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Abstract. In this paper, an experimental program is presented consisting of 13 experiments on welded stainless 10 

steel I-profile beams subjected to lateral torsional buckling, in which 11 specimens are made of the lean duplex 11 

stainless grades EN 1.4062 and EN 1.4162, while the last two specimens are made of the austenitic grade 12 

EN 1.4404. The beam heights are 160, 210 and 260 mm, and the beams have a constant flange width of 160 mm. 13 

This results in 3 different strong axis elastic section moduli, but similar weak axis bending resistances.  The range 14 

of beam buckling length covers slendernesses from 0.30 to 0.76. The geometrical imperfections of the specimens 15 

were measured using digital image correlation (DIC). The web was first measured along its whole length. Then 16 

the beam was placed on its fork supports and the imperfection was then re-measured once more to check the 17 

influence of gravity and the test set-up. Traditional four-point bending tests were carried out, during which, the 18 

displacements were measured using LVDTs, inclinometers and DIC. In this paper, the measured ultimate 19 

moments, together with results of experiments collected in the literature, are compared to the design rules 20 

provided in EN 1993-1-4, for which a safe but rather conservative design is obtained, and to the recent proposal 21 

of Taras and Greiner dedicated to carbon steel beams. The latter provides better results for high slendernesses, 22 

but there is clearly room for improvement.23 
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1 INTRODUCTION  24 

Over the last decade, an evolution was noticed in the methods used to predict lateral torsional buckling 25 

(LTB) failure of carbon steel I-profile beams. Some scepticism arose about the design rules in EN1993-26 

1-1 (2005) following the works carried out by Taras and Greiner (2010) where some discrepancies were 27 

noticed when comparing the LTB curves to numerical parametric studies. These inaccuracies were 28 

particularly large for stocky sections in the high slenderness range.  The authors of the study then 29 

developed a more consistent approach to predict the instability of I-profile carbon steel beams. In 30 

contrast to the approach provided EN 1993-1-1, where the well-known factor ϕLT only depends on the 31 

imperfection factor ��� and lateral torsional dimensionless slenderness �̅�� combined with the plateau 32 

length �̅�, this new approach creates individual buckling curves for each cross-section. To do so, the 33 

weak axis flexural buckling slenderness �̅�  and the ratio of the strong-to-weak axis elastic section moduli 34 

��,��

��,��
 are introduced in the calculation of ϕLT as in the following equation: 35 

��� = 0.5 �1 + �����̅� − �̅���
��,��

��,��

����
�

���
� + �̅��

� � (1) 36 

The new formulation led to pronounced improvement of the prediction of LTB failure loads of I-37 

profile carbon steel beams, as demonstrated in (Taras, 2011) and will be introduced in the next revision 38 

of the European design rules.  39 

The present paper tries to respond to the question if this new formulation can be used for welded 40 

stainless steel I-profile beams. To do so, the predictions of the new approach are compared to the ultimate 41 

moments obtained experimentally on 13 different stainless steel beams. New experiments had to be 42 

carried out for the reason that, until now, research on the LTB behaviour of stainless steel beams was 43 

quite scarce. Three scientific papers dealing with stainless steel can however be quoted. The first 44 

experiments were done by Van Wyk et al. (1990) on ferritic stainless steel cold-formed channel sections, 45 

spot welded back-to-back to form I-profile sections. Nevertheless, these sections are not really 46 

representative of welded I-sections manufactured from hot-rolled plates, (Fortan et al., 2016). The paper 47 
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of Burgan et al. (2000) is however much more relevant to the objective of this study. In his research, 12 48 

tests of beams (9 on austenitic beams and 3 on duplex beams) subjected to LTB were carried out. More 49 

recently, 10 tests on austenitic beams were described by Wang et al. (2014). Based on such limited 50 

information, it was, up to now, not possible to allow for another less conservative imperfection factor 51 

then the one currently proposed for all stainless steel open sections in EN 1993-1-4 (2006), which equals 52 

