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acceleration of the mass 250, 262

accepted mean values 257

access core, arrangement of 309

acetylation 293

action combination (AC) 21
for roof structures and slabs 21, 21

for vertical bracing elements 21, 22

actions 21

action variables 19

adhesive 2

bonded connections 61, 62, 139-141

connections and repair 145-147
of structural elements 141-145
Volkersen’s theory for 358-361

classification of 140

for load-bearing timber elements 142
advantages of building with timber 1-2
aircraft construction 352
air tightness in the joints 237
animal pests 283
apex zone of double-tapered beam 162,

163, 166

arched load-bearing structures 319
arches 318-322, 320
ARGEBAU 142
asymmetrical recess 40, 40
axial and combined stresses 235-237
axially stressed screws 266
axial tensile resistance 88, 92, 102

axle loads 332
Ayanleye, S. 284

b
Bachmann, H. 257, 257
B-and D-areas 344-345, 345

Barrett, J.D. 344
262,270, 275, 276
137,208

base shear
beam joint
beams 11
and columns 198-208, 316-318
double-tapered beam, apex zone of
162,163, 166
moment-resistant joint 133
tension and compression-loaded joint
132-133
beam-strut connection 289
beam-supported slab joists 256
beam theory 157,355
beam-type building components 1
beam-type elements, structural design of
19
action combinations 21
bending 23-24
bending stresses
buckling 27
lateral bending buckling 29-32
lateral torsional buckling 32-38

40-41

second-order theory, calculation
according to 39
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beam-type elements, structural design of
(contd.)
deformation factors 22,23
modification factors 22, 23
rolling shear 26
serviceability limit state (SLS) 41
deformations 41-43, 42
vibrations 43-44
shear stresses 25-26, 25
torsion 26
beam-type members 157
beams, slab and roof elements
172-181
box-type section with interlayer 181
y-procedure, application of 172-176

thin-flanged beams 178-181

thin-webbed beams 176-178
bracing 192-195

beams and columns 198-206

roof structures 195-197
columns 187-189
composite elements 172-192
glulam beams 157

bending stresses 159-165

tension stresses perpendicular to the
grain 166-170
lattice columns 193
modelling of 206-208
spaced columns
with continuously connected shafts
189-190
with packs and gussets  190-192
shear force distribution on packs
191
timber—-concrete composites (TCC)
182-186, 183, 184, 185, 186,
187
trusses 170-172
behaviour factor 268
Bejtka, I. 100, 100
bending 3, 23-24
24, 24, 26, 38, 39, 40
174, 189,

biaxial

effective bending stiffness
275

lateral bending buckling 28-32

relative slenderness for 34
23,24,24
bending moment 28, 29, 123, 133, 134,
138,157,174, 223
bending stiffness 36, 185, 186, 225, 233,
274,354
bending stresses 13, 28, 40-41, 57, 138,
159-165, 159, 162, 164, 167, 177
185, 223,224, 225, 227-229
for beams with linearly increasing
depth 161
bending moment and 24
Bernoulli hypothesis 163, 345, 354, 355
biaxial bending 24, 24, 26, 38, 39, 40
biaxial load bearing 211, 220, 229, 257,
310, 322
Binding, G. 311, 312
biological attack, constructive measures
against 286-289
Blaf3, H.J. 30, 32, 84, 89, 100, 100, 153,
171, 243, 353
blockboard 15
block shear 97-99, 99
Blumer, H. 163, 168
board lamella 12,157, 164, 221-222, 228
curvature of 164
bolts 47, 62,75-77, 75, 78-79
bonding of structural components
141-145
bond length 149, 358
box-type section with interlayer
bracing 192-195, 335
beams and columns
with crosswise steel strips
of hall structure 195
roof structures 195-197
bracing concepts 317
bracing elements 194, 262, 269
horizontal deformations of 281
g-values for 271
vertical 21, 22, 268
bracing system 193, 194, 195, 228, 241,
244,245,247, 267,273
bracing walls 196, 239, 244-217
arrangement of 263, 264

uniaxial

181

198-206
197, 197



diaphragms and 244-247, 245
stiffness of 265
braking loads 332
bridge 322-336, 324
331-333
bracing against lateral forces 335
construction 323
covered 324
cycleway 328
deck bridge 323, 324
design criteria 325-331
load-bearing system of 333
load transfer 333-335
maintenance 335-336
minimum dimensions for structural
elements of 330
pedestrian bridges 325, 332, 332
road bridges 332
section types of 324
theoretical operating life and
maintenance cost for 336
trough 324
wind load on bridges with traffic 333
bridge components and assigned service
classes 329
bridge decks 328, 330, 332
in ancient times 323
reference values for the predesign of
main girders for 334
bridge girder 188
brittle failure 97, 100, 280
B-and D-areas 344-345, 345
fracture mechanics, application of
349-350
linear-elastic fracture mechanics
(LEBM) 345-349
Brunner, R. 243
buckling 27-28, 236, 361
lateral bending buckling 29-32
lateral torsional buckling 32-38
second-order theory, calculation
according to 39
buckling coefficient 29, 30, 30, 31, 38,
187, 236, 236
buckling length 29, 32, 33, 361
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buckling load 29, 30
characteristic value of 364

