. Thickness of the web plate varies 

from 6 to 20 mm. Figure 20 shows the shape of the web plate.  

 

 

 

 

Figure 20. Web plates are cut usually with 2000 m camber and their length differs 

from 6 to 12 m. [1] 

 



 

 

41 

 

The flanges are cut straight without any radius, but if the thickness exceeds 12 mm 

a bevel is required. Flange thicknesses vary from 8 to 50 mm. Konecranes uses L-

profile stiffeners in webs for buckling resistance and therefore some openings need 

to be cut to the diaphragms. The bevel on the top helps installation of the diaphragm 

between the backing-strips, which are welded on the flanges. Figure 21 shows the 

diaphragm used in box girder cranes.  

 

 

 

Figure 21. Konecranes cuts holes in diaphragms for longitudinal stiffeners. 

Diaphragms prevent the box from buckling [1]. 

 

The diaphragms have the same objective as L-profiled stiffeners: they prevent the 

box from buckling [1]. Diaphragms are welded with about 2000 mm distance from 

each other. 

4.3 Butt welding 

 

The plates are butt welded before the assembly of the box. The reasons for butt 

welding of the webs and flanges before assembly phase originate from quality 

issues and from simplifying the assembly process. If the butt welds are done during 

the assembly process, the heat conducted from the welding reduces the fatigue 

strength of the structure by half due to the permanent metal backing-bar that enables 

cracks to appear more often. The second reason is the quality of the weld that rarely 

needs to be repaired when welding with SAW before the assembly phase. 

Furthermore, when welding with mechanized SAW on a proper welding table, the 
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plates are pressed firmly, decreasing the possibility for distortion. The longitudinal 

stiffeners and backing-bars are difficult to weld, if the web or flange plates are not 

butt welded before the assembly. Material handling is also required less when butt 

welding is performed before assembly phase. Butt welding during assembly phase 

requires turning the box several times, thus increasing the throughput time. 

 

Webs and flanges are welded with JWP. Edges of the flange plates are laid down on 

the welding table, on top of the backing bar, over the backing bar groove. Sheets are 

adjusted straight with a proper root gap and a backing flux is spread to the backing 

channel. Support pieces are tacked to both sides of the flanges with MAG and the 

portals cylinders press the flanges firmly onto the table. The operator test drives and 

ensures that the welding head follows the root gap. After butt welding the flanges, 

the plates will be moved on the backing-strip welding table. Figure 22 shows the 

basic principle of the butt welding process against a copper backing.  

 

 

Figure 22. Butt welding against a backing bar and flux is efficient way of welding 

the plates with fever runs. Backing flux is spread tightly in the copper backing bar 

channel before the plates are adjusted in place. Welding flux is brought in front of 

the wire. [1] 

 

Run out pieces are necessary, because without the pieces the quality is not the same 

throughout the weld. Defects occur more often in the beginning and in the end of 

the weld due to the flow of the molten weld. It is recommended to use run out 

pieces of the same thickness, which will simulate an actual welding joint. When the 
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plates have a bevel, the pieces should be cut the same way as the actual joint. After 

the welding, the run out pieces are cut from the plate. Use of run out pieces 

decreases the repair time, since the defects would occur mainly in the run out 

pieces. 

 

Webs are welded in the same way as flanges, but the main difference is the camber, 

which must be taken into account. The welding bed has normally integrated 

stoppers installed in a row of 2000 m radius and the web plates are pushed against 

the stoppers firmly. There are also stoppers for the flanges and pushing the plates 

against the stoppers simplifies pre-installation phase. After the webs are butt 

welded, the long web plate will be moved on the longitudinal stiffeners welding 

table. Figure 23 shows the camber in the table. 

 

 

Figure 23. Butt welding table, in which the line for cambering has been made with 

removable pins. The plate is pushed against the pins, thus there is no need to adjust 

the plates. [1] 

  

Butt welded joint are examined with NDT, namely with ultrasonic testing (UT). ICP 

flange butt welds are checked 100 %, but with webs 100 % of the tension side is 

controlled and from the pressure side only 10 %. From the pressure side the 10 % is 

checked under the rail, because the pressure is highest there and it is the place, 

where fatigue crack can appear. Additionally the pressure caused by the carriage 

wheels increases the pressure of the web under the rail side. Figure 24 shows how 

pressure and tension side are defined. 
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Figure 24. Box girder crane has pressure and tension sides, which need to be 

checked with UT after welding. With webs 100 % of the tension side is controlled 

and from the pressure side only 10 % is checked. [1] 

4.3.1 Longitudinal stiffeners and backing bars 

 

Longitudinal stiffeners are welded on webs and backing bars on flanges after butt 

welding phase. The longitudinal stiffeners are welded to webs due to buckling 

resistance. Other side of the stiffeners is welded with staggered intermittent welds 

and the other side with continuous welds. From both ends the stiffener are welded 

with all around weld (Figure 25). 

 

 

Figure 25. The L-profile longitudinal stiffeners are welded with intermittent welds 

and both ends with all around weld. [1] 
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The welding is done on another welding table with mechanized MAG welding 

process. Stiffeners are L-profiles and they are welded with the same camber as the 

webs. Figure 26 illustrates how the L-profiled stiffeners are welded in production 

line.  

 

 

Figure 26. Longitudinal L-stiffeners are welded with the same camber as the web 

plate. [1] 

 

The backing bars are welded to the flanges, if full penetration is required and in 

some factories they are welded because it helps the assembly process. Usually the 

permanent backing bars are square shaped but in some factories round bars and L-

shaped strips are also used. The strips are tacked on the flanges and after that 

properly welded with automated MAG welding process. Figure 27 illustrates 

backing bars on flanges below. 
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Figure 27. Backing bars help the assembly phase and support the molten metal 

during full penetration welding. In this case the bar has a round shape and it cannot 

be used when welding full penetration fillet weld. [1] 

 

Round bars or L-profiles on flange plates aid the assembly process. These backing 

bars do not have sharp edges, which can complicate the installation of the bottom 

flange. Round or L-profiled backing bars cannot be used, when the box girder has 

full penetration requirement in fillet welds, because they do not support the weld 

the same way as a square bar does. 

