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ABSTRACT 

The conventional joining methods like resistance spot welding and arc welding have several challenges 

during joining of thin sheets of high strength steel materials. One of the main challenge is that application 

of these joining methods may result in a severe distortion of welded structure. Therefore laser welding 

process has emerged as an alternative joining process which can help mitigate some of these challenges. 

Lower heat input from laser during the welding process results in a smaller size weld heat affected zone 

and also in lower overall distortion of the structure. The laser welding process presents an exciting 

opportunity in designing lighter weight structures. However, the major roadblock to application of laser 

welding method for large structural parts is that fatigue behavior of laser welded joints is not yet well 

understood. In order to study the fatigue performance of laser welded joints, detailed experimental and 

numerical investigations have been carried out and the results are presented in this work. The scope of 

experimental studies included a large set of coupons with different thicknesses and material combinations. 

Experimental fatigue test data has been generated for the laser welded joints produced using thin sheets of 

three grades of high strength steel materials (HSLA and UHSS grades) of several thicknesses (1mm, 

1.6mm, 2mm and 3mm). The fatigue test data sets were obtained at R-ratios of R=0.1, R=0.2 and R=0.3. 

Another variable introduced into experimental studies was an orientation of laser weld joint with respect 

to applied loading direction. After fatigue tests were completed, detailed metallurgical investigations have 

been carried out to understand the failure mechanism and the crack growth behavior in laser welded 

joints. Based on the observed experimental and numerical studies it was concluded that the strain life 

based fatigue analysis method which has been successfully applied to study weld toe failures for the arc 

weld joints is not sufficient for the evaluation of laser welded joints. This is due to the reason that laser 

welded joints have unique challenges due to weld root crack failures and extremely high stress 

concentration at the location of crack initiation in the root of laser welded joints between the plates. The 

fracture mechanics based method has been developed for the fatigue life assessment of laser welded 

joints.  In order to apply this method comprehensive three dimensional finite element studies were 

performed. Numerical studies show good correlation of the estimated fatigue lives obtained using 

proposed fracture mechanics method with the experimental data.  

Key Words: Laser welds, Stress analysis, Fracture Mechanics, High Strength steels, Fatigue Life 
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1. Introduction 

The need for light weighting of structural parts in the automotive and other ground vehicles machinery is 

increasing than ever mainly due to emission control regulations and fuel efficiency requirements. The use 

of high strength steel materials along with thinner gauge sections is one of the ways to save weight and 

increase fuel efficiency. It is also well known that various types of joints are integral to any structure. 

Conventional joining methods such as gas metal arc welding and resistance spot welding are widely used 

across the industry for joining structural members. In addition to good understanding of the 

manufacturing process variables, significant amount of design data and level of confidence exist with the 

design and analysis methods of joints produced using these contemporary conventional processes. Laser 

welding on the other hand is an emerging technology which has been utilized for few years by the 

automotive industry but the widespread usage of it is still limited especially in the case of manufacturing 

of heavily loaded structural components. The laser welding process has shown great potential for the 

improved manufacturability of such assemblies especially when joining thin sheets of high strength steel 

grades. Due to much lower heat input of the laser welding process, it results into minimal distortion of 

large welded assemblies, which can greatly help to achieve and maintain tighter dimensional tolerances.  

Laser welding enables to easily join two plates of sheet metal, however such a joint introduces, between 

the two welded plates, a crack-like stress concentration region which can significantly influence the 

fatigue life of the joint. Unfortunately, the understanding of fatigue performance of laser welded structural 

joints is rather limited. Therefore the failure mechanism of laser welded joints under cyclic loading 

conditions needs to be better understood [1-3]. A significant gap exists in terms of the design and analysis 

methods when using laser welded joints in cyclically loaded structural components [4-5]. Strain life based 

fatigue analysis method commonly used for analyzing arc welded joints are not suitable for the design of 

laser welded joints. Therefore the finite element stress analysis (FEA) and fatigue analysis methods for 

evaluating laser welded joints need to be developed to help accelerate the product design cycle and 

improve the level of confidence while designing with these joints.  