buckling stress 30, 30, 32

building classes 296-297, 297

burning droplets 298

burning of wood 1, 294

butt joint 237

c
cable polygon 318
Caesar,J. 322
cantilever model 250, 273, 273
capacity design 279, 351, 353
capsulation 300, 300
carbon dioxide 1
carpentry joints 61, 116-120
deformations: slip moduli 130-131
halving joints 121-124, 121-124
mortise and tenon 127-130, 128
step joints 124-127, 124, 125
cascade use of wood 1,2
cement-bonded particleboards 16
central spatial force system 197
chain analogy 263
challenges of building with timber 1-2
characteristic of wood 8,116
characteristic values 19, 25
charring depth 301
Chopra, AK. 260,277
chords 134,170
Claus, T. 18,129
clearance profile 314, 325-327, 327
CLT see cross laminated timber (CLT)
coating 292
coefficient of friction 118
cold forming 77
collar beam roofs
Colling, F. 344
column footing 134, 134, 204, 290
columns 187-189, 316-318
beams and 198-206
lateral stabilisation of 199, 200
lattice columns 193
with glued or nailed joints 192
mechanically jointed columns 188

196, 196, 311
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columns (contd.)
spaced columns
with continuously connected shafts
189-190
with packs and gussets 190-192
shear force distribution on packs
191
two and three shaft columns connected
189
columns head, deformation at 203, 205
combination coefficients 21
combination factor 274
combined glulam (GLc) 13,13
combustion of wood 294
175, 181, 353-357, 356

353-357, 354

composite beams
calculation methods for
composite elements
beams, slab and roof elements
box-type section with interlayer 181
y-procedure, application of 172-176
178-181
176-178

thin-flanged beams
thin-webbed beams
187-189
193
with glued or nailed joints

columns
lattice columns
192
spaced columns
with continuously connected shafts
189-190
with packs and gussets 190-192
shear force distribution on packs
191
timber—concrete composites (TCC)
182-186, 183, 184, 185, 186, 187
composite joint 173, 186, 354, 355, 357
stiffness of 175
compression-and tensile-loaded
connection with side brackets

133
compression and tension forces from
diagonals 119

compression contact 118
compression forces from diagonals
braces 119
rafter roof 119

compression strength perpendicular to
the grain  45-48
compression stress 3, 29, 47
at an angle to the grain  48-49
computer-controlled joinery lines
concentrated forces 229-230
conceptual design 307

116

bridges 322
multi-storey timber buildings
307, 308
roof structures 311
coniferous wood 3
connections 2, 61, 107, 303-305
adhesive-bonded connections
139-141
beam-strut connection 289
carpentry joints 116-120
deformations 130-131
halving joints 121-124, 121-124

mortise and tenon 127-130, 128
step joints 124-127, 124, 125
contact connection 118, 207
with cross-laminated timber (CLT)
101-104
double-shear connections
dovetail connections 119
dovetail-shaped connection 116
dowelled connections, reinforcement of
99-104

65, 68, 87

dowels and bolts 75-77
dowel-type connections 61, 66, 341
deformation behaviour 62-65

shear-loaded connections,
calculation of 65-68
shear-loaded steel-timber
connections 71, 74-75
shear-loaded timber-timber
connections 68-71
hinged and moment-resistant
connections
sections, method of 136-139
structural detailing and calculation
modelling 131-136
nails

construction rules for 81-84



definitions 77, 80-81
load-bearing capacity 86-89
perpendicular to the grain 151-152
reinforcement against tension forces
perpendicular to the grain 148
connections perpendicular to the
grain 151-152
glulam beams, holesin 152-153
notches 148-151
and repair 145-147
with screws  89-90
application examples and execution
96-97
block shear 97-99, 99
conceptual design 90-93
load-bearing capacity 93-96
shear connectors
connector types and construction
rules 107-111
load-bearing capacity 112-116
mechanism 107
shear-plate connectors 107, 108
single-shear connection 67, 91
single shear timber-timber connection
352
slab-wall connection 238
staples
construction rules for 84-85
definitions 80-81
load-bearing capacity 86-89
steel plate-timber connections 115
steel-timber connections 71, 72, 73,
74
tensile-loaded connection 132
timber—-timber connections 71, 352
for trusses 171
under pure compression load 118
wall-slab connection 308, 309
wood-wood connections 116,
118-121, 130, 131, 207
see also hinged and moment-resistant
connections; mortise and tenon
connections; screwed connections