4.4 Assembling the Box Girder 

 

After the butt welding, the box girder can be assembled. There are some variations 

how the box girder is assembled, but currently the most effective way is to begin 

from the top flange, in such a way that the box is in an upside down position. The 

top flange is laid to the assembly bed, which has either mechanical or hydraulic 

camber adjust in it. The assembly process has been made easier with an assembly 

portal, which moves on rails over the assembly bed. Figure 28 presents the box 

assembly jig (APM).  
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Figure 28. The box assembly portal makes the assembly phase easier and faster. The 

magnets help to straighten the web plate. [1] 

 

APM is a tandem portal with magnetic side pressing bars. Side press width is two 

meters, due to the diaphragm spacing, which is also two meters. Integrated magnets 

give an advantage to pull and push at the same time ensuring the straightness of the 

web plates. The flange is adjusted to the middle of the bed, because the pressing 

forces are equal on both sides, when using side pressing cylinders. The assembly jig 

has a vertical press, which is used also in rail and bottom flange installation phase. 

[1] 

 

The main reason for using box assembly portal is the increased efficiency in the 

assembly phase. In addition, the order of butt welding has influence on the final 
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product. If the plates are butt welded in the assembly phase, the tack-welds that 

hold the plates together may rip apart due to the distortion between the plates. 

Moreover during the pressing phase of the webs and flanges, the “extra part” of the 

plates is moved to the other end as the APM moves forward. This makes sure that 

there will not be any convexes or tensions in the structure. 

4.4.1 Diaphragms 

 

After the top flange is set on the assembly bed, the places for the diaphragms are 

marked and tack welded with MAG. When the diaphragms are adjusted straight, 

they will be welded with staggered intermittent welds. The height of the diaphragms 

is smaller than the height of the box girder, because the diaphragms cannot connect 

with the bottom flange when there is a load in the crane. This is also one of the 

reasons for assembling the box girder upside down. Larger diaphragms require a 

large jig to keep the plates straight during the tack welding. Figure 29 shows the 

welded diaphragms. 

 

 

Figure 29. The diaphragms are welded on the top flange before the webs are 

installed. [1] 
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4.4.2 Webs 

 

When the diaphragms are in place, the webs are lifted to both sides of the 

diaphragms. A jig, which is installed to the diaphragms, ensures that the webs do 

not fall during the assembly process (Figure 30). 

 

 

Figure 30. The assembly jig for the webs prevents plates from falling down during 

tack welding. [1] 

 

The box assembly jig presses the webs at the same time as they are welded to the 

diaphragms from inside. The diaphragms are normally welded only in a vertical up 

position with staggered intermittent welds, but some factories tack the diaphragms 

and turn the box girder to the side position for the final welding. Tacking is done in 

such a manner that the APM presses the webs from both sides against the 

diaphragms at the time as the vertical press keeps the webs firmly against the top 

flange. Next the webs are tack welded onto the top flange using the APM same way 

as described above. Figure 31 illustrates the welded structure and the use of the box 

assembly portal when welding diaphragms. 
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Figure 31. APM presses the webs firmly against the diaphragms and top flange, 

because welding requires tight fitting between all the plates. Web is pressed from 

lower part after which the process moves upwards and forward step by step. [1] 

 

Side presses are used for tack welding the diaphragms to webs and top presses are 

used for tack welding the webs to flanges. All the diaphragms are welded starting 

from top flange and then moving upwards. This is performed to all the diaphragms, 

after which the web plates are tacked to top flange. 

4.4.3 Bottom flange and flange extensions 

 

Bottom flange is installed by pressing it against the webs and tacked in a horizontal 

overhead position. The flange extensions are installed after the bottom flange and 

welded with MAG. Figure 32 shows the box girder with bottom flange and flange 

extensions. 
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Figure 32. APM is used during the flange extension installation phase. First the web 

is pressed and tacked below and then the upper part is pressed and tacked. [1] 

4.4.4 Rail 

 

Material of the rail is usually the same structural steel S355 as is used in the box 

girder. Butt welding of rail is done before the rail is welded onto the top flange. 

Before it is tacked, the box girder needs be turned the right side up. Assembly bed is 

straightened, in order that it will not disturb the welding process and there will not 

be any stress on the steel structure due to the camber. Furthermore a support piece 

must be put in the middle under the box girder, which assures that there will not be 

any deflection stresses.  

 

The rail is welded, depending on the design, to the other side of the flange, over the 

web. The rail needs to be as straight as possible and it is tacked only with spacing of 

two meters in the beginning. The two meter spacing is checked with a spirit level 

and adjusted, if it is not straight. When the straightness is confirmed, it is tacked in 

that area and the process is repeated. APM presses the rail firmly against the flange 

during tack welding to make sure the rail is properly attached, since the maximum 

air gap between the rail and the flange can be 1 mm. Figure 33 shows the box girder 

with the rail. 
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Figure 33. The rail is normally welded over one of the webs, if it is double girder 

crane. [1] 

4.5 Longitudinal Welding 

 

Longitudinal welding is carried out after the box is tacked completely. Tack-welds 

keep the box girder together, when it needs to be lifted and rotated. The longitudinal 

welding portal can be used on the same bed as the APM, but in some factories the 

box is turned on web plate for fillet welding. The automated welding machine in 

Hyvinkää can be used for rail and web welding, therefore enabling welding with 

three heads simultaneously. The welding process for the webs is single wire (4 mm 

thick wire) SAW and for the rail single wire (1.2 mm thick wire) MAG.  

 

The simplified longitudinal welding process consists of the following phases:  

 

1. Adjusting the welding heads, seam-tracking ball shaped head and flux 

feeders to the proper place 

2. Welding of the fillet welds 

3. Welding of second fillet, if needed 

4. Rotating the box girder around in order to weld the other side 

5. Repeat from phase 1. 

 

One of the most important parts in mechanized welding is to monitor the process. 

Operator monitors and makes required adjustments during welding and makes sure 
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that the flux does not end suddenly. Properly controlled welding process decreases 

the amount of mistakes that can occur during welding. 

4.6 Platform assembly 

 

Depending on the crane type a platform installation is required. ICS is more 

common to have a service platform. Welding the platform is performed mainly with 

MAG in a PB welding position. Depending on the crane, the platform can be a 

complex structure, which requires several assembly hours. 

