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Grazm study research engineering test center

GRAZ UNIVERSITY OF TECHNOLOGY
Austria / Europe

AUSTRIA - 8.5 mio. inhabitants - Capitol: Vienna - 9 provinces
48% forest vegetation
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GRAZ UNIVERSITY OF TECHNOLOGY
Graz / Styria

# H dquarters B s /.’ Li!‘ﬁt of Timberzgzr'rr”éé;r‘leering
B S S e R & == and Wood Technology &

A

Competence Centre
helz.bau forschungs gmbh °

cAMPUS CAMPUS
“ALTE TECHNIK” “|NFFELDGASSE”

X\

, ~

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 7



ity [T
Grazm study research engineering test center

INTRODUCTION

GRAZ UNIVERSITY OF TECHNOLOGY
Graz / Styria

7 faculties | 12,323 students | staff 2,269 (2012)
budget: € 170 Mill. (1/3 3" party budget)

Faculty of Civil Engineering Sciences

17 institutes | about 1.400 students (2012)

Institute of Timber Engineering

and Wood Technology

1991: Chair for Timber Engineering

10]|2004: Institute Timber Engineering and Wood Technology
Scientific staff: 4.8 FTE | 3" party-budget: € 270,000 (2012)

Competence Centre
holz.bau forschungs gmbh

12|2002 Competence Centre holz.bau forschungs gmbh

11|2012 3 acceptance of a 4-year-funded programme:
COMET-Project “focus_sts”

Scientific staff: 7.2 FTE | budget: € 940,000 (2013)
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AREA 1

SOLID TIMBER SOLUTIONS AND COMPONENTS (STSC)

1.1 High performance CLT Timber hybrids for large span elements
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N
ADVANCED PRODCUTION, MODELLING AND DESIGN (APMD)

2.1 Determination of characteristic strength and stiffness values of CLT-elements
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AREA 3
SCREWING, GLUING AND SYSTEM CONNECTIONS (SGSC)

3.1 Axial and transversal loaded joints and system connectors
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_______________________________________________________________________________________________________________________________________

______________________________________________________
_____________________________________________________________

)

T

. timber log construction
(especially in Alpine Space)

tradition
innovation

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

bonding

s

__/\_
Cross Laminated Timber (CLT)
[rigidly connected]

_______________________________________________________________________________________________________________________________________
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Analogies between Wood and Fibre-Plastic Composites
Scientific Activities [doctoral thesis] | 1989 + 1994

lay-up of the load carrying system of a wood | ... Is similar to the lay-up of
cell... ] fibre plastic composites
et | S T celll ] _
st T T — ]
[ i
- - | cell wall 1 i _
R 1 ! 7-layered laminate
IEN IN alu || i
L‘*’:"’ | u‘\/ |
7 J | N E
- ‘ == ==t i analysis is based on the
B .\F,\=M ANALOGY “Classical Laminate Theory” (CLT)
' i | M 1 [see also A.P. Schniewind | J.D. Barrett (1969)]

single layers

wood fibres + matrix
(lignin + adhesive between the layers)

glas-, aramid-, carbon fibres + matrix [plastic]
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Product Development
Project between 1995 and 1998

tryout press ... and ... one of the first CLT panels
produced by KLH | Austria, 1996 ...

steel frame

steel plate

two 3-layered
CLT panels

water filled
firehose (for
the vertical
pressure)

www.klh.at | Katsch/Mur | Austria
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IDEA & DEVELOPMENT

Product Development

Approvals and Standardisation

1st STEP
National approvals

Austria

Avis Technique 3/06-477

France

DEUTSCHES INSTITUT FUR BAUTECHNIK

— Germany

Russia

CEPTHOHKAT COOTBETCTBIS

W Spain

CSTB =

electronic copy  electronic copy  elestroniccopy  electroniccopy  electronic copy

electronic copy

2"d STEP
ETAS

OSTERREICHISCHES
INSTITUT FOR

Member of EQTA

European technical approval ETA-06/0138
English transiation, the original version s in German
KU
Trade name KLH solid wood slabs
Zulassungsinhaber KLH Massivholz GmbH
e — 8942 Kasch an dr Mur202

Zulassungsgegenstand und Massive plattenfommige  Holzbauelemente fiir
Verwendungszweck tragende Bauteile in Bauwerken