connectors

dowels/shear-plate connectors 202

Index

dowel-type 61, 208, 303
effective penetration length of 56
load-deformation behaviour of 189,
191
modern shear connectors, load-bearing
effect of 107
shear-plate connectors 107, 108
split-ring connectors 107, 108, 110
steel connectors/notches 186
tension-resistant connectors 40-41
toothed-plate connectors 109, 109,
110,115
types and construction rules 107-111
see also shear connectors
consequence class 269
contact connection 118, 207
contact joint 187
load-bearing capacity of 214
convection 290
corrosion, resistance to 293, 293
Coté,W. 3
covered bridge 323, 324, 330, 332
crack 346
crack growth 147, 347
crane loads 318
crane runways 318, 318
creep 9,20, 22, 42, 364
creep deformation 22, 42, 175, 364
critical failure load 348
critical force 346, 349
critical load 349, 350, 363
cross laminated timber (CLT) 13, 14,
93,101-104, 211, 220-240,
250
building structure with 220
connections with  101-104
horizontal diaphragm and bracing walls
in 245
material values for 224
plates 228, 240-241
bending and shear stiffness
224-227
biaxial load bearing 229
deflections 232-233
single loads 229-232
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cross laminated timber (CLT) (contd.)
uniaxial load transfer 227-228
wall elements 243-244

production, load-bearing characteristics

and strength  220-224, 222
wall elements 223
under cyclic loading 262
wall panels 233, 234, 235, 237
axial and combined stresses
235-237
in-plane shear 234-235
in-plane stiffness 233-234
cross section 10
residual 57
weakening of 23-24, 32, 57
Culmann, K. 324
curved beams 157, 164, 345
cycle bridges 328, 331
cycle paths 326

d

damped/inelastic spectra 266
damping 250
damping constants 250
D-areas 344-345, 345
DCM see medium ductility class (DCM)
deck bridge 323, 324, 335
decking 330, 330
decoupling 308
deep beams 211, 220
defect-free softwood, flexural bending
long-term strength of 9
defect-free wood 4,5
defects 342
deflection check 171
41, 232-233
deformation behaviour 62-65
20, 22,23
deformation moduli 365
deformation properties of solid timber
7-8
deformations 41-43,42,130-131
at columns head 203, 205
creep 22,42,175, 364
force-deformation curve 263

deflections

deformation factor

horizontal deformation 165
load-deformation behavior
189, 191, 262, 347
pre-deformations 39, 361

shear deformation 224, 226
de I'Orme, P. 319
density of wood 5
design charring rate 301
design compression force 200
design spectrum 268
design value of the action 19
diaphragm 216-218
and bracing walls, interaction of
244-247
effective depth of 218
load-bearing effect of 216
differential beam element 359
differential shear, concept of 358-359
diffusion 290
domes 321
double-shear connections 65, 68, 87
double-shear timber 70
double-step joint 124, 124-126
double-tapered beam 157, 162, 164
apex zone of 162
definition of the height for 201
dovetail 123
dovetail connections 119
128,129, 130
dovetail-shaped connection 116
dowel circle 101, 136
corner of moment-resistant frame with
136
reinforcement of 101, 101
dowelled connections, reinforcement of
99
cross-laminated timber (CLT),
connections with  101-104
dowels 75, 78-79
and bolts  75-77
dowels/shear-plate connectors 202
dowel-type connections 61, 341
load-bearing capacity of 66
dowel-type connectors 61, 208, 303
dowel-type fasteners 62, 63, 65, 303, 351

100, 100,

dovetailed tenons



62-65
shear-loaded connections, calculation
of 65-68
shear-loaded steel-timber connections
71
simplified calculation 74-75
shear-loaded timber-timber
68-70
simplified calculation 71
steel fasteners 351
drainage 330, 331
drying phase 294
ductile and non-ductile parts of a
light-frame wall element 279, 280
ductility 351
durability 289, 309, 324
biological attack, constructive measures
against 286-289
encapsulated construction 290-291
principles and definitions 283-286
of wood species 286, 287
wood treatment 291-293
dynamic behaviour of timber structures
249
earthquake impact 259
and energy dissipation 260-263
force-based approach 266
performance-based design 266
response history analysis 267
response spectra procedure
267-277
verification of wall and slab elements
278-281
natural frequencies of simple systems
252-256
slabs, vibration of 256-259
structures under dynamic impact
249-252
dynamic equation of motion 249, 252

deformation behaviour

connections

e

earthquake
force/stress acting during 278
intensity levels of 261

earthquake equivalent loads 262

Index

earthquake impact 259
conceptual design and calculation of
building structures 263
force-based approach 266
performance-based design 266
response history analysis 267
and energy dissipation 260-263
response spectra procedure 267-277
wall and slab elements, verification of
278-281
earthquake-resistant construction 260
edge framing members 216
edge gluing 222
effective bending stiffness 174, 189, 275
effective buckling slenderness 189
effective contact area 46-47, 46, 49
effective cross section method 300-302
effective penetration length of connector
56
effective protrusion 49
effective shear stiffness 275
effective slenderness 187, 190, 192
efficiency 157
efficient stiffness method 353-357
elastic deflection 42
elastic-plastic load-deformation curves
266
elastic response spectrum 267
control period to define 270
for horizontal accelerations 267
elastic restraint, column with 205
elastomeric strips 237
electrogalvanising 293
elongation stiffness 233
embedment strength 65, 76
embedment stresses 62, 65
EMS see European Macroseismic Scale
(EMS)
encapsulated construction 290-291
end-fixed column 132, 134, 195, 203,
203-205
end grain, protection of 288
end grain distance 125
endless lamella 222
energy balance 347, 347
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energy-based fracture criterion 345-349

