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liitosten suunnitteluohjeelle. Uuden suunnitteluohjeen avulla, käsitellyt hitsatut liitokset voi-
daan suunnitella nopeammin ja tarkemmin. Työssä käsitellään valikoidut liitokset ja luodaan 

laskentapohjat kyseisten hitsien kapasiteettien ja mittojen arvioimiseksi. Työhön sisällyte-
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This thesis is studying the increasing of efficiency in designing of welded joints in house 
building and civil engineering field. The objective is to increase the efficiency of working 
of structural designer by creating a design guide for certain carefully chosen welded joints 

to be used inside the associate companies. The joints are either regularly occurring or special 
so that they can be assumed difficult to apply the standards in the design. The study is con-

ducted by reviewing the existing literature on the topics of optimizing the welded joint de-
sign in structural engineering. Using the resulting design code will be increasing the effi-
ciency of designing welded joints by increasing the speed of calculations and information 

searching. The thesis is including an analysis of the chosen welded joints and detailed cal-
culation tables are created for estimating the weld strength and dimensions. The thesis will 

be included with relevant depth for civil structural engineer topics such as welding tech-
niques, limitations, and restrictions as well as possibilities. This study is contributing to the 
sustainable development principles which both associate companies are also committed to 

in their everyday business. The resulting design code is assumed enhancing the efficiency of 
designer’s work by reducing the lead time of design. In other words, the welded details are 

supposedly designed quicker as well as more optimally resulting reducing material and time 
usage. Using the tailormade calculation forms and methods the errors in calculation can be 
assumed reduced and the accuracy increased both of which can be assumed decreasing the 

total costs of a welded joint. In addition, guiding the designers towards more sustainable 
solutions regarding the welded details by creating a detailed design guide it can be assumed 

the most efficient way of increasing the sustainability of designing welds.  
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1 INTRODUCTION 

 

 

The objective of this research is to study, improve, optimize, and eventually harmonize the 

designing of welded joints inside the associate companies. This research will increase the 

knowledge of welding and welded structures inside these companies. The designing will be 

enhanced by creating a design code for the most needed welded joints in their everyday 

business. The design code will be including simple and easy to follow instructions and guide-

lines of how to design and dimension the studied joints optimally. This way the lead time in 

design of those most needed joints will be reduced as well as the joints capacity and effi-

ciency of the overall process can be proven sufficient. 

 

This research is conducted in tandem with engineering and consulting offices Vahanen 

Suunnittelupalvelut Oy and Peikko Finland Oy. Vahanen Suunnittelupalvelut Oy is a finnish 

engineering and consulting office and it is a part of the Vahanen Group. Main field of busi-

ness of Vahanen Suunnittelupalvelut Oy is structural engineering in both designing new and 

renovation of old buildings. Peikko is participating in the thesis by sharing the strong 

knowledge of engineering and welding in the manufacturing point of view and due to the 

strong cooperation with Vahanen. Vahanen and Peikko are sharing the challenging and in-

teresting design cases they have come up with, so the design cases to be studied can be 

chosen as effective as possible to enhance the designers work and outcome in both compa-

nies. 

 

1.1 Research background 

The initial task or need for this research occurred as it was recognized that there are lot of 

company-wide design codes except one for specifically designing of welded joints. Due to 

not having such design code the designers are relying on standard databases and universal 

design codes when designing and dimensioning welds. It is assumed time consuming when 

comparing to having a designated and detailed design guide for the regularly needed joints. 

The study on the most needed welded joints is producing an improvement in knowledge on 

the material and time usage as well as an improvement on the general knowledge of welding 

metal materials for the associate companies. 
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1.2 Research problem 

The most widely used construction material in civil engineering is concrete (Concrete’s role 

in helping to achieve the United Nations Sustainable Development Goals (SDGs) 2020) and 

therefore the challenges of welding metal materials may be less understood in civil structural 

engineering. This lack of knowledge and expertise is enabling the possibility of material 

being wasted due to overly high-capacity joints leading to excessive use of resources such 

as material and time. Respectively it might be that the joints are insufficient in capacity if 

the factors governing the dimensions are not carefully taken into account which is generally 

an unwanted situation regarding the stability and safety of the overall structure. Special steels 

and mixed material joints are difficult topics but still occasionally needed in design of build-

ings and structures so this research will be included with an overview of welding special 

steels. Especially at renovating sites, it is rather problematic to find out the information of 

the material at hand, and is it allowed to be welded without restrictions so at least a basic 

knowledge of welding special steels is required. There is also a need for integrating the de-

sign drawings regarding weld markings and the resulting design code will be contributing to 

this need also. There is a fundamental challenge for the designers to understand the total 

costs of their designs. This is for example appearing as excess inspections of the welds due 

to lack of understanding the costs of inspecting. One might think that inspecting all welds is 

safe and indisputably that is the case regarding safety. However, inspecting every single 

weld of a structure with the most accurate methods is rarely even possible also potentially 

being extremely expensive. In the field of the associate companies, the batch sizes of welded 

joints are generally small, the welds being specific and mostly individual. Therefor optimiz-

ing the actual designs of every single designed welded joint is not relevant but introducing 

the methods and guiding the designer towards more optimal and at the same time more sus-

tainable thinking during the design process will be a significant factor in creating more op-

timal and sustainable solutions regarding welds. 

 

1.3 Goals 

The objective of this research is to produce the supporting material and information for a 

design code that will be functioning as the baseline for designing the most regularly needed 

welded joints in the businesses of the associate companies. The design code will be including 

the information of how to design and what factors to consider when choosing a weld for the 

design problem at hand. The joints that will be studied in this research will be surveyed from 
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the experts of associate companies via interviews. The resulting guidelines for designing the 

welded details will be enhancing the overall design work due to the time being saved in 

searching the relevant information from the databases and literature. Also, as the joints are 

thoroughly studied it can be better ensured that the capacity of the joints is optimal and there 

is minimal amount of excess welding. As the welding of stainless steels is studied it can be 

ensured that the designers are aware of the specialties and restrictions of using these special 

steels in their designs. As a goal can also be considered the upgrading of the designers’ 

knowledge of welding and especially finding and pointing out the level of difficulty when 

the welded detail requires more enlightened attention from specialized welding engineer. 

 

A secondary objective is the attempt to change or guide the opinions and decisions of modern 

designers and engineers towards more sustainable way of thinking by creating more optimal 

joints and welds regarding material and time. These aspects combined are adding up to the 

interesting question of how much actual savings can be achieved by enhancing the working 

in both design and manufacturing of welds in civil engineering. Especially the fact that with 

certain choices the designer can have a massive effect on the sustainability of the designs. 

However, the optimization of material usage is not necessarily leading to the most optimal 

joint. This is due to the increasing inspection demands when the usage ratio is increased.  

 

This research is contributing to the principles of sustainable development by trying to find 

ways of reducing the excess material use in welds as well as reducing the lead time in design 

and eventually manufacturing of the joint. Vahanen and Peikko are valuing the environmen-

tal policies highly and the sustainability in constructing is considered in the principles of 

working. Vahanen has been granted the EcoCompass certificate for determined work regard-

ing the sustainability. Peikko is also well known for enforcing the sustainability aspects. The 

business and the products are certified to the ISO 14001:2015 environmental management 

system standard. Therefor enabling and conducting this thesis they are both contributing to 

the sustainable development in constructing. 

 

1.4 Research questions 

This research is answering to the questions of general optimization in the field of structural 

engineering. Especially in construction business and civil engineering where the structures 

are usually somewhat conservative and large safety is generally not a problem.  
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- What type of tool or method is suitable for achieving the objective of the thesis? 

- How to define the design criterion for the chosen design cases? 

- What is relevant information and how it is presented in the actual design guide? 

 

1.5 Research methods 

This research will be based on the design cases achieved by interviewing the experts from 

Vahanen Suunnittelupalvelut Oy and Peikko Finland Oy about the regularly occurring or 

challenging welded joints. The interviews will be included with the inquiry of the present 

methods and principles of designing the welded joints at this moment. The specialists of 

designing welded joints are sought inside the companies and their tacit knowledge is also 

being utilized in solving the design problems in accordance with the latest design standards. 

The design problems are studied thoroughly based on the existing literature and the most 

optimal way of designing the joints are reported to form the basis of the new design code. 

The literature is reviewed focusing to the existing design softwares and methods for design-

ing welded joints, material and time usage in the design process, welding of stainless steels, 

the heat input of welding to the adjacent concrete material and the costs of a weld to the 

overall structure.  

 

1.6 Limitations 

The materials considered in this research are structural steels from the conventional strength 

grades such as S235 up to S700 that are also applicable in the modern standards. The loading 

cases are static so this research will not be including dynamic loads or fatigue assessments. 

This research is focusing on enhancing the designer’s work. The resulting designs and draw-

ings of the structural engineers inside the associate companies are harmonized due to the 

guidance of this design code. The suitable welding processes are depending on the design 

problem so it will be defined individually in each case how the joints should be designed to 

make it in the most optimal way. Also, this design code is not supposed to be replacing the 

need of specialized welding engineer when one is needed. The design code will be pointing 

out the frames where and when the structural engineer should seek advice and guidance from 

specialized welding engineer. 

 

This research is conducted keeping in mind that the design processes are being automated 

all the time. This research is not aiming for a fully automatized design code and calculations, 
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but the idea and the need has been recognized. Therefor the resulting design code will be 

constructed in a way that it could possibly be automated even further with either separate 

software or implementation to existing software. 
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2 RESEARCH METHODS 

 

 

This chapter is introducing the methods used in this research. It is divided into sections that 

are interviews, literature review, and overview of analyzing the case joints. The interviews 

will be including the descriptions of how the design problems and the case studies were 

found and what were the governing factors to choose the suitable cases. The literature review 

section will be focusing on the reviewing of theories from literature around the topic of this 

thesis. Main topics for the literature review are the basics of welding, fundamentals of 

welded joint design, sustainability and economy of welding and welded joints, the heat input 

effect on adjacent materials especially concrete, existing design softwares for welded joints 

and the usability of them, factors that designer must consider in preserving the welded joint 

and finally the welding of special and dissimilar steels. The design cases are described and 

studied in detail in chapter 3. A list of related standards that are found out during the work 

is compiled and presented in the Appendix I. 

 

2.1 Expert interviews from Vahanen and Peikko  

The interviews were conducted via e-mail to the associates in both companies. The objective 

of the e-mail interview was to find out relevant and actual design problems that the inter-

viewees have come across with. The interviewees from Vahanen were chosen based on the 

recommendations of the Team leader of steel structures designing Mari Heino. The acquisi-

tion of the design problems on behalf of Peikko was conducted by Business Manager Juuso 

Salonen.  

 

Juuso delivered three potential design cases that were partially originating Peikko’s office 

in Lithuania. The cases included a longitudinal welding of arbitrary shaped bending loaded 

beam, welding of a plate stiffener to increase buckling capacity and the welding to the Peikko 

trademark Welda® connecting plate. Especially the heating effect of welding to the adjacent 

material of the connecting plate which is concrete where the plate is anchored. 

 

The experts from Vahanen Suunnittelupalvelut Oy provided the rest of the design cases. The 

number of possible cases was substantial, so limiting had to be done. All the acquired design 

cases were put to an initial list which was then processed to find out the most relevant cases 
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in cooperation with Kari Saarivirta and Mari Heino from Vahanen. Also, the cases that could 

be combined to a bigger and more general entities were considered. The list of cases origi-

nating from Vahanen: 

- Welding of web and flange stiffeners to I/L -profiles 

- Welding of rebar and threaded rod 

- Welding of inner tapped bushing and nuts 

- Welding of structural tubes in truss and frame structures 

- Welding of diagonal bracing joining plate 

- Welding of arbitrary size and shaped plate 

- Welding of thin plate 

- Design of welded console 

- Welded modifications of continuous profile 

- Welding of stainless and dissimilar steels 

- Shear stud weld design 

 

2.2 Literature review 

This chapter will be introducing the theories supporting the topic of this thesis. The existing 

literature is reviewed regarding the basic knowledge of fusion welding, basics of welded 

joint design, referencing the load bearing capacity calculations according to the EC (Euro-

code) -standards. Introduction to welding classes, execution classes, welding positions and 

symbols. A review of the effects of the welding heat input to the adjacent material especially 

concrete. The sustainability of welding and designing of welded joints is reviewed. A search 

and a brief study of existing softwares applicable for design of welded joints is conducted. 

The post welding treatments for the metal surface is reviewed. The metallurgical effects of 

welding at the joint area are briefly introduced due to the possibility of detrimental micro-

structural alterations can be caused by welding when not considering the metallurgy at all. 

 

2.2.1 Basics of fusion welding 

Fusion welding is a joining method where energy, in the form of heat, is focused on the 

material surface to achieve high enough temperature to locally melt the material thus creating 

a continuity between the parts (SFS-EN 3052:2020 2020, p. 5). There is a growing number 

of different welding processes but the widely used welding process in heavy industry and in 

the field of structural engineering is arc fusion welding and especially GMAW (Gas Metal 
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Arc Welding). The GMAW welding process is based on an electric arc having high enough 

energy density to achieve the melting of the material and the arc being shielded with a shield-

ing gas. GMAW can be further sectioned to MIG (Metal Inert Gas) and MAG (Metal Active 

Gas) that are among the most popular and widely used welding processes. The difference of 

MIG and MAG is that inert gas represents a shielding gas being pure and belonging to the 

noble gases such as Argon or Helium whereas active gas is usually a mixture of carbon 

dioxide due to its low reactivity. The molten and rapidly cooling metal as well as the filler 

metal are shielded from the surrounding atmosphere for mainly oxygen contamination. In 

stick welding the coating of the stick itself protects the filler rod metal and the process is 

producing a layer of slag that protects the cooling weld from contamination. (Hicks 2001, 

pp. 29-31) The arc is generated with the welding machine between the anode and cathode 

that resemble the welding electrode and the workpiece to be welded. The arc starts similar 

to a lightning strike due to the voltage difference and the surrounding local gas atmosphere 

near the electrode tip is rapidly heated and ionised allowing much greater controllability in 

maintaining of the arc. (Hobart Institute of Welding Technology 2012, p. 3.) It must be noted 

that, as welding is producing locally temperatures above the material melting point, the met-

allurgy of the steel that is being welded must be taken into account. The effects of this rather 

violent and local temperature change must be considered with especially already heat-treated 

or thermo-mechanically strengthened steels to ensure sustaining the properties of the base 

metal after welding. Generally, it is considered by controlling the heat input of the weld. 