4.7 Aligning of the Girders 

 

Aligning is the last phase before painting, mechanical and electrical assembly. In 

brief the aligning means that the aligning plates are welded to the both ends of the 

box girder. The end carriages are attached to the aligning plates. Aligning phase 

requires accuracy, because the end-carriages need to move on rails without any 

difficulties. Aligning itself is quite simple, but it inquires a lot of measuring and 

adjusting. Some difficulties occur during the aligning process, because the end-

carriage –types vary, each factory aligns in a slightly different way and a 

harmonized process is not yet developed. 
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5 CHALLENGES IN BOX GIRDER 

MANUFACTURING 

Konecranes has used the same box girder manufacturing process for many years 

and in a basic way it works as it should. Difficulties vary in each factory, mainly 

because the environment and assembly process is little bit different, but 

nevertheless some problems remain the same. One of the challenges is the welding 

knowledge, because in one factory welding is done without any problems, yet other 

factory strugglers with welding problems while using the same equipment. 

Instructions for butt and longitudinal welding are necessary for every factory, which 

in this case would be welding procedure specification (WPS). In addition to WPS a 

detailed documentation of the welding in production is also required.  

 

In the previous years a study of developing the steel structure of overhead crane 

was written. The study focused mostly on throughput time and different process 

steps. The most important thing about the report was that it showed how much time 

was used for nonvalue-adding work. This nonvalue-adding work referred to moving 

and turning the materials. In box assembly phase the time was 33 %, in web 

building 24 %, in flange building 29 % and in aligning 47 %.  Welding process time 

was ~5 % of the whole manufacturing and from that time around 10…12 % was arc 

time. The ratio between these numbers is still more or less the same, even if the 

tools for manufacturing are more developed. As can be seen from above, the time 

for welding is relatively low, but repair work due to poor welding quality can add 

up to tens of hours. [17] 

5.1 Welding distortions 

 

Inner tensile stresses in steel structures are formed in different manufacturing 

phases (plate milling, welding and cutting). Welding is the most common reason for 

inner stresses, which are formed, when locally heated area is trying to expand, but 

due to the surrounding cold material it upsets. Respectively, when the steel cools 

down, it tends to shrink resulting in tensile strengths in the weld area, which can be 
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equal to yield strength. The welding distortions are divided into two main 

categories, which are illustrated in Figure 34 below. [10] 

 

 

Figure 34. Welding creates lots of different kind of distortions that need to be 

straightened. [10] 

 

Distortions can be fixed by designing the structure in such way that the stresses are 

minimized, for example with correct welding order. The other method is to 

straighten the structure with heat. This method is based on heating of steel structure 

locally, in which case the cold area prevents the heated area from expanding and 

thus the heated area upsets. During the cooling phase the material shrinks, which 

results a tensile that straightens the structure. [10] 

 

In the main box girder welding process the challenge with distortions is present, 

because the steel structure is large and the welding process brings lots of heat to the 

structure. Welding order is always symmetrical in longitudinal welding, which 

decreases distortions, but not enough. The structure is straightened with heat, which 

increases the manufacturing time. In butt welding the amount of runs defines the 

level of distortion. With less runs the angular distortion decreases and vice versa. 

[1] 
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5.2 Longitudinal welding with submerged arc welding 

 

The weld under the rail needs to be fully penetrated, because of the fatigue strength. 

Cutting of a bevel is expensive, but welding full penetration without a beveling 

raises a challenge for some factories. Full penetration fillet weld without beveling 

can be achieved with the web thicknesses of 6 and 8 mm when welding with single 

wire SAW, but the possibility with twin wire SAW is not investigated. The reasons 

are not unambiguous, because many variables affect the welding, for example the 

plate materials, consumables, welding parameters and the operators experience. 

Figure 35 shows a proper fillet weld with full penetration when welding with single 

wire (4 mm) SAW. The back end of the web is melted and it passes the UT tests. 

 

Figure 35. Full penetration weld achieved with web of 8 mm. Welding process was 

single wire SAW. [1] 

 

The weld in Figure 35 is welded in Hyvinkää factory, where the box girder is turned 

on web in longitudinal welding phase. Therefore, the alignment is easier to adjust to 

the back end of the web plate. Twin SAW requires nearly a horizontal welding 

position when welding full penetration weld, because the box lies on flange plate. 
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5.2.1 Hot cracking with 10 mm web plate 

 

Welding classes SFS-EN ISO 5817 do not prohibit any cracks in the weld and 

therefore the defects need to be prevented. With the web thicknesses above 8 mm a 

hot crack appears due to too high width/depth-ratio of the weld and the stiff 

structure. Therefore, the web plate requires a bevel and also an air gap between the 

flanges. Making of the air gap increases the manufacturing time, because the gap 

affects two phases: assembly and longitudinal welding phase. In assembly the air 

gap is done by installing metal pieces under the web plate and in longitudinal 

welding it requires three or more runs due to the shape of the groove and the cross-

section, which needs to be filled. Figure 36 illustrates the difference of cross-section 

between two different kinds of joints that can be used with over 8 mm thick plates. 

[1] 

 

 

Figure 36. On the left side the cross-section of 10 mm web plate is 80 mm
2
, which 

requires several runs. On the right side the bevel and 3 mm root face decreases the 

cross-section down to 24.5 mm
2
. [1] 

 

As it is shown in Figure 36 above, in present the 10 mm web plate requires 80 mm
2
 

to be filled. The cross-section is decreased, when using a root face and removing the 

air gap between the plates. The amount of runs, the possibility for hot crack and 

welding distortions are decreased. [1] 
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6 WELDING EXPERIMENTS 

The challenges with welding are examined by doing tests with longitudinal welding 

portal. The point of these welding experiments is to find the parameters for each 

plate thickness. When a successful weld is made, it needs to be retested until it can 

be used in production. Experiment subjects of fillet welding are going to be the 

following: 

 Full penetration with 6 mm thick web and I-groove, Twin SAW process 

 Full penetration with 8 mm thick web and I-groove, Twin SAW process and 

single wire SAW 

 Full penetration with 10 mm thick web, 45° degree bevel and 3 mm root face 

without air gap, Twin SAW process 

 