energy dissipation, earthquake impact
and 260-263

energy release 347

epoxy resin coating 331

equilibrium moisture content of wood 8

equivalent forces 253, 275, 362

equivalent load 267-277

equivalent shear stiffness 226

equivalent static forces 318, 319

escape routes 296-297, 313

European Macroseismic Scale (EMS)
250, 260

European Yield Model (EYM) 341

external reinforcements 148, 150, 153

EYM see European Yield Model (EYM)

f

Facade elements 309, 311
failure mechanism 69
failure probability 342
Falk, R. H. 344
FEM see finite element method (FEM)
Fengel, D. 3
Ferk, H. 308
fibreboards 16, 17
fibre-reinforced polymer (FRP) profiles
330
fictitious strength 48
final deflection 42-43
Findlay,WP.K. 284
finger joint 11, 11,12, 143
geometry of 145
finite element method (FEM) 277
Finland, forestsin 1
fire brigade ladders 297
fire compartments 296
fire protection 294-300, 309
building classes 296-297
structural elements and materials
297-300
structure of 296
terminology and legal regulations
295-296
fire resistance 300-305

fire resistance time, calculation of
303-305
effective cross section method

300-302

flap joint 40

flat-pressed chipboard 16

flat pressed particleboards 16

flat roofs 195

flexibility of the use of space 307

flexible bond 225, 354

footbridges 331, 332

footpaths 326

force-based approach 266

force-deformation curve 263

connections

force-displacement curve 62

force-fibre angle 114, 202

force-grain angle 48

forces 319

forests, management of 1

fork bearing, slender beam with 136

fork type support 32, 34, 38

form-fitting timber joints 117

Foschi, R.O. 97,344

fracture criterion 345-349

fracture energy 349

fracture mechanics 345-349
application of 349-350
B-and D-areas 344-345, 345
linear-elastic 345-349

free-form surfaces 321

friction 118

friction coefficients 118

Fuller, R.B. 321

fungi 283

9
galvanising 293

y-procedure, application of 172-176

Gerber girder 334

German model building code 296, 297,
298, 298

Gerold, M. 324, 335,336

Gilly, D. 319, 321

girder grid 314, 316, 317

GLc see combined glulam (GLc)



GLh see homogeneous glulam (GLh)
Glos, P. 294

GL see glulam

glued finger joint 11, 11

glued-in steel rods 145, 146, 146, 359,
359, 361

glued-in timber dowels 304
glued joint 149
glued laminated timber see glulam
glued solid timber (GST) 11-12
glued structural components 139
glulam 11,12-13
material properties of 12
shaping options for 13
glulam beams 139, 157-170
bending stresses 159-165
holesin 57-59,152-153
tension stresses perpendicular to the
grain  166-170
glulam cross section before and after fire
exposure 295
glulam elements 140
glulam production, press bed for 144
Gorlacher, R. 123,123
Goth, H. 147
grading criteria for solid timber 5,6
Griffith constant  347-349
ground accelerations 261
growing crack length, load-deformation
for 347
GST see glued solid timber (GST)
guard boards, dimensions of 326
guardrails 327
Guggenberger,W. 225
Gustafsson, P. J. 346, 349

h

half-timbered construction 307

hall structures 314, 315, 316, 317
bracing concepts for 317
load-bearing system for 317

halving joints 121-124, 121-124

Hamm, P. 257, 258, 258

Hansson, M. 342

Happold, T. 321

Index

hardwood, wood structure of 4
head pull-through 89
heel joint 124, 124
Heimeshoff, B. 162
Henrici, D. 294
Hertel, H. 352
hinge 132,134
hinged and moment-resistant connections
sections, method of 136-139
structural detailing and calculation
modelling 131
beam: moment-resistant joint 133
beam: tension and
compression-loaded joint
132-133
column footing 134, 134
134,135
unintended constraints, avoiding
135-136
Hoffsummer, P. 312
Hohmann, R. 183
Holzer, SM. 312
homogeneous glulam (GLh) 13, 13
hooked halving 121
horizontal braking loads 332
horizontal deformation 165
horizontal diaphragm and bracing walls
in cross-laminated timber (CLT)
construction 245
in light frame construction 245
horizontal girders 335
horizontal response spectrum 267
horizontal wind load 333
hysteresis 263

trusses

I

impact loads 318

imperfections 39, 362, 364

in-plane loaded 233

in-plane shear 234-235

in-plane stiffness 233-234

insects, wood-destroying 283
moisture-dependent development of

284
intensity levels 361
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internal reinforcements 148, 153
internal strain energy 347
inter-storey drift 281

