VII

Contents

Conventions and assumptions XI
Symbols XIII
Abbreviations Xvil
1 Introduction 1
.1 Motivation . . . . . . . . ..o e 1
1.2 Objectives . . . . . . . o e e e 2
1.3 Scope . . . .. 2
1.4 Methodology . . . . . . . . . . ... 3
1.5 Outlineand Overview . . . . . . . . . ... e 3
2 State of the art 5
2.1 General . . .. .. ... e e 5
2.2  Geometrically nonlinear behaviour . . . . . ... ... ... ... ... 8
2.3 Materially nonlinear behaviour . . . . . .. ... ... ... 0L, 36
2.4  Failure behaviour and load-bearing resistance . . . . . . ... ... ... 46
2.5 Long-termbehaviour . . . . .. ... ... 0 oL oo 53
2.6 Design verification . . . . . . . ... ... 58
2.7 Models considering scattering material parameters . . . . ... ... .. 75
2.8 Summary and discussion . . . . .. ... Lo 87
3 Measuring data 89
3.1 General . ... 89
3.2 Imperfection measurements . . . . . . . . . .. ...l 90
3.3 Flexural buckling tests on beech LVL columns . . . . . . ... ... ... 113
3.4 Lateral torsional buckling tests on softwood GL beams . . . . . ... .. 125
3.5 Summary ... e e 143
4 Analytical derivations and equations 145
4.1 General . . ... .. ... 145
4.2 Nxc-My/, 1-interaction for flexural buckling . . . . ... ... ... ... 146
4.3 Ny,-My i-interaction for lateral torsional buckling . . . . ... ... ... 148
4.4 Nxc-Myjp-interaction . . . . ... ... 150
4.5 Reduction factor ky, accounting for lateral torsional buckling . . . . . . . 153
4.6 Summary . . ... e 159
5 Numerical modelling and analysis 161
5.1 General . ... ... ... e 161

5.2 Finiteelementbaseddesign. . . . . . ... ... ... ... ... 162



VIII

5.3 Modelling . . . . . . ..
54 Verification . . . ... ...
5.5 Validation . . . . . ... Lo
5.6 Numerical analysis and parameter studies . . . . . .. ... ... ....
5.7 Summary ... .

Results and discussion

6.1 General . . ... .. . ...
6.2 Basicaspects . . . . ... .. e
6.3 Equivalent geometrical imperfections . . . . ... ... ... ......
6.4  Nyc-Myj-interaction . . . .. ... ... ..
6.5 Summary . . .. ... e

Design proposals

7.1 General . . ... ...
7.2 Designproposals . . . . .. ...
7.3 Background regarding the design proposals . . . . . .. ... ... ...
T4 Discussion . . . . . . . o e e
7.5 Summary ... e e e e e

Summary and outlook
8.1 Summary . . ... .. ...
82 Outlook . . . . . . . e

References

A

Data of flexural buckling tests on beech LVL columns
A.l1 Flexural buckling tests . . . . . . ... ... ... ... ... ...
A.2 Preceding compressiontests . . . . . .. ...

Data of lateral torsional buckling tests on glulam beams

B.1 Lateral torsional bucklingtests . . . . . .. ... ... ... .......
B.2 Preceding bending and torsion tests . . . . ... ... L. L
B.3 Preceding compressiontests . . . . . ... ...

Reduction factor k. accounting for flexural buckling

UMAT subroutine for modelling of elastoplastic behaviour of timber

D.1 General . ... ... ...
D.2 Tensionin graindirection . . . . . . . ... ... L.
D.3 Compression in graindirection . . . . . . . . ... ... L. ...
D4 Shear . . . . . . ...

Results of FEA on equivalent geometrical imperfections
E.1 Softwood GLbeams . .. ... ... ... ... ... ..........
E.2 Softwood GLcolumns . . ... ... ... ... ... ........

203
203
204
210
226
244

247
247
248
260
266
271

273
273
276

277

291
291
300

303
303
310
311

315

319
319
319
319
321



IX

F Results of FEA on N, .-M, ;-interaction 335
F1 General . ... ... .. . . .. .. e 335
F2 k¢mindependence of Adcjmypel - -« - o o .o 335
F3  Nxc-My-interaction . . . . . ... ... ... ... 343

F4 Comparison of design proposals withFEA . . . . . ... ... ... ... 351





