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Introduction 

Graz University of Technology  

Austria  / Europe 

Institute for Timber Engineering  

and Wood Technology 

Competence Centre 

holz.bau forschungs gmbh 

since 2002:  Acceptance and formation of  

    holz.bau forschungs gmbh 

Scientific staff:  9.3 FTE, budget: € 1.018.000 (2006) 

Faculty of Civil Engineering Sciences 
about 1000 students ‘Diploma’, about 250 students  

‘Bachelor’ and ‘Master’, 17 Institutes 

1991:     Formation of the chair for Timber Engineering 

since 2004:  Institute for Timber Engineering  

    and Wood Technology 

Scientific staff:  6.0 FTE, third-party-budget: € 366.000 (2006) 
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Design and Construction Science (DCS) 

R&D 

 Research Areas at the Institute and Competence Centre 

Topic 2  

Wood Technology (WT) 

Material and Structure Science (MSS) 

AREA 3_APTM  

Advanced Products and  
Test Methods 

AREA 4_MMSM  

Material Modeling and  
Simulation Methods 

AREA 1_SSTC  

Shell and Spatial Timber  
Constructions 
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Production of CLT 

STEP 0 

log 
Process:  

open face 

cutting pattern 

500 to 600 mm quality of timber 

h
ig

h
 

lo
w

 

high low 

u
p
 t
o
 4

0
0
 m

m
 

up to 150 mm 

STEP 1 

boards 

Process:  

grading 

cutting 

STEP 2 

finger jointed 
lamellas 

Process: 

finger jointing 



Production of CLT 

STEP 2 

finger jointed 
lamellas 

STEP 3 

CLT 

Intermediate STEP 

single layer element  

Process: 

finger jointing 

Process: 

edge-wise 
bonding  

Process: 

flat-wise bonding  



Intermediate STEP 

single layer element  

Process: 

edge-wise 
bonding  

Production of CLT 

Intermediate STEP 

horizontal forming pressure: 

about 0.2 N/mm² with hydraulic equipment 



STEP 3 

CLT 

Process: 

flat-wise bonding  

Production of CLT 

STEP 3 

vertical forming pressure:  

about 0.6 N/mm² with hydraulic equipment 

< 0.1 N/mm² with vacuum 

about 0.1 N/mm² with clamp connection  with or without horizontal forming 
pressure 



Martinsons / Bygdsiljum 
(Martinson Group) 

Moelven / Moelv 
(Moelven Industrier ASA)  

KLH Inland / Orsa 

HMS / Schondra 
(HAAS Group) 

LenoTec elements / Aichach 
(Finnforest) 

CLE / Bad St. Leonhard 
(Stora Enso Timber) 

KLH / Katsch an der Mur 

MM-CLT / Gaishorn 
(Mayr-Melnhof) 

BBS-CLT / Tamsweg 
(Binder Group) 

GFP / Küssnacht am Rigi 

Blockholzplatten / Rothenthurm 

Woodtec  / Vordemwald 

Moser / Tesido 

CLT – Scenery in Europe 

Luleå University of Technology 

NTI Oslo 

KTH Stockholm 

SP Borås 

TU Dresden 

MPA Stuttgart 

University of Karlsruhe 

TU Munich 

University BW Munich 

Graz University of Technology 

EMPA Zurich  

HSB Biel  

ETH Lausanne 

CNR-IVALSA San Michele 

University of Ljubljana  

Holzforschung Austria 

BBS-GLT / Ingolstadt 
(Binder Group) 

CLT-Rubner / Strassen-Karitsch 
(Rubner Group) 

R&D-Activities 

Production-Sites 

University of Innsbruck 

http://www.flagstore.biz/product_info.php/info/p236_Slowenien.html/XTCsid/30faaaae57cd255e7b440399cac01cb7
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Case Studies 
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out of plane loading –  structural slab 

in plane loading – wall elements 

wall elements 

view of ‘Judenburg West’ 



8,0

k,l,0,tk,c,m
f5.3f 

 Bending model for CLT (single-span slab)

  in comparison to GLT 

  proposal (CIB W18, 2006) 

8,0

k,l,0,tCLTk,c,m
faf 
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),,k,k,k(a mthGLT/CLTCLT,sys
CLT