Full penetration tests are vital for all the factories, because fillet welding requires 

the longest time from overall welding time. Although full penetration with single 

wire without a bevel is possible and used in some factories, a WPS that could be 

used in production is not made. The concerns of the full penetration tests are going 

to be the shape of the weld bead and the sufficient penetration. The goal for the 10 

mm web plate will be the elimination of hot crack and filling of the groove with as 

few runs as possible. As described before, hot crack can appear when the structure 

is stiff, and by using a 20 mm flange plate the possibility for hot crack to appear 

increases. Furthermore the joint type used in the tests will be 45° bevel and 3 mm 

root face. A comparison between single wire and twin wire SAW will be made with 

8 mm web plate. The goal is to see what kind of parameters single wire requires for 

full penetration compared to twin wire and is the single wire process more 

controllable than twin wire. 
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6.1 Test preparation for the full penetration fillet welds   

 

Test pieces used for the fillet welds were the following: 

 6 pcs. 6 x 100 x 1000 mm web plates, without a bevel 

 11 pcs. 8 x 100 x 1000 mm web plates, without a bevel 

 17 pcs. 10 x 100 x 1000 mm flange plates 

 10 pcs. 10 x 100 x 1000 mm web plate with 45° bevel and 3 mm root face 

 10 pcs. 20 x 100 x 1000 mm flange plate 

 27 pcs. 12 x 12 mm square backing bars 

 

10 mm flange plates were used with both 6 and 8 mm web plates, because usually 

when box girder has full penetration requirement the flange plate thickness is over 8 

mm. With the beveled 10 mm plate, a 20 mm thick flange plate was used, because it 

makes the structure stiffer and enables the possibility for the hot crack to appear. 

The test plates were assembled in such an order that the square backing bar was 

tacked on the flange plate and after that the web plate was tacked to the backing bar. 

Figure 37 illustrates the principle of the test piece.  

 

 

Figure 37. Number (1) is the square backing bar, (2) the web plate, (3) the flange 

plate, (4) the ball tracking device, (5) the welding torch and (6) the flux feeder. [1] 
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Fillet weld testing with Twin SAW was made with Konecranes joint welding portal 

in Konecranes box girder crane assembling line. The welding wire was 2 x 2 mm 

Esab OK Autrod 12.22 and welding flux was Esab OK Flux 10.71, which is 

designed for butt and fillet welding of mild, medium and high tensile steels.  

 

The test piece was pressed firmly against the welding bed and ground wires were 

attached to the web plate. The ball-shaped seam tracking device was adjusted near 

the joint in order to follow the joint during welding. 

 

After the welding tests the plates were cut smaller and the area of concern was 

cleaned with sandpapers and polished with a polishing wheel and alcohol. After 

which the area of concern was corroded with a mixture of alcohol and nitric acid. A 

clear coat was spread on the weld surface to ensure that it would not corrode and a 

photograph of the microsection was taken. 

6.1.1 Full penetration fillet weld for 6 mm web plate with twin wire 

 

Full penetration tests for 6 mm thick web plate were performed in two parts. The 

first part was done with an 800 A power source and with S355J2+N (0.18% C, 

1.46% Mn, 0.39% Si, 0.012% P, 0.01% S and 0.024% Cu) steel. The second part 

was carried out with 1000 A power source and with S235JR (0.14% C, 0.01% Si, 

0.4% Mn, 0.011% P, 0.012% S, 0.03% Al) steel. 

 

With the 800 A power source the main goal was to attain sufficient penetration, but 

also a clean connection between web plate and weld. The power source was 

insufficient, because the back end corner was not reached in all lengths of the weld, 

even when the maximum current was used during welding. Smaller, 800 A power 

source cannot provide constant current when welding long box girders, because the 

usage time ratio is 60 % with full load. This means that welding time would be 6 

min and rest time would be 4 min. Welding speed of 50 cm/min would result with 6 

min welding time about 3 m of weld. Therefore welding with low power source 
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would not be efficient. Respectively 800 A can be used for non-stop welding with 

1000 A power source.  

 

The best result with the lower power source is illustrated in Figure 38 and the rest 

figures are shown in Appendix 1. 

 

 

Figure 38. Test VIII (6 mm web plate) was the best result with the 800 A power 

source. [1] 

  

As it could be observed from Figure 38, the weld was located too much on the web 

side while it should have been more on the flange side. The penetration was barely 

sufficient and it may not be fully penetrated in the whole length of the weld. The 

shape of the bead was acceptable, since the connecting angle between flange and 

the weld was less than 80° (according to standard EN ISO 5817 weld class C 

requires connecting angle over 100°). There was not significant amount of 

undercutting in this test plate. The maximum allowed depth of undercutting can be 

0.5 mm. Undercutting depth of the test plate was below 0.5 mm, which fits to the 

margin. 
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Four test runs were made with the 1000 A power source and among the parameters 

the significant changes were the torch angle, welding current and the wire 

alignment. Torch angle was adjusted down to 55°, which was lower when compared 

to the first set of test runs. The wire alignment was dropped to ~1...2 mm to the 

web, because the first set of test runs showed that the alignment was too much on 

web side. Welding current was increased significantly compared to the parameters 

from Figure 38. Figure 39 shows the best weld of the second test part.  

 

 

Figure 39. The best weld when testing 6 mm thick web plate. [1] 

 

Figure 39 illustrates that the penetration was deeper than in Figure 38. The joining 

angle between the weld and the flange was around 65°, thus it was enough. The 

amount of undercutting was acceptable according to EN ISO 5817. The rest test 

results for 6 mm thick web plate of the second part are shown in Appendix 1.  
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Full penetration fillet weld tests for 6 mm web plate performed with Twin SAW 

were successful. The present power source LAF 1001, which is used in most of the 

factories, was sufficient for achieving full penetration, but the usage time ratio may 

not enough for non-stop welding according to the power source manufacturer. 

Achieved parameters require retests before making a preliminary welding procedure 

specification (pWPS), because the amount of undercutting was occasionally too 

high. 

6.1.2 Full penetration fillet weld for 8 mm web plate with twin wire 

 

Full penetration tests of 8 mm plate were done for S275JR (0.17% C, 0.01% Si, 

0.72% Mn, 0.012% P, 0.007% S, 0.035% Al, 0.012% Cr, 0.007% Ni, 0.01% Cu and 

0.002% Nb) by 1000 A power source.  