(Hudec 2015, pp. 1829-1830) The rapid temperature change is also creating considerable 

metal expansion and contraction near the weld area. The expanding metal will create com-

pressive force in the piece but the trick there is that the welding process is melting the mate-

rial and liquid is not transferring the compression as well as solid material. The difficulties 

begin as the molten metal solidifies when cooling to the atmospheric temperature. The cool-

ing metal will be contracting, and the solidified material is then able to transfer the tension 

distorting the piece. If the distortion is restricted for instance by fixing the piece, the re-

stricted distortion will result in a residual stress near the weld.  Possible modes of distortion 

are such as angular distortion, buckling and twisting to mention a few. The distortion of the 

initial shape due to welding is rather difficult to estimate and is therefore important to con-

sider when designing the joint. (Kumanan & Vaghela 2017, p. 201) The residual stress 



16 

 

should also be considered due to its possibly harmful effect on load bearing capacity. Espe-

cially in the case of buckling even relatively low residual stresses may be advancing the 

buckling failure. (Hicks 2001, pp. 33-35.) 

 

The concentrated and local heat input of welding is the main cause of problems when con-

sidering the downsides of welding. The question can be taken down to the extremely small 

welds in laser welding where the power density per area is exceptionally large due to the 

area being extremely small. Therefor the heat when considering the conventional welding 

processes that can be taken as stick and MIG/MAG welding is rather understandable even 

though high for any common application considering working with heat and high tempera-

tures. The heat that is produced with the electric arc is conducting to the steel rather well and 

the actual problem will be the cooling of the parts specifically the area near the weld. The 

HAZ (heat affected zone) is literally the zone where the energy of welding has caused 

changes in the base material. (Kou 2003, p. 343.) 

 

The welding industry has come up with a term of t8/5 which is the time in seconds that it takes 

for the weld to cool from 800°C to 500°C (SFS-EN 1011-2 2001, p. 77). This temperature 

range and more precisely the rate of cooling through it has been proven to be the most crucial 

considering the recrystallization of the steel microstructure. The recrystallization means that 

the desired and initial microstructure will be changing due to the heating and cooling cycle. 

For instance, the common and rather ductile hypo-eutectoid ferrite-pearlite that is relatively 

common microstructure for low-alloyed steel could be accidentally locally recrystallized to 

the extremely hard and brittle martensite microstructure if the conditions for martensite re-

action occur that are for instance high carbon content and excessively high rate of cooling. 

(Kou 2003, pp. 343-345.) There are tools for predicting the recrystallization or development 

of the weld metal microstructure such as CCT (continuous cooling transformation) diagram. 

The diagram is more commonly used in estimating the final microstructure of steels after 

heat treatments, but it can be used in welding as well. It must be noted that CCT diagrams 

are steel specific depending on the alloying composition. (Kou 2003, p. 232.) The t8/5 time 

can be calculated using equations presented in the SFS-EN 1011-2. The time can be esti-

mated in 2D or 3D and the exact procedure is recommended to be revised in the mentioned 

standard. The calculation requires knowing the heat input of welding which is also presented 

in the same standard. These calculations however fall in a category that is not directly in the 
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field of a civil engineer but more of specialized welding engineer. Therefor the calculations 

are not presented and studied in this thesis more thoroughly. It is however noteworthy that 

when designing a welded joint these terms and factors are important if the hardness and 

impact toughness are governing design criterion. 

 

The special steels could for instance be heat treated or tempered steels where the heat due to 

welding will normalize or reset the already special heat treatments. The common low alloyed 

and low carbon S355 is nowadays considered as very well weldable steel as there is little or 

close to no hardening occurring during the cooling. The steel manufacturers provide specific 

material data information that include the weldability assessment and the thermal properties, 

requirements and restrictions regarding welding. There are limitations for CEV (carbon 

equivalent value) that is representing the general weldability of a steel from the hardenability 

point of view. CEV is describing the hardenability due to the weight percent of the alloying 

elements of the steel. It can be calculated using equation 1 and a common maximum value 

for CEV is 0.45%. The terms in the equation represent the chemical alloying elements. 

(Hicks 2001, pp. 15-16; What is Welding? Welding technology explained 2021) 

 

𝐶𝑒𝑞 =  𝐶 +
𝑀𝑛

6
+

𝐶𝑟 + 𝑀𝑜 + 𝑉

5
+

𝑁𝑖 + 𝐶𝑢

15
(1) 

 

2.2.2 Basics of welded joint design 

The designs of the cases processed in this thesis will be based on the design principles and 

requirements of Finnish Standards Association SFS releases. The standard SFS-EN 1993-1-

8 Design of Joints is part of the European Eurocode 3 standards collection, and it will be 

applied and referenced in this thesis to a great extent. 

 

This thesis and the guidance in designing welded joints processed here will not be replacing 

or neglecting any of the norms or requirements presented in the standards. In other words, 

in case of contradictions the case is most likely difficult and not directly applicable to none 

of the codes. Generally, all the solutions and calculations in all design must fulfil the require-

ments of both SFS-EN 1993-1-1 Basis of structural design and SFS-EN 1993-1-8 Design of 

joints. (SFS-EN 1993-1-8 2005, pp. 18-19) 
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Welded joints can be categorized based on the geometry or loading type of the joint. The 

two most common types of geometry in welds are butt weld and fillet weld. The principles 

of those are shown in Figure 1.  

 

 

Figure 1. Basic weld types (Hicks 2001, p. 37). 

 

It should be noted that the greatest challenges occur when the joints are not ideal as fillet or 

butt welds appear in the textbooks. The standard that formerly described the typical welded 

joint types is SFS-EN 12345, but which has then been replaced with the new SFS-EN 

17659:2004. The ideal weld types are rather well documented in the most regular occasions 

in standards and normative databases with examples in design and calculations. In practice 

the joints have numerous variants and all sorts of arbitrary shapes. However, the common 

principle usually remains that is the bridge, or the continuity of material achieved with the 

weld that is joining the members and transferring the joint forces. That continuity whether it 

is functioning as load bearing or visual factor is the fundament of a welded joint and is gov-

erning the load bearing capacity of the joint and the overall structure. 

 

Welded joints can also be categorized based on the acting loading case. Those types are load 

bearing, fixing, binding and assembly joints. The load bearing joint transfers forces directly 

through the weld and connects the parts in series. The fixing joint connects the parts in par-

allel so that the parts function as one profile. Commonly used in long welds of beams such 

as I-profile between web and flanges. Binding joint is for secondary loading that is for in-

stance occurring during buckling in a weld of a stiffener. Assembly joint is for attaching 

components such as pipe holders to the main structure. Statically this weld does not affect 

nor contribute to the load bearing capacity of the structure. (Niemi 2003, pp. 62-64) 
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In Figure 2 an example of commonly used terminology regarding a weld is presented. It 

should be noted that standards define the terms used in their regulations, so these terms pre-

sented here are to introduce the different parts of a weld. Detailed and standardised terms 

can be found in the standard SFS-EN ISO 17659 Welding – Multilingual terms for welded 

joints with illustrations. 

 

 

Figure 2. Commonly used weld terminology (Hicks 2001, p. 42). 

 

2.2.3 Defining load bearing capacity 

The ability to carry and transfer loads is essential for welded joints as it is sometimes the 

only reasonable way of joining parts. The capacity of a weld is a combination of fabrication 

and design factors of which possibly the biggest concern for a structural engineer is the con-

tinuity of the material. It is generally called throat thickness of a weld which is the amount 

or thickness of material that is transferring the loads and assumed surface of fracture. The 

principle of throat thickness in fillet weld is shown in Figure 3. The standard SFS 1993-1-8 

(2005, p. 42) states that “The effective throat thickness, a, of a fillet weld should be taken as 

the height of the largest triangle (with equal or unequal legs) that can be inscribed within the 

fusion faces and the weld surface, measured perpendicular to the outer side of this triangle.” 
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Figure 3. Throat thickness of a fillet (SFS-EN 1993-1-8 2005, p. 42). 

 

The minimum amount of throat thickness for any load bearing weld is 3 mm. The portion of 

penetration in case of fillet welds can be taken into account only if it can be proven with 

tests that it is constantly achieved with the welding method and process in use. (SFS-EN 

1993-1-8 2005, p. 42) Otherwise, penetration cannot be utilized, and the amount of penetra-

tion can be considered as excess weld metal but on the other hand it is additional safety in 

the meaning of capacity and generally improving the fatigue life of the weld root . The 

amount of penetration is visualised in Figure 4 with a dashed line. 

 

 

Figure 4. Visualisation of penetration in fillet weld. Original picture from SFS-EN 1993-1-

8. Edited 9.4.2021. (SFS-EN 1993-1-8 2005, p. 42.) 

 

In static design the throat thickness and the capacity of the weld is calculated with rather 

simple equations from the standard SFS-EN 1993-1-8. However, the difficulties arise when 

the loading is not in ideal direction or there is a combination of loads acting contiguously. 

The designer should pay attention to the design of a weld so that not only the load bearing 

capacity requirements is fulfilled but also the weld is accessible thus weldable. The material 

should be checked for weldability and possible restrictions to it as well. 

 

Calculating the capacity of a fillet weld is presented in the SFS-EN 1993-1-8 and there are 

two methods to calculate it. The methods are called Directional method and Simplified  
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method. Directional method is a method where the forces acting on a weld are divided to 

stress components. The stress components and the throat of the fillet weld are shown in 

Figure 5 where Aw represents the throat area and l the length of the weld. The stress 

components according to the SFS-EN 1993-1-8 are: 

- 𝜎⊥  the normal stress perpendicular to the throat 

- 𝜎∥ the normal stress parallel to the axis of the weld 

- 𝜏⊥  the shear stress (in the plane of the throat) perpendicular to the axis of the weld 

- 𝜏∥ the shear stress (in the plane of the throat) parallel to the axis of the weld. (SFS-

EN 1993-1-8 2005, pp. 42-43) 

 

 

Figure 5. Stress components and the throat of fillet weld. Original picture from SFS 1993-

1-8. Edited 9.4.2021. (SFS-EN 1993-1-8 2005, p. 43.) 

 

SFS-EN 1993-1-8 recommends that load bearing fillet welds that are less than 30 mm or less 

than 6a in length should not be designed carrying loads. An effective length, leff, of a fillet 

weld is defined as the length of the full-size fillet subtracted with 2a to take into account the 

arc starts and stops and have some safety in the length of the weld as well. (Ongelin & 

Valkonen 2010, p. 345.) SFS-EN 1993-1-8 presents recommendations for the maximum 

length of longitudinal shear load bearing joint. The standard suggests that long welds re-

sistance should be decreased with a factor βLw to take into account the uneven longitudinal 

stress distribution. However, the factor is neglected in case the stress distribution between 

the connected parts can be assumed constant. (SFS-EN 1993-1-8 2005, p. 48) 
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According to the SFS 1993-1-8 the capacity of fillet weld is sufficient if the following equa-

tions 2 and 3 are true. 

 

√𝜎⊥
2 + 3(𝜏⊥

2 + 𝜏∥
2)  ≤  

 𝑓𝑢

𝛽𝑤𝛾𝑀2

(2) 

 

𝜎⊥  ≤
0,9𝑓𝑢 

𝛾𝑀2

(3) 

 

Where fu is the ultimate tensile strength of the weaker material, βw is the correlation factor 

for fillet welds that takes into account the correlation between the ultimate strength of base 

and filler material and γM2 is the partial safety factor for resistance. (SFS-EN 1993-1-8 2005, 

p. 43) The precise values should be checked in SFS-EN 1993-1-8. The throat thickness is 

calculated by writing the stress components so that the components correspond the actual 

loading case as best as possible. When the stress components are opened the terms will in-

clude the loading and the corresponding area. The area is the throat area from which the 

throat thickness can be calculated. Generally, the equation will yield a value for stress at the 

correspondent weld throat. An example of the forming of a simple tension loaded fillet weld 

stress components is shown in Figure 6 using the equilibrium drawing. 

 

 

Figure 6. Illustration of example fillet weld stress components formulation. 

 

The drawing is a simple illustration of the stresses in the weld. The stress components are 

comprised from the loading and the throat thickness using trigonometry from the stress tri-

angle. It is noteworthy that the stress components should be assessed and calculated accord-

ing to the case under study to find out the correct definition for the component. In other 

words, this example presents the principle of such operation, and it must always be case 

specifically and carefully studied how the components are oriented and which direction in 
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order to define the components correctly. Defining the direction incorrectly will lead to er-

rors in calculation and uncertainty in the results. The components are in 45-degree angle to 

the force, so the resulting stress components can be calculated as shown in equations 4, 5 

and 6. 

 

𝜎⊥ → cos(45°) =
𝑎𝜎⊥

𝜎𝑡
→ 𝜎⊥ =

cos(45°)𝜎𝑡

𝑎
=

√2𝜎𝑡

2𝑎
(4) 

 

𝜏⊥ → sin(45°) =
𝑎𝜏⊥

𝜎𝑡
→ 𝜏⊥ =

sin(45°) 𝜎𝑡

𝑎
=

√2𝜎𝑡

2𝑎
(5) 

 

𝜏∥ =
𝜏𝑡

𝑎
(6) 

 

Where a is the throat thickness, 𝜎⊥ is the transverse normal stress, τ⊥ is the transverse shear 

stress, 𝜎 is the normal stress due to loading F, τ is the longitudinal shear stress due to loading 

in the weld throat plane. This solution is trivial due to the parallel shear component being 

zero. The stress components can then be put into the equation 2 and a solution is achievable. 

If the stress components turn out complicated the analytical solution might become chal-

lenging. In that case the equation can be solved numerically by inputting values for throat 

thickness and conducting the comparison to the maximum stress value.  

 

The EC3 Simplified method assumes sufficient capacity when the design value of the weld 

force resultant per unit length is equal or less than the design weld resistance per unit length. 

The criterion is shown in eq. 7. 