0.76. Since the formulation proposed by Taras and Greiner (2010) is mainly based on the geometrical 53 

properties of the cross-sections, it should also be applicable to stainless steel which is what the present 54 

paper tries to demonstrate. Testing LTB is a tedious task which was herein achieved for two duplex 55 

stainless steel grades and one austenitic grade. To properly assess the proposed changes, various 56 

geometries were tested with different strong-to-weak axis elastic section moduli but similar weak axis 57 

bending resistances. The range of beam buckling length covered slendernesses from 0.30 to 0.76. 58 

Traditional four-point bending tests were conducted, during which digital image correlation (DIC) was 59 

used to capture the strong axis flexure and torsional displacements. Those displacements were also 60 

measured using LVDTs and inclinometers. In this paper, the measured ultimate moments, together with 61 

results of experiments collected in the literature, (Burgan et al., 2000) and (Wang et al., 2014), are 62 

compared to the design rules provided in EN 1993-1-4 and to the recent approach proposed for carbon 63 

steel beams in (Taras and Greiner, 2010).  64 

2 EXPERIMENTAL INVESTIGATIONS 65 

2.1 Test specimens 66 

In total, 13 welded I-section beams made of 3 stainless steel grades were tested. Most of the specimens 67 

were made of the lean duplex grades EN 1.4062 (2202) and EN 1.4162 (2101). These grades have a 68 

relatively high strength with a nominal yield strength of 450 MPa for hot-rolled plates and an ultimate 69 

strength of 650 MPa. Moreover, both grades are classified in corrosion resistance Class 3 according to 70 

Annex A of EN 1993-1-4 (2006). This is why they are occasionally recognised as a good (economical) 71 



4

alternative to conventional austenitic grades in load-bearing structural elements in corrosive 72 

environments. The third grade that was tested in this study is the well-known austenitic grade EN 1.4404 73 

(316L), which has comparable corrosion resistance but a lower nominal yield strength of 220 MPa.  74 

An overview of the dimensions of the tested specimens is given in Table 1. Note that the notations 75 

used in Table 1 are defined in Figure 1 and Figure 4. All beams were doubly symmetric welded I-profiles. 76 

They were all tested in a four-point bending test configuration and were simply supported. Stiffeners of 77 

10 mm thick were located above the supports and at the loading points. The widths bf of all beams were 78 

kept constant, but their height-to-width ratio was varied between 1.0, 1.3 and 1.6. Several buckling 79 

lengths per studied cross-section were tested to cover a slenderness range from 0.30 to 0.76. The beams 80 

made of the stainless steel grades EN 1.4162 and EN 1.4404 were welded by Stalatube Oy, in Finland, 81 

while the beams made of the grade EN 1.4062 were welded in the Welding Centre of Campus De Nayer, 82 

KU Leuven. For all beams, gas metal arc welding (GMAW) was used with the following consumables: 83 

EN ISO 14343: 19 12 3 L Si for EN 1.4404, EN ISO 14343: 22 9 3 N L for EN 1.4162 and 84 

EN ISO 14343: 23 7 N L for EN 1.4062. In the Welding Centre of Campus De Nayer, KU Leuven, a 85 

complete new set-up, visible in Figure 2, was designed and built to semi-automatically weld both sides 86 

of the profile web to its flange at the same time, minimising cross-section distortion while increasing the 87 

welding time efficiency.  88 

2.2 Test set-up 89 

The test set-up for one typical beam is shown in Figure 3, with indication of the locations of the used 90 

measurement devices in Figure 4. During the tests, two Enerpac RC7513 hydraulic jacks, with a 91 

maximum load of 750 kN and a stroke of 333 mm, were controlled by one hydraulic pump to generate 92 

two equal point loads, which are measured separately by one load cell per jack. A distribution beam was 93 

used to avoid lateral loads on the jacks and load cells, when large deformations occur in the tested beam. 94 

The load was applied with an approximate speed of 2 kN/s with pauses every 20 kN to ensure a static 95 

behaviour. The fork-end supports were specifically designed for these tests to ensure the lateral stability 96 
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of the beam, while still being flexible in height and position to accommodate different cross-section 97 

geometries, as shown in Figure 5. In addition, to guarantee the stability of the jacks during the test, lateral 98 

sliding supports were used at the level of the loading points, visible in Figure 6. The first part was a 99 

truss-system connected to both the floor and the loading frame, which ensured a stiff basis to slide on. 100 