In order to address the above gaps, the present research is focused on the development of a 

methodology to predict fatigue life of laser welded joints. Various aspects of the methodology are 

discussed in the paper. Detailed description of the experimental work along with summary of 

experimental findings has been discussed in the paper. The challenges related to applicability of strain life 

method for the analysis of laser welded joints have been highlighted. The details of numerical analysis 

including 3D fine mesh FE modeling of laser welded joint have been presented as well. The fracture 

mechanics based method has been applied to estimate fatigue life of laser welded joints and the results 
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have been compared against the experimentally obtained data. Conclusions and recommendations based 

on the results presented earlier are discussed at the end of the paper.  

2. Materials 

Three different grades of high strength steel material have been used in the investigation presented below. 

High strength low alloy steel grades (HSLA-50 and HSLA-80) and ultra-high strength steel grade 

(UHSS-100) have been utilized during this work. The chemical composition and mechanical properties of 

these high strength steel materials are shown in Table 1 and 2 respectively. For each of these 3 material 

grades, cyclic stress-strain curves and Manson-Coffin curves were obtained experimentally and are shown 

in Fig. 1. 

3. Experimental investigation 

Single lap joints were manufactured using the seam stepper laser welding process. All specimens were 

joined by a laser weld of 20mm long and 2mm wide. Each welded plate was 120mm long and 38 mm 

wide. The overlap length between the two plates was 36mm. The spacer tabs of 50mm each were 

resistance spot welded on each side. This was done in order to minimize the specimen deflection due to 

testing grip alignment errors. The thickness of spacer tabs was selected so that the neutral axis passed 

through middle of a plate (the thinner plate in the case of dissimilar plate thicknesses) as shown in Fig. 2. 

The spacer tabs were spot welded to each plate before the laser welding of the two plates was performed. 

The laser welding process parameters were optimized so as to achieve at least 1mm of penetration 

through the bottom plate of the lap joint. The laser welds were made with 3 different weld orientations 

with respect to the loading direction and designated as 0° welds (weld length parallel to loading 

direction), 45° welds (weld length oriented at 45° to the loading direction) and 90° welds (welds length 

perpendicular to the loading direction), as shown in Fig. 3. In total 56 lap joint samples were 

manufactured and tested for evaluating the fatigue performance of laser weld joints. 

The fatigue testing was performed using 100kN load frame servo-hydraulic testing machine at room 

temperature of 25°C and relative humidity of 55% RH. All of the fatigue experiments were performed 

using constant amplitude loading and mostly performed at 2 different stress ratios i.e. R=0.1 and R=0.3 

and the frequency range of 3-5Hz. A few specimens were also tested at R=0.2. All of the specimens were 

tested until complete fracture of the joint. The summary of all experimentally tested samples is shown in 

Table 3. Detailed metallurgical analysis of failed samples was carried out to understand the fracture 

behavior of laser welded joints under cyclic loading conditions. 

4. Fatigue life analysis methodology 
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There are three most commonly used methods for evaluating fatigue life of a structure: the stress life 

based method, the strain life based method and the method based on the linear elastic fracture mechanics 

(LEFM). The stress life method is the oldest one but it is still the most widely used method for the 

assessment of number of fatigue cycles to failure in practice. This method is simple and easy to use, 

although limited in many capabilities e.g. it doesn't work well with variable amplitude load histories. 

Similar to arc welded joints, several variations of the stress life methods such as structural stress, hot spot 

stress and local stress method [6-11] have been explored for the fatigue life assessment laser welded joints 

assuming various notch reference radii. The main difficulty with the stress life method is the identification 

of the reference nominal stress for correlating it with the number of cycles to fatigue failure in a complex 

structure with multiple and mixed modes of loading. The strain life method requires sufficiently accurate 

evaluation of actual stresses and strains at the critical notch location such as at the weld root in the case of 

a laser weld joint, which makes it less robust method because it must account for the local notch 

geometry. Implementation of the strain life methodology requires information of the ‘notch effect’ or the 

stress concentration around the weld nugget periphery to estimate the crack initiation life. The actual 

stress effect resulting from the stress concentration near the weld nugget is not sufficiently well 

understood, in the case of laser weld joints [12]. Earlier work [13-15] as well as the studies performed 

during this work have shown that there is extremely high stress concentration at the root of a laser weld 

joint and the crack initiation life could be relatively short. Therefore it makes it difficult to apply the 

strain life approach but also it suggests that the major portion of the total fatigue life is dominated by 

crack propagation.  