 

In the case of 8 mm thick web plate the full penetration was the main concern, but 

the bead shape was also under examination. Different wire alignments and rotations 

were tested in order to get many diverse test pieces. The position of the wires was 

examined in some of the tests. In Test III (seen in Appendix 2) the leading wire was 

adjusted lower than the following wire and in Test IV (seen in Appendix 2) the 

wires were reversed. Tests for different wire adjustments were also made. The 

second last test was made with the maximum possible current and the last one was 

tested by a combination of two different brands. The only test that had sufficient 

penetration was test number IX, which was performed with the maximum current 

that the power source LAF 1001 could offer. Figure 40 illustrates the result of this 

weld. 
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Figure 40. Test piece number IX and the best weld, when web thickness was 8 mm 

and flange thickness 10 mm. [1] 

 

Penetration reached the back end corner of web plate, as can be seen from Figure 

40. The joining angle of flange and weld was about 65°, which was enough for weld 

class C, according to standard EN ISO 5817. The back end was not melted 

smoothly, which could be a start point for a fatigue crack. This was resulting from 

poorly attached backing bar. On the positive side, the fillet weld did not have much 

of undercutting. Rest of the 8 mm full penetration fillet welds are shown in 

Appendix 2. 

 

Tests with 8 mm web plate were more challenging, in this case full penetration 

without a bevel required relatively high current. On the positive side the sufficient 

penetration was achieved, but as said before with 6 mm web plate, the parameters 

from the successful test need to be retested before pWPS can be made. 
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6.1.3 Full penetration fillet weld with 4 mm single wire 

 

Full penetration fillet weld tests with single wire SAW were made with S355J2+N 

steel (0.18% C, 1.46% Mn, 0.39% Si, 0.012% P, 0.01% S and 0.024% Cu), Esab 4 

mm wire OK Autrod 12.10 (0.08% C, 0.08% Si, 0.51% Mn, 0.01% P, 0.012% S, 

0.04% Cr, 0.03% Ni and 0.01% Mo) and Esab Flux OK 10.70 (common weld 

composition with OK Autrod 12.10 wire is 0.05% C, 0.5% Si and 1.7% Mn).  

 

As stated earlier, in production the fillet welding with single wire is done only when 

the box is lying on web plate, not when the box is lying on flange plate. A test run 

was made with the same setting as it was done with Twin SAW, when the box was 

lying on flange plate. The parameters were almost the same as in Figure 35, only 

the welding speed was increased and the wire alignment decreased by couple of 

units. Both plate thicknesses were 8 mm and the wire diameter was 4 mm. Test run 

is illustrated in Figure 41. 

 

 

Figure 41. Full penetration fillet weld (8 mm web thickness) with single wire was 

welded the same way as with Twin SAW. [1] 
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Penetration and shape of the weld were better than the ones obtained with Twin 

SAW, as it is shown in Figure 41 above. Welding current with single wire was 

significantly lower than with twin wire and the welding speed was almost on the 

same level, thus the heat input was decreased, which meant less heat impact to the 

steel structure and fewer distortions. Single wire process hardly caused any 

undercutting on web plate in comparison to twin wire. The difference between torch 

angle voltages and wire alignment was not so significant. 

6.1.4 Full penetration fillet weld with beveled 10 mm web plate with twin wire 

 

Full penetration tests for 10 mm web plate were made with S355J2+N (0.16% C, 

0.34% Si, 1.48% Mn, 0.017% P and 0.012% S). As described before, the current 

groove type Hyvinkää factory uses for 10 mm plates requires multiple passes. The 

idea was to use little bit different joint type and Twin SAW process, which allowed 

higher deposition rates compared to single wire SAW. In the first test run the goal 

was to achieve hot crack and therefore the wires were not turned in vertical 

position, but left in a horizontal position in such a way that the weld’s width-depth 

ratio would be as high as possible. First run was a positive surprise, because the 

joint was almost filled with one run, the weld did not crack and penetration was 

sufficient. Therefore the wires did not need to be turned into vertical position and 

the testing was continued with the same adjustment as when testing 8 mm web 

plate. 

 

The biggest problem of this thickness was to fill the groove by one run. Therefore 

different alignments and wire stick-outs were tested. Figure 42 shows the best 

result, which was test number IV. All other microsections of 10 mm full penetration 

welds are shown in Appendix 3. 
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Figure 42. This test plate is test piece number IV with 10 mm web plate thickness 

and 20 mm flange thickness. Web plate had a bevel of 45° and 3 mm root face. 

Penetration is sufficient and joining angle between flange and weld is about 70°, 

which is enough for weld class C. [1] 

 

As can be observed from Figure 42 above, the penetration reached the back end 

corner of the web plate. Hot crack did not appear during the welding, but the test 

plates are several times smaller and may not simulate actual box girder so 

realistically. The deposition rate was barely sufficient with twin wire and 

occasionally the groove was not filled entirely.  

 

Next step with this groove type is going to be a full penetration fillet weld test with 

single 4 mm wire. Cost for cutting the root face to the plates is most likely less than 

building the box girder in the same way it is done in present. The parameters with 

Twin SAW require retesting before they can be used in production. 
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7 CONCLUSION AND FURTHER DEVELOPMENTS 

The results obtained from full penetration fillet welding were good both with single 

wire and twin wire. Full penetration was achieved for all test thicknesses, but used 

parameters need to be retested several times before pWPS can be made. During the 

testing some challenges occurred, especially the insufficiency of the power source, 

which is currently 1000 A. This insufficiency was proved when testing 6 mm web 

plate with 800 A power source and 8 mm web plate with 1000 A. Only one test 

plate had barely enough penetration when using the maximum current with 8 mm 

web plate. Welding with maximum current is not possible with 1000 A power 

source due to the operation time ratio of the welding machine. Currently the 

manufacturer of the welding equipment has defined that the operation time ratio is 

60 % when welding with full power. This means that the machine can be used only 

six minutes and four minutes it has to be idle. When the welding speed is from 50 to 

70 cm/min, it is impossible to weld whole box girder with a smaller power source. 

