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a b s t r a c t 

The presented data is based on investigations carried out 

in the framework of the European RFCS (Research Fund for 

Coal and Steel) funded project HOLLOSSTAB (2016-2019). The 

campaign’s overall goal is presented in more detail in [1] and 

[2] . The experiments were performed in the Structural Lab- 

oratory at the Bundeswehr University Munich to investigate 

the cross-section behavior of cold-formed square and rect- 

angular hollow sections (SHS and RHS). Two grades of mild 

and high-strength steel (S355 and S500) and seven section 

sizes were examined. The profiles cover all four cross-section 

classes according to EN1993-1-1 [3] . Monotonic stub col- 

umn, short beam, and long-beam column tests were per- 

formed to investigate the load-bearing capacity. The outputs 

were load-deformation curves for each specimen. The exper- 

imental tests were accomplished by digital image correlation 

(DIC) to obtain an overview of the full deformation field in 

the specimens. Recalculations with advanced FE-shell simu- 

lations, based on scanned specimen geometries (spatial 3D 

point clouds) and nonlinear material models obtained from 

tensile coupon tests, were modeled to reproduce the real be- 

havior obtained during the tests. 
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pecifications Table 

Subject Engineering 

Specific subject area Structural Engineering 

Data format Filtered data: CSV files with load-deformation information 

CSV files with nodal point coordinates (3D point clouds) 

STP files of model (scanned specimen) geometry 

Analyzed data: Excel files with load-deformation output 

INP files of numerical models 

Jpeg files of load-deformation curves 

Type of data Tables 

Graphs and Figures 

3D geometry models 

Abaqus input files 

Data collection Experimental test data was obtained from stub column, short beam-column, as well as 

long beam-column tests carried out on a testing machine built by MFL. Type UPS 10 0 0V. 

The vertical load was transferred through an actuator with a maximum compression 

force of 10MN. A hydraulic load cell was used for measuring the actuator force with a 

pressure transducer of type HBM P3MB-350bar. Digital image correlation (DIC) was used 

to capture deformations and rotations of the specimen surface and of the test rig. 

The outer surface of the specimens was scanned using a 3D digitizing system by Carl 

Zeiss Optotechnic GmbH. The obtained special point clouds were used for the assessment 

of local and global imperfections. Numerical simulations were performed using the 

commercially available software Abaqus. Each shell finite element model is based on the 

scanned spatial point cloud geometry, taking into account the real specimen geometry. 

Corresponding material models were derived from tensile coupon test. A standard 

hydraulic testing rig, produced by Zwick-Röll, was used to perform the experiments. 

Data source location Chair of Steel Structures, Bundeswehr University Munich, Germany, Europe 

Data accessibility Repository name: Hollosstab_SHS_RHS_Data 

Data identification number: https://doi.org/10.3929/ethz- b- 0 0 0639467 

Direct URL to data: https://www.research-collection.ethz.ch/handle/20.500.11850/639467 

Related research article A. Toffolon, X. Meng, A. Taras, and L. Gardner, ‘The generalized slenderness-based 

resistance method for the design of SHS and RHS’, Steel Constr., vol. 12, no. 4, pp. 

327–341, 2019. https://doi.org/10.10 02/stco.20190 0 036 

. Value of the Data 

• The presented data is based on selected results from the RFCS-funded research project HOL-

LOSSTAB (grant Nr. RFCS-2015-709892). The experimental and numerical results can be used

to verify and validate own numerical models. 

• The data benefits researchers and structural engineers from practice dealing with local insta-

bility problems in thin-walled RHS/SHS members, made from mild or high-strength steel. 

• The experimental data can be taken for the assessment and interpretation of own test results

or methodical approaches. Further, the numerical data can be reused in own simulations

using the provided Abaqus input files with the information of the real geometry. Further, the

3D point cloud data of the scanned specimens can be taken for the interpretation of local

and global imperfections (.txt file) or as the input geometry in own numerical simulations

(.stp file). 

• Since the point clouds are already optimized, i.e. cleaned from outliers and centered accord-

ing to the Cartesian coordinate system, the provided data can directly be used for own in-

vestigations, i.e. reverse engineering, computer vision, automatic recognition of profiles and

members. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3929/ethz-b-000639467
https://www.research-collection.ethz.ch/handle/20.500.11850/639467
https://doi.org/10.1002/stco.201900036
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2. Data Description 

The presented data sets are based on monotonic stub column and short beam tests per-

formed to investigate the cross-section behavior, i.e. the local buckling instability phenomena

of RHS/SHS profiles made from cold-formed mild and high-strength steel and different N-M in-

teractions. Therefore, full scale test are sampled into 5 categories, depending on the load case

and the length of the used profiles. The test designation was chosen according to the cross-

section geometry and eccentricity parameters “T1–T5”, as well as the steel grade. An exemplary

designation is provided as follows: 

• RHS profiles “Profile-type_height_width_thickness_category_steel grade”

◦ Example: RHS_300_150_6_T1_S355 

• SHS profiles “Profile-type_height_thickness_category_steel grade”. 