4.1 Fracture mechanics based fatigue life analysis 

The fatigue crack growth (FCG) method enables fatigue life prediction for the variable amplitude loading 

histories but involves higher levels of complexity because detailed knowledge of the stress field 

distribution along potential crack path is needed. The main advantage of an analysis based on the LEFM 

approach is that it allows to model more realistically the entire fatigue process rather than simply using an 

empirical correlation between number of applied cycles and applied stress or strain amplitude. The FCG 

method requires detail evaluation of stress distribution in a plane of interest and fatigue crack growth 

material properties. The use of fracture mechanics method for the fatigue life estimation of laser welded 

joints has been advocated by several authors [16 -18]. One of the major challenges with the conventional 

LEFM approach is that the initial crack size is needed as the input, which is difficult to obtain 

experimentally. The UniGrow FCG model based on total fatigue life approach [19-21] has been utilized 

in this work which requires among others a material characteristic property, ρ* as input rather than the 

initial crack size. As per the total fatigue life approach the entire fatigue life can be estimated using 
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LEFM with a crack propagation from its initial crack size of ρ* to the final fracture, thus avoiding the 

need to separately estimate the fatigue crack initiation and propagation life. The UniGrow FCG model 

based approach has been successfully applied for the fatigue life assessment of arc welded joints [22] but 

this is the first attempt to apply this approach for the laser welded joints. The laser welded joints pose 

additional challenges as compared to arc welded joints [23] with the main difference being failure 

mechanism of these joints under cyclic loading conditions. 

4.2 The UniGrow fatigue crack growth model 

As per the UniGrow FCG model, the crack is modeled as a blunt notch with finite tip radius ρ*. The 

Fatigue crack growth is regarded as successive crack increments (re-initiation) over the distance ρ*, see 

Fig. 4. The number of cycles N* necessary to break the material over the distance ρ* can be determined 

from the cyclic curve (Ramberg-Osgood) and strain life fatigue material curve (Manson-Coffin) obtained 

experimentally from smooth specimens. The instantaneous fatigue crack growth rate can be determined 

as: 

𝑑𝑎 𝑑𝑁⁄ = 𝜌∗ 𝑁∗⁄           (1) 

The UniGrow fatigue crack growth model uses the total driving force Δκ, Eq. (2) and a set of memory 

rules to account for the loading sequence effects. The detailed description of the memory rules was given 

by Mikheevskiy in reference [24]. Contrary to the crack tip closure-based fatigue crack growth models, 

the UniGrow model uses the residual stress distribution created due to local reversed plastic deformations 

(Fig. 4) created around the crack tip. According to the UniGrow model, these residual stresses left in the 

plastically deformed region behind the crack tip needs to be transformed into the residual stress intensity 

factor (SIF), Kr. This parameter is then used to calculate the total driving force, Δκ along with the applied 

stress intensity factor range, Δ𝐾 and the maximum applied stress intensity factor, 𝐾𝑚𝑎𝑥, Eq. (2). The total 

driving force, Δκ is subsequently related, Eq. (3), to the fatigue crack growth rate da/dN.  