Isaksson, T. 343

iVTH 289

J
Jeffrey, I. 324

Johansen, K.W. 66, 351

k

k. method 29-32, 187

k,, method 32-38

Kaufmann, H. 307

Keil, A. 331

Kempe, K. 284

Kermani, A. 352

Kersten, C. 314

Killer,J. 312

kinematically permissible mechanism
351

kinematic compatibility 351, 352

knot-free boards 181

knots 342
knottiness 5-6,5,7
Koch, H. 129
Koéck, B. 131, 131, 312
Kollman, F. 3
Kreuzinger, H. 259
Kurrer, K.E. 319, 350

KVH monitoring association 11

l

lamellae 12

laminated veneer lumber (LVL) 14-15,
14,76, 150, 292

laminboard 15

Landesstelle fiir Bautechnik
Baden-Wiirttemberg 264, 265

Larsen, H.J. 350

Laskewitz, B. 84

lateral bending buckling 28-32

lateral buckling reduction factor 32

lateral force method 266, 267, 270, 272,
273

lateral stabilisation of columns

lateral supports 32, 34

lateral torsional buckling 28, 32-38, 34,
35

lattice columns 193

199, 200

with glued or nailed joints 192
lattice girders 187
LDC see load duration classes (LDC)
LEBM see linear-elastic fracture
mechanics (LEBM)
Lehr’s damping factor 259
lifespan 328
light-frame elements 211, 212
connections and anchoring 218
slab elements 216-218
wall elements 213-215
light-frame timber construction 263
horizontal diaphragm and bracing walls
in 245
light frame timber wall, encapsulation of
303
light-frame wall element 241-243, 242
ductile and non-ductile parts of 279,
280
linear-elastic fracture mechanics (LEBM)
345-349
load application 151
load arrangement factor 230
load-bearing capacity 48, 65-66, 68, 71,
80, 86-89, 93-96, 99, 112-116, 350,
351
of contact joint 214
of dowel-type connections 66
of slender columns 199
verification of 216
of wall element 213
load-bearing effect 197
of diaphragm 216
of shear connectors 107
load-bearing elements 314-316, 315,
316, 353, 361
efficiency of 318
for vertical load transfer 316
load bearing of tension-loaded screws 93
load-bearing resistance 149, 352, 364



load-bearing system
of bridge 333
for hall structures 317
load capacity of bolts 77
load-deformation behavior
189, 191
for growing crack length 347
load duration 8-9, 10
load duration classes (LDC) 22
load flow 216
load flow transverse direction 203
load path 194
load transfer

100, 100, 262
of connectors

and design 310
detailing and 237-240
332

log construction 307
332
312

‘lock-in’ effect

long-span bridges

long-span structures

Longworth, J. 97

low-energy/passive house standard 308

lower bound theorem, application of
352-353

LVL see laminated veneer lumber (LVL)

m

maintenance 335-336
336
mass-spring system 260

maintenance costs

material classification 299

material coefficient 35

material constant factor 53

material properties 299

materials, wood-based
cross-laminated timber (CLT) 13, 14
fibreboards 16, 17
glued laminated timber 12-13
laminated veneer lumber (LVL)

14-15, 14

oriented strand board (OSB) 15, 15,16
particle boards 16, 17

plywood 14,15

solid structural timber and glued solid

timber 11-12

Index

maximum response spectral acceleration
269

maximum torsional shear stress 235

MDF see medium density fibreboard
(MDF)

mechanically jointed columns 188

mechanical parameters for solid timber

7

mechanical timber connection, stiffness of
62

medium density fibreboard (MDF) 16,
17

medium ductility class (DCM) 263

Mercali Intensity Scale (MIS) 250, 260

Meskouris, K. 277

Mestek, P. 225, 225, 226, 226, 230, 232,
232, 235,237

Metropol Parasol 292, 292

MIS see Mercali Intensity Scale (MIS)

modal response spectrum analysis 272

modeI 346

mode IT 346

modification coefficients 69

modification factors 22, 23, 302

for compression perpendicular to the

grain 47

modulus of elasticity 7

Mohler, K. 9, 180, 354

Mohr, B. 259

moisture content of wood 8, 10

moisture-induced stresses 16

moment-curvature relation 164

moment-resistant frames 136, 202, 204

moment-resistant joint 133

mono-pitched roofs 195

Monte Carlo method 344

Moosbrugger, T. 225,233

Morrell, J.J. 284

mortise and tenon connections
128

Miiller, C. 140

Multihalle Mannheim 321, 322

253,273

four-storey building modelled as

multi-modes 277

127-130,

multi-mass oscillator
253
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multi-span bridges 424
multi-storey timber buildings
308
contemporary 310
design criteria 307-311

307-311,

n
nailed joints
execution of 83
trusses with 80
nail-press bonding see screw-press

bonding
nails 77-89
construction rules for connections with
81-84

load-bearing capacity 86-89
narrow face 101
narrow steel strips
natural form 253
natural frequency 251, 252, 331
natural vibration time 252
netarea 40
net cross section 23
Neuhaus, H. 142
Newton’s second law 261
non-combustible building materials 298
non-linear dynamic analysis 267
non-linear load—deformation behaviour