◦ Example: SHS_140_4_T1_S355 

This naming retains for all provided files the same. 

Data from experimental results is provided in the folder “Test_Data”. This folder contains

individual CSV files of the load-deformation results for all profiles from Table 1 . The data within

each CSV file is represented by three columns described in the following: 

• Stroke_Aramis_[mm]: Measured deformation from digital image correlation (DIC). This defor-

mation is used as a reference to the applied deformation by the actuator in the test setup. 
Table 1 

Summary of tested RHS and SHS sections at Bundeswehr University Munich; dimensions according to EN10219-2 [4] . 

Profile Top eccentricity [mm] Bottom eccentricity [mm] Length [mm] Steel grade 

RHS 300 × 150 × 6_T1 0 0 800 S355 

RHS 300 × 150 × 6_T2 17.9 0 800 S355 

RHS 300 × 150 × 6_T3 57 57 800 S355 

RHS 300 × 150 × 6_T4 297 297 800 S355 

RHS 300 × 150 × 6_T5 57 57 20 0 0 S355 

RHS 300 × 150 × 8_T1 0 0 800 S355 

RHS 300 × 150 × 8_T2 17.4 0 800 S355 

RHS 300 × 150 × 8_T3 57 57 800 S355 

RHS 300 × 150 × 8_T4 232 232 800 S355 

SHS 140 × 4_T1 0 0 800 S355 

SHS 140 × 4_T2 14.6 0 800 S355 

SHS 140 × 4_T3 137 137 800 S355 

SHS 140 × 4_T4 312 312 800 S355 

SHS 140 × 4_T5 137 137 20 0 0 S355 

SHS 200 × 5_T1 0 0 800 S355 

SHS 200 × 5_T2 20.9 0 800 S355 

SHS 200 × 5_T3 107 107 800 S355 

SHS 200 × 5_T4 457 457 800 S355 

SHS 200 × 8_T1 0 0 800 S355 

SHS 200 × 8_T2 20.9 0 800 S355 

SHS 200 × 8_T3 107 107 800 S355 

SHS 200 × 8_T4 457 457 800 S355 

SHS 200 × 4_T1 0 0 800 S550 

SHS 200 × 4_T2 63.0 0 800 S550 

SHS 200 × 4_T3 107 107 800 S550 

SHS 200 × 4_T4 457 457 800 S550 

SHS 200 × 4_T5 107 107 20 0 0 S550 

SHS 200 × 5_T1 0 0 800 S550 

SHS 200 × 5_T2 63.9 0 800 S550 

SHS 200 × 5_T3 107 107 800 S550 

SHS 200 × 5_T4 457 457 800 S550 

SHS 200 × 5_T5 107 107 20 0 0 S550 
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• Stroke_rig_sensor_corr_[mm]: Corrected applied deformation during the test. This deforma-

tion is already pre-processed excluding the test setup stiffness. 

• Force_rig_senor_[kN]: Measured force by the hydraulic load cell. 

All specimens were 3D scanned before performing the full-scale test. The special point cloud

ata is collected and provided in the folder “Scan_Data”. This folder contains CSV files with the

oordinates of the scanned specimens and STP files, which can be used in own numerical simu-

ations as an input for the initial “real” 3D geometry. The data within each CSV file is represented

y eleven columns described as follows: 

• Row index 

• Referenzpos. X: Reference position of the perfect geometry in x-direction in [mm] 

• Referenzpos. Y: Reference position of the perfect geometry in y-direction in [mm] 

• Referenzpos. Z: Reference position of the perfect geometry in z-direction in [mm] 

• Gemessene Pos. X: Measured position of the scanned geometry in x-direction in [mm] 

• Gemessene Pos. Y: Measured position of the scanned geometry in y-direction in [mm] 

• Gemessene Pos. Z: Measured position of the scanned geometry in z-direction in [mm] 

• Achsabw. X: Difference between Referenzpos. X and Gemessene Pos. X in [mm] 

• Achsabw. Y: Difference between Referenzpos. Y and Gemessene Pos. Y in [mm] 

• Achsabw. Z: Difference between Referenzpos. Z and Gemessene Pos. Z in [mm] 