Δκ = (Δ𝐾 + 𝐾𝑟)1−𝑝(𝐾𝑚𝑎𝑥 + 𝐾𝑟)𝑝         (2) 

𝑑𝑎 𝑑𝑁⁄ = 𝐶 ⋅ (Δ𝜅)𝛾           (3) 

Parameters C, γ, and p can be found from the Manson-Coffin and Ramberg-Osgood material properties or 

the experimentally generated fatigue crack growth data. The fatigue crack growth analysis model requires 

a certain amount of basic experimental constant amplitude fatigue crack growth material data. The raw 

fatigue crack growth data sets are obtained in the form of the “a vs. N” relationship, then transformed into 

ΔK vs da/dN relationship and finally this data is corrected for R ratio and plasticity effects by using 

Willenborg [6], Wheeler [25], closure [26] or UniGrow [27] model. The main advantage of the UniGrow 
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model comes from the fact that it is derived from the strain-life material properties and limited fatigue 

crack growth data. As the experimental fatigue crack growth data was not available in this particular case, 

the necessary UniGrow material property parameters were obtained using equations proposed by Noroozi 

and Glinka [19] and based on the published data [28-29] obtained from smooth specimens as shown in 

Table 4.  

One of the critical steps in the FCG analysis procedure is regarding the choice of an initial crack shape 

model. Two potential geometries were considered: the quarter elliptical corner crack and the semi-

elliptical crack. Observation of specimen fractured surfaces (Fig. 5) have revealed that the initial crack is 

closer to a semi-elliptical shape. 

There are several stress intensity factor (SIF) solutions available for various modes of loading for semi-

elliptical crack but none of them can be used in the case (Fig. 5) being discussed. In order to overcome 

limitations of ready-made SIFs it was proposed to evaluate the SIF by using the weight function method. 

Originally proposed by Bueckner [30] and Rice [31], the weight function method is based on the principle 

of superposition. The stress intensity factor for a cracked body subjected to an external loading, S, (Fig. 

6a) can be obtained by determining the stress intensity factor in a geometrically identical body with the 

local stress field 𝜎(𝑥) applied to the crack faces (Fig. 6c). The local stress field 𝜎(𝑥) induced by the 

external load S in the prospective crack plane should be determined by neglecting the presence of the 

crack (Figure 6b). Therefore, the stress intensity factor takes a form of the following definite integral, Eq. 

(4):  

𝐾 = ∫ 𝜎(𝑥)
𝑎

0

𝑚(𝑥, 𝑎)𝑑𝑥                                                                                                                                 (4) 

Where m(x,a) is the weight function and 𝜎(𝑥) is the stress distribution, induced by the loads in the 

uncracked body. 

4.3 Estimation of relevant stress distributions 

The FCG analysis requires a detailed stress distribution along the critical crack plane path. Such a 

distribution for the complex geometries can be obtained by performing a solid 3D fine mesh finite 

elements analysis. The first task is to identify the critical location for the fatigue crack initiation. The 

metallurgical analysis has confirmed that the location of a crack initiation is the same as the location with 

highest magnitude of the maximum principal stress obtained from detailed finite element analysis. The 

critical locations for each of the three different weld orientation were identified as shown in the Fig. 7. 
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The FE model preparation to capture the effect of micro geometric features such as the weld root radius 

and the weld geometry with thin sheets using the 3D fine mesh elements involves significant level of 

complexity. This becomes even more challenging with the addition of variables such as weld orientation, 

gap between plates, plate thicknesses, loading and boundary conditions. For the laser welded lap joint 

configuration, it is best to apply displacement rather than load as the controlled input parameter because 

the controlled displacement ensures parallel motion of the plate and as such it closely adheres to the 

experimental setup. The end of one of the plate (thick plate in the case of dissimilar thicknesses) was 

fixed in the sense of all degrees of freedom. At the end of the other plate (the thin plate in the case of 

dissimilar thicknesses) the uniform displacement field ‘uy’ was applied (Figs. 2, 3, 5 and 8). In the case of 

laser weld joint configurations with 0° and 90° weld orientations only half of the geometry was modelled 

in the FE analysis due the symmetry of the joint. The measured radius at the root of several laser welded 

joints was around 17µm and in order to accurately capture the stress concentration effect, at-least 8 

elements (Fig. 9) were used along the notch contour. 