266
non-linear static analysis
Norris, C.B. 48
notched beam support

197

266

350

notches 52-54,148-151
(]
open decks 328

organisational fire protection 296

oriented strand board (OSB) 15, 15,76
material properties of 16

Orlandos, A K. 117

orthotropy 229, 240

OSB see oriented strand board (OSB)

Ostendorf, F. 312

Otto, F. 321

outer members 40

220
279
overstrength factor 279
overstrength value 353

outermost layer
overdesign factor

p
partial safety factor 19, 20, 21, 68, 364
partial surface loading 46
particle boards 16
material properties of 17
Paulay, T. 260,277
peak ground acceleration (PGA) 262
pedestrian bridge 325
unplanned vehicle on 332
pegs 130
penetration length 83
performance-based design 266
pests, protecting wood against 283
PGA see peak ground acceleration (PGA)
pilot hole 97
pitched beams 345
pitched cumbered beam 164
with mechanically jointed apex 170
195, 312
transverse bracing of 196
plane elements, modelling of
cross-laminated timber (CLT) plates
240-241
shear walls

pitched roofs

241
CLT wall elements 243-244
light-frame wall elements 241-243
plank trusses 321
plant based pests 283
plastic capacity against normal forces 95
plastic hinge 351, 352
plasticity, theory of 350-351
capacity design 353
lower bound theorem, application of
352-353
upper bound theorem, application of
351-352
plywood 14,15
point supports 229

polar moment of inertia 203, 205



polyaddition and polycondensation
140
polygonal truss structures
Porteous, J. 352
pre-camber 42
pre-defined contact pressure 222
pre-deformations 39, 361
pre-drilled holes 81
prefabrication, degree of 311
press bed 143,222

for glulam production 144
Priestley, M.N. 260, 277
primary and secondary load-bearing

elements 315-316

profiled nails 80
protecting covers 288
protection, timber 289
purlin roof 195, 196, 197, 198

adhesives
319

q

Qualitidtsgemeinschaft Holzbriickenbau
e V. 328,329, 330, 331, 336
quantile values 19

g-values 269, 271

r

Racher, P. 64

Radovic, B. 143, 147

rafter couple 196

rafter foot with connection to diagonal

197, 198

railing load 333

ramp 325, 327

Rayleigh method 253

reaction to fire 295

reference values for component heights of

roof structures 320

148-153

against tension forces perpendicular to
the grain 148

connections perpendicular to the
grain 151-152
glulam beams, holesin  152-153
148-151
connection to narrow face with 104

reinforcement

notches

Index

of dowel circle 101, 101

of doweled connections 99-104
reinforcing lamellae 150

repair, connections and  145-147
52,165

62, 85

residual stresses

resin-coated staples

19, 20

response history analysis 267

response spectra procedure 267-277

return period 261

Richter, A. 258, 258

Richter scale 260-261

rolling shear 28

rolling shear strength of timber 26,178

rolling shear stresses 26

roof diaphragm 195, 201, 202, 202

roof overhangs 287, 288

roof structures 195-197, 311-322
arches 318-322, 320
beams and columns
cable polygon 318
conceptual design, criteria for

resistances

316-318

312-315
domes 321
historical 311
primary and secondary load-bearing
elements 315-316
reference values for component heights
of 320
Room Corner Test 298, 299
rope effect 71, 77, 87, 87, 88

rotting of wood 1
Rowell, RM. 3
Riidisser, D. 308
Rug,W. 312

RWTH Aachen 331

S

Sandhaas, C. 89
sawn timber 5, 10-11
scarf joining 143, 145
Scheffer, T.C. 284
Schlaich, M. 321, 321
Scholz, F. 141
Schinzlin, J. 185
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screwed connections

SCrews
SC see service classes (SC)

Second Order Theory 39, 361-365
sections, method of 136-139
Seim, W. 129
seismicity 261
seismic waves 260
self-tapping screws
Serrano, E. 344
serviceability limit state (SLS) 20, 41,

Index

89-90

application examples and execution
96-97

block shear 97-99, 99

conceptual design of 90-93

load-bearing capacity 93-96

screw-press bonding 146, 147

89-99

89, 90, 183, 238

185
deformations 41-43, 42
verifications 20, 63
vibrations 43-44

service classes (SC) 9,9, 22
service life 283, 335
service vehicle 332
shanked nails 80

