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Tässä kandidaatintyössä tutkitaan korjaushitsaamisen aiheuttamaa lujuusominaisuuksien 

heikkenemistä kolariauton eturunkopalkissa. Tutkimuksen avulla pyritään selvittämään, 

onko hitsattu rakenne riittävän luja ollakseen turvallinen kolaritilanteessa. Tutkimuksessa 

keskitytään hitsisauman geometrian aiheuttamiin jännityspiikkeihin, sillä 

materiaaliominaisuuksien muutoksen tarkastelu vaatisi huomattavasti laajempaa tutkimusta. 

Tutkimusta varten luodaan 3D-malli auton eturunkopalkista. Hitsatussa mallissa hitsisaumat 

asetetaan eri tasoon keskenään auton valmistajan korjausoppaan mukaisesti. Rakenteen 

tutkimiseksi käytetään FE-analyysiä. Hitsatulle rakenteelle lasketaan staattinen 

kuormitustapaus, jolla simuloidaan törmäystilannetta, ja tutkitaan hitsin aiheuttamia 

jännityskonsentraatioita. Hitsatun rakenteen väsymiskestoikää arvioitiin hot spot -

menetelmää hyödyntäen. 

Rakenteen staattinen lujuus osoittautui riittäväksi kolaritilannetta varten, sillä FE-analyysin 

perusteella rakenne pettää apurungon kiinnityskohdasta ennen hitsisaumaa. 

Väsymiskestävyys huononee hitsaamisen johdosta, mutta normaalissa tieliikenteessä 

käytettävissä autoissa runkopalkkeihin kohdistuvat väsyttävät voimat koostuvat lähinnä 

keulan osien edestakaisesta liikkeestä tien epätasaisuuksissa, eikä rakenteeseen täten juuri 

väsyttäviä kuormia kohdistu. 
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This Bachelor’s thesis evaluates the degradation of strength properties in a vehicle frame rail 

because of repair welding. The thesis aims to determine if the welded structure is strong 

enough to be safe in case that the vehicle experiences another accident. Research is limited 

to stress spikes that the welds geometry causes as evaluating the degradation of material 

properties around the weld would require broader research and real-world tests. 

 

To conduct the research a 3d-model of a cars frame rail is created. FE-analysis is used to 

analyse the stress distribution in the structure. A static loading scenario that simulates a crash 

is calculated and the resulting stresses are analysed. The fatigue properties are evaluated 

using the hot spot -method for which its own loading scenario is created. 

 

Based on the FE-analysis the repair welded structure is strong enough to be safe as the frame 

rail would fail first from the location of the subframe mount rather than the weld. Welding 

degrades the fatigue properties of the rail. However, vehicles used in normal driving only 

experience minor fatigue causing loads as the parts in the front-end sway in the imperfections 

of the road. Therefore, it does not cause issues.  
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1 INTRODUCTION 

 

Advanced high strength steels are getting increasingly common in modern cars as 

manufacturers aim to make the frames and body structures stronger and lighter. This must 

be done as regulations regarding safety are getting stricter and the amount of electrical 

equipment keeps increasing and bringing more weight on board.  

 

The most common damage to a vehicle in an accident is in the front end. In a front-end 

collision, the key structure absorbing the energy is the frame rails. Because of this it is 

common that the frame rails get bent and require fixing after a collision. The frame rail in 

question can be seen in Figure 1 Front frame rail (Audi AG, 2020). The most cost- and work 

effective way of doing this is to find a dismantled car that has the broken section intact and 

cut the bent part out and replace it with a good one. Another way of achieving this is to 

remove and replace the entire part all the way to the firewall. This however requires a lot 

more disassembly and can make the entire repair economically unsustainable. 