 

𝐹𝑤,𝐸𝑑  ≤  𝐹𝑤,𝑅𝑑 (7) 

 

Where Fw,Ed is the design value of the weld force per unit length and Fw,Rd is the design weld 

resistance per unit length. The weld resistance per unit length is calculated using eq. 8. The 

advantage of this method is that the direction of the acting loading is not required, only the 

quantity which is leading to rather conservative results. (SFS-EN 1993-1-8 2005, p. 44) 
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𝐹𝑤,𝑅𝑑 =  
𝑓𝑢/√3

𝛽𝑤 𝛾𝑀2

𝑎 (8) 

 

Calculating the resistance of butt joints can be divided to three sections that are full penetra-

tion, partial penetration, and T-butt joint. The full penetration butt weld resistance is equal 

to the resistance of the weaker part if the weld metal properties match the weaker part mate-

rial properties. Generally, the weld metal as well as the HAZ should always excel the de-

signed parent metal properties. If the forementioned does not apply the case can be consid-

ered exceptional and special care should be taken. Partial penetration butt weld’s resistance 

is calculated using the throat thickness that can be proven with tests to be constantly 

achieved. In other words, the throat thickness must be proven to be achievable to define the 

actual resistance. Also designing a joint with partial penetration butt weld should be done 

with special care only as the achieved throat thickness of an individual partially penetrated 

butt weld will be difficult if not impossible to confirm. T-butt joints can be welded with 

partial or full penetration. Distinguishing the partial penetration T-butt joint and a deep pen-

etration double sided fillet joint is sometimes rather difficult. The principle of T-butt joint is 

shown in Figure 7. The partial penetration T-butt joint should be designed keeping in mind 

that the ensuring of the achieved total throat thickness will be difficult with NDT (non-

destructive testing) -methods. Generally it will be rather bad idea to break the weld only to 

inspect the throat thickness. (SFS-EN 1993-1-8 2005, pp. 44-45) 

 

  

Figure 7. Principle of T-butt joint (SFS-EN 1993-1-8 2005, p. 45).  

 

If the weld size is not governed by its strength, the definition of eq. 9 should be taken into 

account to ensure the cooling of the weld isn’t too rapid. This “rule of thumb” is originally 
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from an old Finnish welding standard SFS 2373 which was replaced with the new Eurocode 

standards but in which this equation is not anymore included. 

 

𝑎 ≥ √𝑡 − 0.5 (9) 

 

Where t is the thickness of the thicker plate. In case the condition is not true the workpieces 

should be preheated which requires advanced metallurgic expertise such as specialised weld-

ing engineer. (Ongelin & Valkonen 2010, p. 344; SFS 2373 1980, p. 20) 

 

2.2.4 Welding classes 

The requirements and tolerances of welding defects for each welding classes are described 

in the standard SFS-EN ISO 5817. The quality levels, which are describing the quality re-

quirements for the given weld, are class B, class C and class D. The classes have class spe-

cific tolerances and requirements for imperfections where class B is the closest to perfection. 

The precise amounts of imperfections, which define the actual welding class, should always 

be checked from the SFS-EN 5817 if needed. Imperfection in welding is meaning a defect 

that can be tolerated in the given limits whereas a welding defect is corresponding to a more 

severe problem that cannot be tolerated. Usually, the welding defects occur due to unex-

pected problems in the welding process and should be fixed instantly. The imperfections are 

always present in welding, but the amount and severity can be controlled by proper process 

handling and following the instructions and guidance of the standards. (SFS-EN ISO 5817 

2014, pp. 11-13, 17, 53) However, controlling the imperfections and achieving the designed 

welding class is a challenge for the manufacturer not the structural designer. The designer 

should possess an understanding of the effects of the tightening tolerances and requirements 

of the higher welding classes to the manufacturability and general feasibility of the weld. In 

other words, it is worthwhile to consider having as low welding class as possible from the 

perspective of manufacturing not only the capacity or other relevant perspectives.  

 

2.2.5 Execution classes 

Considering the field of structural engineering in construction business the projects and 

structures are usually relatively large. Thus, there are requirements and demands from mul-

tiple occasions that can be governing the requirements of included details such as welds. 

One such combination of requirements is called EXC (execution class). The EXC is chosen 
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based on the requirements of SFS-EN 1993-1-1:2005/A1:2014 Annex C. (SFS-EN 1090-2- 

2018, pp. 23-24) The chosen EXC will define the general requirements regarding design and 

manufacturing of the weld. The EXC will be chosen according to the consequences class or 

reliability class or both that are described in the SFS 1990 Annex B. (SFS-EN 1993-1-

1/A1:en 2014, pp. 5-6.) The higher the EXC, the stricter will be the demands for imperfec-

tions which is leading to more comprehensive inspections and increasing the total costs of 

the weld. Roughly can be stated that the EXC 1 represents welding class D, EXC 2 represents 

class C and EXC 3 represents class B whereas the EXC 4 has additional special requirements 

on top of EXC 3 requirements and would thus represent the class B+. The proper and detailed 

requirements must always be according to the standards SFS-EN 1090-2 and SFS-EN 5817. 

(SFS-EN 1090-2 2018, pp. 59-60.) 

 

2.2.6 Welding positions 

The welding positions are introduced and described in the “SFS-EN 6947 Welding and allied 

processes. Welding positions” -standard. It is important to understand the effect of the posi-

tion of any given weld to the manufacturability of it thus it is recommended to see the given 

standard for visual aid in the design and decision making. The impact of difficulty of a weld 

to the total costs should never be overlooked. Unnecessary d ifficult welding position will be 

causing extra costs in the form of special consumables or qualification requirements for the 

welder. The demanding welds will require more qualified welder which naturally will be 

more expensive than the less qualified one. This should be considered when designing the 

geometry and the positioning of welds as well as the manufacturability of the overall struc-

ture from the welding perspective. Perhaps the greatest challenge in the manufacturing of a 

demanding weld in the means of the welding positions or qualification requirements will be 

the availability of a proper welder. In other words, the welders for easier and simpler designs 

will also be easier to find. Altogether it means that with little focus on the design of a weld  

can lead to significant increase in the efficiency of the whole process. Also, by understanding 

the different welding positions that can or cannot be utilized will most likely be leading to 

better and simpler designs from the structural designer. The question of how to fabricate the 

weld is rarely a question what a structural designer is facing but in order to improve the 

efficiency of the whole chain it is vital to understand that certain positions are easier and 

more feasible than some others. It is obvious that gravity is affecting a liquid differently than 



27 

 

solid material. Liquid material in the case of welding is the weld metal when it is momen-

tarily in liquid state. To simplify the principle the weld metal can be idealized to water and 

one can think how easy it is to try setting it into a fillet above one’s head. Generally, the 

effect of gravity is minimized if the weld is welded on flat table-like horizontal surface or 

groove. In the terms of welding positions, the simplest positions are PA and PB. The question 

of feasibility will become increasingly important when the welding is done at the construc-

tion site directly to the structure or when the welded pieces are relatively massive and cannot 

be manipulated in the best possible orientation. Another considerable challenge in design of 

welds is the reachability. In other words, welds should always be designed keeping in mind 

that the torch must be able to reach the needed area. There should not be conflicting parts or 

enclosures to restrict the manoeuvrability of the torch. This is easier said than done as it 

cannot always be defined precisely how much the welding torch and the welder requires free 

space to properly create the weld and the knowledge is basically increasing with experience. 

However, it should be kept in mind that, if uncertain, it should be checked and confirmed 

with more experienced designer or welding specialist. 

 

2.2.7 Welding symbols 

The symbolic markings of welds in drawings should be kept as informative and simple as 

possible since structural drawings and plans are usually packed with lot of details and infor-

mation already. The detailed specifications and recommendations for symbolic representa-

tion of welds on drawings are described in SFS-EN ISO 2553 Symbolic representation on 

drawings -standard. The standard presents the principles of basic weld symbols and describes 

the use of them. It goes without saying that using standardized symbolics leaves little room 

for errors and misunderstanding in reading the drawing. Generally, the drawings should be 

easily understood by appropriately qualified manufacturer or designer. Therefor it is more 

than justified to oblige the use of standardized weld symbolics in all of design drawings.  

 

The most important and essential information given with a weld symbol is the position of 

the weld with an arrowed line. The arrow line can stand alone, or it can be included with 

additional information of the weld such as dimensions or specific welding position for in-

stance. The different types of information are given in specific areas on the symbol. The 

arrow line and the specific areas for additional information are presented in Figure 8. It is 

also important to distinguish the basic principle of positioning the symbol correctly to point 
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the correct spot to be joined on the drawing. That is why the terms “arrow side” and “other 

side” must be understood correctly. The European standard describes two possible ap-

proaches of defining the sides. Since most of the associate companies’ businesses fixate on 

European markets, the use of the method A is justified and only introduced in this thesis. 

The “arrow side” according to the method A means that  the actual weld will be placed on 

the arrow side of the joint that the arrow is pointing. The opposite is then the “other side”. 

(SFS-EN ISO 2553 2019, pp. 5-6) 

 

 

Figure 8. Basic welding symbol (SFS-EN ISO 2553 2019, p. 10). 

 

The different parts of the basic welding symbol are as follows: 

1) arrow line that is showing the place of the weld, 

2) the reference line where the elementary symbol is drawn, 

3) the tail where the complementary non-symbolic information is written if 

needed. (SFS-EN ISO 2553 2019, p. 7) 

 

The elementary symbols are drawn at the mid-point of the reference line. The proper and 

precise symbols should be revised in the standard SFS-EN ISO 2553. In case of difficult and 

non-applicable weld regarding the symbols, the cross-section of a weld can also be drawn 

and dimensioned directly near the weld symbol. The elementary symbols can be added with 

supplementary symbols that are additional information for instance the shape i.e., concavity 

or convexity of the weld. The most used additional information to elementary symbols is the 

dimensions and especially the throat thickness of the weld cross section which is generally 
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written to the left of the elementary symbol. The reference line is consisting of parallel con-

tinuous and dashed lines, and it is used to indicate the side of the weld. The tail of the weld 

symbol can be used for optional and additional information such as quality level, the welding 

process, specific filler material, welding position or any other considerable supplementary 

information. (SFS-EN ISO 2553 2019, pp. 10-11, 22-25) An example of the welding symbol 

and an illustration of the actual weld corresponding to the weld symbols is shown in Figure 

9. 

 

 

Figure 9. Example of using the weld symbols. Edited 22.4.2021. Added arrows for clarity. 

(SFS-EN ISO 2553 2019, p. 46.) 

 

The weld symbol will rather quickly turn into very complicated entity, and it is advised to 

only present the information that is essential case-by-case. The definition of essential is dif-

ficult and it depends on the experience of both the designer and the manufacturer. However, 

the drawings must always be readable with the most basic skills of manufacturer. Certain 

level of technical knowledge is naturally required, but the difficult markings in drawings 

should not harm the overall project. Therefor it is best to follow the guidance of the com-

monly used standards and refer to the recommendations and requirements of them. An ex-

ample and quite self-explanatory figure in the SFS-EN 2553 is presenting all the possible 

terms in one single weld symbol. As it can be seen in Figure 10 there is whole lot of infor-

mation shown within the symbol. This figure can also be used as an example of how to draw 

a proper weld symbol and position the wanted terms in it correctly. 
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Figure 10. Terms and elements of weld in one individual symbol with explanations (SFS-

EN ISO 2553 2019, p. 44).  

 

2.2.8 Inspecting welds 

The inspection procedures and requirements for welds are introduced in SFS-EN 1090-2. 

Defining the scale or severity of inspection might be difficult as it is not unambiguous how 

to define the criticality of individual weld since it is a combination of several factors such as 

consequences of failure regarding loss of money or lives. However, usually the requirements 

are defined by the chosen EXC. To complicate the situation even further a weld can also be 

defined with individual WIC (Weld Inspection Class) which is meaning that even if a weld 

is belonging to already defined inspection routine it can be assigned to additional inspections 

due to the severity or criticality of it. Standard SFS-EN 3834 presents the quality require-

ments for welds, and it can be used as requirement for manufacturer to achieve certain qual-

ity in products. NDT-inspection of weld can only be conducted by qualified inspector and 

SFS-EN 9712 describes the requirements of qualification for NDT-inspector. (SFS-EN 

1090-2 2018, pp. 87-91) The importance of inspecting a weld might at first sound irrelevant  

for a structural engineer. It is however rather important that also the structural designer un-

derstands the effect of over-inspecting certain welds to the overall costs due to complexity 

of inspecting especially at the sites. It is easily understandable that additional phases in man-
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ufacturing will increase costs, and this is also the case with inspections. Therefor it is ex-

tremely important for the designer to meticulously follow the guidance of SFS-EN 1090-2 

regarding the inspecting of welds.  

 

The guidance of the modern standards can sometimes be considered conservative and there 

are other additional procedures for defining the severity of the imperfections found in the 

structure during inspections. One such procedure is FFS (Fitness-For-Service) methods and 

particularly FITNET FFS Procedure that is developed to assessing the failure mechanisms 

such as fracture, fatigue, creep and corrosion. The procedure aims to recognize the level of 

severity of failure and whether it is usable in operation or to be repaired and how fast. 

(Koçak, 2007, pp. 94-96) 

 

2.2.9 Sustainability in welding 

The three aspects of sustainable development are economic, environmental, and social sus-

tainability (Wasieleski & Weber 2020, p. 16). In this thesis it is possible to apply the general 

principles of economic and environmental sustainability. In the following paragraphs these 

aspects are described regarding welding. 

 

Environmental sustainability is the aspect of sustainable development that is considering the 

responsible use of natural resources as well as conserving and protecting the ecosystems of 

Earth in order to sustain life (What Is Environmental Sustainability? 2020). In welding, the 

process itself is consuming natural resources in a form of material such as the weld metal, 

the shielding gas, the flux and also the surrounding structures can be considered as consumed 

natural resource whether it is carbon based or not. Briefly, it can be considered easy to say 

but difficult to apply the environmental sustainability principles in welding. It is rather easy 

to say that minimize shielding gas usage and minimize weld metal usage to maximize the 

sustainability in welding. It is however not that simple when considering the safety and other 

regulations in design and constructing of steel structures which on some occasions could 

possibly be referred to the social sustainability aspect. There are certain demands that must 

be fulfilled in order to maintain safety in the designs at the cost of those natural resources. 

After all it can be noted that the consumption of natural resources in welding is rather small 

when compared to the larger scale factors such as carbon-dioxide polluters around the busi-

ness field and the globe. However, it is not worth totally neglecting the sustainability in the 
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field of welding and structural engineering. It can be generally said that the big change is 

including a lot of small changes. The change towards more sustainable thinking in designing 

of welds could be regarded as a small step among other small steps towards the common 

goal of environmental sustainability. 