Generic type and use of Sofd wood siab element to be used as structural

construction product elements in buidings
Getungsdauer vom 01.07.2011
Validity from
bis zum 30.06.2016
to
Herstelwerk KLH Massivholz GmbH
. 8842 Katsch an der Mur202
Menufacturing plant i
Diese Europaische technische,
Zulassung umfasst 17 Seiten einschlieBlich 6 Anhingen

This Europsan technical approval
i 17 Peges including 6 Annexes

Diese Europaische technische ETA-06/0138 mit Geltungsdauer vom 27.07.2006 bis

Zulassung veriangert zum 26.07.2011
This European technical approval ETA-060138 wih validty from 27.07.2006 fo
extends 2607.2011

., European Organisation for Technical Approvals
E; gT Europaische Organisation fiir Technische Zulassungen
haduind Organisation Européenne pour I’Agrément technique

3'd STEP
Standardisation

- 1S0O 165

prEN 16351

ONORM

7 EN 1995

Gerhard SCHICKHOFER

CLT-Forum 2013 | TOKYO
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Central Europe
Production 2011 ~ 450. OOO m?3

‘J/ j/ GER
GERMANY e

* 8 CLT production sites —.

£

CZECH REPUBLIC
* 1 CLT production site

~ 90,000 m3

~ 8,000 m3

AUSTRIA
« 7 CLT production sites

SWITZERLAND

* 2 CLT production sites ~ 360,000 m3

~ 18,000 m?3

ITALY
* 6 CLT production sites

© 2012 MapLinki/Tele:Atias
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Worldwide
Production 2011 ~ 475.000 m3

RUSSIA
Ladozhsky DSK
NORVIAY SWEDEN ~ 130.000 m3
Martinsons (planned)

CANADA

CST Innovations
Nordic Engineered Wood
Structurlam Products Ltd.

~10.000 m3

JAPAN

Meiken Lamwood * Innovative Timber Systems
Corp.

~ 3.000 m3

NEW ZEALAND
+  XLAM NZ
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Re-organisation | shifting market shares > eenerete | CLT

= CLT is not competing with current | past timber engineering

= ... but substitutes mineral based building products
like masonry or reinforced concrete 4

- CLT, ... ,,the better alternative* {

= > 35 production sites worldwide

®
~ 560 Tsd. ]
= 95 % of production volume in Central Europe ~ 340 Tsd. \ fﬂll
= 1 Mio. m3 expected till 2015

=~ 215 Tsd.

Lo o Lo 0 O O 4 N MM I O
)] o o ©O O ™ o o A o
o o o o O OO O O O O
— N N N N NN N NN N N N

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 19



Ty [T
ﬁ Grazm study research engineering test center CONTENT

= Technology & Production

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 20



ﬂ'lG'U lignum | TECHNOLOGY & PRODUCTION

Cross Laminated Timber (CLT) composed as ...

FLEXIBLE composite

* ring-shank nails (e.g. MHM-wall elements | Z-9.1-602)

= metal brackets, screws, ...

» hardwood dowels (e.g. THOMA-Holz 100 | Z-9.1-574)

» hardwood screws (e.g. Rombach Bauholz+Abbund GmbH | ETA-11/0338)

RIGID composite
» Dby surface bonding enabled by

= hydraulic / pneumatic / vacuum press facilities (= pressure “globally”)

s screws, brackets or nails (= pressure ,locally®)

FOCUS: CLT as rigid composite product !
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STEPs Intermediate products | steps in production
£ o0 mm
f% SR T B ol
B (110 = 0 T :
STEP| ==t s é breakdown
IOg EE \‘\A D vi
1\\/ / 4 v
500 to 600 mm-J.I timber quality Flow
STEP I classification / grading
board trimming
STEP I
finger jointed : L
lamella finger jointing
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TECHNOLOGY & PRODUCTION

STEPs

STEP Il
finger jointed
lamella

‘T RN

STEP IV
Cross
laminated
timber (CLT)

iIntermediate products | steps in production

finger jointing

intermediate
STEP
single-layer
panel

edge bonding

surface bonding

Gerhard SCHICKHOFER

CLT-Forum 2013 | TOKYO
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Requirements on the BASE MATERIAL (boards) ...

= strength / stiffness graded C24 (C16) acc. to EN 338 (bending !)
=>» classification acc. tensile properties, e.g. T14 E11.0, recommended !

=> stiffness grading + compliance criteria to fulfil minimum
requirements on strength (e.g. proof loading) recommended !

= dimensions
stz = (12 to 45) mm; standard layers: tg = (20, 30, 40) mm

= Wg = (40 to 300) mm; wg / tg 2 4; Wg s = 150 mm recommended!
= edges prismatic or with profiling - shadow gaps
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Requirements on the BASE MATERIAL (boards) ...