The second part established the connection between the tested beam and the column using a high-101 

modulus polyethylene plate to minimize friction.  102 

LVDTs were placed at the loading points – LVDT 1 and 2 in Figure 4 – to measure the vertical 103 

displacement of the beam at the loading points. The displacements of each support were also controlled 104 

using LVDT 3 to 8, see Figure 4. Divided over the buckling length Lb in between the lateral supports, 9 105 

x 3 inclinometers were fixed onto the web and flanges to follow the inclination along the tested beam. 106 

The inclinometers, which are based on accelerometers and described in detail in (Lauwens et al., 2019), 107 

are only used during the pauses to avoid a dynamic effect on their measurements. The displacement of 108 

the web in between the two lateral supports was followed using stereo vision digital image correlation 109 

(DIC). This optical measurement technique uses two cameras to triangulate each subset of a speckle 110 

pattern usually painted onto the measured surface and to generate a full 3D point cloud of the pattern. 111 

The comparison of subsequent patterns during the test allows to compute a deformed surface. To 112 

optimize the contrast of the pattern, a white primer was painted on the web. Afterwards, an optimized 113 

black pattern was applied by transferring it from a laser printed paper on the web using acetone. Pictures 114 

were taken with two AVT cameras with 12 mm lenses before every test to determine the imperfection 115 

shape and amplitude of each specimen as will be described in Section 3.2. During the test, synchronized 116 

pictures were taken at 0.1 Hz to follow the in- and out-of-plane deformations in the mid-span region of 117 

the beam.  118 
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3 TEST RESULTS 119 

3.1 Material behaviour 120 

The material behaviour of the three studied stainless steel grades was determined via uniaxial tensile 121 

tests according to EN ISO 6892 (2009). The tensile tests were carried out on an Instron HDX 1500 kN 122 

machine with a constant strain rate of 0.00025 s-1. For both duplex stainless steel grades, EN 1.4062 and 123 

EN 1.4162, three coupons were extracted from the hot-rolled plate in the rolling direction and three 124 

coupons in the transverse direction. An exception was made for the 10 mm plate of EN 1.4162, where 125 

only coupons in the rolling direction were available. For the austenitic grade, EN 1.4404, no extra 126 

material for coupons remained. Therefore, one coupon was manufactured from the web of one beam 127 

(I256x160Lb1300_EN1.4404) in the unloaded part, outside of the supports, in the transverse direction 128 

of the plate.  129 

Both the engineering strain and the true strain were measured using DIC. The engineering stress-130 

strain curves, presented in Figure 7, were used to determine the main material characteristics and 131 

Ramberg-Osgood’s parameters, provided in Table 2. The measured Young’s modulus is, on average, 2 132 

% higher than the nominal value of 200 GPa provided in EN1993-1-4. Whereas for the yield and ultimate 133 

strengths, the overstrength was significantly higher with, on average, respectively 18 % and 12% for the 134 

duplex grade and 31% and 22% for the austenitic grade. The Ramberg-Osgood parameter n, describing 135 

the roundness of the curve below the yield stress, is similar to the recommended value of 8 presented in 136 

(Arrayago et al., 2015) for duplex stainless steel, but for austenitic, the recommended value of 7 is 137 

slightly higher than the one found in the experiment. The true strain measurements, presented in Figure 138 

8 and Figure 9, are in good agreement with the calculated ones based on the engineering strain in the 139 

initial stage up to 10%.  140 
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3.2 Imperfections 141 