 

High strength steels can get difficult to repair. Yielded parts cannot be bent back to shape as 

they have lost their strength and must be replaced with new or used known good parts. When 

it comes to frame rails, replacement often requires welding. However, welding must be done 

with proper gear and precautions to make sure that the welded areas do not lose their strength 

because of the heat brought in the welding process. Also, welds can be susceptible to 

cracking if applied in a location that is under high fatigue causing loads. 
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Figure 1 Front frame rail (Audi AG, 2020) 

 

The vehicle manufacturers are divided with their opinions about the cut and weld-type of 

repair. Some manufacturers like Audi have official instructions on how to perform this type 

of repair, and some manufacturers do not tolerate it. However, a bent frame often leads to 

the vehicle being declared as a total loss. Typically, cars that the insurance company has 

declared as a total loss are auctioned off and then repaired by third party repair shops and 

individuals, so the manufacturer rarely performs repairs on bent frame rails. As a result of 

this, manufacturers are not interested about researching the impacts of this type of repairs as 

they are not responsible for the consequences. 
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1.1 Objectives, exclusions, and research methods 

 

This thesis aims to determine how significantly the static strength- and fatigue properties of 

the frame rail will deteriorate as a result of replacing a bent section by welding on a used 

good section, and if the repair is safe. Research focuses on the geometrical changes caused 

by the welding in the structure as evaluating the residual stress and change of material 

properties in the area surrounding the welds requires extensive research and real-world 

testing. Fatigue analysis is limited to demonstrative figures as determining the actual load 

profile of the rail would require strain gauge measurements as the rails are normally under 

static load and the fatigue load is caused by road imperfections and the weight transfer 

caused by them. 

 

The research is conducted by reviewing literature from trusted sources to find the most 

suitable ways to analyse these aforementioned strength properties. Sources were primarily 

searched through LUT primo. The trustworthiness of the sources is evaluated by the number 

of references and the number of publications by the author in question. Peer reviewed articles 

are preferred. If based on this criterion there is not a clear best source the most recent one is 

selected. 
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2 METHODS 

 

2.1 Computer assisted design 

 

Computer assisted design (CAD) is utilizing computer hardware and software to assist 

creating, modifying, or optimizing a design. CAD makes it easier for the designer to 

visualize the product and makes it possible to test fit parts and assemblies together virtually, 

which improves quality of the products and reduces the number of needed revisions. CAD 

also improves the documentation of the parts as there are standards for the drawings which 

makes them easier for the manufacturer or subcontractor to interpret. 

 

In mechanical engineering CAD is the most used method for designing parts and products 

as many of the manufacturing methods and tools are also computer controlled. This makes 

it fast and streamlined to import the geometries and toolpaths straight out of the CAD 

software. Without a proper model drawn in CAD the computer-controlled tools would need 

to be manually coded to perform the required actions which would take far longer.  (Sarcar, 

Mallikarjuna Rao et al. 2008) 

 

2.2 Finite element analysis 

 

In finite element analysis (FEA) a structure is divided to small pieces called elements. Figure 

2 shows how a fighter jet could be divided into finite elements for analysis. There are many 

different element types that can be used depending on the structure that is being analysed. 

The most common element types are truss-, beam-, plate- and solid elements. The elements 

are attached to each other by nodes. The number of nodes per element ranges from two in 

the simpler elements like trusses to twenty in more complex solid elements. Nodes can have 

six degrees of freedom which are translation and rotation about the x-, y- and z-axis. The 

number of degrees of freedom depends on the element type used, for example, truss-elements 

can only carry pulling or compressing loads and thus their nodes only have three degrees of 

freedom, translation about x-, y- and z-axis and the nodes for beam-elements can have all 

six. 
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Figure 2 A fighter jet divided into finite elements  (Singiresu S. Rao 2018) 

 

The amount and size of elements in the structure is defined by setting up a mesh. Typically, 

the mesh is made finer around the area of interest and complex geometries and for simple 

geometries a coarser mesh is used to save time during the calculation. Meshing is a crucial 

part of the FEA process as it defines the accuracy of the results. If too coarse of a mesh is 

used in fine details of a structure the model can produce results that have lower stress values 

than it should. 

 

The calculation is performed in matrixes. A material stiffness matrix is created according to 

the material properties of the material in question. Nodes have their own matrixes which 

contain the translations and rotations. When these two are used in conjunction the stresses 

and translations for the nodes can be calculated. Models often have thousands of nodes and 

elements, so calculations are performed by a computer. The simplest beams and trusses can 

be calculated by hand but even that is not practical as computers perform it much faster. 