5. Results and discussions 

In all the tested configurations, the crack propagation occurred either through the plates made of             

HSLA-80 or UHSS-100 steels. Experimental fatigue lives obtained in due course spread over the range 

from 1000 and to 2 000 000 cycles. Based on the analysis of fractured surfaces the most probable crack 

initiation sites have been found and they are denoted in Fig. 10. In the case of laser welded joints with 45° 

and 90° weld orientation different crack behavior have been observed. For the laser welded joint with 90° 

weld orientation, the fatigue crack growth occurred first around the weld nugget boundary/periphery after 

growing in the plate thickness from the initiation point at the weld root i.e. interface of the joining sheets. 

The fatigue crack in the 0° and 45° weld joints initiated at the point of the highest stress concentration on 

the weld root line and then they grew (Fig. 7) in the direction normal to the applied load rather than along 

the weld periphery. Similar failure mechanism has been reported earlier [1] in the case of tension-shear 

lap joints. The total life of fatigue test specimens with 0° and 45° weld orientation can be divided into two 

phases (each with roughly equal number of cycles). The first phase is the through the thickness 

propagation of a semi-elliptical fatigue crack. The second phase is the growth of a through thickness 

crack in the plate width direction. The second phase can be neglected while estimating the useful life of 

the joint because from the engineering point of view the through thickness crack penetration can be 

considered as a failure. 

The summary of all experimental fatigue test results is presented in Fig. 11. It can be observed that the 

stress ratio, R does not have significant influence on fatigue lives of laser welded joints within the 

investigated range. It is also apparent that specimens with larger plate thicknesses showed relatively 
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longer fatigue lives when obtained under similar control stress. It is most probably attributed to increased 

stiffness and reduced local bending stress effect as reported in references [14, 16, and 32]. In addition the 

hardness variation (Fig. 12) as a function of the distance from the center of the weld has been obtained as 

well. The hardness distribution suggests that there is no significant softening of the weld HAZ similar to 

the behavior of arc welded joints for these steel grades. Therefore the base material properties can be used 

for the fatigue analyses. 

Dimensions of laser welds were modeled in the FE analysis based on several macrographs of laser welded 

joint as those shown in Fig. 9 and Fig. 12. Based on the FE analysis of laser welded joints presented 

above the through thickness stress distributions (Fig. 13) were obtained in the critical crack plane of each 

of the 8 configurations listed in Table 2. The normal stress component 𝜎𝑦𝑦(𝑧),  i.e. normal to crack plane, 

was extracted from (Figs. 5 and 9) the 3D fine mesh FE analysis. 

The simulation of welding process was also carried out to understand the state of thermal induced residual 

stresses around the root of laser welds. Simulation process parameters were adjusted so as to match the 

thermal hardness profile obtained from the simulation with the weld macrograph shown in Fig. 14. Initial 

studies have confirmed that compressive residual stress of about 60MPa in magnitude was present at the 

weld root, which contradicts the assumption made in reference [13] but it is in agreement with the trend 

reported in references [33-34]. Although some literature data concerned with experimentally measured 

residual stress data on the outside surface of laser welded joint [35-38] has been reported, the data on the 

residual stress state near laser weld roots is yet unavailable. 

The commercial software package with the UniGrow model implemented has been utilized to perform the 

fatigue crack growth life analysis. The fatigue crack growth analysis package uses as the input data, the 

set of mechanical and FCG material properties listed in Table 2 and Table 4 along with the through 

thickness stress distributions from Fig. 13. Geometrical configurations of analyzed specimens are listed in 

Table 3. Comparison of predicted total fatigue lives obtained by using the UniGrow based fracture 

mechanics based method and the corresponding experimentally obtained fatigue lives for all tested 

samples is shown in Fig. 15. Shown are also in the same Fig. 15 the upper and lower bounds representing 

3X (3 times over or under predictions) over and under predictions of fatigue lives respectively around the 

perfect prediction line. Majority of the data points fall between the perfect prediction line and the 3X 

under prediction line, which means that predicted fatigue lives are on the conservative side. One of 

possible reasons for the systematic under-prediction of fatigue lives is not accounting for the compressive 

residual stresses which might be present at the weld root. It was found that the data points falling below 

the 3X lower band belong mostly to samples with the laser weld orientation of 0° and 45°. It is clearly 

visible in Fig. 16 showing the same data but excluding the data points obtained for laser welds with 
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orientation at 0° and 45°. The reason of the under prediction of fatigue lives of laser welded joints with 0° 

and 45° orientation can be partially attributed to the semi-elliptical crack model used in this study, which 

may not be fully appropriate for the crack growth behavior observed experimentally. As noted earlier, 

crack growth happened parallel to the weld periphery for the samples with laser weld orientation at 0° and 