LTB is a global instability phenomenon and is therefore influenced by the initial imperfections of the 142 

beam. Two important imperfections are presently discussed, specifically the residual stresses and the 143 

geometrical imperfections. Firstly, the residual stresses are induced during welding due to uneven 144 

cooling of the weld and its surrounding zones. Although no residual stress measurements were 145 

performed in this study, it is worth pointing Yuan et al.’s residual stress model for ferritic, austenitic and 146 

duplex stainless steel based on extensive measurements of welded I-sections as well as closed box 147 

sections, presented in (Yuan et al., 2014). Secondly, the geometrical imperfections or initial shapes of 148 

the tested specimens, were presently measured before each experiment. The main imperfection 149 

influencing the global stability is the straightness (bow imperfection) of the beam. This imperfection 150 

was measured using DIC over the full surface of the web of the beam, which resulted in a 3D point cloud 151 

of the web, visible as imperfection 1 in Figure 10 and Figure 11 for two typical beams. To minimize the 152 

influence of noise on the correlation in the pictures, 100 static pictures were taken for each beam. For 153 

each pixel, the median grey value of 50 pictures was used, resulting in two pictures with reduced noise. 154 

They were used for the correlation of the point cloud in the software MatchID and led to the graphic 155 

representation of the web shape along each beam. An overview of all the measured shapes can be seen 156 

in Figure 12. The shapes for all specimens were quite similar to the bow imperfection described in EN 157 

1090 (2009). The imperfection amplitudes for each beam are provided in Table 3, presented as the sweep 158 

at the top (Δ1,top) and bottom of the web (Δ1,bot) along the length of the beam and the average imperfection 159 

in between the lateral supports (δ1,avg). 160 

A second imperfection measurement, imperfection 2, was then carried out at the start of each LTB 161 

experiment. The same procedure as for imperfection 1 was followed but based on pictures taken of the 162 

specimen already in place on the testing set-up, which is why only part of the web is visible due to the 163 

position of the lateral supports, and therefore subjected to its own weight. When compared to 164 

imperfection 1, minor differences could be noticed for most specimens. Figure 11 shows the obtained 165 
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difference for I260x160Lb2200_EN1.4162. This difference is most likely caused by the use of different 166 

boundary conditions in the two measurements. In the first measurement, the beams are supported over 167 

the length of the beam with no lateral restraints, while in the second measurement, the beam is supported 168 

at the fork supports and laterally restraint at the fork supports and lateral supports.  169 

3.3 Lateral torsional buckling 170 

A global LTB failure mode involving minor axis bending and torsion was observed for all specimens, 171 

visualized in Figure 13. In Table 4, the ultimate load Pul and ultimate moment Mul, the maximum vertical 172 

displacement at the loading points Uy,ul,LP, the maximum rotation at the mid-span θx,ul,Mid and the 173 

maximum translation at the mid-span Uz,ul,Mid are provided. To evaluate the dimensionless slenderness 174 

�̅��, the elastic critical moment Mcr was obtained numerically through a linear buckling analysis. 175 

Together with the elastic material properties and the geometry of the section, the boundary conditions 176 

have a major influence on the critical moment. However, lateral movements and rotations also occurred 177 

close to the lateral supports during the experiments, causing a higher actual slenderness for the beams. 178 

An overview of the translations and rotations measured close to the supports at ultimate load is given in 179 

Table 5. To approximate the critical moment, the somewhat imperfect behaviour of the lateral supports 180 

was introduced in the FE model using constraint equations at the nodes close to the lateral supports 181 

where these movements and rotations were measured. These definite relations ensure that these nodes 182 

behave as during the experiment. Since these displacements and rotations were precisely measured, they 183 

can be related to the same degrees of freedom located at mid-span, the constraint was therefore such that 184 

those are in the same proportion in the FEM (i.e. as those in the middle of the beam measured at ultimate 185 

load). This approach ensures that the more flexible behaviour of the lateral supports is accounted for in 186 

the FEM and that comparable buckling modes are obtained. Furthermore, the elastic critical moment and 187 

the corresponding dimensionless slenderness �̅�� are calculated using the measured Young’s modulus 188 

as well as yield strength.  189 
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Figure 14 presents the evolution of the average vertical displacement at the loading points and the 190 

maximum lateral translation in the middle compared to the imposed moment for all specimens. 191 

Furthermore, the full out-of-plane displacement field of the web measured with DIC is shown in Figure 192 

15 for beam I214x162Lb1600_EN1.4062. The corresponding moment-vertical displacement curve for 193 

the same beam is shown in Figure 16. At point A, the beam is deforming elastically, no instability 194 

occurred yet and therefore the out-of-plane (z-)displacements are negligible. Through points B and C 195 

and then, for the ultimate moment at point D, the out-of-plane torsional deformations increase, and the 196 