• Abweichung: Absolut difference in space 

Geometrically and materially nonlinear shell-based simulations with imperfections were per-

ormed in Abaqus, including the “real” scanned geometry (GMNIA-Meas). The data is collected

n the folder “Simulation_Data”. This folder contains Excel files with load-deformation data from

MNIA-Meas simulations and corresponding Abaqus input files, which can directly be used in

wn simulations. The data within each Excel file is represented by two columns, described as

ollows: 

• Deformation [mm]: The deformation of the reference point at the top, the 

• Load [N]: The load at the bottom reference point 

Further, each Abaqus input (INP) file contains the geometry, material model and boundary

onditions to replicate the numerical simulation actual test. The used nonlinear material model

s based on tensile coupon test and is directly implemented using the true stress-strain relation.

A compilation of load-deformation diagrams and corresponding images from simulations and

xperiments is compiled in the folder “Comparison_Plots”. Two JPEG files for each specimen

rovide the overall information. The designation corresponds to the description above, with the

xception of an addition of “1” or “2” at the end of each file name. The first (1) always shows the

valuation of the load-deformation curves, and the second (2) images of the buckled specimen

rom simulation, test, and DIC recording. 

The following examples shall help to explain the provided data sets. Fig. 1 explains the re-

ults of two stub column test for the load case of pure compression. The generated output are

hree load deformation curves. The red (Rig sensor) and the green curve (Aramis evaluation

IC) are the load-deformation curves from the experiment. This data is directly provided in the

older “Test_Data” within each profile related CSV file. The load–deformation curve represented

y the blue line (GMNIA-Meas) is the output from the Abaqus simulation, including the scanned

real” profile geometry. All corresponding data sets are provided in the folder “Simulation_Data”

ithin every profile related Excel file. In addition, the provided Abaqus input (INP) files (see also

older “Simulation_Data”) can directly be considered in own numerical simulations, allowing the

ser to generate the same load-deformation output. Here, the Abaqus History output with Re-

ction force “RF1” and Spatial displacement “U1” were used. However, STP files from the folder

Scan_Data” provide additionally the pure 3D geometry and might as well be used in Abaqus

AE, to build an own FE model from scratch. 

The scanned geometry (3D point clouds), provided in the folder “Scan_Data”, can be used for

he assessment of local and global imperfections. A possible output of the comparison between
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Fig. 1. Validation of GMNIA-Meas models against experimental results, adapted from [2] . 

Fig. 2. Examplary local imperfection evaluation of an RHS 300 × 150 × 6 profile along the height (h = 800 mm). 

 

 

 

 

 

 

 

the scanned and the perfect geometry (here, according to EN10219-2 [4] for cold-formed steel)

is provided in Fig. 2 . Circumferential imperfections are compared at three different heights, here

done exemplary for an RHS 300 × 150 × 6 profile with the steel grade S355. This specific output

was produced with the commercially available software Geomagic Controle X [5] . 

2.1. Experimental Design, Materials and Methods 

Full-scale tests are divided into stub-column tests and short beam-column tests. Fig. 4 gives

an overview of the chosen setup. The tests were carried out using an MFL Type UPS 10 0 0V test

rig. The actuator used for the vertical load transfer is a servo-hydraulic device with a maximum

compression force of 10 MN. The actuator is controlled by a servo-hydraulic valve of type Moog
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Fig. 3. Examplary global imperfection evaluation for several profiles. 

Fig. 4. a) Test setup for the stub-column tests; b) eccentricity levels; c) tensional field induced by N + M and correspond- 

ing angle of rotation; d) scheme of the N + M test setup. 

5  

s  

m  

a  

a  

d  

s  

v  

c  
08K03DOJNO D101. A hydraulic load cell is used to measure the actuator force with a pres-

ure transducer of type HBM P3MB-350 bar. All experimental tests were performed displace-

ent controlled, with a displacement ranging from 10.0 mm to 20.0 mm for stub-column tests

nd from 10.0 mm to 60.0 mm for beam-column tests. The velocity varied between 0.01 mm/s

nd 0.06 mm/s. A digital image correlation system (DIC) by GOM Metrology was used to capture

eformations and rotations of the specimen surface and of the test rig. The reference points and

peckle patterns can be seen in Fig. 4 a). The DIC recording rate was set to 1 Hz, which pro-

ided around 10 0 0 pictures and individual measurements for each specimen. This allowed to

apture the overall specimen deformation and the deformation field of the recorded DIC surface.
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Fig. 5. Top) applied workflow for the assessment of local imperfections; Bottom) applied workflow for the use in shell 

based nonlinear FE simulations (GMNIA-Meas). 
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he output of the experimental tests are load-deformation measurements accompanied by DIC