= species mainly softwoods; primary Norway spruce; u = (12 £ 2) %
=>» use or combination with other species (e.g. hardwoods)
for optimising e.g.

= bending strength / stiffness _
_ e.g. birch, ash, eucalyptus, ...
= rolling shear modulus and strength

L birch !ﬁ
~ “white” quality
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Requirements on the BASE MATERIAL (boards) ...

= optimisation of cross section by:

= applying different strength classes of one material

spruce

= applying different species

compression ——

robinia

shear

tension ———

= further optimisation:

= applying of new cutting patterns

—

[patented]
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Requirements on FINGER JOINTS ...

= economical approach for joining graded board segments longitudinally !

position of finger joints ...
= edgewise (common in GLT)

» flatwise (higher appearance quality)
= production & FPC regulations EN 385, DIN 1052, prEN 16351

= common adhesives: 1K-PUR (90% of CLT producers) | MUF (10%)

" minimum requirements on strength

related to the base material edgewise flatwise
8 ft.0,73,05 Z Gos * f1,0,8,05
@
S 052140 for CV[f,og] = (35 £ 5) %
S 7,,21.20 for CVI[f,o sl = (25 £ 5) %
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LAYUP of CLT

= symmetrical ! - if additional layers, counteracting layers recommended

= alayer can be of ...
= single (finger jointed) boards / lamellas with / without relieves

= single-layer panels of boards or EWPs

- double or triple layers possible - resistance in bending, fire, ...

- mechanical properties of the layer shall be defined by
the lowest quality of the used base material !

common layup double outer layers stress relieves

o/ ed

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 28
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Gaps between boards

= currently top layers £ 2(3) mm; core layers < 4(6) mm

= some approvals allow gaps £ 10 mm!

= gaps have a negative influence on ...
= mechanical behaviour, e. g. rolling shear
= building physics, e. g. fire design, airborne sound, air tightness
= joining technique, i. e. pin-shaped fasteners
= appearance quality

= AIM: minimising gaps !
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Single-layer panels vs. single lamellas: PROS & CONS

PROS of single-layer panels CONS of single-layer panels
= gaps minimised = swelling /shrinkage !
= |ower requirements —> irregular pattern of cracks
|
s Wpltp 2 4 even when wgl/t, < 4 (appearance )
- surface bonding pressure = reduced properties in building physics
» building physics, joining technique, ° relativization of wg/tp < 4
appearance =» smaller gaps with thinner top layers !
edge bonded top layers top layers without edge bonding
risk of irregular pattern of cracks regular pattern of (shadow) cracks

gaps
edge
bonding
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Single-layer panels: several possibilities

edge bonding of boards / lamellas

= strength / stiffness graded base material continuously joined to endless plates
by edge bonding; wy / t, 2 4

= homogenisation of physical properties = system effects

single-layer panels acc. to EN 13986

= W, /tp 2 4; no specific requirements on the base material
- adequate quality assurance for classification / grading of the panels required!

= no additional homogenisation effects; single-layer panels already homogenised!

axial splitting of glulam

= W, /1, 24; splitting of homogeneous glulam

= strength grading performed on base material for glulam invalid !
—> adequate quality assurance for classification / grading of the panels required!

= no additional homogenisation effects; single-layer panels already homogenised!
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Excursus: requirements on bonding pressure

=>» theoretically no bonding pressure required !

minimum requirements depending on ...

» surface quality of adherends
—> flatness, roughness, warp, twist, ...
- thickness tolerances = < (¥ 0.1 mm) recommended !

» adhesive system
- swelling (e.g. PUR) vs. shrinking adhesives (e.g. MUF)
- ,close contact® (e.g. 1TK-PUR) vs. gap-filling“ adhesives (e.g. MUF, 2K-PUR)

= adhesive application system: line-wise application common !
- complete wetting required !

» stiffness of adherends against deflection (longitudinal & transverse) and torsion

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 32
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Excursus: requirements on bonding pressure

upper limits determined by the timber species

= crushing of adherend’s surfaces
—> reduces penetration and resistances, e.g. in shear

Conclusions for Norway spruce

- recommended to limit internal pressure to < 1.0 N/mm?

—> damage of cell structure and decrease in shear strength
at = 0.40 N/mm? (radially) and = 1.0 N/mm? (tangentially)

= p <(0.4+0.6) NNmm2recommended !
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Possibilities for surface bonding ...