LTB failure mode becomes visible with out-of-plane (z-)translations and (x-)rotations happening in the 197 

middle part of the beam.  198 

The out-of-plane displacements at the ultimate load are shown in Figure 17 for all beams. Lateral 199 

torsional buckling failure in between the two lateral supports is clearly visible for all the tested 200 

specimens.  201 

4 COMPARISON AGAINTS CURRENT DESIGN PREDICTIONS 202 

The design rules for LTB of stainless steel beams in EN 1993-1-4 (2006) (summarized by equations 203 

3 to 6) differ from those in EN 1993-1-1 (2005) in the used imperfection factor αLT and plateau length 204 

�̅�. For stainless steel, a plateau length of 0.4 is prescribed, compared to 0.2 for carbon steel. For the 205 

imperfection factor, the most conservative value of 0.76 is currently recommended for all open sections 206 

made of stainless steel. The carbon steel design rules however propose both 0.49 and 0.76 depending on 207 

the height-to-width ratio of the cross-section. One last difference to point is the safety factor γM1, which 208 

is 1.10 for stainless steel and 1.0 for carbon steel.  209 

�̅�� = �
����

���
(3) 210 

��� = 0.5�1 + �����̅�� − �̅�� + �̅��
� � (4) 211 

��� =
�

��������
� �����

�
≤ 1.0 (5) 212 
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��,�� = ���
����

���
(6) 213 

The recent proposal of Taras and Greiner (2010) is mainly ruled by the calculation of ϕLT, as already 214 

indicated in the first equation of this paper, where the normalized slenderness for weak axis flexural 215 

buckling for the unbraced length of the compression flange �̅� and the ratio of the strong-to-weak axis 216 

elastic section moduli ��,�� ��,��⁄  are included. The proposal uses a plateau length of 0.2 for carbon 217 

steel beams and an imperfection factor αLT equal to 0.21 for welded cross-sections. In the proposal, the 218 

factor αLT���,�� ��,��⁄  is also limited to 0.64.  219 

In Figure 18, the normalised ultimate resistances of the tested beams are compared to the predictions 220 

of EN 1993-1-4 and Taras and Greiner (2010), where the ultimate bending moment obtained 221 

experimentally is compared to the predicted one. It is clear that the predictions are on the safe side and 222 

that there is plenty of room for improvements of the design rules for stainless steel beams suffering LTB. 223 

Beams with a slenderness lower than 0.6, show slightly improved predictions of their resistances when 224 

calculated using the current European design rules. The main cause is the plateau length �̅� which is set 225 

to 0.2 in the proposal of Taras and Greiner compared to 0.4 in EN 1993-1-4. However, for a higher 226 

slenderness, the equation of Taras and Greiner gives slightly better predictions. When comparing the 227 

predictions with the experimental strengths, the design rules of EN  1993-1-4 have a rising conservatism 228 

with an increasing slenderness, while the conservatism of the predictions by Taras and Greiner remains 229 

approximately constant. 230 

5 CONCLUSION 231 

In this paper, an experimental program consisting of 13 beams suffering lateral torsional buckling 232 

(LTB) is presented. Our intention was to widen the experimental basis necessary to assess the accuracy 233 

of the current design rules available in EN 1993-1-4 (2006) for stainless steel beams suffering LTB. In 234 

the present study, 11 experiments were done on lean duplex stainless steel (EN 1.4062 and EN 1.4162) 235 

welded beams and on 2 austenitic (EN1.4404) welded beams. The widths of all the beams were kept 236 
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constant, but the height-to-width ratio was varied between 1.0, 1.3 and 1.6. Several buckling lengths per 237 

studied cross-section were tested to cover a slenderness range from 0.30 to 0.76.  238 

The specimens were manufactured in two groups. The first group of beams, which contains the grades 239 