 

According to the University of Mary Washington, Office of Sustainability web page: “Eco-

nomic sustainability refers to practices that support long-term economic growth without neg-

atively impacting social, environmental, and cultural aspects of the community.” (Economic 

Sustainability 2021) The economic sustainability from the perspective of welding is essential 

and possibly the greatest applicable aspect of sustainability. As welding can be considered 

difficult and complicated joining method of materials it can also be considered the most 

expensive part of the overall structure regarding its size which without a doubt is the case in 

producing larger batches. However, in structural engineering when designing smaller 

batches such as a building, the design becomes a factor to consider with care. (Hudec 2015, 

p. 1828.) Welding requires additional materials such as shielding gas, filler metal and occa-

sionally some kind of flux not to forget the special machinery and knowledge of the trained 

and skilled welder. All the forementioned factors can be estimated to have a price per unit 

where the unit can be for example volume, length, or time. The cost of a weld can be most 

easily estimated based on the volume of deposited weld metal. The requirement for deposited 

weld metal is rather simple to calculate and estimate based on the cross-sectional area of the 

weld. It must be emphasized that the cost of a weld is increasing drastically as the volume 

of the weld is increasing due to the increase of the weld cross-sectional area. This increase 

in area especially in the relatively large throat thicknesses will be the point of interest as it 

has extremely great impact on the material and resource consumption and eventually to the 

total costs of the weld. Therefore, the amount of weld metal is a very effective factor to be 

optimized in order to improve the economic sustainability of welded joints in general. 

 

2.2.10 Heat input effect due to welding on adjacent concrete 

The effect of increased heat during the curing process of concrete has been researched world-

wide and it is generally acknowledged that increased curing temperatures influence the pro-

cess and the development of the strength properties. The research is however considering 

the temperature as the whole batch or specimen of concrete being under the similar temper-

ature. The Welda® plate case problem in this thesis is about the local effects of heat on 
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concrete due to welding therefor the research results found from the literature are not  exactly 

applicable but will be a great guidance in the study. The results are showing that there is 

clearly visible effect of heat on the concrete in larger scale which is meaning that it will also 

have an effect locally near the hot component. Increased temperature in the curing process 

is said to increase the early compressive strength development but decrease the long-term 

strength of concrete. Especially 60°C is found to be a limiting curing temperature where the 

behaviour of strength development is changing, and the beneficial effect of increased curing 

temperature will begin decreasing. Higher temperatures will increase the evaporation of wa-

ter from the concrete which will eventually lead to forming of pores and voids in the concrete 

resulting in a decrease of durability and loss of binding forces of the concrete (Tang et al. 

2017, p. 8). Considering the temperatures required in welding, the 60°C temperature in the 

concrete near the Welda® plate seems rather possible making this topic relevant regarding 

the case. 

 

Another possibly harmful effect of heat during the curing process of concrete is the expan-

sion of concrete. Research of Tracy et al. shows that curing of concrete as high as 90°C the 

specimen will show significant expansion of up to 1.4 percent. (Tracy, Boyd & Connolly 

2004, p. 54) It is known that restricted expanding of solid material causes internal forces and 

possibly cracking. In welding the heat will focus on small area near the Welda® plate where 

these phenomena would be occurring, and the behaviour of the extremely locally expanding 

material is unknown.  

 

The forementioned research were considering the heat applied during the curing process that 

generally is 28 days. The Welda® plate could possibly be welded at any stage of the con-

structing project meaning that more research should be done on the effects of localized heat 

input on the concrete even after it has achieved its full design strength capacity. It is presum-

ably possible that the strength of the concrete will be locally decreased  under high tempera-

tures due to for example accidentally welding before reaching the design strength of the 

concrete. 

 

The heat effects could be estimated with for example a suitable Thermal Analysis FEA soft-

ware. The initial model could include a linear heat source that is representing the welding 

heat input directly to the concrete surface to solve the heat conduction and distribution on 
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the concrete around the heat source. This can be considered rather conservative estimation 

and if the temperature locally rises significantly a more refined model should be made. In 

the refined model the Welda plate could be modelled fully and given an initial temperature 

or initial thermal energy that should be estimated as a resultant of the weld energy input. A 

solution should be achievable with relatively simple model and calculations. A full simula-

tion would most likely be most accurate estimation but at this point it these calculations seem 

too complicated and demanding task to conduct.  

 

2.2.11 Existing design softwares for welded details design 

Throat thickness may be the most important factor regarding static load carrying capacity, 

but the manufacturability should be considered as well when designing the welded joint. 

Therefor it is important for a design software to also consider the weldability of the joint and 

not only the load bearing capacity or it is equally important to recognize the lack of this to 

leave the manufacturability question for the designer. Another rather important topic is the 

heat effects of welding such as distortion. Does the software consider the possible distortions 

and boundary conditions of the parts that cause restrictions to the distortions leading to re-

sidual stresses near the weld? The promising existing softwares for designing welded con-

nections are introduced and reviewed for possible pros and cons. 

 

“IDEA StatiCa is a steel connection design software for all types of welded and bolted con-

nections, base plates, footings, and anchoring. It enables you to solve buckling and stability 

of steel members.” This is the description of IDEA StatiCa on the website of this software. 

The software has visual interface and calculations are conducted based on finite element 

analysis. The actual calculating process is somewhat unclear but without a doubt it should 

be accessible somehow. The software seems feasible at first glance after opening it. There 

are lots of readily usable connection types and joints to choose which makes the process 

rather easy to follow through. For more complicated and other than the catalog joints, it is 

possible to import the geometry directly in AxisVM files (.axs), Midas files (.mct & .mgt), 

EPW files (.epw) and Scia XML files (.xml). Certainly, some education of the using this 

software is required as it is not exactly clear what is happening with all the buttons and 

options. All in all, the software seems rather reliable and user-friendly for designing joints 

that are found in the software catalog. It is not exactly clear whether the software considers 



35 

 

the distorting due to welding at all. Neither does it take into account the torch positioning 

thus weldability. 

 

rFEM is a structural analysis and design software created by Dlubal Software GmbH. The 

software is in use at Vahanen already. The rFEM comes with a variety of alternatives and  

addon options tailored for multiple cases and design problem. They have put up a library of 

addons to the actual software to help the user even better in their design. The stresses on 

members needed for designing welds can be achieved from the RF-STEEL Surfaces addon 

directly. The resistance of at least fillet welds can be calculated in SHAPE-THIN cross-

section interface. This software seems promising since it is already in use, and it is actively 

being updated and developed towards the common goal that is making designing of more 

complex structures easier and safer. The software is theoretical and does not consider the 

manufacturability aspects of the weld. 

 

There are calculation tables for designing steel structures according to Eurocode made in 

project organized by SKOL (Suunnittelu- ja konsultointiyritykset). The tables include a va-

riety of cases and offer the ready calculation sheets for conducting the necessary calculations 

to design a steel structure according to the Eurocode. These tables are created by Finnish 

registered society thus the tables be in Finnish. These tables offer an easy and a quick way 

of calculating the necessary factors if and only if the case at hand is found from the collection 

of these tables. The cases of these tables are rather common and therefor it is possible that 

even a bit more exceptional or unusual joint or weld might not be found in there. The prin-

ciple of these tables has also been to create these tables and calculation sheets for the mem-

bers such as a beam or column in total and not only some individual weld. Generally, these 

tables are restricted to the use of only a selected group of companies and are constantly being 

updated and revised thus can be considered the state-of-the-art documents considering the 

Eurocode is as well the newest design code to use. 

 

2.2.12 Post welding surface treatments 

Often the appearance of the weld or the joint surface is governing the design especially in 

construction business. The appearance of a weld plays a significant role in for instance fa-

çade design of buildings or any other place where the weld remains visible. Paint cannot 

hide large spatters or aberrations on the surface of the weld due to the paint being usually 
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applied in thin layers. Therefor post welding treatments such as grinding might come into 

consideration to smoothen the surface for visual purposes. It can be stated that grinding the 

weld toe will reduce the stress peak caused by the weld and the fatigue life of the weld toe 

will be increased. Even though fatigue life is not considered in static cases. Also, it must be 

stated that excess grinding will eventually decrease the load bearing capacity if the throat 

thickness is reduced in the process. Another factor to consider when designing for instance 

grinding is the costs. Is it truly necessary to have additional steps in the fabrication process? 

Can the weld be directly painted or coated without grinding? These questions should be 

asked when designing a weld that will remain in sight and that has visual requirements. The 

standard SFS-EN 1090-2:2018 presents recommendations for post weld surface treatments 

generally and for different various situations such as the case of paints, weather resistant 

steels and hot dip galvanizing (SFS-EN 1090-2:2018 2018, pp. 74-77). The list of possible 

post weld treatments is nearly endless comprising of procedures that increase the capacity 

of the weld such as heat treatments and procedures that are for visual purposes such as paints 

or coatings. The need for a post weld treatment should always be assessed with care as the 

beneficial effect can be significant but also costly. 

 

2.2.13 Welding of special and dissimilar steels 

The recommendations for welding of stainless steels are presented in SFS-EN 1011-3. Fol-

lowing the recommendations in the standards will lead to a sound and healthy weld. The 

dimensioning and calculation procedures are presented in the SFS-EN 1993-1-8. There is no 

difference in calculations whether the steel is stainless or not. Challenges will occur if the 

materials are significantly dissimilar. 

 

Welding of zinc coated steels is basically in its simplest form only regular welding similar 

steels. Zinc coatings are used to increase the corrosion resistance of non- or low-alloyed 

steels. The challenge in welding zinc coated steels is that the zinc which when welded will 

evaporate due to its lower melting temperature and it is generally proposed to remove the 

zinc layer before welding. The gaseous zinc is also toxic so proper ventilation must be en-

sured to not inhale it. The evaporating zinc can remain trapped in the weld metal creating 

defects such as pores but generally the HAZ will become zinc poor which is then leading to 

decreasing the corrosion resistance of the welded zone. Therefor when welding zinc coated 

parts, the coating must be reapplied after welding to preserve the overall corrosion resistance. 
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The zinc coating can be reapplied for instance with a zinc paste that is applied directly to the 

heated metal after welding. Another option for reapplying the zinc is with flame spraying a 

zinc filler material on the surface to be coated. (Welding of Coated Steels 2006) 

 

The problem or challenge in forming a coated such as galvanized steel is that the coating can 

be damaged, and the purpose of the coating is lost leading to an increase of manufacturing 

or process phases. However, the galvanization i.e., the zinc coating can be repaired just like 

it can be repaired after welding. (Bending 2021) 

 

Dissimilar is a term used to distinguish the alloying difference of the materials. Possibly the 

most used dissimilar weld is between regular non-alloyed structural steel and alloyed or 

stainless steel. The principle is that the materials to be joined by welding have different 

properties therefor the fusion zone has properties of both parent materials. The alloying of 

elements to the steels affects different parameters of the resulting material of which maybe 

the biggest effect to welding are the melting point and thermal expansion coefficients. The 

solubility of the materials towards each other also plays a role in the mix. The difference of 

for example thermal expansion coefficient can lead to uneven thermal expansion and con-

traction during the heating and cooling cycle which will lead to problems caused by hot 

cracking. The functionality of a dissimilar weld can be discussed forever and there is no 

standardization that apply in all situations. Therefor the experience of the welder will be 

exceptionally valuable factor in achieving a good weld with dissimilar materials. (Dissimilar 

Metal Welding. What is Dissimilar Welding? 2020) 

 

The main issue with dissimilar steels is with the different types of steels such as alloyed and 

non-alloyed steels. The alloying of the steel is done for certain purposes and if two different 

alloys are to be joined by welding, the area near the weld should be carefully studied due to 

difference in material properties. It also goes without saying that the mixed area does not 

have equal properties to neither of the base materials. It is also not exactly easy to define that 

the mixed area properties would be better or worse than the original materials were. Gener-

ally, the mixing of two different steels by welding is difficult however not impossible. The 

problem of defining the weldability of dissimilar steels might be out of the field for a struc-

tural engineer but it is important to understand that it is not exactly a straight-forward design 

job especially if the joint should have load bearing resistance. It is noteworthy that welded 
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joints are designed according to the weaker base material. It is stated in the SFS-EN 1090 

that the requirements of welding dissimilar steels such stainless and non-alloyed structural 

steels must always be presented (SFS-EN 1090-2 2018, p.60). That being stated it should be 

emphasized that the designer should know when to seek advice and not just draw a weld 

symbol between two dissimilar steels. The weldability of the materials individually and in 

joining should always be confirmed from either literature or more experienced designer.  

 

Possible alternative solutions to welding dissimilar steels. 

- Welding similar steel and surfacing with for example cladding welding or post weld 

coating. 

- Changing the materials to similar steels. 
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3 ANALYSED CASE JOINTS 

 

 

This chapter will introduce the case studies and the recommended design for each. The case 

studies will be described in detail and the corresponding problems of each will also be de-

scribed in this chapter. Generally, the weld should not be the critical part of a structure there-

for the weld should be designed properly according to the carefully assessed design criterion 

and acting loading case. The analysed case joints are studied so that the forementioned crit-

icality of the weld can be considered. The common and safe estimation of equal strength 

welds are studied and a proposal for the better and more optimal load-based calculations for 

the given cases is presented. The decision of with what method and how to dimension the 

weld is of the designer but with the guidance, recommendations, and examples of this chap-

ter the work should become easier and supposedly some light will be shed on the dark re-

gions of weld design. The adjacent components in the cases are assumed already designed 

so that the only unknown factor is the welds. In other words, the plate thicknesses and ca-

pacities as well as the weldability of the materials are considered feasible. The components 

to be welded are assumed clean or cleaned prior to welding. In case the surface or surfaces 

are coated for instance with zinc. It is recommended to remove the coating prior to welding 

and reapply it after the welding is done to reacquire the initial level of protection. 

 

3.1 Case 1: Longitudinal weld of a cross section under bending loading 

The first case is divided into three different sub-cases that have significantly differing cross 

sections but are otherwise similar, so it is worthwhile to study them separately in order to 

take into account the specialities of each.  

 

In the case of local loads, such as brackets, the continuous longitudinal weld of a beam can 

be made locally stronger by increasing the throat thickness near the point load. Also, in the 

case of intermittent welds the region of local loading can be locally strengthened with con-

tinuous weld. In all cases the weld must be able to bear the loading that it is affected with. It 

is not relevant to design a long weld according to the requirements based on a local point 

loading due to a bracket or similar but rather design the weld due to the primary loading case 

and just strengthen the region under the local loading with reinforced throat thickness. 
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3.1.1 Fixing weld of I-cross section web and flange 

The sub-case cross section is illustrated in Figure 11. The weld between I -cross section web 

and flange can be defined according to the shearing force acting on the beam or the shear 

capacity of the web. It is assumed that there is only parallel shear loading present in the weld 

due to the bending when the web and flanges are sliding against each other in the longitudinal 

direction. The weld is acting against this sliding hence fixing the parts to function as one 

cross section and increasing the bending resistance. Calculating will end up more challeng-

ing if the cross section is not continuous and constant along the length of the beam as the 

governing loading and resistance combination must be found. One must also not forget the 

difficulties in the manufacturing of a non-prismatic cross section when comparing to a con-

stant cross section. Therefor this case is assumed as continuous and constant cross section. 