Therefore a larger power source is required when welding web plates without a 

bevel.  

 

With single wire SAW the penetration and the bead shape was better than with twin 

wire SAW. Sufficient penetration was achieved with less amperage when welding 

with single wire than with twin wire SAW, so it puts less heat to the structure. This 

means that 1000 A power source was sufficient when welding 8 mm web plate and 

the need for changing the power source would not be necessary.   

7.1 Further developments 

 

As stated before, the main development plan was to ensure that the welding quality 

with the longitudinal is on the required level every time and in each factory. To 

achieve the quality level demands retesting of the parameters and making a pWPS 

for them. In addition to longitudinal welding, there are a lot of development issues 

in butt welding and in material handling. The following subsections will present 

some problem points and development suggestions for the box girder crane 

manufacturing process. 
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7.1.1 Replacing Twin wire with single wire 

 

In the chapter 6.1.3 one could observe that the result achieved with single wire was 

better than with twin wire from chapter 6.1.2. Full penetration required less 

amperage with single wire and it brought less heat to the steel structure. Single wire 

SAW has a lot of advantages in fillet welding, because 4 mm wire is more common 

in global markets than 2 mm wire, thus the price of the wire can be lower and the 

suppliers can provide it with less effort. The implementation of parameters in 

different factories would be easier with one wire, because the wire position of twin 

wire changes in each welding machine. Lastly the present 1000 A power source 

would be sufficient for single wire, but not for twin wire. The disadvantages with 

changing to single wire process are that the wire feeding system and all the WPSs 

require an update, which increase costs. Nevertheless the costs for wire feeding 

system and WPSs are lower than when changing to bigger power source. The 

benefits support replacing twin wire SAW to single wire SAW, but the parameters 

from single wire testing require retesting before the replacement can be 

implemented.  

7.1.2 Butt welding with single wire submerged arc welding process 

 

Butt welding over 12 mm thick plates require a root run from other side due to 

distortion and lack of penetration. The manufacturing time is increased due to the 

plate turning operation, because plates are usually more than 20 meter long and 

turning requires lots of time. The need of turning is eliminated with one side 

welding and turnaround time is decreased also. One side welding can be achieved, 

when proper groove dimensions and welding parameters are used. This means that 

the first pass welds the root and rest passes fill up the groove. One side welding has 

a decreasing effect on manufacturing time in many ways, for it eliminates turning of 

the plate and plasma marking of diaphragm places can be utilized more efficiently. 

Plasma marking is explained later in chapter 7.1.5.  

 

Copper backing bar is required in one side butt welding and backing flux helps to 

support the melt weld. Too loosely spread flux results a poor appearance and quality 
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in the root weld. Therefore the backing flux needs to be spread tightly in order to 

support the melt. A firm flux layer can be achieved as follows:  

 Spreading the backing flux into the copper backing bar channel 

 Cleaning the extra flux off with a special tool that leaves a convex layer. 

 Installing the webs/flanges in such a manner that the plates squeeze the backing 

flux tight 

 

Amount of joint types is decreased by one side welding, which simplifies butt 

welding of over 12 mm thick plates. Plates, whose thickness is below 12 mm thick, 

are butt welded to an I-groove and over 12 mm thick plates are welded to a V-

groove with a root face. The main problem of plates over 12 mm is the height of the 

root face, because with thicker materials the heat is conducted more efficiently 

away from the welding event. Therefore the welding parameters for I-groove cannot 

be used for Y-groove. For example if the root face is 6 mm the parameters used for 

6 mm butt weld with I-groove cannot be used, because the root side will not be 

enough penetrated. Also there can be a problem with the flux that burns to slag due 

to too high heat input. This means that either the root face or the heat input needs to 

be decreased. In the future the areas of concern in butt welding are going to be the 

following: 

 The design of the start and end piece + fixing the pieces to the plate 

 The tightness of the backing-flux 

 Groove design for flanges with thickness above 16 mm 

 

Run out piece design is important in butt welding, because the effect of different tab 

shapes affect the weld quality. The tightness of the backing flux affects the shape 

and quality of the root side. Backing flux tightness is going to be tested in three 

parts with different kind of spreading, one with loose flux, the second with the 

convex and the last with tight + convex. 
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7.1.3 Butt welding with three headed submerged arc welding process 

 

Three headed SAW process allows welding of plates up till 20 mm with only one 

run. The wires are aligned in such a order that the first one makes the root pass, the 

second one fills the groove and the third one makes the final pass. One significant 

advantage with this process is that there is no need for bevel and the welding is 

done to an I-groove. The amount of runs is decreased significantly, due to the fewer 

runs, so the angular distortion decreases. Nowadays the welding of thicker flanges 

is done with multiple runs and with each run the weld must be cleaned, which 

increases the throughput time. This process could be used specifically when 

welding bigger box girders, because small girders can be welded with the current 

JWP.  

7.1.4 Plasma marking the top flange 

 

Plasma marking of the diaphragm places is quite simple and achievable with 

present plasma cutting equipment. The places of the diaphragms are shown in the 

drawings of the box girders. After the plates are cut the plasma marks the places of 

the diaphragms with the plasma equipment according to the drawings. These marks 

decrease the installation process of the diaphragms, because currently the welder 

does the marking manually with a tape measure. In present, the measuring phase 

takes about 30 minutes depending on the welder. Therefore the cost for the plasma 

marking must not be high. In Finland the price for the plasma marking is 6 €/plate 

plus 0.64 €/marked meter and for welder the hourly wage is about 33 €.   

 

A top flange from a box girder was marked with plasma with fine-beam plasma. 

Flange was 29 m long and 0.5 m wide and there were 13 markings on the plate. The 

cost for the marking was 12.5 € and variable costs from the welder’s salary are 

about 33 € so the savings from the marking are only 4 €. The savings would be 10 € 

if the marking is done only to the both ends of the flange with the length of 50 mm. 

The calculation is shown in Table 3.  
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Table 3. Savings in the plasma marking. 