EN 1.4162 and EN 1.4404, was welded by an industrial company named Stalatube Oy, while the second 240 

group was welded on-site in the Welding Centre of Campus De Nayer, KU Leuven. The initial 241 

imperfection shape of each beam was measured using DIC, leading to a representation of the shape and 242 

amplitude of the imperfection along the beam for all specimens. It is worth noting that, although the 243 

measured initial geometric imperfection amplitudes were rather big, no significant differences were 244 

noticed between the two groups.  245 

All specimens had an LTB failure mode which could be captured using LVDTs at various points 246 

along the beam, inclinometers all along the beam’s buckling length as well as DIC. When compared to 247 

predictions made according to EN 1993-1-4, and Taras and Greiner (2010), strong conservativeness was 248 

noticed with an average experimental-to-predicted strength ratio of 1.22 for EN 1993-1-4 and 1.26 for 249 

Taras and Greiner. For the beam with the highest slenderness, the recent proposal showed better 250 

predictions which is comparable to what was found for carbon steel beams in the higher slenderness 251 

domain.  252 

The present experimental campaign is used in a companion paper (Fortan and Rossi, 2020) to validate 253 

a finite element model followed by a parametric study of stainless steel beams suffering LTB. Based on 254 

the parametric study, new recommendations are proposed and a complete reliability assessment 255 

according to Annex D of EN 1990 is carried out to demonstrate that the safety factors are in agreement 256 

with the codified value of 1.10 for stainless steel. 257 
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Tables: 297 

Table 1: Dimensions of the tested beams298 

Table 2: Tensile test results299 

Table 3: Measured imperfection amplitudes, where Δ is the imperfection over the whole length of the beam and 300 
δ represents the imperfection between the lateral supports.301 

Table 4: Overview of the test results302 

Table 5: Lateral movement and rotation measured close to the lateral supports at ultimate load.303 

304 

Table 1: Dimensions of the tested beams 305 

Name Material
hw bf tw tf Ltot Lnet Lb

mm mm mm mm mm mm mm 

I159x160Lb1000_EN1.4162 EN 1.4162 139 160 10.0 8.0 2200 2000 1000 

I160x160Lb1500_EN1.4162 EN 1.4162 140 160 10.0 8.0 2700 2500 1500 

I160x160Lb1800_EN1.4162 EN 1.4162 140 160 10.0 8.0 3000 2800 1800 

I259x160Lb1100_EN1.4162 EN 1.4162 239 160 10.0 8.0 2500 2280 1100 

I260x160Lb2200_EN1.4162 EN 1.4162 240 160 10.0 8.0 3400 3200 2200 

I260x160Lb2800_EN1.4162 EN 1.4162 240 160 10.0 8.0 4000 3800 2800 

I212x161Lb1250_EN1.4062 EN 1.4062 192 161 10.2 8.3 2450 2280 1250 

I214x162Lb1600_EN1.4062 EN 1.4062 194 162 10.2 8.3 2800 2580 1600 

I212x160Lb2000_EN1.4062 EN 1.4062 192 160 10.2 8.3 3200 2980 2000 

I260x161Lb1100_EN1.4062 EN 1.4062 240 161 10.2 8.3 2500 2280 1100 

I263x161Lb2000_EN1.4062 EN 1.4062 243 161 10.2 8.3 3200 3010 2000 

I256x160Lb1300_EN1.4404 EN 1.4404 240 160 8.2 8.2 2500 2320 1300 

I253x160Lb2200_EN1.4404 EN 1.4404 237 160 8.2 8.2 3400 3210 2200 

Table 2: Tensile test results 306 

Material 
Thickness 

Direction 
E0 σ0.2 σ1.0 σu εu n m n’0.2,1.0 

mm MPa MPa MPa MPa 

EN 1.4062 8 Rolling 205969 515 575 726 0.248 8.5 3.5 3.3 

EN 1.4062 8 Transverse 222101 560 617 754 0.204 10 3.4 2.6 

EN 1.4062 10 Rolling 200426 505 561 715 0.265 8.0 3.5 2.6 

EN 1.4062 10 Transverse 217112 532 584 730 0.225 8.5 3.1 2.4 

EN 1.4162 8 Rolling 192527 518 566 714 0.248 8.5 3.0 3.5 

EN 1.4162 8 Transverse 210765 575 610 734 0.208 10.5 2.7 2.1 

EN 1.4162 10 Rolling 192952 525 579 728 0.239 8 3.1 2.5 

EN 1.4404 8 Transverse 193323 288 331 633 0.428 5.5 2.2 1.9 
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Table 3: Measured imperfection amplitudes, where Δ is the imperfection over the whole length of the beam and δ 307 
represents the imperfection between the lateral supports. 308 