45° resulting in a non-planer crack front, which violates the basic assumption of semi-elliptical crack 

model. The other factor could be related to the load shedding. The load shedding effect manifests itself in 

the redistribution of the load transferred through the cracked cross section, i.e. other parts of the section 

may take more load than at the beginning of the process when the crack was small.  Therefore those 

effects require further studies and possibly the development of a more complex non-planar crack model. 

Regarding the data point appearing too close to the 3X over prediction bound as shown in Fig. 16, is most 

likely associated with the improper manufacturing of the test sample. Based on the fractured surface 

analysis, it was found that due to poor weld quality pure shear failure occurred through the weld itself 

rather than the expected crack propagation through the plate. 

6. Conclusions 

Experimental and numerical analyses have been performed to understand the failure mechanism of laser 

welded joints and to develop a systematic method for fatigue life evaluations. The location of the fatigue 

crack initiation point and subsequent crack propagation have been evaluated based on the findings 

obtained from tests and metallurgical analyses. It was found that depending on the orientation of laser 

welds cracks may grow in a different way before and after penetrating through the plate thickness. 

Difficulties in applying the traditional fatigue life prediction methods such as stress life and strain life 

methods have been highlighted as well. The UniGrow fatigue crack growth model based on the LEFM 

principles has been applied for fatigue life assessment of laser welded joints. One of the fundamental 

assumption in this model is that the initial crack is of a semi-elliptical (in fact semi-circular) shape and it 

requires the knowledge of the material characteristic property ρ* is known. The fracture mechanics based 

approach utilized in this work requires detailed 3D fine mesh FE output data and has shown reasonable 

fatigue life predictions for engineering design purpose (mostly on the conservative side). The advantage 

of using the approach is that the FE stress analysis is carried out only once and for un-cracked component. 

The material properties used in this analysis above were obtained by using the theoretical/analytical 

expressions but it is highly recommended to carry out two or three standard FCG tests to generate 

required material data sets. As far as the future work is concerned additional studies are recommended for 

a wider range of thicknesses involving specimens with 0° and 45° weld orientation to further improve the 

methodology. 
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Fig. 1. Cyclic stress-strain (left) and strain life curves of 3 high strength steel materials selected for the 

study. 

 

Fig. 2. Schematic diagram of a lap-shear joint with spacing tabs. 

  

Fig. 3. The schematic representation of three orientations of laser welds with angles of 90°, 45° 

and 0° measured with respect to the applied load direction. 
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Fig. 4. Residual stress distribution, 𝜎𝑟(𝑥) at the crack tip having the radius ρ* (top) and the crack 

increment in the material composed of ρ* elements/blocks [adapted from reference [19]]. 

 

 

 

Fig. 5. Stress distribution over the critical crack plane at the weld root and the idealized               

semi-elliptical crack. 
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Fig. 6. The weight function method (a) cracked body with externally applied stress (b) 

geometrically identical body without crack (c) geometrically identical body with local stress 

applied to the crack faces. 

 

 

Fig. 7. Critical locations of fatigue cracks in various laser welded specimens. 

 

Fig. 8. Laser welded single lap joint with the applied displacement and boundary conditions. 
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Fig. 9. The actual laser weld root radius visualized and measured (left) using metallography 

methods and the simulated one in the FE model (right) with 8 elements along the notch contour. 

 

 

Fig. 10. Metallurgical evaluation showing (a) the fractured laser weld test sample with 90° weld 

orientation, (b) schematic sketch showing the crack initiation point and the direction of crack 

growth (c) Top plate sectional view of the crack plane with denoted multiple points of cracks 

initiation and propagation direction. 
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Fig. 11. Experimental fatigue lives obtained from fatigue testing of 56 laser welded joint 

samples. 