  

 

From Table 3  it can be observed that the savings are not really high, but if the 

factory produces 1000 boxes per year the savings will be about 10 000 €. The 

savings per year are not high but the quality issue may be more important. When the 

welder measures the diaphragm places, there can be a mistake in the measurement 

and the diaphragm would be welded in the wrong place. On the other hand if an air 

gap is needed in the welding, it will move the diaphragms from their original 

places. This is not so much of a problem with ICP, because the tolerances forgive 

misalignment of 2...3 mm, but with ICS the tolerances are stricter. In addition there 

is a possibility that the plate supplier makes a mistake with the markings, but with 

the calculation one must assume that the plates are correctly marked. 

 

Another problem of the markings is that the plates need to be delivered in a right 

order, without the need for plate sorting. If the plates are mixed, the places of the 

diaphragms could be mixed also. The amount of savings depends greatly on the 

plate supplier, variable costs from the welder’s salary, box girder types and the 

volume of the factory. 

7.1.5 Material handling and inside welding 

 

Material handling takes the longest time in the assembly process. This handling 

refers to lifting or turning the flanges and webs in the welding process and after that 

moving the plates to the assembly process. After the assembly process the box is 

rotated in the longitudinal welding phase. The factory layout, lifting capacity and 
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the work load are also remarkable factors when talking about fluent material flow. 

Two layouts are recommended for box girder manufacturing process: U-shape and 

flowing through. With these layouts the unnecessary material handling is minimized 

and the process focuses more on manufacturing. 

 

When the plates are delivered to the factory, they need to be sent from the plate 

supplier in the proper order in order that the lifting to the welding table can be done 

without any sorting. After continuing the plates, they are lifted to the storage racks, 

which are next to the assembly bed.  

 

The lifting of the full length flanges and webs can be done with different methods. 

Some factories use long lifting beams with multiple clamps and other factories use 

several cranes. Using only cranes for the lifting reserves lifting capacity 

temporarily, which may slow down some phases in the assembly process, but the 

biggest handling problem is the box rotating. 

 

While the box rotating is quite fast operation, adjusting the chains and cranes for the 

rotating process take a lot of time. Rotating of the box is done several times, for 

example in Hyvinkää factory, because when the webs are installed and tack-welded, 

the girder is laid to its side and welded from inside for the final welding. This 

process is repeated and after that the bottom flange is installed. Then the girder 

needs to be turned again for the rail welding. After rail welding the box girder is 

moved to the longitudinal welding area and there it needs to be turned two times.  

 

This handling problem could be solved with an automatic solution that can weld 

inside the box. The problem with automating the inside welding is the longitudinal 

L-stiffeners. These stiffeners are hard to weld for example with a welding robot. 

The robot can weld inside, as long as it has seam tracking devices, but without 

proper tracking it is nearly impossible. This means that the robot would need a 

secured manufacturing area and it is used only after the webs are already tack-

welded inside. This also creates more problems, because the APM is used in the 

tack welding phase and it cannot operate at the same time with the robot. One major 
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challenge is the spacing of the diaphragms, because while the spacing is about 2000 

mm, it is rarely exactly the same with each crane. This is why the programming 

needs to be done to each box girder and it takes some time to program a new box 

girder to the robot. 

 

Another idea for solving the handling problem and inside welding was introduced 

by a company that made manufacturing solutions for crane builders. The companies 

had designed and built an assembly/welding portal, which could be used in box 

girder manufacturing process. The portal pressed the webs and flanges at the same 

time while four MAG welding heads welded the longitudinal fillet welds 

simultaneously. Welding quality of the product was questionable, because welding 

in a horizontal overhead position may result insufficient penetration. The machine 

had also a jig that adjusted the diaphragm onto the flange and welded it from both 

sides with MAG. These ideas could be implemented in the future in Konecranes 

assembly portal. 

7.1.6 Use of high strength low-alloy structural steel and low heat input process 

 

From welding point of view many things require a change if high strength low-alloy 

structural steels are used in box girder cranes. Different steel suppliers and 

manufacturers describe weldability of these steels to be good, because the steel 

contains low amount of carbon and high carbon composition reduces weldability. 

On the other hand high strength steels allow fewer cracks and permanent strain after 

rupture is significantly smaller than with common structural steels such as S355. 

Therefore the amount of tensile increases and the cold cracking would be an issue 

when welding these steels. Preheating, heat input and content of hydrogen in 

consumables needs to be taken into account for these reasons. First two of these are 

quite hard to implement. Preheating the box girder is difficult due to the steel 

structure, especially in longitudinal welding. Steel suppliers give upper limit for the 

heat input during welding, which can be 0.5 kJ/mm or less. In the present the heat 

input varies from 2.5 to 3.5 kJ/mm, which is almost 5…7 times higher than it is 

recommended for high strength steels. The use of high strength low-alloy structural 

steels would be beneficial, but it would require low heat input process. 
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Low heat input process such as laser-MAG-hybrid offers higher welding speed and 

lower heat input, which in turn decreases the amount of distortions. The hybrid 

welding process could be used even for basic structural steels, but the investment 

for the welding equipment is quite high for now. Also the process requires high 

accuracy joint preparation, which can be achieved with a milling machine. In the 

future the use of laser-MAG-hybrid would become more topical, when the cutting 

quality of the machines is increased and the investment cost for the welding 

equipment decreased. 
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8 SUMMARY 

Huge steel structures create logistic problems, which in turn demand a factory to be 

located near the evolving markets. Konecranes Corporation has 16 own factories 

worldwide, in which the circumstances and welding knowledge differ widely. The 

company has a goal to achieve same high quality in all the factories, regardless of 

the manufacturing place. Achieving the required quality in first time will decrease 

the throughput time and manufacturing costs, but it demands right parameters, 

cutting quality, consumables and knowledge in welding.  

 

Konecranes uses in most factories the twin wire submerged arc welding process for 

fillet welding, because the productivity is high with two wires and allows high 

welding speed. Achieving full penetration with twin wire process in a I-groove has 

not been investigated before in the company and therefore many factories face 

difficulties with the full penetration. 

 

The aim of this thesis was to achieve full penetration fillet weld for 6 and 8 mm 

thick web plates to an I-groove. A possibility to achieve full penetration for 10 mm 

thick web plate with a 45° degree bevel and a 3 mm root face was also examined. 

Cutting the bevel in web plates increases the manufacturing costs and may require 

several runs for filling up the groove. This thesis compared also penetration and 

welding parameters between single wire and single wire submerged arc welding 

processes. 