 

In some structures, symmetry can be used to make the model easier to calculate. The 

symmetry is taken into account when setting constraints for the model. On the plane that the 

symmetry is located the translation and rotation of the nodes is limited to make it correspond 

the entire structure.  (Singiresu S. Rao 2018) 
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2.3 Hot spot -method 

 

The hot spot –method is used to evaluate fatigue properties of a weld or a notch. The 

structural stress is first calculated with FEA and then the results around the weld are 

extrapolated to get the hot spot –stress. The first measuring point is 0,4*t from the weld toe 

and the second one is 1,0*t from the weld toe (t = material thickness). Hot spot -stress 𝜎ℎ𝑠 

can then be extrapolated with formula (1). (Niemi, Fricke et al. 2017) Figure 3 illustrates 

how the stress is extrapolated. 

 

where 𝜎ℎ𝑠 is structural hot spot -stress, 𝜎0,4𝑡 and 𝜎1,0𝑡 are the stresses measured from 0,4t 

and 1,0t from the weld toe.  

 

Figure 3 Illustration of the extrapolation to the hot spot.  (Hobbacher 2009) 

 

After the FEA has been performed and the hot spot -stress has been extrapolated from the 

measuring points the final step of the analysis is using a Woehler S-N curve to estimate the 

lifespan of the weld in cycles. FAT classes and S-N curves are determined experimentally 

by the IIW (International Institute of Welding) in a series of laboratory fatigue experiments 

for different weld types to estimate their fatigue resistance. An example of a suitable S-N 

curve with different FAT classes can be seen in Figure 4. 

 

 𝜎ℎ𝑠 = 1,67𝜎0,4𝑡 − 0,67𝜎1,0𝑡 (1) 
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Figure 4 Woehler S-N curve for steel at constant amplitude.  (Hobbacher 2009) 

 

These values have been determined for constant amplitude load scenarios in a laboratory 

environment. Actual loads often have varying amplitudes so the cumulative effect of fatigue 

must be considered. A popular way of achieving this to use the Palmgren-Miner rule. 

According to the Palmgren-Miner rule, each different loading amplitude consumes a 

partition of the parts fatigue life. The calculation is performed with formula (2). 

 

 ∑
𝑛𝑖
𝑁𝑖

= 1 
(2) 

Where 𝑛𝑖 is the number of times that the specific amplitude occurs and 𝑁𝑖 is the maximum 

cycle count that the part can withstand at the amplitude in question. As the sum reaches 1 

according to the rule a damage will occur.  (Ciavarella, D'antuono et al. 2018) 

 

 

2.4 Determination of stresses during operation 

 

Forces in a crash can be estimated by simple calculations but the forces and stresses during 

every day driving are more difficult to determine. In this thesis there was not enough time 

and resources to do this but in this section are two ways that could be utilised to achieve this. 
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2.4.1  Strain gauge measurement 

Strain gauges have been used for decades for measuring stress in objects. For example, 

digital scales measure weight using strain gauges and force sensors in mechanical machines 

also utilize them. Strain gauges are especially useful in digital applications as they can 

translate the mechanical property of stress into a measurable voltage that can then be used 

as a parameter in an automated logic or just to display the force to the user, there are many 

ways they could be utilized. They are also handy to use when it is needed to experimentally 

solve stresses in structures that have complex supports and unknown and widely varying 

loads. To install the strain gauges on to the surface being measured a strong adhesive is used 

to make sure that the gauge does not slip in relation to the surface which would produce 

incorrect results. 