Name 
Δ1,top Δ1,bot δ1,avg δ2,avg

mm mm mm mm 

I159x160Lb1000_EN1.4162 2.1 2.1 0.5 0.8

I160x160Lb1500_EN1.4162 2.4 2.7 0.8 1.3

I160x160Lb1800_EN1.4162 5.0 4.9 1.8 2.0

I259x160Lb1100_EN1.4162 2.3 2.3 0.4 1.5

I260x160Lb2200_EN1.4162 6.7 7.3 3.4 1.2

I260x160Lb2800_EN1.4162 / / / 13.0

I212x161Lb1250_EN1.4062 5.1 5 1.2 1.2

I214x162Lb1600_EN1.4062 5.5 5.2 2.4 6.4

I212x160Lb2000_EN1.4062 8.4 8.7 3.8 2.2

I260x161Lb1100_EN1.4062 4.3 4.6 0.8 2.4

I263x161Lb2000_EN1.4062 6.6 7.4 2.2 2.2

I256x160Lb1300_EN1.4404 4.0 4.0 1.0 3.6

I253x160Lb2200_EN1.4404 7.0 6.4 3.2 1.0

309 

Table 4: Overview of the test results 310 

Name 
Mcr ���� Pul Mul Uy,ul,LP θx,ul,Mid Uz,ul,Mid

kNm - kN kNm mm ° mm 

I159x160Lb1000_EN1.4162 1427 0.30 650 163 60.8 6.0 19.0

I160x160Lb1500_EN1.4162 642 0.45 588 147 59.5 4.9 21.5

I160x160Lb1800_EN1.4162 691 0.43 557 139 63.4 10.5 40.7

I259x160Lb1100_EN1.4162 2225 0.33 1012 299 52.1 2.4 13.1

I260x160Lb2200_EN1.4162 868 0.52 986 246 33.3 7.2 31.5

I260x160Lb2800_EN1.4162 415 0.76 797 199 26.0 9.1 38.6

I212x161Lb1250_EN1.4062 1035 0.42 903 232 33.6 3.0 15.7

I214x162Lb1600_EN1.4062 896 0.45 909 223 40.1 6.4 28.5

I212x160Lb2000_EN1.4062 680 0.52 754 185 32.7 9.0 33.7

I260x161Lb1100_EN1.4062 2131 0.33 1026 303 37.1 4.2 20.5

I263x161Lb2000_EN1.4062 848 0.53 968 244 22.1 6.4 30.3

I256x160Lb1300_EN1.4404 1340 0.29 575 147 31.6 5.1 22.9

I253x160Lb2200_EN1.4404 588 0.43 479 121 34.4 7.7 40.1
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Table 5: Lateral movement and rotation measured close to the lateral supports at ultimate load. 311 

