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" I Graz- study research engineering Introduction

Graz University of Technology
Austria / Europe

Faculty of Civil Engineering Sciences

about 1000 students ‘Diploma’, about 250 students
‘Bachelor’ and ‘Master’, 17 Institutes

Institute for Timber Engineering
and Wood Technology

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)

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)
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Topic 1 Topic 2
Timber Engineering (TE) Wood Technology (WT)

Design and Construction Science (DCS) Material and Structure Science (MSS)

AREA 1_SSTC

Shell and Spatial Timber &=
Constructions — '

AREA 2_IICS

Innovative and Intelligent
Connection Systems i

‘"nL ,‘\
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Production of CLT
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4 STEP 2 i i Process:
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finger jointed | | finger jointing
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ﬂ Production of CLT
Graz. S'f\zd) research engineering Intermediate STEP

/Intermediate STEP Process:)
: - ledge-wise
single layer element ponding
\_ /

horizontal forming pressure:

m
1 25m (1035 a

bout 0.2 N/mm?2 with hydraulic equipment
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Grazm S research engineering STEP 3

4 STEP 3 i Process:\
CLT i flat-wise bonding
|
- | J

vertical forming pressure:
about 0.6 N/mm?2 with hydraulic equipment

< 0.1 N/mm2 with vacuum

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

pressure
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Lulea University of Technology
NTI Oslo

KTH Stockholm

SP Boras

TU Dresden

MPA Stuttgart

University of Karlsruhe

TU Munich

University BW Munich
Holzforschung Austria
University of Innsbruck

Graz University of Technology
EMPA Zurich

HSB Biel

ETH Lausanne

CNR-IVALSA San Michele

University of Ljubljana

CLT — Scenery in Europe

Martinsons / Bygdsiljum
(Martinson Group)

Moelven / Moelv
(Moelven Industrier ASA)

KLH Inland / Orsa

HMS / Schondra
(HAAS Group)

BBS-GLT / Ingolstadt
(Binder Group)

LenoTec elements / Aichach
(Finnforest)

CLE / Bad St. Leonhard

(Stora Enso Timber)

KLH / Katsch an der Mur

MM-CLT / Gaishorn
(Mayr-Melnhof)

CLI-Rubner ./ Strassen-Karitsch

(Rubner Group)

BBS-CLT / Tamsweg
(Binder Group)

GFP / Kissnacht am Rigi

Blockholzplatten / Rothenthurm

Woodtec / Vordemwald
Moser / Tesido


http://www.flagstore.biz/product_info.php/info/p236_Slowenien.html/XTCsid/30faaaae57cd255e7b440399cac01cb7
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1.

view of ‘Judenburg West’

out of plane loading — structural slab

plane loading — wall elements

wall elements
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CLT

MODULE 1

—> in comparison to GLT

- Bending model for CLT (single- span slab)

f =a - f

m,c,k GLT t,0,l,k

—> proposal (CIB W18, 2006)

aCLT — f-,kCLT /oLt , Kn, COV t, COV m)

a - 1.76 + 5.0 -COV . ...for 5-layered elements based on test results

TSR e, =35 00y -0 cov, 0.5

System strength factor kg ¢+ for CLT elements due to bending

1,30
L5 —4+— NUM_100
" —8@—NUM_60
1.20 NUM_2para
: FEM_100
< 115 —! | —%—FEM_60
’ ~ || —®—FEM_2para
+—Beam_100
Beam 60

System effect (horizontal direction)

——Beam _2para

JOIN©

o - -

Number of elements in the outer layers

©



" Graz. study research engineering

MODULE 1

0,6

Creep deformation of CLT elements (5-layered elements)

deformation - time - diagramm

—e— CLT 20kN; SC 2
CLT 7kN; SC2
—4—CLT 20kN; SC 1
——CLT 7kN; SC1
—— GLT 20kN;SC 2
—e— GLT 7kN; SC2
GLT 20kN; SC 1
GLT 7kN; sCc1

time [a]

0,9

| ———
=" |

climate 1 (55%/20°C) | climate 2 (78% / 20°C)
moisture content 11.6 % 14.2 %
load level (LL) LL1Y LL2? LL 1 LL 2
measured after 10 months

37.4% | 185% | 41.0% | 41.1 %
A: GLT — CLT [%]

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

2 L 2: between 19 % and 30 % of 5%-fractile value
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Creep deformation of CLT elements (5-layered elements)