 

Strain gauges have tiny wires wound in straight lines to form a measuring grid that can then 

measure strain longitudinal to its grid. Two grids can be placed in a rosette-layout to find 

strains in multiple directions with the same gauge. Figure 5 shows the construction of a 

rosette-type strain gauge. As the gauge strains the resistance of the measuring grid changes 

and that can then be translated into a voltage value using the Wheatstone bridge circuit. The 

voltage can then be translated into true strain 𝜀𝑡. After the strain is known it can be used to 

solve the stress using a material specific stress-strain curve.  (Stefan 2017) 
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Figure 5 Example of a strain gauge with the rosette measuring grid visible  (Stefan 2017) 

 

2.4.2  Dynamic vehicle simulation 

Dynamic vehicle simulation is used when it is necessary to virtually test different 

components and their interactions during the operation of a vehicle. This can lower cost 

especially in the development stages of the vehicle compared to building prototypes and 

testing them in real life. Crash simulations are widely used when the vehicle is being 

designed to optimise the structures before actual crash testing is conducted as crashing entire 

vehicles to find design flaws would be very costly. Figure 6 shows a rough dynamic model 

of an actual vehicle. 
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Figure 6 A rough dynamic model of an Audi A5  (Schramm, Hiller et al. 2018) 

 

Building a dynamic vehicle simulation requires a lot of time and effort as all the individual 

components and parts and their contacts with each other need to be individually defined. 

After this time-consuming process has been done, all the different parts and components and 

the forces acting on them can be estimated. The model can then be calculated in various 

terrains and circumstances to evaluate the weak points of the vehicle and make 

improvements and test them virtually before having to actually produce the parts. But as it 

is still a computer calculated simulation the results need to be verified with prototypes before 

mass production. However, the simulation could make the first few iterations faster and 

cheaper to increase productivity.  (Schramm, Hiller et al. 2018) 
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3 RESULTS 

 

This chapter includes all the results gathered during the thesis. It includes everything from 

creating the 3d-model for the rail to analysing the strength of the structure. Results are 

presented in chronological order. 

 

3.1 3d-Model of the frame rail 

 

A 3d-model was constructed based on an Audi A4 2020 frame rail. Different manufacturers 

use very different geometries and materials on their frame rails and that plays a significant 

role when it comes to strength. However, in this study the used geometry does not play a 

significant role as the objective is to compare the original and welded structures and 

determine how much the strength- and fatigue properties will degrade. These results can then 

be applied to other geometries if the repair is done to a similar section of the frame rail that 

does not include any crumple zones designed to absorb energy. However, this kind of repair 

should not even be done on sections that are designed to crumple as it would change the way 

the part absorbs energy which could potentially be dangerous. The used model can be seen 

in Figure 7. The material thickness for the rail is t = 2 mm. 

 

 

Figure 7 Original section of the frame rail. 
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The model for the welded section was constructed in a way that follows Audis official repair 

instructions. The welds were placed 30 mm apart from each other which distributes the 

tension caused by the welds more evenly and makes alignment of the parts easier compared 

to just cutting the rail straight in half. Overview of the welded model can be seen in Figure 

8. 

 

 

Figure 8 Welded section of the frame rail. 

 

A butt-weld with an A-dimension of 5 mm was used to attach the parts together. As can be 

seen in Figure 9, Solidworks’ weld tool left the bead geometry unnatural which would cause 

a tension spike larger than one a weld like this would cause in the real world. To make the 

weld geometry more realistic, a fillet with R = 1 mm was applied to the edges of the weld 

bead as seen in Figure 10. 

 



18 

 

 

 

Figure 9 Original weld bead without the fillet. 

 

Figure 10 Weld bead with the fillet applied. 

 

3.2 Femap-model of the frame rail 

 

The 3d-model created in Solidworks was imported into Siemens Femap for the FE-analysis 

to be performed. Length of 300 mm was selected for the rail section to be analysed. This 

corresponds to the length from the from the flange that the front crash bar attaches to the 

mounting point of the subframe of the vehicle. This way the other end can be used to apply 

the load and the other end constrained as fixed because the subframe supports that point 

making it structurally more rigid. In the actual frame rail the two pieces are attached to 

eachother by spot welding. In the femap-model the pieces have been attached using glued 

contact (glued surfaces can be seen orange in Figure 11). Glued contact simulates the spot 

welds well in this case as the spotwelds themselves are not being analysed. In Figure 11 the 
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loads and constraints can also be seen, the other end is being loaded and the other fixed in 

place. In a fully assembled car the rail is also supported from the flange in the loaded end by 

the radiator support. However, the radiator support is such a weak structure that in an 

accident it immidiately breaks so in these calculations it has not been taken into account. 