Name 

Lateral movement Rotation

distance from 
lateral support Uz,left Uz,right

distance from 
lateral support θx,left θx,right

mm mm mm mm ° ° 

I159x160Lb1000_EN1.4162 75 7.0 6.6 100 1.4 1.3

I160x160Lb1500_EN1.4162 60 3.4 11.5 50 1.2 3.9

I160x160Lb1800_EN1.4162 150 12.8 10.3 100 1.2 2.3

I259x160Lb1100_EN1.4162 100 7.1 2.6 50 0.4 0.7

I260x160Lb2200_EN1.4162 125 4.9 3.6 100 1.0 1.7

I260x160Lb2800_EN1.4162 145 10.9 5.3 25 2.4 1.1*

I212x161Lb1250_EN1.4062 60 6.9 6.0 25 0.9 0.5

I214x162Lb1600_EN1.4062 75 9.7 10.4 100 1.5 0.7

I212x160Lb2000_EN1.4062 70 5.8 9.3 200 1.7 2.0

I260x161Lb1100_EN1.4062 90 8.9 7.1 50 1.1 0.9

I263x161Lb2000_EN1.4062 75 7.1 8.9 200 2.2 2.4

I256x160Lb1300_EN1.4404 75 4.1 6.9 50 1.3 0.7

I253x160Lb2200_EN1.4404 65 9.5 6.5 100 0.2 1.0

*measured at 145 mm from lateral support 312 

313 

314 
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Figures: 315 

Figure 1: Overview of tested sections. 316 

Figure 2: Welding set-up used at campus De Nayer, KU Leuven. 317 

Figure 3: Test set-up for LTB. 318 

Figure 4: Measurement set-up for LTB. 319 

Figure 5: Adaptable fork support. 320 

Figure 6: Lateral support with truss system, steel connection piece and HMPE sliding plate. 321 

Figure 7: Engineering stress - engineering strain curves. 322 

Figure 8: Calculated true stress - measured true strain curves 323 

Figure 9: Comparison between the different strain measurements for two typical austenitic (EN 1.4404) and 324 
duplex specimens (EN 1.4062) 325 

Figure 10: Measured imperfection of I212x161Lb1250_EN1.4062: a) contours of the initial shape in DIC, and 326 
b) graph of the out-of-plane imperfection along the length of the beam. 327 

Figure 11: Measured imperfection of I260x160Lb2200_EN1.4162: a) contours of the initial shape in DIC, and 328 
b) graph of the out-of-plane imperfection along the length of the beam. 329 

Figure 12: Measured imperfection shapes. 330 

Figure 13: Overview of failed specimens. 331 

Figure 14: Overview of the displacement of the loading points compared to the applied moment for all tests. 332 

Figure 15: Out-of-plane displacement during test I214x162Lb1600_EN1.4062 333 

Figure 16: Vertical displacement of the loading points compared to the applied moment for 334 
I214x162Lb1600_EN1.4062 335 

Figure 17: Out-of-plane displacement measured with DIC for all beams at ultimate load. 336 

Figure 18: Comparison of the ultimate moment to the predicted moment according to EN 1993-1-4 and Taras 337 
and Greiner. 338 

339 
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340 

Figure 1: Overview of tested sections. 341 

342 

343 

Figure 2: Welding set-up used at campus De Nayer, KU Leuven. 344 
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345 

Figure 3: Test set-up for LTB. 346 

347 

Figure 4: Measurement set-up for LTB. 348 

349 
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350 

Figure 5: Adaptable fork support. 351 

352 

Figure 6: Lateral support with truss system, steel connection piece and HMPE sliding plate. 353 

354 

Figure 7: Engineering stress - engineering strain curves. 355 

356 
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357 

Figure 8: Calculated true stress - measured true strain curves 358 

359 

360 

Figure 9: Comparison between the different strain measurements for two typical austenitic (EN 1.4404) and 361 
duplex specimens (EN 1.4062) 362 

363 

Figure 10: Measured imperfection of I212x161Lb1250_EN1.4062: a) contours of the initial shape in DIC, and 364 
b) graph of the out-of-plane imperfection along the length of the beam. 365 
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366 

Figure 11: Measured imperfection of I260x160Lb2200_EN1.4162: a) contours of the initial shape in DIC, and 367 
b) graph of the out-of-plane imperfection along the length of the beam. 368 

369 

Figure 12: Measured imperfection shapes. 370 

371 
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372 

Figure 13: Overview of failed specimens. 373 

374 
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375 

Figure 14: Overview of the displacement of the loading points compared to the applied moment for all tests. 376 
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377 

Figure 15: Out-of-plane displacement during test I214x162Lb1600_EN1.4062 378 

379 

380 

Figure 16: Vertical displacement of the loading points compared to the applied moment for 381 
I214x162Lb1600_EN1.4062 382 

383 
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384 

Figure 17: Out-of-plane displacement measured with DIC for all beams at ultimate load. 385 

386 
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387 

Figure 18: Comparison of the ultimate moment to the predicted moment according to EN 1993-1-4 and Taras 388 
and Greiner. 389 

390 

391 