COVCOVf

...for 5-layered elements based on test results t
CLT

COV0.576.1a 

...for aCLT = 3.5; COVt = 0,35; COVm = 0,15 

System strength factor ksys,CLT for CLT elements due to bending 

8,0

k,l,0,tGLTk,c,m
faf 



Creep deformation of CLT elements (5-layered elements) 
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SC 2 

SC 2 

SC 1 

SC 1 

moisture content

load level (LL) LL 1 
1)

LL 2 
2) LL 1 LL 2

measured after 10 months

D: GLT → CLT [%]
1)

 LL 1: between 7 % and 13 % of 5%-fractile value

2)
 LL 2: between 19 % and 30 % of 5%-fractile value

37.4 % 18.5 % 41.0 % 41.1 %

climate 1 (55% / 20°C) climate 2 (78% / 20°C)

14.2 %11.6 %



Creep deformation of CLT elements (5-layered elements) 
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deformation - time - diagramm
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SC 2 

SC 1 

SC 1 

SC 2 

SC 2 

SC 1 

SC 1 

product SC 1 SC 2 CL 1 (55% / 20°C) CL 2 (78% / 20°C)

GLT 
1) 0.6 0.8 0.50 - 0.57 @ 0.6 0.58 - 0.74 @ 0.7

+ 33% + 25% + 30 % (max) + 38 % (max)

Plywood 
1)

CLT 
2)

1)
 values according to DIN 1052 and EN 1995-1-1

2)
 CLT should be assigned to plywood products

0.8 1.0 0.64 - 0.65 @ 0.7 0.80 - 1.02 @ 1.0

Deformation factor kdef

(creep)

kc,10a

(based on EN 1156)



 without openings 

CLT wall elements under homogeneous shear (shear stiffness) 

 experimental and theoretical solution (doctoral thesis in process: Th. Moosbrugger)  
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 with openings 

u =   5 mm 

a = 75 mm  
 u/a= 0.067  

u a 

60 mm 

Gplate,mean=  229 N/mm²  

(5 tests, COV = 0.16) 

board spacing: 

board width:  

u/a=0.067 

0.8 

≈ 0.29 
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229 / 750 @ 0.3 



AREA 1_SSTC  

Shell and Spatial Timber Constructions (SSTC)  

TMC using CLT 

R&D 

 Graz University of Technology / Austria 

MODULE 1  

Mechanical Aspects 
Structural Analysis 
Verification Procedure 

MODULE 4  

Development of Systems 
Architectural Potential 
Case Studies 

MODULE 3  

Guidelines 
Building Physics 
Leading Details 

MODULE 2  

Connection Technique 



MODULE 2  

 

Connections in TMC 

Wall-Foundation (Slab) 

Slab-Slab 

Wall-Wall 

Wall-Slab 
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Wall-Foundation (Slab) 

Slab-Slab 

Wall-Wall 

Connections in TMC 

Wall-Slab 

CLT - Slab 
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Slab-Slab 

Wall-Wall 

Wall-Slab 

Wall-Foundation (Slab) 

Connections in TMC 

CLT-Wall 

Foundation 

CLT-Wall 

Foundation 
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Wall-Foundation Wall-Wall 

Wall-Slab 

Connections in TMC 

Slab-Slab 
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Wall-Foundation 

Slab-Slab 

Wall-Slab 

Connections in TMC 

Wall-Wall 

Wall Wall 

system 

connector 

Wall 



Experiments on timber-to-steel connections (5-layered element) 

    CLT – 1 x dowel  30 mm 

dowel diameters: d = 30 mm / d = 8 mm; positive effect for CLT regarding ductility  

MODULE 2  

 



MODULE 2  

 

    CLT – 1 x dowel  30 mm         CLT – 6 x dowel  8 mm 

Experiments on timber-to-steel connections (with 5-layered element) 

dowel diameters: d = 30 mm / d = 8 mm; positive effect for CLT regarding ductility  
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    CLT – 1 x dowel  30 mm         CLT – 6 x dowel  8 mm GLT - 1 x dowel  30 mm 

Experiments on timber-to-steel connections (with 5-layered element) 

dowel diameters: d = 30 mm / d = 8 mm; positive effect for CLT regarding ductility  
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Comparison of construction methods 

Comparison of materials 

bar-like products:  structural timber, GLT, TJI, etc. 

    
sheeting/lining:  fiberboards, OSB-panel,  

  3-layer-boards, gypsum 

  boards, particle boards 

slab-like products:   approved CLT elements 

  multi layered strand-  

  based products  

  (new development)  