shear
shear analogy method 226

shear capacity, characteristic value of 87
shear connectors

3,25-26

connector types and construction rules
107-111

geometrical dimensions 112

load-bearing capacity 112-116

materials for 111

mechanism 107

spacing and edge distances for 113

shear deformation 224, 226
shear forces

26, 27, 54
at the end fixing of the column 206
of theweb 178

shear-loaded connections 62

calculation of 65-68

shear-loaded dowel-type fasteners,

connections with 61

shear-loaded screws/bolts 183

shear-loaded staples 86
shear-loaded steel-timber connections
71
simplified calculation 74-75
shear-loaded timber-timber connections
68-70
simplified calculation 71
shear modulus 7
shear-plate connectors 107, 108
shear-soft Timoshenko beam 226
shear stiffness 233
shear stresses 3, 25-26, 25, 170
shear stress verification 228
shear walls 241
CLT wall elements
light-frame wall elements
shear web theory 213, 352
sheathing, slab joists with 256
SHEVS see smoke and heat extraction
systems (SHEVS)
shrinkage in the radial and tangential
directions 8
Simon, A. 336
single-mass oscillator 249, 250, 267
free and damped vibration of 251
single-rafter roof 196
single-shear 62
single-shear connection
failure mechanism of 67
with screws 91
single shear timber-timber connection
352
single-span beams 354
with sinusoidal line load 357
single-span column 27
single-span slender beam 38, 38
single-step joint 124, 125
single-tapered beam 160, 162
60° rule 287
size effect 341-344
skeleton structures 194
skew notch 119, 124
slab diaphragms 244
under horizontal loading 216
216-218, 310

243-244
241-243

slab elements



slab joists with sheathing 256
slabs 220
and interior walls 309
vibrations of 43-44, 256-259
slab structure 256
slab supports 310, 310
slab-wall connection 238
slender beam with fork bearing 136
slender columns, load-bearing capacity of
199
slenderness 30, 236
slenderness ratio 95
sliding friction coefficients 118
slip modulus 62, 64, 130-132
slotted-in steel plates, minimum
dimensions for 303, 304
SLS see serviceability limit state (SLS)
smoke and heat extraction systems
(SHEVS) 296
smooth nails 77
softwood 13, 16, 342
compression strength of 294
wood structure of 4
see also coniferous wood
soil amplification factor 270
soil and subsoil classes 268, 270
solid structural timber 11-12
solid timber 2, 11
deformation properties of 7-8
fibre direction, influence of 3
grading criteria for 5,6
load duration and humidity, influence
of 8-9
mechanical parameters for 7
strength values of 5-6
sound insulation 308
spaced columns 187
with continuously connected shafts
189-190
with packs and gussets 190-192
shear force distribution on packs
spatial force system 197

191

split-ring connectors 107, 108, 110
spring stiffness 132, 137, 207, 247
sprinkler systems 296

Index

spruce, compression strength of 8
squared timber 10

squared timber with knots 342
stabilisation 198
staples 77-81

construction rules for 84-85

load-bearing capacity 86-89
statically determinate bracing system
194
static impact forces, effective height for
319
steel bars 171
steel connectors or notches 186
steel plates, protected 303, 304
steel plate-timber connections 115
steel rods glued into timber 358
steel-timber connections 71, 72
load-bearing capacity for 73, 74
Steiger, R. 146
Steiner components 174, 190, 225
step frequency 257, 332
step joints 124-127, 124
positioning of 125
stiffening structures, minimum stiffness
of 199
stiffness
bending stiffness
233,274, 354
of bracing walls
of composite joint 175
elongation stiffness 233
equivalent shear stiffness 226
in-plane stiffness 233-234
of mechanical timber connection 62
shear stiffness 233
spring stiffness 132, 137, 207, 247
of translation spring 207
stiffness matrix 240
strength and size effect of wood 341-344
strength values of solid timber 5-6
stresses over cross-sectional height 46,
46
stresses perpendicular to the grain 45
compression perpendicular to the grain
45-48

36, 185, 186, 225,

265
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382 | Index

stresses perpendicular to the grain

(contd.)
compression stresses at an angle to the
grain 48-49

tension-loaded connections
perpendicular to the grain = 54-57
tension perpendicular to grain  49-52
glulam beams, holesin 57-59

notches 52-54
stress—strain relationship 346, 349,
355

structural adhesives 358
structural detailing and calculation
modelling 131
beam
moment-resistant joint 133
tension and compression-loaded
132-133
column footing 134, 134
134, 135
unintended constraints, avoiding
135-136
structural elements, adhesive bonding of
141-145
structural material, timber as 1
building with timber 1-2
mechanical properties of solid timber
2
deformation properties 7-8

joint

trusses

influence of the fibre direction 3
load duration and humidity,
influence of 8-9
strength values 5-6
wood-based materials

fibreboards 16, 17

laminated veneer lumber (LVL)
14-15, 14

oriented strand board (OSB) 15, 15,
16

particle boards 16, 17
plywood 14,15

wood-based products 10
cross-laminated timber (CLT) 13,

14

glued laminated timber 12-13
solid structural timber and glued
11-12
structure of wood 3, 4
‘strut-and-tie’ framing corners 202
Stiissi, F. 354
summer heat protection 308
supplementary theoretical background
341
composite beams, calculation methods
for 353-357, 354
fracture mechanics

solid timber

application of 349-350
B-and D-areas 344-345, 345
linear-elastic  345-349
plasticity, theory of 350-351
capacity design 353
lower bound theorem, application of
352-353
upper bound theorem, application of
351-352
second-order theory, calculation
according to  361-365
strength and size effect of wood