 

    

Figure 11. Illustration of IPE400 fillet weld with 4 mm throat thickness. 

 

A preferred method of calculating the throat thickness is to derive the EC3 stress clause eq. 

2 so that the terms originate directly from the shear stress eq. 10 resulting in calculation 

based on the actual loading that is presented in eq. 11. The difficulty of this method is that 

defining the actual shear stress acting between the web and flange requires the solution of 

additional parameters but the advantage is in having more precisely dimensioned weld as the 

material usage is an important parameter when the welds become longer. 

 

𝜏 =  
𝑄𝑆

𝐼𝑡
(10) 
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Where Q is the shear force, S is the first moment of inertia of the cross section, I is the second 

moment of inertia and t is the thickness of the member. The additional terms are shown in 

Figure 12. 

 

 

Figure 12. Illustration of the terms for the calculation. 

 

The moments of inertia are geometric quantities that can be calculated according to any 

given point or line on a part. The eq. 11 assumes that only parallel shear stress is present in 

the weld thus the equation takes such a simple shape. 

 

𝑎𝑄 ≥
√3𝛽𝑤𝛾𝛾𝑀2 𝑆𝑄 

𝑛𝐼 𝑓𝑢

(11) 

 

Where γ is the partial safety factor for material and n is the number of weld throats in the 

cross section. The number of weld throats, n, is 1 if the weld is one-sided and 2 if it is double-

sided.  

 

The throat thickness of a double-sided and symmetrical fillet weld between the web and 

flange of I-cross section can also be calculated using eq. 12. This method is considering the 

weld strength equal to the web’s shear force resistance and shear buckling capacity. The 

equation and the whole process with guidance can be revised in Ruukki’s Handbook for 

welded profiles (Ongelin & Valkonen 2010, p. 359). Calculated this way the weld can be 

considered having equal strength resisting the shearing than the adjacent member which in 

this case is the web. This method does not require knowing or even estimating the actual 

loading on the beam. Also, the weld can be considered conservative to what is actually 

needed regarding the loading. 
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𝑎 ≥ 𝜂
𝛽𝑤𝛾𝑀2 𝑓𝑦𝑤

2𝛾𝑀1 𝑓𝑢𝑤

𝑡𝑤 (12) 

 

Where η is the factor considering the web shear strengthening according to SFS-EN 1993-

1-5, βw is the correlation factor representing the ratio between weld and base material ulti-

mate strength according to SFS-EN 1993-1-8, γM1 & γM2 are the partial safety factors for 

resistance according to EC3, fyw is the nominal yield strength of the web, fuw is the nominal 

ultimate strength of the web and tw is the thickness of the web. (Ongelin & Valkonen 2010, 

p. 359) 

 

The fixing weld is possible to be done using intermittend weld. The calculation of the 

intermittence requires an additional term, k, for calculating the weld lengths. The eq. 13 

yields the throat thickness when using the intermittent weld using the equation based on the 

actual loading and the principle is shown in Figure 13. 

 

𝑎𝑥 ≥
√3𝛽𝑤𝛾𝛾𝑀2 𝑆𝑄 

𝑛𝐼 𝑓𝑢

𝑘 (13) 

 

  

Figure 13. Principle of intermittent weld. 

 

The intermittent weld does not affect the static capacity of the weld since the method is only 

scaling the length of the weld to the throat thickness. In other words, the length that it is 

reducing, it is increasing in its thickness. In the case of multiple starts and stops, the effective 

length of the weld is decreasing significantly and might on some occasions be inefficient in 

the means of material usage and making the welding more difficult with no significant ben-

eficial effect of the intermittent weld. The method is rather good if the initial calculation 
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yields relatively low throat thickness, and the length of the weld would be long. Optimally 

the throat thickness can then be targeted for the single pass weld range and at the same time 

make the weld length shorter. It must be emphasized that no intermittent welds should be 

designed in corrosive environment due to the vulnerability of the weld root. Also, intermit-

tent weld is not applicable in load bearing joint and especially in the case of transverse load-

ing. Another crucial topic is intermittent welds under dynamic loading which in the means 

of large number of weld run starts and stops is detrimental for the fatigue life of the weld. 

The feasibility of intermittent welds should always be assessed with caution.  

 

A simple comparison between throat thickness calculations was conducted using the 

equations 11 and 12 to view the difference between the methods. The cross section used in 

the calculations is S355 IPE 400 and the length of the beam is 4 m. The eq. 11 estimates the 

required throat thickness for the weld to sustain only the longitudinal shear stress due to the 

loading. The shear force Q was estimated to correspond a reasonable loading for the cross 

section so that the deformation remains in elastic region. Throat thickness was then calcu-

lated using the eq. 12 where the weld can be considered having equal strength with the webs 

shear stress and shearing buckling capacity. The beam is assumed stable and no other design 

factors than the load bearing capacity of the weld is considered. The results are shown in 

Table 1.  

 

Table 1. Values for terms and calculated throat thicknesses between web and flange. 

“Equal strength" eq. 12 According to loading eq. 11 

η 1.2  βw 0.9  

βw 0.9  γ 1  

γM1 1  γM2 1.25  

γM2 1.25  S 1156E+3 mm3 

fyw 355 MPa Q 205 kN 

fuw 490 MPa I 231E+6 mm4 

tw 8.6 mm fu 490 MPa 

a ≥4.21 mm n 2  

   a ≥2.04 mm 
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From the calculations the eq. 12 yields significantly higher throat thickness due to the full 

shear capacity of the web being utilized in the weld as well. The eq. 11 therefor estimates 

the throat thickness according to the given loading that in this case was calculated with a 

point load corresponding to the cross section bending stress at the yield limit. These calcu-

lations are a representation of the difference between these two methods and are trying to 

illustrate the difference between the idea behind the equations. It is noteworthy that the equa-

tions should yield similar results for the throat thickness if the loading Q is defined as the 

maximum shear resistance value for the cross section. However, if the full shear capacity of 

the web is not utilized it can be considered excess welding and a waste of resources. 

 

3.1.2 Longitudinal weld for non-symmetrical box beam. 

The second subcase, longitudinal welding of non-symmetric box beam, is introduced and 

recommendations are given for the design. It must be emphasized that welding of special 

sized RHS tubes is not very efficient, instead using the standard and common sized ready-

made tubes is recommended when designing structures including rectangular tubes or other 

standardized profiles. However, if the case requires such special hollow section or box beam 

design that is not existing or for some other reason it must be manufactured specifically for 

the case, the weld should be carefully assessed. Let’s use the box beam shown in Figure 14 

as an example. 

 

 

Figure 14. Example of non-symmetric box beam. 

 

The loading is the same simple uniaxial transverse bending, and the weld is functioning as 

connector for the two parts. It doesn’t matter what are the shapes of the parts as long as the 

cross section geometrical properties can be calculated, and the loading can be considered as 

shearing only. The loading is causing bending and the connecting surface is under shear 
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stress thus the calculation is similar to the I-beam weld between web and flange. The calcu-

lation can be conducted with the exact same eq. 11 seen earlier. The weld type can be full or 

partial T-butt weld or basic fillet weld. 

 

Calculating throat thickness according to the shear stress is done using the eq. 11 similar 

than with the I -cross section if the welds can be assumed non-rotating. In case the beam is 

for example relatively wide, and the welds can begin “opening” due to the secondary defor-

mations the situation becomes tricky and this equation is no longer valid. This situation is 

visualised in Figure 15.  

 

 

Figure 15. Illustration of the detrimental secondary deformation of excessively wide cross 

section. 

 

If that is the case the full solution of the stress state at the weld should be assessed with care 

and then the weld strength can be calculated from the initial stress component eq. 2 defining 

the stress components according to the correspondent throat area. The weld becomes load 

bearing joint and the assumptions of fixing joint would not apply anymore. 

 

The calculation procedure for the fixing weld according to the strength of the web is follow-

ing similar pattern than with the I -cross section. In this case the weld is not symmetrical 

therefor the eq. 12 does not directly apply but the equation is simply derived for non-sym-

metric resulting in eq. 14. 

 

𝑎 ≥ 𝜂𝛽𝑤

 𝛾𝑀2 𝑓𝑦𝑤

𝛾𝑀1 𝑓𝑢𝑤

𝑡𝑤 (14) 
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The eq. 14 is following the scheme of eq. 12 whereas in this case the weld is non-symmetric, 

but the same assumptions apply. Manufacturing the weld is essential as in this case the inside 

of the box is generally inaccessible for the welder. There are machines designed to weld this 

kind of long weld inside a tube or closed profile but generally it is special occasions and not 

worth due to the difficulties of the job. It is leading to the alternative of welding non-sym-

metric fillets from outside the beam to connect the web and the flange. It must be stated that 

this type of weld will leave the weld root vulnerable for corrosion and it should not be de-

signed when any type of corrosive possibilities exists. The root is equally difficult to protect 

against corrosion than it is to weld. Therefor it is essential that this kind of non-symmetric 

joint is only considered if the corrosion can be totally neglected. In non-corrosive environ-

ment this type of weld is totally viable and a good option. 

 

3.1.3 Arbitrary shape welded cross-section longitudinal weld 

Arbitrary shape cross section beam under bending loading that is manufactured by welding 

will be tricky in the way of estimating the geometrical properties of the cross section such 

as moments of inertia. Luckily, there are readily available softwares that will calculate the 

geometrical properties. For example, SolidWorks can calculate the moment of inertia of any 

arbitrary shaped cross section. Also, rFEM cross section library includes a vast amount of 

different shaped cross sections and there is a possibility to import any arbitrary cross sections 

from other sources not to forget the analytical method of calculating moments of inertia. An 

example of S -shaped cross section made by joining two L-cross sections by welding and an 

estimate illustration of the cross section principal axis are presented in Figure 16.  

  

 

Figure 16. Example of welded S-cross section made of two L-profiles and an illustration 

of the cross section principal axis. 



47 

 

 

If the weld can be positioned at or near the neutral axis like shown in the figure above and 

the loading case can be considered equal to the I -cross section case as uniaxial bending the 

weld does not experience other form of stress than shear. However, considering the non-

symmetrical S-shaped beam where the principal axis is angled compared to the web, it can 

be tricky to support the beam so that the design loading could be considered equal to the I 

cross section case. The loading case of this type cannot anymore be simply defined as fixing 

weld and possibly the only reasonable option, at least with relatively thin plates, is to use 

full penetration butt weld to maximize the weld equal to the webs thickness thus capacity. 

The resistance of the overall beam should then be defined according to the full cross section. 

The deformation due to welding must be considered in the design. In other words, the defor-

mation must be either tolerated or it must be fixed so that the deformation is restricted which 

will result in residual stresses. These factors should be considered when designing the beam, 

but the actual difficulties and challenges fall for the manufacturer of the beam.  

 

As an example, and a simplification, we consider the S-shaped cross section under uniaxial 

bending. The beam is supported so that it can be assumed laterally fixed, and the deformation 

is purely vertical. The calculation of the weld is conducted similarly than the I-beam and the 

boxbeam under bending. The weld will be considered as fixing weld as the loading at the 

weld can be considered parallel shear stress only. The challenge in these arbitrary shaped 

cross-sections is the definition of the cross section geometric properties such as static mo-

ment and the moment of inertia for the calculation. Once those are defined and the design 

shear force is known, the throat thickness can be estimated using the eq. 11. 

 

3.2 Case 2: Welding of a supporting plate for thin wave profile 

This load bearing joint is to be welded with pure fillets or either fully or partially penetrated 

butt weld. Also, a mix of both is possible if another must be made in-plane with the plate 

surface but special care should be taken with non-symmetric design. Due to moment direc-

tion the upper weld is recommended to always be a fillet to better ensure the capacity against 

moment. The wall thickness of the member to be joined with is a crucial factor regarding the 

welding which in other words is that the connecting wall must be able to support the loading 

caused by the wave profile and it must not be harmed with the heat input of welding. It means 
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that the welding must not weaken the wall to cause failure in its primary purpose. It is note-

worthy that in case of the connecting wall bending capacity is concerning it must be specif-

ically checked. The bending capacity is depending on the cross section of the wall and should 

be studied carefully. In this example case the connecting wall is assumed having sufficient 

capacity for bending and therefor the capacity is not studied. It should also be emphasized 

that the support plate can be welded to any steel surface where this kind of supporting plate 

is needed and that has the sufficient capacity to carry the additional loading. The construction 

is shown in Figure 17. 

 

 

Figure 17. Illustration of case 2, the wave profile support. 

 

The loading in the weld that is caused by the thin steel wave profile must be efficiently 

diverted into the connecting member. The case can be simplified to a cantilever beam under 

a resultant loading R. The adjacent wall and the supporting plate are assumed to have suffi-

cient resistance against bending caused by the loading on the supporting plate.  

 

Calculating the weld throat thickness requires the resultant loading being divided to shearing 

force and bending moment. The loading terms are defined as shown in Figure 18. 

 

 

Figure 18. Loading terms due to the resultant force R. 
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The resultant force is divided for the welds as follows: Shear force Q is loading equally both 

welds and the moment effect is considered as a force pair component at the weld root. The 

moment is symmetric so the forces at the welds are identical in value but opposite in direc-

tion. Defining the force pair components at the weld root and not at the weld toe will lead to 

a slightly conservative but acceptable estimation of the loading case. The assumed fracture 

surfaces due to three different failure modes and design criterion are shown in Figure 19. 

 

 

Figure 19. Assumed fracture surfaces. 

 

The optimal fracture can be achieved by precisely defining the throat thickness according to 

the loading. However, when safety is considered, the fracture can occur elsewhere as well 

but theoretically by calculating the minimum throat thickness the weakest surface is found 

at the throat plane. The fracture due to shearing of the base plate can activate due to bending 

moment caused by the resultant loading. It is only possible in case the wall can be considered 

having sufficient bending resistance. If the wall is yielding by bending the shearing is not 

likely to occur. The weld leg fracture is plausible in two ways. The vertical leg due to the 

vertical shear force and the horizontal leg due to the horizontal force component from the 

moment. 