eformation measurements as a reference. The overall machine and set-up stiffness was con-

idered and eliminated from the measurements through a calibration test. The positioning of

he specimens to introduce different eccentricities for N–M interactions (see Fig. 4 b) to d)), was

one by using a stiff lever arm with prefabricated positions, i.e. pre-drilled holed in the beam

antilever and in the welded-on top and bottom plates of the test specimens ( Fig. 4 d)). How-

ver, the basic test setup configurations, such as the speckle pattern and its positioning to the

amera, as well as the load and displacement measurement of the test rig load cell remained

nchanged for all load cases T1 to T5. Test category denominated as “T1” corresponds to stub-

olumn tests with a length of 800 mm, i.e., load case of pure compression. Tests denominated as

T2 – T4” provide an increasing eccentricity to induce an N–M interaction. The specimen length

n those cases is equal to 800 mm. Apart from the specimen length, tests denominated as “T5”

re in general equivalent to “T3” tests. However, a total length of 20 0 0 mm is used to display an

nteraction between local and global buckling. An overview of all presented cross-section dimen-

ions, as well as corresponding test categories, is provided in Table 1 . The listed eccentricities

ere measured directly in the laboratory before the tests were carried out. 

The outer surface of all specimens was scanned using a Zeiss 3D scanner. The full specimen

urface was first recorded as a raw spatial point cloud, including unintentionally scanned ar-

as, e.g., floor surface, marking, etc. Therefore, the scanned data was initially pre-processed in

he software “Colin3D” [6] by Carl Zeiss Optotechnik GmbH in order to align individually made

cans and make first refinements within the point quality, i.e., removing unnecessary points or

lling holes. 3D spline curves were laid over the point cloud using the software “Geomagic De-

ign X” [7] , a Computer-Aided Design software controlling the sensitivity and roughness of the

pline mesh. The scanned geometry (spatial point clouds) was aligned in space and centered

ccording to the origin of the Cartesian coordinate system in the center of gravity of each pro-

le. Subsequently, this data can either be used to assess geometric imperfections or provide

he 3D member geometry in numerical simulations. A reverse engineering workflow is provided

n Fig. 5 for both the assessment of local imperfections and the derivation of a finite element

odel. 

The software “Geomagic Control X” [5] was used to make a comparison between shape devia-

ions and tolerances with the nominal geometry according to EN10219-2 [4] . The output of those

omparisons is condensed in the provided TXT files. A possible output is described in Fig. 5 (Im-

erfection Analysis). The output from the software “Geomagic Design X” (STP files) was used

s the “real” geometry for the nonlinear FE simulation, so-called geometrically and materially

onlinear analysis with imperfections, here denoted as GMNIA-Meas. A schematic reverse engi-

eering workflow is provided in Fig. 5 (FE Modelling), resulting in a FE-shell model, including

he imperfections of the scanned geometry. Linear isotropic shell elements with reduced integra-

ion (element type S4R) were considered. These shell elements are formulated with six degrees

f freedom associated with each node, three in translation and three in rotation. Each element

ncludes 5 integration points along the shell thickness. 

The discretization of the FE mesh in the GMNIA-Meas models depends on the derived spline

urfaces from the scanned 3D point clouds. The meshing was directly done in the Abaqus soft-

are itself. Therefore, the mesh of each GMNIA-Meas model varies in the total amount of el-

ments, its size, and distribution. The nonlinear material models are based on tensile coupon

ests, taken for flat faces and the corners of SHS/RHS profiles. A standard hydraulic testing rig

roduced by Zwick-Röll was used to perform the corresponding experiments. The outputs of

ensile coupon tests (see Table 2 ) were used for the formulation of non-linear stress strain rela-

ions (two-stage Ramberg-Osgood models) based on [8] for cold-formed steel. The engineering

tress-strain relations were further transformed into true stress–strain relations for the input in

baqus. In the following, the material models are directly considered in the Abaqus input files

nd not explicitly presented in the data sets. Additional information can be found in [2] . Resid-

al stresses were not taken into account. The FEM iteration process was done by using RIKS

nalysis (iterations based on arc-length control). 
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Table 2 

Measured material properties from tensile coupon tests. 