 

 

Figure 11 Placement of loads, constraints, and glued contact in the femap-model. 

 

Solid hex-elements with eight nodes were used in the model as they are simple to dimension 

in a way that there are nodes located in the required locations for the fatigue analysis. The 

overall element size for the mesh was set at 3 mm so that the bends of the rail would be 

smooth. The mesh size in the weld and the area surrounding it was set at 0,4 mm as the 

fatigue property evaluation requires a finer mesh for accurate results. The chosen method for 

the fatigue evaluation also needs nodes to be located 0,4t and 1,0t away from the weld edge. 

With t=2 mm, the 0,4 mm elements fill this requirement. This same meshing was used for 

different loading scenarios and only the direction and magnitude of the load was adjusted. 

In Figure 12 the meshing for the weld area can be seen with the distances marked. 
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Figure 12 Close up picture of meshing in the weld area. 

 

3.2.1  Static crash simulating load scenario 

Determining the forces occurring in a crash can be difficult as it depends heavily on the 

speed and the object the car crashes to. For this study, research about durations of car crashes 

was reviewed. Studies had found that a crash from 50 km/h had an average duration of 100 

ms (Hutchinson 2021) so that data was used to calculate the force to load the frame rail with. 

By using formula (3) the declaration a was calculated to be around 14 m/s2.  

 

 
𝒂 =

∆𝒗

∆𝑡
 (3) 

Where a is acceleration (m/s2), v is velocity (m/s) and t is time (s). 1500 kg was used as an 

estimation for a vehicles weight. With these values, by using formula (3) the force in the 

crash was calculated to be around 210 kN.  

 

 𝑭 = 𝑚𝒂 (4) 

Where F is force (N), m is mass (kg) and a is acceleration (m/s2). 
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All the used values were rounded off as the purpose is not to simulate this exact scenario and 

rather get a ballpark figure to determine which part of the rail would fail first. The calculated 

force had to be divided by two as the vehicle has two frame rails which results to 105 kN. It 

was assumed that the collision occurs directly head on. Often crashes have forces occurring 

in various directions but trying to replicate them would be very difficult and for the purpose 

of this calculation it is not necessary. As a vehicles centre of mass is often above the level 

of the frame rails, 25% of the force was applied downwards and 75% inwards. The load was 

applied on the front surface of the rail so that it is distributed evenly. All settings for the 

applied load can be seen in Figure 13. 

 

 

Figure 13 Magnitude and direction of the applied load. 

 

3.2.2  Load for hot spot -fatigue analysis 

For the fatigue analysis using the hot spot -method a compressive 1 MPa load was used. This 

was done so that the results can directly be interpret as stress concentration multipliers. The 

stress concentration multiplier could later then be used with actual stress values that have 

been measured from an unwelded structure. From solidworks it was determined that the 

cross-sectional area of the rail was 920,86 mm2 and thus a 920,86 N load was placed with 
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which the 1 MPa load was achieved. The load was applied on the same face as previously, 

the direction and magnitude of the load can be reviewed in Figure 17. 

 

3.3 Results and post processing of the crash load scenario 

 

The initial result of the analysis performed with the crash simulating load can be observed 

in Figure 14. As can be seen the placed load causes a very high peak stress on the upper and 

lower edges of the loaded face. This is caused by the lack of support in the loaded end of the 

rail. In the actual vehicle there is a flange in the end which distributes the load evenly and 

high peaks like this would not actually occur.  

 

 

Figure 14 Initial result of the crash analysis. 

 

The elements that had unrealistically high stress from the load placement were excluded 

from the results. This brought the upper end of the stress scale down and made the stress 

distribution easier to interpret as can be seen in Figure 15. The highest stress value is found 

near the fixed end of the rail with a value of 618,02 MPa. As can be seen the stress 

distribution is quite uniform and then in the weld area there is a slight uptick in the stress 
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values. Upon closer inspection it was discovered that the weld seams had a peak stress of 

452,08 MPa as can be observed from Figure 16. In the same figure it is clearly visible that 

the stress is tapering off towards the weld and then the weld causes a slight uptick in the 

stress values. 