Aﬂ;"’ |
= |

deformation - time - diagramm

—e— CLT 20kN; SC 2
CLT 7kN; SC2
—4—CLT 20kN; SC 1
——CLT 7kN; SC1
—— GLT 20kN;SC 2
—e— GLT 7kN; SC2
GLT 20kN; SC 1
GLT 7kN; sCc1

0,9

time [a]

Deformation factor Kges Kc 10a
(creep) (based on EN 1156)
product SC1 SC2 CL 1 (55% / 20°C) CL 2 (78% / 20°C)
GLT Y 0.6 0.8 0.50-0.57=0.6 0.58-0.74=0.7
+ 33% + 25% + 30 % (max) + 38 % (max)

P'y‘"’g(’d i 0.8 1.0 0.64-0.65=0.7 | 0.80-1.02=1.0
CLT

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

) CLT should be assigned to plywood products
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CLT wall elements under homogeneous shear (shear stiffness)
- experimental and theoretical solution (doctoral thesis in process: Th. Moosbrugger)

- . | - Lt N 1 1
9 W|thOUt Oper“ngs -~ - simple model (iso) ==
. IlZF lF 5|-:|’}|1_1r:nlltgl_liljr;-_n:j»zcl1J (ortho) —
f | b= P (s
! ! 0.8 FE - FIT {ortho)
'. y ‘ i FE (iso) -
T “%‘K '@ FE {orthob -
L . - = »
- . | 06 > !
. D) 2 u/a=0.067
s ] t‘: !
- i 0.4 o
N _ | = 9(29 S
i " chzzim 0.2 4 R3]
lobal R
TF uLa ¢ w g
J 560 mm el 560 mm o
\l; 1200 mm N A . . }
board spacing: y= 5mm G _ 0.0 AN
; — = 229 N/mm?2
board width:  a=75mm > u/@=0.067 E’éa,t[‘;g‘t‘;ancov _ o{?;)m 229/750=0.3 t/a
—> with openings
y L
— —— ——
> b
*g i
&)
l & |H T =
t{) *
= |h © i
A A |
anti-symmetry b

A

; 0 0.2 0.4 0.6 0.8 1
S S S b/B bzw. h/H
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Connections in TMC

Wall-Foundation Wall-Wall

CLT - Slab

\
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Connections in TMC

,Lall -

M b ‘
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Connections in TMC

Slab-Slab
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Connections in TMC

Wall
l l
: |
system f
connector
VP \ |
o
} Wall-Wall
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Experiments on timber-to-steel connections (5-layered element)

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

CLT —1 x dowel & 30 mm

Load-Slip Diagramm Load-Slip Diagramm
100000 I 100000 I
90000 - 30000 -

80000 - 1 80000 - |

70000 - | 70000 4 |

60000 - | 60000 - 1

z | z |
= 50000 = 50000 4 —CLT 30 1 Z 4

3 | 3 |

40000 - I 40000 - |

30000 I 30000 - |

20000 | 20000 1

10000 4 | 10000 |

0 . ! ' . . . 0 4 | ' ' ' ' ! ' ! ' ! ! ' ! '

0 5 10 15 20 25 30 35 40 45 0 1 2 3 a 5 3 7 8 s 10 11 12 13 14 1 16

Slip [mm]
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Experiments on timber-to-steel connections (with 5-layered element)

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

CLT -1 x dowel & 30 mm CLT —6 x dowel @ 8 mm

Load-Slip Diagramm Load-Slip Diagramm
100000 I 100000 I
90000 - 90000
80000 - 80000 |
70000 - I 70000 l
0000 - | 60000 |
g | Z |
= — = ——CLT 30_1.7 4
S 50000 4 (ElT_8hL 12 T 50000 LI
2 =—CLT 8.6 7 1 2 —CLT 8,62 1
g I ATER g I
40000 - | 40000 |
30000 I 30000 I
20000 | 20000 |
10000 | 10000 |
: . ! . ‘ ‘ ‘ ‘ 0 |
0 5 10 15 20 25 30 35 40 45 0 1 2 3 4 5 6 7 8 9 . 0. 11 . 2. 13 . 14. 1 16

Slip [mm] Slip [mm]
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Experiments on timber-to-steel connections (with 5-layered element)

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

CLT -1 x dowel & 30 mm

100000

Load-Slip Diagramm

90000

80000

70000

60000

50000 4

Load [N]

40000 -

30000 4

20000

10000

D o e . s s e o o

Slip [mm]

[—CLT_30_1_Z 4
——CLT_8 6_Z_1
GLT 30 125

Load [N]