 

   

Fig. 12. Laser weld macro-graph (left) and variation of Vickers hardness (right) across the weld 

zone material, the HAZ (heat affected zone) and the base material (HSLA-50 steel material). 
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Fig. 13. Through-thickness stress distribution over the critical crack plane obtained from detailed 

3D fine mesh FE analysis. 

 

 

Fig. 14. Simulation results of the laser welding process showing the weld macrograph (left) and 

the matching simulated thermal profile (right). 
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Fig. 15. Comparison of predicted total fatigue lives with the help of the UniGrow procedure 

(LEFM based) and corresponding experimental fatigue lives for all laser welded samples. 

 

Fig. 16. Comparison of predicted, with the help of the UniGrow procedure (LEFM based), total 

fatigue lives and corresponding experimental fatigue lives of specimens with 90
o
 weld 

orientation, i.e. excluded specimens with 0° and 45° weld orientation. 
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Table 1 

Typical chemical composition high strength steel grades (wt. %) per ASTM A1011 

Material C Mn Si P S Cr Ni Mo Cu V Nb 

HSLA-50 0.15 1.65 - 0.020 0.025 0.15 0.20 0.06 0.20 0.005 0.005 

HSLA-80 0.15 1.65 - 0.020 0.025 0.15 0.20 0.16 0.20 0.005 0.005 

UHSS-100 0.15 2.00 - 0.020 0.025 0.15 0.20 0.40 0.20 0.005 0.005 

 

Table 2 

Mechanical properties of high strength steel grades per ASTM A1011 

Material Yield 

Strength 

(MPa) 

Tensile 

Strength 

 (MPa) 

Young's 

modulus  

(MPa) 

Ultimate 

elongation 

 (%) 

Poisson's 

ratio 

HSLA-50 340 410 210,000 22.0 0.29 

HSLA-80 550 620 205,000 16.0 0.29 

UHSS-100 690 760 209,000 12.0 0.29 
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Table 3 

Summary of experimental tests and specimen data 

Specimen 

ID  

Number 

of 

specimens 

Thick plate Thin plate 
Weld 

orientation 
R-ratio Thickness

(mm) 
material 

thickness 

(mm) 
material 

1-2, 90° 7 2 HSLA-50 1 HSLA-80 90° 0.1, 0.3 

1-2, 0° 7 2 HSLA-50 1 HSLA-80 0° 0.3 

1-2, 45° 6 2 HSLA-50 1 HSLA-80 45° 0.3 

3-3, 90° 5 3 UHSS-100 3 UHSS-100 90° 0.1, 0.3 

2-2, 90° 9 2 UHSS-100 2 UHSS-100 90° 0.1, 0.2, 0.3 

1.6-1.6, 90° 9 1.6 HSLA-80 1.6 HSLA-80 90° 0.1, 0.2, 0.3 

1-1, 90° 9 1 HSLA-80 1 HSLA-80 90° 0.1, 0.2, 0.3 

1-3, 90° 4 3 HSLA-50 1 HSLA-80 90° 0.1, 0.3 

 

Table 4 

Estimated fatigue crack growth properties of tested materials 

 HSLA-50 HSLA-80 UHSS-100 

Material block size ρ
*
, m 3.9e-05 3.9e-05 3.9e-05 

Elastic FCG coefficient Cel 6.48E-21 1.763e-24 4.451e-19 

Elastic FCG exponent, γel 15.38 18.868 10.0 

Plastic FCG coefficient Cpl 7.69E-12 8.893e-12 1.408e-11 

Plastic FCG exponent, γpl 2.99 2.861 2.833 
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• Fatigue life estimation method of laser welded joints has been proposed. 

• Fatigue test data for the laser welded joints of high strength steel thin sheets at 3 different R-ratios. 

• Failure mechanism of laser welded joints under cyclic loading has been found. 

• The UniGrow fatigue crack growth model based on total fatigue life approach has been utilized. 

• Reasonable correlation with the experimentally obtained fatigue life test data has been shown. 
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