Profile fy in [N/mm2 ] fu in [N/mm2 ] εu 

RHS 300 × 150 × 6 429 516 14.3 

RHS 300 × 150 × 8 451 548 13.9 

SHS 140 × 4 430 517 10.8 

SHS 200 × 5 401 506 16.0 

SHS 200 × 8 475 582 13.2 

SHS 200 × 4 563 647 9.6 

SHS 200 × 5 557 625 7.0 

 

 

 

 

 

 

 

 

 

 

 

The boundary conditions were modeled through reference points (RF-Points) located at the

top and the bottom edge of the member, which are connected through multiple point con-

straints (MPC-Beam formulation) to associated node sets along the upper and lower profile outer

edge. This boundary condition was used to recalculate the T1, T3, T4 and T5 test. In some cases,

a more refined numerical modes was introduced, taking into account the interaction between

the test setup parts and specimens, simulating the reciprocal effect of the spherical bearing. An

example is shown in Fig. 6 . 

Further, T2 tests were performed to investigate the local buckling behavior according to a lin-

ear bending moment over the member length. The adapted numerical model was slightly mod-

ified compared to the T1, T3, T4, and T5 models. An eccentric load introduction was modeled

on the top, as presented in Fig. 6 a), explicitly taking into account the spherical bearing through

a shell model. A fixed boundary condition (MPC-Beam) was modeled at the bottom to replicate

the full-scale experiments ( Fig. 3 ). 
Fig. 6. a) Refined FE model with spherical bearing; b) deformed shape and stress results from simulation; based on [2] . 
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imitations 

• Scanned data from the profile RHS_300_150_6_T2_S355 was unusable. Instead, the scanned

geometry from the profile RHS_300_150_6_T1_S355 was used in the GMNIA-Meas simula-

tion. 

• Scanned data from the profile SHS_200_8_T2_S355 was unusable. Instead, the scanned ge-

ometry from the profile SHS_200_5_T2_S355 was used in the GMNIA-Meas simulation. 

ata Availability 

Hollosstab_SHS_RHS_Data (Original data) (Research Collection). 

RediT Author Statement 

Andreas Müller: Conceptualization, Methodology, Data curation, Visualization; Andrea Tof-

olon: Data curation, Visualization; Andreas Taras: Writing – review & editing. 

thics Statement 

The authors have read the ethical requirements for publication in Data in Brief and confirm

hat the current work does not involve human subjects, animal experiments, or any data col-

ected from social media platforms. 

cknowledgments 

The authors would like to acknowledge the funding received by the European Community’s

esearch Fund for Coal and Steel (RFCS) under grant agreement No. 709892 - HOLLOSSTAB. Addi-

ionally, the authors express their gratitude to the engineering department of voestalpine Krems

inaltechnik GmbH, particularly Mr. P. Häckel, for the contributions and technical support pro-

ided during the study on VHPT and VHPS sections. 

eclaration of competing interest 

The authors declare that they have no known competing financial interests or personal rela-

ionships that could have appeared to influence the work reported in this paper. 

eferences 

1] A. Toffolon , X. Meng , A. Taras , L. Gardner , The generalized slenderness-based resistance method for the design of
SHS and RHS, Steel Constr. 12 (4) (2019) 327–341 . 

2] A. Toffolon , Generalised Slenderness-based Resistance Method for the Strength Prediction of Hollow Sections Doctoral
Thesis, Universität der Bundeswehr München, Germany, 2024 . 

3] ‘DIN EN 1993-1-1:2020-08, Eurocode_3: Bemessung und Konstruktion von Stahlbauten_- Teil_1-1: Allgemeine Be-
messungsregeln und Regeln für den Hochbau; Deutsche und Englische Fassung prEN_1993-1-1:2020’, Beuth Verlag

GmbH. doi:10.31030/3161839 . 

4] ‘DIN EN 10219-2:2019-07Kaltgeformte geschweißte Hohlprofile für den Stahlbau_- Teil_2: Grenzabmaße, Maße und
statische Werte; Deutsche Fassung EN_10219-2:2019’, Beuth Verlag GmbH, 2019, doi: 10.31030/3058498 . 

5] 3D Systems, Geomagic Control X, Available: https://www.3dsystems.com/ 
6] Zeiss Colin 3D. Germany: Carl Zeiss Optotechnik GmbH. 

7] 3D Systems, Geomagic Design X, Available: https://www.3dsystems.com/ 
8] L. Gardner, X. Yun, Description of stress-strain curves for cold-formed steels, Constr. Build. Mater. 189 (2018) 527–

538, doi: 10.1016/j.conbuildmat.2018.08.195 . 

https://www.research-collection.ethz.ch/handle/20.500.11850/639467
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0001
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0001
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0001
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0001
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0001
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0002
http://refhub.elsevier.com/S2352-3409(24)00133-1/sbref0002
http://10.31030/3161839
https://doi.org/10.31030/3058498
https://www.3dsystems.com/
https://www.3dsystems.com/
https://doi.org/10.1016/j.conbuildmat.2018.08.195