MODULE 3 

 

Timber Lightweight Construction 

(TLC) 

Timber Massive Construction 

(TMC) 

outside outside inside inside 

insulating & 

load bearing layer insulating layer load bearing layer 

vapor barrier 

sheeting 

material 

separation of layers ≡ separation of functions 
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axonometric projection leading detail - base 

MODULE 3 in close collaboration with the laboratory for building physics 

http://www.bauphysik.tugraz.at  

5-layered CLT element 

2-layered insulation 

connection technique 

(MODULE 2) 

facade system 
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MODULE 4 

prefabrication of the whole system view of ‘Feldbach bridge’ 

 
„Feldbach bridge‟ (pedestrian)  

(1998) 
Feldbach / Austria 

 

transport of the whole system 

quasi-rigid compound 
between GLT and CLT 



MODULE 4 

view of the finished bridge 

 
„Spielberg bridge‟ (traffic)  

(1998) 
Spielberg / Austria 

 

carriageway slab: 19-layered CLT element assembling 



MODULE 4 

prefabricated carriageway slab view of ‘Wandritsch bridge’ 

 
„Wandritsch-Bridge‟ (traffic)  

(1998) 
St. Ruprecht / Austria 
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MODULE 4 

view (2006) 

 
Multi-storey building  

(2001) 
Vienna / Austria 

 



 
Office building 

(2001) 
Vienna / Austria 
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model Office ‘Austrian Federal Forest Association’ 



 
Building Research Centre 

Step 1 (2001) 
Graz / Austria 
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inverted bowstring CLT element view of Building Research Centre 

innovative connection system production of CLT elements 



 
Building Research Centre 

Step 1 (2001) 
Graz / Austria 
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interior view of the office (2001) interior view of the testing hall (2001) 

interior view of the testing hall (2007) interior view of the office (2007) 
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view of the new BRC 

wall – roof 

 
Building Research Centre 

Step 2 (2007) 
Graz / Austria 

 

prefabricated element 
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„Austria-House‟ (2006) 

 
Turin / Italy 

 



dimensions are optimised for transport 
2 boxes per truck / 5 trucks per day 

modular concept 
10 boxes produced per day 
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„Media Centre‟ (2006) 

 
Turin / Italy 

 

view of the ‘Media Centre’ in Turin 
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shell_housing  

(running project) 
Graz / Austria 

 

shell_housing 
5 architects 

one site 
20 detached houses 
completed till 2009 
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Summary and Future Prospects 

  Increase of R&D-activities and production sites (with approval) especially in 

 the middle of Europe (Austria, Germany, Switzerland, northern Italy –  

 production output: today about 100.000 to 150.000 m³, in future about 300.000 m³) 

 Coordination of R&D-activities in the research field of Timber Massive Construction 

 (TMC) using Cross Laminated Timber (CLT) 

 TMC could be an additional solution to Timber Lightweight Construction (TLC), 

 especially in regions with high natural hazard risks (extreme load situations – e.g. 

 earthquakes, impact loads) 

    ongoing project at Graz University of Technology: „Development of   

           shelters (safety 

cells) for regions with high natural risks‟ – Tornados/Hurricanes 



Natural catastrophes as ultimate load situations 

 hurricanes, tornados, earthquakes, etc. 

Future Prospects 



Future Prospects 



Summary and Future Prospects 

  Standardization work and determination of requirements for production and 

 regulations for design and construction in form of ENxxxx:200x „Cross Laminated 

 Timber (CLT) – Production requirements, Design and Construction Regulations‟ 

 (process was started in Austria (ON))   

  Further development and establishment of accepted leading details and solutions 

 for different uses in form of „Guidelines for residential and multi-storey buildings, 

 halls and bridges‟ and creation of software modules in form of „Software 

 solutions for building physics, design and construction‟    

 Transfer of knowledge by the means of seminars, workshops and symposia  

 based on an international harmonized program in form of „Handbooks, textbooks 

 and lectures for Timber Massive Construction (TMC)‟ 

 (process was started in Graz / Austria, January 07 – formation of the WG „CLT‟)    



Use of CLT 

detached houses multi-storey buildings 

halls and office buildings timber bridges 

Thank you for your attention! 



Univ.-Prof. DI Dr. 

Gerhard Schickhofer 
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