 

 

Figure 15 Result of the crash analysis with the peaks excluded. 

 

Figure 16 Stress in the weld seams with a close-up from the highest stress. 
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Based on these results it can be seen that due to the placement of the welds the stress is 

higher in the fixed end of the rail than in the weld area. Relocating the weld near the fixed 

location would cause the stress to be higher in the weld than the rest of the rail which would 

cause the rail to fail from the weld area. This could then be an issue as the rail could fail on 

a lower load than the manufacturer originally intended. 

 

3.4 Results and post processing of the hot spot -fatigue analysis 

 

Initial results can be seen in Figure 17. Some adjustments were needed to use the results for 

the fatigue analysis. The weld seams were isolated into their own group so that examining 

them would be easier as the colour scale becomes narrower and thus easier to read. Also, 

Femap calculates elemental stress as default so the elemental stresses needed to be converted 

to average nodal stresses using the conversion tool which then enables the possibility of 

measuring stresses from nodes and thus the correct distances.  

 

 

Figure 17 Applied load and the result with 1 MPa load. 
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After isolating the welds in their own group, the most critical areas could be found based on 

the stress distribution. It was found that the bends of the rail had the highest stress values. 

The nodal stresses in these locations were examined from the proper distances with the 

query-tool in Femap and filled into an excel sheet where the hot spot stress 𝜎ℎ𝑠 was 

calculated using form (1) and the highest value for it could be found. Figure 18 demonstrates 

how the stress values were picked from the results. Table 1 includes the values found from 

the model and the calculated hot spot -stress. 

 

 

Figure 18 The procedure used to find the stress values. 

 

 

 

 

 

 

 

 

 

 



26 

 

 

 

Table 1 Found stress values and calculated hot spot -stress. 

 

Point 𝝈𝟎,𝟒𝒕 𝝈𝟏,𝟎𝒕 𝝈𝒉𝒔 

1 1,1449 1,0315 1,220878 

2 1,1484 1,0309 1,227125 

3 1,153 1,0321 1,234003 

4 1,1553 1,0331 1,237174 

5 1,1567 1,0332 1,239445 

6 1,157 1,0333 1,239879 

7 1,1567 1,0334 1,239311 

8 1,1545 1,034 1,235235 

 

 

 

As can be seen from table 1 the highest found hot spot -stress is around 1,24 MPa. As the set 

load was 1 MPa the result can straight be used as a stress concentration multiplier 𝐾𝑠= 1,25. 

The value is rounded up to make sure that every value is preferably overestimated to make 

the calculation conservative. 

 

3.5 Estimated fatigue life of the rail 

 

To calculate the actual life expectancy of the frame rail in cycles an actual frame rail would 

need to be glued with strain gauges or a dynamic vehicle simulation would need to be 

performed to determine the stress variation in the area. Both methods are resource intensive 

and could not be performed in the time frame reserved for this thesis. If one of these were 

performed, the easier way would be to use the strain gauges. It would require access to a 

vehicle for testing. If there was no vehicle available for testing a dynamic vehicle model 

could be constructed but it would require more time. After the stress variations for the 

original structure would be solved the stress concentration multiplier found with the hot spot 

-method could be used to get the stress acting on the weld and then the cycle count could be 

estimated from the S-N curve. 
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The FAT class for a butt weld in a plate with a thickness under 25 mm is 100.  (Niemi, Fricke 

et al. 2017) Based on this, a baseline value for fatigue resistance can be read from the S-N 

curve in figure 4. By reviewing the 100-class line from the graph, it can be seen that the weld 

should last almost indefinitely with a constant load of around 47 MPa. Figure 19 illustrates 

the made selection and the 47 MPa threshold. 

 

Figure 19 S-N curve with the FAT 100 class line selected. 

 

For reference, a 47 MPa stress in the weld would equate to around 6000 N load pointing 

straight down placed on the end of the rail and then removed for billion repeated cycles. The 

load used for the estimation can be seen in Figure 20. The hot spot stress for the weld was 

determined with the same procedure as described in section 3.4 so all the calculation results 

have not been showcased again here.  
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Figure 20 Load which results to 47 MPa hot spot -stress in the weld. 