 

Full penetration fillet weld was achieved in all web thicknesses, both with single 

wire and twin wire submerged arc welding processes. Penetration with twin wire 

SAW for 6 mm web plate was clearly sufficient and for 8 mm plate it was enough, 

but could be even more. 10 mm thick web plate was also fully penetrated and the 

groove filled, but in some cases the deposition rate was not sufficient enough. Full 

penetration for 8 mm plate was also achieved with single wire SAW and the 

amperages were significantly lower compared to twin wire process. 
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Twin wire SAW required the maximum current from the power source for 8 mm 

web plate, which could not offer continuous power during welding due to the usage 

time ratio. With single wire SAW the required amperage was significantly lower, 

which in turn was enough for welding continuously. In the future, the fillet welding 

process is most likely changed to single wire SAW, because the penetration can be 

more controllable, the availability of the wire is more common and it is cheaper to 

change only the wire feeders and torch than the power source. 
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APPENDIXES 

 

1. Full penetration fillet weld with twin wire and 6 mm web plate 

2. Full penetration fillet weld with twin wire and 8 mm web plate 

3. Full penetration fillet weld with twin wire and 10 mm web plate 
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Appendix 1: Full penetration fillet weld tests with twin wire and 6 mm 

web plate 

 

 

Figure I. Test plate I with 800 A power source. Web plate thickness was 6 mm and 

flange plate is 10 mm. Penetration on flange plate is insufficient and although it 

looks to be fully penetrated, it is only because the backing bar did not support the 

melt properly.  
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Figure II. Test plate II with 800 A power source. Web plate thickness was 6 mm and 

flange plate is 10 mm. Penetration is lacking on the back end corner and on flange.  
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Figure III. Test plate IV with 800 A power source. Web plate thickness was 6 mm 

and flange plate is 10 mm. Penetration on flange plate is too low and the back end 

corner is barely melted.  
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Figure IV. Test plate V with 800 A power source. Web plate thickness was 6 mm 

and flange plate is 10 mm. The parameters for this test run are the same as for the 

test eight in Figure 38, but the final result is different. This means that overall the 

parameters are not high enough to get full penetration with the lower power source.  
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Figure V. Test plate 1 with 1000 A power source. Web plate thickness was 6 mm 

and flange thickness 10 mm. Penetration is sufficient, but the undercutting is too 

deep.  

 



Appendix 1 – 6  

 

 

   

 

Figure VI. Test plate 3 with 1000 A power source. Web plate thickness was 6 mm 

and flange thickness 10 mm. Shape of the weld is good, but the penetration is 

lacking on the back end corner due to the high welding speed.  

 



Appendix 1 – 7  

 

 

   

 

Figure VII. Test plate 4 with 1000 A power source. Web plate thickness was 6 mm 

and flange thickness 10 mm. This test was made with Lincolnweld® 760 flux and 

Oerlikon OE-S2 wire(C 0.08%, Mn 1.05%, Si 0.12%, S 0.026%, P 0.013%, Cr 

0.04%, Ni 0.06%, Mo 0.02%, Cu 0.13%, Al 0.002%, Sn 0.007%), because one of 

the factories uses this combination. Parameters were the same as with the test 2 in 

Figure 39, but the joining angle is too steep between flange and the weld.  
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Appendix 2: Full penetration fillet weld tests with twin wire and 8 mm 

web plate 

 

 

Figure I. Test plate I with 8 mm web plate thickness and 10 mm flange thickness 

The penetration reaches almost the back end corner, but there is too much of 

undercutting on web plate.  
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Figure II. Test plate II with 8 mm web plate thickness and 10 mm flange thickness. 

Joining angle between flange and the weld is quite steep and penetration is lacking.  
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Figure III. Test plate III with 8 mm web plate thickness and 10 mm flange 

thickness. Leading wire was adjusted lower than the following wire and although 

the penetration decreased because of that, the penetration on flange plate is good. 

Also the bead shape is not optimal between web plate and weld.  
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Figure IV. Test plate IV with 8 mm web plate thickness and 10 mm flange 

thickness. Joining angle between flange and the weld is too steep and there is a 

defect on the weld. In this test the leading wire was higher than the following wire, 

resulting higher penetration on the web plate than on the flange plate. 
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Figure V. Test plate VI with 8 mm web plate thickness and 10 mm flange thickness. 

Joining angle between flange and the weld is too steep and penetration is lacking 

couple of millimeters. Nevertheless the alignment is on the right place and 

penetration in flange plate is good. 
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Figure VI. Test plate VII with 8 mm web plate thickness and 10 mm flange 

thickness. This test run was made to demonstrate what kind of affect the wrong wire 

alignment has. The shape of the weld is good, but the penetration lacks too much. 
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Figure VII. Test plate X with 8 mm web plate thickness and 10 mm flange 

thickness. Joining angle between flange and the weld is too steep and penetration is 

lacking little bit. In this test the wire-flux combination was with Lincolnweld® 760 

flux and Oerlikon OE-S2 wire, which were the same in Figure VII from Appendix 

1. 
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Appendix 3: Full penetration fillet weld with twin wire and 10 mm web 

plate 

 

 

Figure I. Test plate IX with 10 mm web plate thickness and 20 mm flange thickness. 

Web plate had a bevel of 45 degrees and 3 mm root face. Penetration is sufficient, 

but occasional undercutting was found. 
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Figure II. Test plate VII with 10 mm web plate thickness and 20 mm flange 

thickness. Web plate had a bevel of 45 degrees and 3 mm root face. Penetration 

seems to be sufficient, but the bead shape is not good due to the undercutting. 
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Figure III. Test number X when welding 10 mm web plate with 45 degree bevel and 

3 mm root face. Shape of the weld is good, penetration sufficient, the groove is 

filled and the weld did not crack during welding. Only negative thing was the 

occasional undercutting and the small cavity on back end of the weld.  
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Figure IV. In test piece 15 the wires were turned to vertical position. Web plate 

thickness was 10 mm and flange thickness 20 mm. Web plate had a bevel of 45 

degrees and 3 mm root face. The weld is little bit wider compared to previous tests, 

but the penetration is highly lacking. Also there is quite deep undercutting on web 

plate. 

 

 

 

 