 

The calculation for throat thickness is begun with defining the stress components according 

to the loading. It can be assumed that there is no parallel shear stress so only transverse 

tension and shear stresses occur. The tension force F1 is defined according to the moment at 

the weld calculated from the moment caused by the resultant force and it is equal to the force 

F2. The moment loading is governing the weld strength along with the effect of shear force. 

The moment is calculated at the weld root for conservative estimation of throat thickness 
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due to the shorter moment arm thus greater force. The formation of stress components is 

shown in Figure 20. 

 

 

Figure 20. Defining the stress components corresponding the loading in case 2. 

 

The figure is presenting the stress components in both the upper and the lower welds so that 

the governing stress situation can be found, and the components can be defined. It can be 

seen that the direction of transverse normal stresses is equal due to the forces F and Q, but 

the transverse shear stresses are the opposite resulting in a situation where the normal 

stresses add up and the shear stresses partially cancel each other. The governing situation is 

therefor trivial in this case and is found equal in both welds thus the resulting stress equation 

is applicable in both upper and lower welds and is shown in eq. 15. 
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(15) 

 

Where the F1 is the force pair component of the active moment at weld root, Q is the acting 

shear force and l is the length of the weld. As the stress components are defined and written 

as a function of the weld throat plane, the throat thickness can be solved. The solution of the 

throat thickness is presented in eq. 16. 
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Where r is the moment arm for the resultant R or the length of the support plate, t is the 

thickness of the support plate. The force components F1 and Q are written as a function of 

the resultant force R to make the equation simpler due to the relation F1=Rr/t and Q=R. 

 

The weld throat thickness is then defined according to the strength of the adjacent members 

that are the shearing of the connecting wall and the bending of the support plate. First the 

case of shearing is studied, and the stress components are defined equal to the shear yield 

limit fy/√3 of the base plate. The weld loading situation is visualized in Figure 21. The stress 

equation is shown in eq. 17 and the solution for throat thickness is then shown in eq. 18. 

 

  

Figure 21. Case 2 weld stress components according to base plate shear strength. 
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Where s is the thickness of the wall. This method estimates equal strength for the weld that 

the wall can bear due to the moments lateral force component. 
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The throat thickness can be estimated also according to the bending of the support plate by 

defining the strength of the weld equal to the plastic bending moment. The plastic moment 

is calculated as fyt2/4γM0 and is written into the stress component equation as shown in eq. 

19. The solution for throat thickness then yields eq. 20. The plastic bending moment situation 

as well as the corresponding weld stress components are visualized in Figure 22. 

 

   

Figure 22. Case 2 weld stress components according to the plastic moment capacity. 
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Where t is the thickness of the support plate and l is the length of the weld. This method is 

assuming the weld load bearing capacity equal to the plastic bending moment capacity of 

the supporting plate. Generally, it means that the supporting plate will eventually yield by 

bending before the fracture of the weld due to the weld capacity being defined for the plastic 

bending limit of the plate. The supporting plate is usually as short as possible which on the 

other hand is decreasing the vulnerability for bending under the occurring loading. In other 

words, defining the weld size according to the plastic moment of the plate might result in 

overly conservative estimation in this case. 

 

The load bearing capacity of the leg of the weld, z, against shearing must be assessed. The 

calculations are conducted using the fore defined force component F1 that is acting exactly 
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on the weld leg and the shear force due to the loading R. The situation and factors are illus-

trated in Figure 23. These weld leg stresses are compared to the maximum stress according 

to the EC3 stress clause. The comparison for weld leg failure due to the moments force 

component F1 is shown in eq. 21. Another similar comparison must be conducted for the 

transverse leg shearing due to the shear force Q which is then shown in eq. 22. 

 

 

Figure 23. Illustration of factors for weld leg fracture. 
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If the equations 21 and 22 are true with the chosen throat thickness the capacity against the 

leg rupture of the weld is sufficient.  

 

Intermittent weld is not allowed in load bearing joint. Therefor it is advised to design a con-

tinuous weld with a minimum sufficient material thickness. Welding both sides equally re-

sult the lowest amount of distortion and is the strongest possible alternative. These calcula-

tions apply for double sided symmetric fillet welds. The 1) Double-sided symmetric fillet 

weld is recommended for the joint but there are alternative possibilities also that are shown 

in Figure 24.  

 

 

Figure 24. Possible weld types for the case 2. 
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The alternatives, 2) single-sided full penetration and 3) double-sided full penetration, should 

be avoided by all means due to the rational dimensioning of a butt weld. In other words, if 

using these types, the weld should be designed as thick as the supporting plate. Meaning 

strictly a full penetration weld which in most cases leads to excess welding regarding the 

actual requirement due to the loading. The alternatives 2 or 3 can be considered due to the 

manufacturability reasons. All in all, in case there occurs a need for the alternatives 2 or 3 it 

is simply recommended to assess the situation again with the type 1 joint. It is worth empha-

sizing that the equations yield results only for the weld type 1. The type of the weld has a 

considerable effect on the manufacturing of the joint but also to the load carrying capacity. 

In other words, the calculated throat thickness is only ensuring the sufficient load bearing 

capacity through the defined weld throat. The position of the throat and geometry of the weld 

cross section do have an impact on the load bearing capacity. Not only large fillets divide 

the load for a greater area on the base plate, but it also helps the joint divert the moment for 

a better route to the base plate. Comparing a T-butt joint to a double-sided symmetric fillet 

joint one can imagine the moment arm being larger in the fillet weld. Therefor the calcula-

tions according to the loading only apply for the fillet weld. The butt joints are possible 

alternatives when the weld is designed according to the full strength of the support plate. 

 

3.3 Case 3: Welding of a plate stiffener  

This case is including the welding of a stiffener binding joint to increase the buckling capac-

ity of a plate. The weld can be defined according to the actual loading if it is known, and the 

calculation can be done using the component method of the eq. 2 or the simplified method 

eq. 8. It is advised to design such a relatively small weld conservatively and fast in order to 

not get stuck in the details. If the stiffener is designed due to a local point load the weld 

becomes load bearing weld and it must be designed according to actual loading. Altogether 

the question of whether a weld transfers significant forces or is it only connecting the force 

transferring members is essential in classifying the different welds and should be considered 

case specifically especially in the case of stiffeners. There are technical requirements for the 

weld size regarding the adjacent plates. The thickness of the plates should be considered, 

and generally it is taken into account with the rather simple old rule of thumb that is pre-

sented in eq. 9. The calculations for estimating the throat thickness according to the EC3 
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simplified calculation method is most easily done using the eq. 8 as the design force is as-

sumed to be known. It is noteworthy that defining the actual stress situation at the weld 

during buckling is difficult and requires detailed non-linear finite element analysis but in this 

example case it is already known and the design force can directly be put into the eq. 8. 

 

The EC3 simplified calculation method will result in somewhat conservative estimation due 

to the force direction not being precisely defined by the stress components. The method is 

rather straightforward if there is a known quantity of force to be transferred. The correct 

question is that what is relevant scale of assessment for the weld in the case of relatively 

small welds of stiffeners thus improving the efficiency of designing. Even moderately con-

servative estimation of throat thickness done quickly with easy and simple to understand 

methods is most likely a better solution than time consuming precise dimensioning of some 

relatively small weld. When it comes to larger scale welds or batch sizes it is always recom-

mended to study the case thoroughly and optimize the material usage with proper dimen-

sioning and weld geometry. 

 

3.4 Case 4: Welda® attachment plate heat input regarding the adjacent concrete structure 

Welding to the Welda® connection plate will be governed by the materials to be welded. 

This thesis is not directly studying or explaining the design of the weld to the Welda® plate. 

Instead, the effect of the heat input during the welding process, which also is not defined 

precisely, is studied from the perspective of the adjacent material. The plate is designed to 

be used in joining steel members and transferring loads to a concrete structure. The advance 

of this method is that there are no base plate holes drilled to the concrete surface and there 

is no need for precisely positioned submerged threaded rods. This Welda® -method is 

providing significantly bigger tolerances regarding the positioning of the joint and a variety 

of alternatives for joining the members. (Welda® Anchor Plate Technical Manual 2018, pp. 

4-6) Welding is producing locally extremely high temperatures which in the case of fire 

safety can be a problem at the construction sites. Flammable materials might combust due 

to a welding spark or the local high temperature leading to a fire hazard. Heat treated metals, 

especially steels can form new microstructures due to the heating and cooling cycle possibly 

altering the load bearing capabilities and increasing the probability of failure due to softening 

or hardening of the metal depending on the type of steel. Also, materials prone for melting 

at relatively low temperatures might be at risk when close to the welded plate. The plate is 
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however partially submerged to concrete as can be seen in Figure 25 so for example concrete 

combustion is not likely and the concrete functions as massive heat sink albeit with unknown 

efficiency. The fire hazards might occur due to multiple reasons one of which could be for 

example lack of cleaning of saw dust or similar flammable dust like material typically found 

from construction sites. 

 

 

Figure 25. Welda® connecting plate principle (Welda® Anchor Plate Technical Manual 

2018, p. 2). 

 

The Welda connecting plate is available in a variety of material combinations. There are pre-

designed material combinations done by Peikko and those are the materials studied in this 

thesis. The anchor stud of the Welda® connection plate is not considered because it is not 

directly affected by the welding of the joined member. The available pre-designed plate ma-

terials with the corresponding numerical definition and standard are: 

- 1.0577 S355J2+N Non-alloyed structural steel SFS EN 10025-2  

o WELDA 

- 1.4301 X5CrNi18-10 Austenite stainless steel SFS EN 10088-2 

o  WELDA R  

- 1.4401 X5CrNiMo17-12-2 Austenite stainless SFS EN 10088-2  

o  WELDA A  

 

The weldability of the S355J2+N is generally very good and not much harm can be done by 

welding it regarding the microstructure of the steel. However, the S355 is not exactly free of 

problems regarding welding that is the distortion due to welding must be considered espe-

cially in long Welda® plates. An intermittent weld is a possible solution to reduce the heat 

input thus the distortion caused of a long weld, but it must be noted that SFS-EN 1993-1-8 

stipulates not using intermittent welds in corrosive conditions (SFS-EN 1993-1-8 2005, p. 
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39). The distortion due to welding must not be neglected even though it might at first seem 

small but welding in this case happens from only one side which is enhancing the effect of 

plate distortion and therefor causing tension in the anchoring to the concrete.  

 

Standard SFS-EN 1011-3 is presenting the recommendations for welding of stainless steels 

where the appendix A1 is specifically for the austenite stainless steels. The austenitic stain-

less steels are rather well weldable when certain requirements are followed. The heat expan-

sion coefficient of austenitic stainless steel is higher, and the heat conductivity is lower than 

of non-alloyed steels. Therefor the SFS-EN 1011-3 recommends low heat input due to the 

detrimental effects of heat to the shape and especially hot-cracking. Also preheating is not 

recommended due to its collaboration with welding heat input. The hot cracking is a major 

challenge to be considered when welding austenitic stainless steels. SFS-EN 1011-3 presents 

a list of actions for preventing hot-cracking. Preserving the ability to resist corrosion is an 

essential factor when welding stainless steels. Therefor it must be emphasized that the weld 

filler metal should be compatible with the process and the material. The compatibility of the 

filler metal should be in agreement with EN ISO 3581, EN ISO 14343, EN ISO 14174 and 

EN ISO 17633 depending on the welding process. (SFS-EN 1011-3 2018, pp. 10-14) Also 

welding dissimilar steel to the Welda® plate will cause special restrictions to consider. Gen-

erally, can be stated that if dissimilar steels are welded the final properties of the completed 

joint must be assessed to figure out why the dissimilar joint is needed. It is always easier to 

weld similar steels with similar properties. In case of accidental welding of dissimilar steels, 

it can be safely assumed that the joint is not sufficient. 

 

Concrete is cured during time and the curing process requires appropriate humidity. If the 

water is taken out of the process it affects locally the curing and eventually lowering the 

strength properties of the affected area. Problem due to the excessively hot zones in concrete 

is cracking. (Palmer 2020) Those factors together lead to a conclusion of possible problems 

in the load transferring capabilities of the connection plate to the concrete. Especially the 

concretes already low capacity of tension strength and vulnerability to cone fracture arises 

questions. This topic seems exceptionally viable for research specifically framed for the 

problem of local heating affecting the adjacent concrete structure generally and especially 

locally near the heat source. Nevertheless, it can be outlined that the phenomenon is indeed 

interesting yet out of the scope of this thesis.  
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3.5 Case 5: Welding of rebar and threaded rod  

Welding of a load bearing threaded rod or rebar rod requires some attention to be taken in 

the design as it is not always as straightforward as one might at first think. The weldability 

of the material is the first thing to consider before any other designs for instance by confirm-

ing the CEV value of the material with eq. 1 to be suitable for the process. The cases could 

for example be to weld a threaded rod to a surface similar to T-butt weld. Or welding rebar 

rod in the means of continuing or attaching. Continuing a rod by welding without additional 

reinforcement plates or members will in the simplest manner lead to a butt joint and depend-

ing on the loading and the dimensions of the rod most likely full penetration as well. Welding 

a rod to a surface yields more possibilities in the form of fillet and partial penetration butt 

welds. The joint could also be created by overlapping the rods and welding them on the sides 

with a longer weld. This case represents a construction where the rod is welded to a surface 

as shown in Figure 26. 

 

 

Figure 26. Case 5 construction of welding the rod to a surface. 

 

Generally, the calculations can be conducted using the component method of EC3. In case 

of full penetration butt weld there is no need for calculations regarding the weld  as the throat 

thickness equals the rod material thickness. However, the case can be simplified to having 

equal strength on the weld than there is capacity in the connecting surface or the rod itself 

whichever yields the governing design situation. The component method is introduced in 

case there is a combination of loading types and a need for more precise estimation of the 

throat thickness such as relatively thick rod where full penetration or equal strength is not 

rational. The studied loading types and the weld geometry including the additional term to 

the weld length Lw for the case are shown in Figure 27. 
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Figure 27. Loading types and weld geometry for the case. 

 

From the presented loading types the tension force P can be considered as the most common. 