 

It must be considered that this result is with a constant amplitude loading and in reality, most 

loads have varying amplitudes which lowers the fatigue life slightly. The true fatigue life 

would need to be estimated using the Palmgren-Miner rule which also addresses the varying 

nature of the load. But as the forces acting on the rail would be much lower than the threshold 

of 47MPa under normal working conditions the result would probably still be that the rail 

would last almost indefinitely. 
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4 ANALYSIS AND DISCUSSION 

 

4.1 Crash simulating load scenario 

 

Upon analysing the results of the crash load scenario, it was discovered that due to the 

placement of the welds the stress was higher around the area of the support than in the weld 

toe. This would suggest that when it comes to static load in an accident the rail would first 

fail from the subframe mount. But this would also indicate that an unwelded structure would 

also fail in the same spot in an accident and the welds would not be located where they now 

were based on the official instructions. Thus, the most critical factor in terms of static 

strength seems to be the placement of the welds. If the welds were to be placed right where 

the subframe mounts to the strength could be reduced significantly as the stress concentration 

factor can get as high as 𝐾𝑠 = 1,5 as can be seen from the results. That way the rail could 

deform with a load that would be as much as 50 % lower which could have impacts on safety 

in a case of an accident. 

 

If the rail was to be damaged from the location of the subframe mount, the welds should be 

pushed back towards the firewall to make sure that they are not located in the area that 

receives the highest load. This would ensure that in case of another accident the rail would 

fail again from the subframe mount area, and the welding would not alter the way the rail 

deforms. 

 

As the calculations are based on ideal models of the rail it would be ideal to verify the results 

in practice. Afterall there are multiple factors that are difficult to replicate in calculations 

such as misalignment of the parts, imperfections in the weld and residual stresses caused by 

the welding. The effect of these factors would be easiest to evaluate by loading an actual 

welded piece of a rail in a test bench and measure the stresses using strain gauges. Also, the 

weakest point could then be verified by applying a force large enough to deform the rail and 

then evaluate if the deformation would first happen in the subframe mount area. 
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4.2 Hot spot -fatigue analysis 

 

It was found that a butt weld like the one used in the repair is quite fatigue resistant. Also, 

the loads that the rail experiences are mostly static. The only fatigue causing loads are caused 

by the weight transfer when travelling over road imperfections or accelerating and 

decelerating. The parts attached to the rails weigh maximum of 200 kg and it would take a 

very rough road to have even a force variation of 2000 N. 

 

Based on these findings fatigue should not be a concern in normal passenger vehicles. 

Although it would be good to verify the results in practice using strain gauge measurements 

while driving and performing a laboratory fatigue testing and not solely rely on calculations. 

Also, the welds were assumed completely cylindrical in the calculations which they are not 

in practice. The weld would have constant changes in its profile due to being performed 

manually which could contribute to a higher hot spot -stress than calculated. However, as 

the fatigue causing forces experienced by the rail are so low there should be a large margin 

to accommodate the uncertainties involved with the calculations. 
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5 CONCLUSION 

 

Based on the results it seems that performing this type of a repair should be relatively safe 

when done correctly with proper equipment. This is not a big surprise as some manufacturers 

like Audi have official instructions to perform it. If there was a big risk of the repair being 

unsafe, then probably no one of the manufacturers would allow repairs like this.  

 

The scepticism among the manufacturers and repair shops probably comes to liability in rare 

what if -type of situations. After all it was found that if the placement of the weld is not 

thought out properly it could have consequences on the rail’s strength. If the manufacturer 

is not performing the repair themselves, they are reluctant to deem a repair like this safe and 

viable as they cannot be sure that their instructions are followed correctly, and this way see 

it easier to simply prohibit. Also, safety being a very high priority for many car companies 

nowadays it is understandable that they do not want to risk their image as a safe 

manufacturer. 

 

As expected, fatigue should not be an issue in this case as the rail does not experience loads 

that would be naturally fatigue -causing. Maybe if the vehicle was some type of a rally car 

or a road racing car fatigue should be more closely examined as they can experience much 

higher loads in all parts of the body than an average road vehicle. 
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