341-344
Volkersen’s theory for adhesive bonded
connections 358-361

support force, components of 197
support rafter-purlin 196
survival probability 342
suspended beam 199, 199
sustainability 1

t

Tacoma Narrows Bridge 251

Tamedia building 116, 117

tapered tenon 127

Tannert, T. 129, 130

tapered edge 161

178, 308

TCCs see timber—concrete composites
(TCCs)

technical class 15

tenon 127-130, 128

tenon joints 127

T-beams



tensile forces 54, 214

tensile-loaded connection 132

tensile strength 3,5

tension 3

tension and compression-loaded joint
132-133

tension forces perpendicular to the grain
148-153

tension loaded connections = 54-57

tension-loaded dovetail halving joint
123

tension-loaded joint 139

tension-loaded screws, load bearing of
93

tension-loaded section with asymmetrical
recess 40, 40

tension perpendicular to the grain
49-52, 148

glulam beams, holesin 57-59
notches 52-54

tension-resistant connectors 40-41

tension-resistant fasteners 41, 41, 70

tension stresses perpendicular to the grain
166-170

Thelandersson, S. 342

Theory of Plasticity 350-353

thin and thick steel plates 72

thin-flanged beam: effective width
178-181

thin-flanged section 179

thin-webbed beams 176-178

3D modal analysis 277

timber column 289

timber—concrete composites (TCCs) 157,
182-186, 183, 184, 185, 186, 187,
308, 333

timber—-concrete joints 175

timber-timber connections

timber-timber joints 175

Timoshenko beam 226

Tlustochowicz, G. 146, 146

toothed-plate connectors 109, 109, 110,
115

torsion 26, 28

torsional buckling 33, 36, 335, 361

71, 352

Index

torsional effects 264, 276

torsional flexural buckling 28, 28, 38
torsional lateral buckling 28
torsional moment 28

235

torsional spring 203, 207

total earthquake force 262, 270
traffic, wind load on bridges with 333
traffic loads 331

traffic route 325

translation spring, stiffness of 207
transverse and longitudinal walls

torsional shear stress

237

transverse bracing of pitched roofs 196

transverse forces 126

transverse layers 220

transverse stresses 160

transverse tensile forces 51, 53, 57

transverse tensile strength 346

transverse tensile stresses 58, 160,
167-169, 345

transverse tension reinforcement 101

transverse vibrations 332

treated wood, durability of 292

treatment of wood 291-293

triangular girders, decisive compression
force for 201

trough bridge 324

134, 135,170-172

connections for 171

geometrical definitions for

trusses

172
see also buckling

truss typologies 312

tube model 3

two-span beam
with identical and different spans 255
prefactors for the calculation of natural

beams for 255

u

Ullrich, M. 312

ULS see ultimate limit state (ULS)

ultimate limit state (ULS) 19, 23, 26, 30,
63-65, 185

uniaxial bending 23, 24, 24

uniaxial load transfer 227-228
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Index

unintended constraints, avoiding
135-136

unique characteristic of wood 8

unprotected wood, lifespan of 328

unreinforced openings 57, 58

untreated wood, exposition of 292

upper bound theorem 351
application of 351-352

urea resins 142

use classes 327

uses of timber 1

14
veneer plywood panels 15
veneers 14
Verbist, M. 284
vertical access in multi-storey buildings
309
vertical ground accelerations 261
vertical load transfer, load-bearing
elements for 316
vibration, dynamics and
natural frequencies of simple systems
252-256
structures under dynamic impact
249-252
vibration absorbers 332
vibration assessment of slabs in timber
construction 258, 258
vibration of slabs  256-259
vibrations 43-44
Volkersen, O. 358
Volkersen’s theory 149, 358-361
for adhesive bonded connections
358-361
glued-in rods according to 361
von Wiebeking, C.-F. 140

w

Wagenfiihr, A. 141

wall and slab elements, verification of
278-281

wall element 213-215
load-bearing capacity of 213
Wallner-Novak, M. 226, 230, 240, 241,

247,259

wall panels, CLT 233, 235,237
axial and combined stresses
in-plane shear 234-235
in-plane stiffness 233-234

walls 220

wall-slab connection 308, 309

washers 47, 77

waterproof 290

weakened cross-sections 23-24
Wegener, G. 3

Weibull, W. 342

Weibull theory 343, 344
Wenk, T. 118,118

wide face 101

wide-span constructions 312

235-237

wide-span load-bearing structures 312
wide-span trusses 170

Widmann, R. 361

Wilson, T.R. C. 165

wind load on bridges with traffic 333
withdrawal 89

wooden nails 130

wood species, durability of 286
wood-wood connections 116, 118-121,

130, 131, 207

y
Yeomans, D.T. 312

yield moment 76
of the fastener 66

z

zero strength layer 301

zero-stress state 350

Zolliger roof system 312

Zollinger, F. 321

Zollinger construction method 321
Zollinger roof system 321

Zoo Zurich 321, 322

