The shear force Q and moment M are possible but taken the dimensions of threaded rods and 

rebar rods there is likely no rational situation where other types are significantly present. The 

calculation according to the actual loading is studied even though this kind of joint can be 

recommended to be designed to bear the equal loading as the weaker adjacent members that 

in this case are the base plate and the rod. This case the base plate can be assumed having 

sufficient capacity resisting the bending due to the loading so regarding the base plate ca-

pacity only the punching shear is studied. Due to the rod’s thicknesses usually being rela-

tively small the calculations are pushed towards higher accuracy in the means of more pre-

cise estimation of weld length by addition of a portion of the weld throat  (a/√2) to the weld’s 

radius. This will lead to higher degree polynomial and the equations will become challenging 

to solve analytically. The corresponding stress components are visualized in Figure 28 for 

the tension force P, shear force Q and F1 due to the moment M. The stress components are 

assumed at a cross section of the weld where the maximum value is present. Meaning that 

tension P is assumed equally distributed as well as the shear force Q but the force F1 due to 

the moment is governing the maximum value region. 

 

 

Figure 28. Case 5 stress components according to the actual loading case. 
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The calculations begin by defining the loading terms that are contributing to the general 

stress situation at the weld and the terms are shown in eq. 23 where the factors are combined 

into the terms of transverse stress components individually with differing subscripts.  
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Where σ represents the normal stress component, τ the shear stress component. It is essential 

to notice that according to the Figure 28 the normal stresses add up, but the shear stresses 

partially cancel each other. It can be seen that the direction of the shear stress component 

due to the shear force Q is inverse when comparing to the other shear components. The 

components are next written open to find the throat thickness that is the common factor in 

all the stress components thus can be solved again numerically due to the analytic calculation 

being overly complicated and difficult. Eq. 24 shows the stage where the minimum throat 

thickness can be numerically computed. 
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  (24) 

 

This equation estimates the weld strength based on the occurring actual loading combination 

as it was shown in Figure 27. It is noteworthy that estimating the weld strength like this the 

weld legs capacity should be checked separately. It gets critical if there is relatively large 

portion of forces P or F1 due to moment which enables the possibility of the tension side 

weld leg rupture. The assumed fracture surfaces are shown in Figure 29. 
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Figure 29. Case 5 assumed fracture surfaces. 

 

The weld leg fracture is checked by defining the worst-case scenario for leg length which 

can be found with a combination of tension components in any point of the circular weld. 

The calculation is shown in eq. 25. 
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The calculation according to the tension capacity of the rod begins with defining the loading 

of the weld equal to the value of yield limit of the rod. The length or area for the consecutive 

stresses is defined so that the yield limit area is the cross sectional area of the rod, and the 

weld area is the actual weld length around the rod multiplied with the throat thickness from 

where the throat thickness is eventually calculated numerically. The solution can be com-

puted numerically by calculating the throat plane stress using the comparison of eq. 26 by 

inputting relevant values for the throat thickness. The stress components are visualized in 

Figure 30. 

 

 

Figure 30. Case 5 stress components visualization for rod equal strength. 
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Where r is the radius of the rod. The equation will estimate the weld having equal strength 

than the rod has tension capacity so the rod will yield before weld fracture. 

 

Next the weld strength is solved according to the shear capacity of the base plate. The cal-

culation gets even more intricate which is confirming even further the decision why it is 

recommended conducted numerically. The limiting value for the throat thickness is solved 

by calculating the stresses with a set of pre-defined throat thickness and then running a com-

parison of the stresses similarly than the previous eq. 26. In this case the limiting stress for 

the weld is according to the base plate shear yield limit fy/√3. The shear surface is assumed 

at the weld toe in the base plate hence the circumference is 2π(r+a√2). The eq. 27 presents 

well the complexity of the case when additional terms are included. The stress components 

are visualized in Figure 31. 

 

 

Figure 31. Case 5 stress components visualization for base plate equal strength weld. 
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Where tp is the thickness of the base plate. The equation estimates the weld having equal 

strength than the base plate has shearing capacity. It must be carefully studied which one is 

the governing failure mode during the design life of the weld as the assumption of sufficient 

base plate bending capacity is governing the susceptibility of this failure mode. In case the 
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assumption of bending capacity does not apply the base plate bending resistance must be 

separately checked. 

 

3.6 Case 6: Welding of inner threaded bushing 

This case is describing the design of a load bearing weld for a threaded bushing. The re-

striction for the base plate is that it must be weldable steel and compatible with the bushing 

material regarding welding or the dissimilar welding must be approved by appropriately ex-

perienced designer. The bushing is installed in a predrilled hole through the plate where the 

bushing can be welded in a groove to minimize the reinforcement on the surface due to the 

deposited weld metal. The principle of the construction and the considered weld type are 

shown in Figure 32. 

 

 

Figure 32. Principle of inner threaded bushing and the considered weld type. 

 

The weld is created around the bushing into a groove to make the visible surface flat for 

visual purposes. This kind of application comes to question when something must be at-

tached to a plate and threading the plate itself is not wise or even possible. This way the load 

bearing capacity of such joint can also be increased due to the increase in thread length and 

bushing dimensions. The downside to this is that the bushing must be welded which creates 

other kinds of challenges. It is noteworthy that achieving a perfectly flat surface requires 

post weld grinding that significantly increases the costs of the weld. The weld can therefor 

be recommended to be designed so that no additional phases are needed. The dimensioning 

of the weld is recommended to be defined as full penetration weld to a single V-groove. 

Then the actual weld throat thickness is equal to the base plate material thickness resulting 
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in the strongest weld with the simplest methods. The joint will have equal load bearing ca-

pacity that the connecting plate has. Defining the stress components will require detailed 

calculations regarding the loading situation at the weld and can be considered not wise with 

the exception of relatively thick connecting plates and thin bushings. These exceptions are 

however not studied in this thesis.  
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4 RESULTS 

 

 

This chapter presents the results of this thesis. The chapter includes the representation of the 

generated new technical information, describing the concrete applications of the results of 

the thesis and an overview of the generalization of the results. 

 

4.1 Generated new technical information 

The efficiency of designing the analyzed case joints can be considered improved or improv-

ing during the learning process of the ever-increasing studying of the welded joints. The 

improvement is achieved with detailed analysis of calculations for the load bearing capacity 

as well as the manufacturability and sustainability aspects. The material usage is being opti-

mized as the joint capacity is more accurately defined as well as the factors considering 

different aspects of safety is being discussed throughout the thesis. The effect of welds and 

welding to the overall costs was briefly studied and it was found out that the sustainability 

aspects are relatively state-of-the-art topics in also engineering due to the consumption of 

natural resources in constructing structures being extremely large. Therefor the small field 

of welding in construction business considering consumption of natural resources or created 

waste is seemingly small when comparing to the significant polluters.  

 

4.2 Concrete applications 

The analyzed case studies were compiled into a separate MS Excel datasheets where the 

calculations will occur semi-automatically by the user inputting the required values for 

achieving the desired factors. The calculation tables will run the pre-defined calculations for 

estimating the weld strength based on the user inputs for different loading cases and different 

design criterion. The review on the weld symbols will function as a firsthand guidance for 

the designers in using the standardized welding symbolics when designing welds. The equa-

tions are previewed in the open form as well as the analytical solution for the throat thickness 

is given when possible. The open form solution enables the possibility to easily calculate for 

instance the strength of the weld or the usage ratio of any given throat thickness so that the 

designer can choose the throat thickness based on the possibly required usage ratio. Whereas 

the final analytical solution for the throat thickness enables the quick and easy calculation 

for minimum throat thickness based on the corresponding design criterion. 
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4.3 The generalized results 

The way of thinking in the means of material and resource consumption can be assumed 

being changed and changing all the time towards more sustainable designing and construct-

ing. The designers can affect the total sustainability of a construction by creating more and 

more sustainable solutions in the construction projects. Generally, it means by optimizing 

the material usage, by optimizing the designs so that they are more easily and more sustain-

ably constructed, by taking into account the recycling and reusing of the materials after the 

design life of the structure, substructure or materials. The greatest effect regarding the effi-

ciency of designing, thus boosting the business, will most likely come from the faster de-

signing. This is partially achieved by the proper use of the readymade calculation tables and 

the actual companywide design guide that will be composed based on the theories and re-

views of this thesis. The design guide is meant for the use inside the company to bring market 

value and business edge. However, in the means of development in the field of sustainability 

the theories and thoughts governing those design guides will be published in this thesis. Also, 

after the calculation tables are properly validated and verified the publication of those should 

be considered to best suit the global sustainable development in also construction business 

and structural engineering especially regarding the welds. 
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5 DISCUSSION 

 

 

This chapter discusses the results that was found out during this thesis. The chapter consists 

of an analysis of objectivity, reliability and validity as well as an error and sensitivity anal-

ysis. The novelty value of the results and the generalization and utilization is discussed as 

well as the topics for future research. The topics for future research is including a list of cases 

that were found out interesting and viable for this thesis but was not eventually studied. 

Therefor a logical continuity for this thesis is to study the joints in this list. 

 

5.1 Objectivity 

The cases were studied from the perspective of a thesis worker, so the objectivity of the 

thesis was not governed by the business aspects of neither of the associate companies. On 

the contrary this thesis was scoped so that the modern structural designers could have a slight 

push towards more sustainable design solutions in their everyday work. Therefor writing the 

thesis from the perspective of university but having the problems from the real designer’s 

desktop can be said close to ideal situation in the matter of objectivity. 

 

5.2 Reliability and validity 

The reliability of the solutions is modest due to the lack of actual design experience which 

would have had a significant effect to the design and layout of the design code calculations. 

The assistance about the design criteria and solutions have come from the associate compa-

nies and the help regarding the calculations and theories is from the university. Altogether 

the resulting calculation models for the cases can be considered reliable when the used as-

sumptions apply. The calculation templates should be validated and verified by larger scale 

testing before launching the code in the general use inside the associate companies and pos-

sibly also outside of them. The large-scale testing will mean that the theories and calculations 

are validated by using them simultaneously with the existing design guides and procedures 

to ensure the results and assumptions being relevant to the given joints and cases. 
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5.3 Error and sensitivity analysis 

The greatest errors and faults will be in the scale and scope of the design cases. The cases 

are not general but specified and the number of cases and different loading types and as-

sumptions will be increasing in the future as this design code is merely a beginning of the 

specified design code for welds in the businesses of the associate companies. 

 

A source of error was the fact of writer being university student with very little practical 

experience in working with designing welds. The theoretical experience of the thesis worker 

remains in the study projects and theoretical studies which made it rather difficult to find the 

suitable depth which at the same time would be practical and increase the efficiency of the 

existing design codes and guides. Also, the experience in practical design of welds would 

have increased the insight of what exactly should be highlighted in the calculation templates 

for a designer who is not familiar with the terms and theories in welding. 

 

5.4 Novelty value of results 

The Welda® attachment plate is relatively new product from Peikko and there were no stud-

ies found regarding the heat effect of welding to the adjacent concrete during the concretes 

curing process as well as after the curing has taken place. The use of the attachment plate is 

assuming sufficient strength from the adjacent concrete before applying the design loading 

via the joint. The rather interesting question is that could the joint loading be safely applied 

earlier or does the heat input affect the strength development of the concrete resulting in 

decreased load bearing capability near the attachment plate. It is commonly known that cone 

fracture in concrete structures is a common failure mode so a logical possibility would be 

that the anchors could fail due to multiple cone fractures. The literature review arises ques-

tions and this phenomenon could turn out viable future research topic.  

 

The existing literature of designing welds is vast but a specified collection of guidelines or 

recommendations that could be used as a standalone guide was not found. The EC3 standards 

include the majority of possible joint cases in the general level. If the design is however not 

directly applicable to the standards and is somewhat extraordinary a designer might quickly 

get overwhelmed. Therefor a set of examples of the most commonly occurring difficult or 

otherwise exceptional welds at least in the companywide scale can be considered beneficial. 
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A general and certified database could also be an interesting project and another viable topic 

for future research. 

 

5.5 Generalization and utilization of the results 

The results of the studied design cases can be considered as targeted benefit for the associate 

companies as the design problems are originating from actual design projects. Therefor the 

results of the calculation tables and forms are beneficial in the future regarding these types 

of design problems. Also, the cases can be generalized when similar structures occur, these 

calculations can be considered usable when the considered assumptions apply but the theo-

ries reviewed are general and usable in every scenario. 

 

5.6 Topics for future research 

A topic for future research or continuing the analysis of the case studies could start with a 

case of welding of diagonal bracing joining plate. The case should be describing the recom-

mendations and procedures for calculation of a joining plate of diagonal bracing. The joining 

plate is commonly welded to a joint area of the primary truss or frame structure but generally 

the joining member or part is arbitrary. Meaning that as long as the member to be joined is 

capable of bearing the additional loading due to the diagonal bracing it does not matter what 

it is. It is also assumed that the primary structure is designed so that it is stable under the 

occurring loading and this case does not consider the overall design of the construction but 

only the design of the welded joint plate. The example case construction is presented in 

Figure 33. Initially the joint can be considered extremely difficult if the truss centrelines do 

not meet in the exact same spot. In other words, the moment at the point where the members 

are coincident should be zero so that the common assumptions of pinned joints in truss and 

frame constructions apply. When the joint can be assumed as pinned the weld becomes eas-

ier. The stresses in the weld are only due to the diagonal bracing. 
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Figure 33. Welded bracing plate for joining diagonal member. 

 

The list of future topics continues with welding of arbitrary size and shaped plate. The basic 

principles, requirements and restrictions for different shapes, materials and thicknesses. Thin 

plates can be included or excluded to separate case.  

 

Design of welded console construction was also not studied even though it was initially se-

lected. Therefor it would be interesting case for the design code to be analysed as there is 

always a need for connecting for example beams and columns where the console construc-

tion comes to question. The biggest factors would be as easy to manufacture as possible and 

the weight optimization meaning that the material usage should be optimized. The console 

construction is commonly designed per problem which means that there are rarely two iden-

tical consoles. This arises interest for modularization of the console construction for larger 

scope of joints. The objective would be to give the designer a table where to select the al-

ready designed console based on the pre-defined design criterion. An example of the con-

sidered console construction is shown in Figure 34. 

 

   

 

Figure 34. Example of the console construction. 
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Modifying a continuous profile by welding would be one case for the future research. There 

is occasionally a need for modifications due to for example connecting a large beam to a 

column with tight space restrictions. Also, as if the long beam was designed according to the 

maximum bending for instance that is present in the middle of the beam, there is excess 

material and capacity in the ends of the beam. This altogether would enable the possibility 

to remove material from the ends for allowing a better or more suitable alternatives for the 

joint. The mentioned principle is shown in Figure 35 and it should be noted that this case 

would most likely include a variety of modifications of different members and could perhaps 

function as a diary of the already done modifications by the creative designers. 