= continuously by press facilities
= hydraulic (pneumatic) press (0.10 to 1.00) N/mm?

= vacuum press (0.05 to 0.10) N/mm?

= discontinuously by pin-shaped fasteners

= pressing with screws, nails or brackets (0.01 to 0.20) N/mm?

with / without transverse pressure

in and / or across the direction of production

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 34
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TECHNOLOGY & PRODUCTION

Examples of hydraulic press facilities ...

MINDA “CLT press” (G)

Kallesoe “CLT press” (DK)

CLT dimensions

| = (6.0 to 18.0) m
w=(2.1t0 3.5 m
t = (70 to 400) mm

| = (4.0 to 20.0) m
w=(2.2t03.2) m
t = (60 to 400) mm

type of press system

hydraulic, continuous

hydraulic, discontinuous
high frequency press

vertical, p, (0.4 to 0.6 (0.8)) N/mm? < 1.0 N/mm?
. horizontal .
bonding transverse. p . 10 KN/m available
pressure _ '
horizontal 45 kN available

lengthwise, py, |

© Minda Industﬁea‘nlagen GmbH

Lo

© Kallesoe Maschinery A/S

Schickhofer G (2012) Presentation, Edinburgh, Scotland, 30t October 2012; adapted
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Further CLT-press producers ...

SPRINGER (AT) | LEISSE (G) | LEDINEK (SLO) | WEINIG GROUP (G) |
WOODTEC Fankhauser (vacuum press) (CH) | SORMEC (IT) | ...

Latest developments ...

= modular production lines, e.g. MINDA

BASIC 1 hydraulic press & manual feeding 2 to 3 press cycles / shift
STEP | 1 hydraulic press & automated feeding 5 to 6 press cycles / shift
STEP Il 2 hydraulic press & automated feeding 10 to 12 press cycles / shift

= flexible production lines
= CLT composed of loose boards / lamellas

= CLT composed of single-layer panels
= adapted adhesive application system

= discretely adapted surface pressure

= CLT including door & window openings }
= high frequency CLT press

Gerhard SCHICKHOFER CLT-Forum 2013 | TOKYO Institute of Timber Engineering and Wood Technology | TU Graz 36
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./

CLT element ready for hydraulic
cutting and joining CLT press

adhesive application
next layer stand-by

INDUSTRIEANLAGEN

cross layers
composing & compressing
- N ! ‘ JiF | “l

-‘E‘”VII!_' =

© Minda Industrieanlagen GmbH

fully automa?éd CLT production line by MINDA
» CLT production of single lamellas

= <14 press cycles / shift; 1K-PUR (Purbond)

= =20 TSD m?3/ shift / year

Schickhofer G (2011) Presentation, Zurich, Switzerland, 25" October 2011; adapted
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TECHNOLOGY & PRODUCTION

CNC cutting and joining =» customising !
—> cutting | trimming | joining | milling (e.g. for connection technique)

portal processing centre ,,PBA-drive” | Hans Hundegger Maschinenbau GmbH

processing

10,7 m

\ 382m
|
table left  alignment tools
transfer conveyor g
3 I
b A .\ @
I — e [t} _X__'_' = "_ """" o
trim saw .
\ input (conveyor)

“throughfeed processing” on all surfaces and edges

zone

- table right

alignment I
transfer conveyor
T T ]

== = _:.'z._"_g

\output (conveyor)

© Hans Hundegger Maschinenbau GmbH; adapted

element dimensions: | = (2.5t0 16.0) m | w = (0.625t0 4.0) m | t < 350 mm

Gerhard SCHICKHOFER

CLT-Forum 2013 | TOKYO
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Grazm study research engineering test center

ssing cen processing zone
| ,,PBA-drive*

Hans Hundegger Maschinenbau GmbH

- | 11
I [ [ 1 T 1 11 4 ’ || e '
" | N 4

10,7 m

00

|

Aufgabequerférderer (Option: Réllchenschieng
ik N Auflegen der Baufeile mit Stapler oder Halle

] —
Ll e G 1ﬁ Hundegger

Innovationen fiir den Holzbau
Schickhofer G (2012) Presentation, Edinburgh, Scotland, 30t October 2012; adapted
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Transport & Assembling ...

= 1 v« "N

i ’ .
o
i

e B

assembling of roof elements assembling of ceiling elements assembling of wall eleme

N

nts

Schickhofer G (2012) Presentation, Edinburgh, Scotland, 30t October 2012, adapted
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