CLT -6 x dowel @ 8 mm

100000

90000 ~

80000 ~

70000

60000 ~

50000

40000 ~

30000 ~

20000

10000

Load-Slip Diagramm

——CLT 30_1_Z 4
—CLT 6 67 1
GLT_30_1_Z_5
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Comparison of construction methods

Timber Lightweight Construction Timber Massive Construction
(TLC) | (TMC)

|_—~vapor barrier

outside : inside outside

/sheeti_ng

material

L insulating & L
load bearing layer insulating layer | load bearing layer

inside

separation of layers = separation of functions

Comparison of materials

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

sheeting/lining: fiberboards, OSB-panel,
3-layer-boards, gypsum
boards, particle boards

approved CLT elements
multi layered strand-
based products

(new development)
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axonometric projection leading detail - base

202030, 50 a0

I

facade system \ 5-layered CLT element

2-layered insulation

connection technique
(MODULE 2)

=300

—
]
fe""
b
]
|
e
| 75 |

MODULE 3 in close collaboration with the laboratory for building physics
http://www.bauphysik.tugraz.at
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view of ‘Feldbach bridge’

prefabrication of the whole system

‘quaS| rlgld compound

. _ between GLT and CLT ]
‘Feldbach bridge’ (pedestrian) ‘ &t

(1998)
Feldbach / Austria

trarisport of the whole system
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view of the finished bridge

‘Spielberg bridge’ (traffic) |
(1998)
Spielberg / Austria
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‘Wandritsch-Bridge’ (traffic)
(1998)
St. Ruprecht / Austria

VerschleiBschicht

GuRasphalt Schutzschicht

Abdichtung

Sperrholz

‘KLHmassiv' (8 Lagen 4 19 mm) 171 mm
Bs18 - Rippen (GL 36) 160 mm

e — T ———— I ———— 1]
— =
S ——
a =

NSNVTT77772

Verbund

[160 [ 160 [ 160[ lGOI, 160[,

7 7 7 7 7 7
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AN

© view(2008) - B |
[/‘\ﬂ'.Lllll I o . , . _':A,»‘-:‘j"*{ - 4 ‘
| ": o pRlLE “amne } “ ~~- ‘ - - ; ] ; . \ | |

iy

Multi-storey building
(2001)
Vienna / Austria
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Office building
(2001)
Vienna / Austria
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view of Building Research Centre ~inverted bowstring CLT element

Building Research Centre
Step 1 (2001)
Graz / Austria

A A

innovative connection system
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interior \f\_/i'éw of the office (2001)

e\ SR

|

Building Research Centre
Step 1 (2001)
Graz / Austria

e
— N — & /
-~ '-'IA‘ i\‘v -

'\v’/‘l.-.\‘ T~

_.....m o

i ]ﬁw m“" “"' 488 ~

* ﬂvn.“‘, ' .‘"
AN

- ' n nu "V ﬁW QI th? tQSt[' (2007) ~— ,in.te‘Vie h (-2007") —
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view of the new BRC

Building Research Centre
Step 2 (2007)
Graz / Austria

q

=<

wall — roof
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‘Austria-House’ (2006)
M5

Turin / Italy
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— —

‘Media Centre’ (2006)

N

Turin / Italy

optimised for transport
per truck / 5 trucks per day
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shell_housing "Bl

5 architects
one site - -
20 detached houses @
completed till 2009 >

~~~~~~

shell_housing
(running project)
Graz / Austria
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#. Graz.sms research engineering 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
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Natural catastrophes as ultimate load situations
-> hurricanes, tornados, earthquakes, etc.

e A

N L

-

WIND ZONES IN THE UNITED STATES*

0 o
[ |

- [amn  Smre
RS

[ amonueres S5
5

Rovml
N
§
WIND ZONES
ZONE|
{130 mph)
| D
L
OTHER CONSIDERATIONS ZONEpIII
SN Spacial Wind Region /| {200 mph)
*Hurricane-Susce ptible Region - (ZEEONrEpL‘;'
-
& " HAWAIN * Design Wind Speed measuring criteria
are consistent with ASCE 7-98
— 3-second gust
= 33 feet above grade

Figure 1.2 Wind zones in the United States — Exposure C
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#. Graz.sms research engineering 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’)
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Use of CLT

detached houses multi-storey buildings

haIIs ana—offlce bUl dlngs ' timber bridges
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Contact

Univ.-Prof. DI Dr.

Gerhard Schickhofer
+43 (0) 316 873-4600
gerhard.schickhofer@holzbauforschung.at

Inffeldgasse 24, A-8010 Graz