 

 

Figure 35. Example modification of I-beam. 

 

The development of digital design tools by either separate and individual software for cal-

culating weld parameters and resistances or implementing this kind of application to an ex-

isting calculation software is an inevitable step in the future. The digitalization is well on its 

way and new design software are being developed all the time. Also, the existing software 

are being constantly updated to keep up with the development. These calculation tables are 

used in automating the previous hand calculations with pen and paper so the journey to fully 

automatised or digitalized calculation using these templates is long. However, it is also note-

worthy that automatising something that is not exactly defined with boundary conditions, 

and such is not efficient therefor creating a software that would be able to apply every single 

possible boundary condition or design criterion will be difficult if not impossible. That is 

also a reason why this thesis was conducted in a way of compiling the basics of background 

theory for the to be design code document. 
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Welds are known to be prone for fatigue failure so an obvious next step in this kind of design 

code would be to include fatigue assessment in the cases. The typical loading cases in con-

structing buildings are static and the welds are therefor considered being only static load 

bearing. The dynamic loading cases are rarer and typically those joints are designed using 

some alternative option than welding. However, the research on fatigue failures of welds is 

extremely interesting and new discoveries are being made that are constantly increasing the 

feasibility of fatigue loaded welded joints. Therefor it might not be yet and especially at this 

stage of this design code but at some point, in the future to consider the addition of fatigue 

aspects to the design code. 

 

The literature review of the effects of heat input to the strength of concrete over time revealed 

that very little focus has been put to the effect of welding near the curing concrete. It was 

found out that elevated temperature has an effect on the curing process of the concrete and 

based on that a conclusion of local effects due to welding can be drawn. There will most 

likely be changes in the load bearing properties in the concrete due to the locally elevated 

temperatures caused by the heat input of welding the connecting plate. These effects could 

be gathered to a separate master’s thesis or more thorough research overall. 
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6 CONCLUSION 

 

 

The increase in efficiency of the overall design will be achieved by increasing the speed and 

accuracy of the designs itself. Presumably the increase in efficiency, that is the time used per 

design problem being decreased, will have an effect in the business by increasing the tasks 

and jobs that can be completed per unit of time. The design solutions can be considered more 

sustainable even though there is an infinite number of ways to improve the sustainability in 

every aspect of the world and living. The increase in sustainability in the field of welding is 

a minor improvement in the overall sustainability but a necessary improvement in the long 

run. The actual improving in the sustainability of welding is difficult to measure as it has 

been already mentioned that sustainability is not always purely about the use of material or 

time but more of a combination of numerous different factors. Focusing on some specific 

factor when trying to improve the efficiency generally could be compared to the term “mi-

cro-managing” that eventually has very little effect to the overall process. Therefor trying to 

influence the mindset and broaden the insight or perspective of the decision makers, that are 

the designers, would seem to be the long-lasting method for enforcing sustainable develop-

ment in all its aspects. The amount of material saved by optimizing some few millimeters of 

weld thickness is small when comparing to for instance better weld geometry or better weld-

ing position achieved via differently solved design problem. Also considering the time used 

in optimizing some millimeters in throat thicknesses can quickly become extensively expen-

sive thus price for the gained benefit will be high. Therefor it is better to improve the general 

knowledge of the modern designers about the possibilities and different outcomes of some 

seemingly small changes in the designs but that have a more significant effect on the overall 

sustainability. This thesis is contributed to the optimization of structures design in order to 

create a better working and more sustainable infrastructure for each of us to live on. This 

kind of optimization should never be overlooked since the natural resources that our planet 

has to offer are limited and therefor the buildings and structures we ought to create are also 

limited. Even though it might take hundreds or thousands of years to reach those resource 

limits but generally as the social sustainability obliges us to sustain at least the equal possi-

bilities for future generations to come. 

  



74 

 

LIST OF REFERENCES 

 

 

Bending. 2021. [American Galvanizers Association webpage]. [Referred 23.4.2021]. 

Available: https://galvanizeit.org/design-and-fabrication/fabrication-considerations/bend-

ing 

 

Concrete’s role in helping to achieve the United Nations Sustainable Development Goals 

(SDGs). 2020. [GCCA – Global Cement and Concrete Association webpage]. [Referred 

3.3.2021]. Available: https://gccassociation.org/news/concretes-role-in-helping-to-achieve-

the-united-nations-sustainable-development-goals-sdgs/ 

 

Dissimilar Metal Welding. What is Dissimilar welding?. 2020. [Yorksheet webpage]. [Re-

ferred 3.5.2021]. Available: https://www.yorksheet.com/york-sheet-blog/dissimilar-metal-

welding 

 

Economic Sustainability. 2021. [University of Mary Washington webpage]. [Referred 

28.4.2021]. Available: https://sustainability.umw.edu/areas-of-sustainability/economic-sus-

tainability/ 

 

Hicks, J. G. 2001. Welded design: Theory and practice. Cambridge, England: Abington 

Publishing. 156 p. 

 

Hobart Institute of Welding Technology. 2012. Principles of Operation. in Gas Metal Arc 

Welding: (EW-473, 2012). 3rd Edition. Troy, Ohio. Hobart Institute of Welding Technol-

ogy. 6 p. 

 

Hudec, Z. 2015. The key to economy of welded structures production. METAL 2015 - 

24th International Conference on Metallurgy and Materials Conference Proceedings. Libe-

rec, Czech Republic. 3-5.6.2015. P. 1828-1834. 

 

Kou, S. 2003. Welding metallurgy. 2nd edition. Hoboken (NJ), United States. Wiley. 461 

p. 



75 

 

 

Koçak, M. 2007. Fitnet Fitness-For-Service procedure: An overview. Welding in the 

World. Vol. 51. Pp. 94-105. 

 

Kumanan, S. Vaghela, S., J. 2017. Investigations on effect of direction of welding on dis-

tortion in combined butt and fillet joint using finite element analysis. Indian Journal of En-

gineering & Material Sciences. 2017. Vol. 24. Pp. 201-206. 

 

Niemi, E. 2003. Levyrakenteiden suunnittelu. Helsinki: Teknologiainfo Teknova. 136 p. 

 

Ongelin, P. & Valkonen, I. 2010. Hitsatut profiilit EN1993 -käsikirja. 3rd edition. Rau-

taruukki Oyj. 610 p. 

 

Palmer, B. 2020. Guide to Concrete Curing Time & Methods. [Concrete Network 

webpage]. [Referred 7.4.2021]. Available: https://www.concretenetwork.com/curing-con-

crete/ 

 

SFS-EN 1011-3:2018. 2018. Welding. Recommendations for welding of metallic materi-

als. Part 3: Arc welding of stainless steels. 2nd edition. Helsinki: Finnish Standards Associ-

ation SFS. 27 p. 

 

SFS-EN 1090-2:2018. 2018. Execution of steel structures and aluminium structures. Part 2: 

Technical requirements for steel structures. 3rd edition. Helsinki: Finnish Standards Associ-

ation SFS. 179 p. 

 

SFS-EN 1993-1-1. 2005. Eurocode 3: Design of steel structures. Part 1-1: General rules 

and rules for buildings. Helsinki: Finnish Standards Association SFS. 1+99 p.  

 

SFS-EN 1993-1-1/A1. 2014. Eurocode 3: Design of steel structures. Part 1-1: General rules 

and rules for buildings. Helsinki: Finnish Standards Association SFS. 1+6 p. Amendment 

A1 to standard SFS-EN 1993-1-1:2005. 

 



76 

 

SFS-EN 1993-1-8. 2005. Eurocode 3: Design of steel structures. Part 1-8: Design of joints. 

Helsinki: Finnish Standards Association SFS. 1+133+3 p.  

 

SFS-EN ISO 2553:2019. 2019. Welding and allied processes. Symbolic representation on 

drawings. Welded joints (ISO 2553:2019). 2nd edition. Helsinki: Finnish Standards Asso-

ciation SFS. 59 p. 

 

SFS 3052:2020. 2020. Welding vocabulary. General terms. 6th edition. Helsinki: Finnish 

Standards Association SFS. 128 p. 

 

SFS-EN 5807. 2014. Welding. Fusion-welded joints in steel, nickel, titanium and their al-

loys (Beam welding excluded). Quality levels for imperfections (ISO5817:2014). Helsinki: 

Finnish Standards Association SFS. 1+3+27 p. 

 

Tang, Y. et al. 2017. Effect of Curing Temperature on the Durability of Concrete under 

Highly Geothermal Environment. Advances in material science and engineering. 2017. 9 p. 

 

Tracy, S., Boyd, S., R., Connolly, J., D. 2004. Effect of Curing Tempetarute and Cement 

Chemistry on the Potential for Concrete Expansion Due to DEF. Journal of the Precast/Pre-

stressed Concrete Institute. 2004. Pp. 46-57. 

 

Wasieleski, D. M. & Weber, J. 2020. Sustainability. 4th edition. Bingley, England. Emer-

ald Publishing. 244 p. 

 

Welda® Anchor Plate Technical Manual. 2018. [Peikko webpage]. [Referred 13.4.2021]. 

32 p. Available in PDF-file: https://www.peikko.com/products/product/welda-anchor-

plate/ 

 

Welding of Coated Steels. 2006. [Total Materia webpage]. [Referred 23.4.2021]. Availa-

ble: https://www.totalmateria.com/page.aspx?ID=CheckArticle&site=kts&NM=191 

 

What Is Environmental Sustainability?. 2020. [Sphera webpage]. [Referred 28.4.2021]. 

Available: https://sphera.com/glossary/what-is-environmental-sustainability/ 



77 

 

 

What is welding? Welding technology explained. [Kemppi webpage]. [Referred 

26.3.2021]. Available: https://www.kemppi.com/en-US/support/welding-abc/what-is-weld-

ing/ 

 



 

     

 

Appendix I, 1 

List of related standards. 

 

SFS-EN 571-1 Non-destructive testing. Penetrant testing. Part 1: General principles. 

 

SFS-EN ISO 1011-1 Welding. Recommendations for welding of metallic materials. Part 1: 

General guidance for arc welding. 

 

SFS-EN ISO 1011-2 Welding. Recommendations for welding of metallic materials. Part 2: 

Arc welding of ferritic steels. 

 

SFS-EN ISO 1011-3 Welding. Recommendations for welding of metallic materials. Part 3: 

Arc welding of stainless steels. 

 

SFS-EN ISO 1011-5 Welding. Recommendations for welding of metallic materials. Part 5: 

Welding of clad steel. 

 

SFS-EN 1090-2 Execution of steel structures and aluminium structures. Part 2: Technical 

requirements for steel structures 

 

SFS-EN 1321 Destructive tests on welds in metallic materials. Macroscopic and microscopic 

examination of welds. 

 

SFS-EN 1435 Non-destructive examination of welds. Radiographic examination of welded 

joints. 

 

SFS-EN 1990 Eurocode: Basis of Structural design. 

 

SFS-EN 1993 Eurocode 3: Design of Steel structures. 

 

SFS-EN 1993-1-5 Plated structural elements. 

  



 

     

 

Appendix I, 2 

List of related standards. 

 

SFS-EN 1993-1-8 Design of Joints. 

 

SFS 2372 Hitsaus. Staattisesti kuormitettujen teräsrakenteiden hitsausliitosten mitoitus ja 

lujuuslaskenta. (Old Finnish standard) 

 

SFS-EN ISO 2553 Welding and allied processes. Symbolic representation on drawings. 

Welded joints (ISO 2553:2019) 

 

SFS-EN 3052 Welding vocabulary. General terms. 

 

SFS-EN 3054 Welding vocabulary. Arc welding. 

 

SFS-EN ISO 3581:2016:en Welding consumables. Covered electrodes for manual metal arc 

welding of stainless and heat-resisting steels. Classification (ISO 3581:2016, Corrected ver-

sion 2017-11-01) 
 

SFS-EN 3834-1 Quality requirements for fusion welding of metallic materials. 

 

SFS-EN ISO 5817 Welding. Fusion-welded joints in steel, nickel, titanium and their alloys 

(beam welding excluded). Quality levels for imperfections. 

 

SFS-EN ISO 6947 Welding and allied processes. Welding positions (ISO 6947:2019) 

 

SFS-EN 10080 Steel for the reinforcement of concrete. Weldable reinforcing steel. General. 
 

SFS-EN ISO 10088-2 Stainless steels. Part 2: technical delivery conditions for sheet/plate 

and strip of corrosion resisting steels for general purposes. 

 

SFS-EN ISO 14174:2019:en Welding consumables. Fluxes for submerged arc welding and 

electroslag welding. Classification (ISO 14174:2019) 

https://online-sfs-fi.ezproxy.cc.lut.fi/fi/index/tuotteet/SFS/CENISO/ID2/2/805329.html.stx
https://online-sfs-fi.ezproxy.cc.lut.fi/fi/index/tuotteet/SFS/CENISO/ID2/2/805329.html.stx


 

     

 

Appendix I, 3 

List of related standards. 

 

SFS-EN ISO 14343:2017:en Welding consumables. Wire electrodes, strip electrodes, wires 

and rods for arc welding of stainless and heat resisting steels. Classification (ISO 

14343:2017) 
 

SFS-EN ISO 14731 Welding coordination. Tasks and responsibilities (ISO 14731:2019) 

 

SFS-EN ISO 17637 Non-destructive testing of welds. Visual testing of fusion-welded joints 

(ISO 17637:2003) 

 

SFS-EN ISO 17659 Welding. Multilingual terms for welded joints with illustrations (ISO 

17659:2002) 

 

SFS-EN ISO 17660-1 Welding. Welding of reinforcing steel. Part 1: Load-bearing welded 

joints (ISO 17660-1:2006) 

 

SFS-EN ISO 17660-2 Welding. Welding of reinforcing steel. Part 2: Non-load-bearing 

welded joints (ISO 17660-2:2006) 

 

SFS-EN ISO 17633:2018:en Welding consumables. Tubular cored electrodes and rods for 

gas shielded and non-gas shielded metal arc welding of stainless and heat-resisting steels. 

Classification (ISO 17633:2017) 
 

SFS-EN ISO 17663 Welding. Quality requirements for heat treatment in connection with 

welding and allied processes (ISO17663:2009) 

 

SFS-EN ISO 23277 Non-destructive testing of welds. Penetrant testing of welds. Acceptance 

levels (ISO 23277:2006) 

 

https://online-sfs-fi.ezproxy.cc.lut.fi/fi/index/tuotteet/SFS/CENISO/ID2/1/756594.html.stx

