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GRAZ UNIVERSITY OF TECHNOLOGY

Austria / Europe
7 faculties | 11,264 students | staff 2,222 (2010)
budget: € 150 Mill. (1/3 3" party budget)

Faculty of Civil Engineering Sciences
17 institutes | about 1.250 students (2010)
[328 “Diploma”, 672 “Bachelor”, 158 “Master”, 93 “PhD’]

Institute for Timber Engineering
and Wood Technology

1991: Chair for Timber Engineering
10]2004: Institute Timber Engineering and Wood Technology
Scientific staff: 8.2 FTE | 3" party-budget: € 320,000 (2010)

Competence Centre
holz.bau forschungs gmbh

09|2002 Acceptance of 4-year-fundings: Competence Center
Timber Engineering and Wood Technology
12|2002 Competence Centre holz.bau forschungs gmbh

09]2007 Acceptance of 5-year-fundings: K-Project
“timber.engineering” | COMET-Programme

Scientific staff: 7.0 FTE | budget: € 950,000 (2010)
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,TIMBER* at the Graz University of Technology ﬂ-!_:,l;!.
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AREA 2
Wood Technology (WT) — Material and Structure Sciences (MSS)

2.1 Advanced Products and Test Methods (APTM)
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»TIMBER* at the Graz University of Technology ﬂ'{,l;.'.

sludy research. engineering test cester

Development of European CLT Production

= current 15 main CLT production sites (2011/12: ~20 or more)

= ~95% of total CLT production in Central Europe

is located in:
- Austria ( ~63%) — "hot spot” of CLT production
- Germany (~26%) [
- Switzerland (~6%)
= 550 th. 1
= 1 Mio. m® of production potential = 340 th.

worldwide can be expected
at the latest of 2015

= 50 th.

= 25 th.
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Point Supported Ceilings and Roofs ﬂ'{,l;.'.

Compression Perpendicular to the Grain
design value for compression stress perp. to grain

F .
Oyupong = —— with:  Agp ... COntact area
Ac,90
point supported point supported line supported

®© Picture: TU Graz (AUT)
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Compression Perpendicular to the Grain
material resistance against compression perp. to grain (f; ¢ 90 4)

publications regarding CLT:
+ Y. Halili | TU Graz, 2008
» E. Serrano | Linnaeus University, 2010
+ C. Salzmann | TU Graz, 2010
characteristic parameters:

focte0a | cube | slab-like specimen
Keatoo (“hang-in effect’)

Ec,clt,QO,mean

B | [

slab-like specimen
slab-like specimen (,point — point’)

pecimen formed like:a cube
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Compression Perpendicular to the Grain
different loading situations | configurations on CLT elements

center load edge load

“hang-in effect”

(two sides)

corner load edge load

“hang-in effect”

(one side)
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Compression Perpendicular to the Grain
“framework model”
CLT cubes

failure mode:
deformation at defined failure stage

GLT cubes
failure mode:
e.g. tension perp. to grain

F . F

7-layered CLT element F

5-layered GLT element— F

. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011
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Point Supported Ceilings and Roofs ﬂ'l(:'la.!.

sudy reseaneh, engioeering st eester

Compression Perpendicular to the Grain
The cross layers cause a “locking effect” and therefore a reduction of
deformation.
comparison of CLT to GLT at the same load level

v CLT shows reduced deformation perp. to grain (uy)
concentrated on each single layer

v CLT shows higher stiffness and lower stresses in tension
perp. to grain

result:
lower failure probability at the same load level and higher
load bearing capacity perpendicular to the grain
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Compression Perpendicular to the Grain
strength determined on standardised full-loaded prismatic specimen

CLT

fe gitook = 2.1 ... 2.4 N/mm? [res. publ.] f ook = - 3.0 ... 3.1 N/mm?

fC,glt,gO,k = 2-5 N/mm2 fc,clt,90,k = 3.0 N/mm2

(prEN 14080) U (proposal TU Graz)

basic value for design
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Point Supported Ceilings and Roofs ﬂ'{,l;.'.

sludy research. engineering test cester

Compression Perpendicular to the Grain
bearing capacity in constructions

GLT CLT

edge centric
“line supported” “point supported”

GLT proposal TU Graz

Kegtoo = 1.0 1,75 Keotoo =~ 1.5 =~20

fc'c",go'k - kc,clt,90 = 4-5 ans 6-0 Nlmm2

fe gitook * Kegitoo = 3-75 N/ mm? ‘

+20 %
+60 %
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 15
ignum | i
[FIMEE  overview Ty

CONTENT

= TIMBER® at the Graz University of Technology
= |nstitute for Timber Engineering and Wood Technology (TEWT)
= Competence Centre holz.bau forschungs gmbh (hbf)
= R&D Areas
= Development of European CLT Production
= Research Topics on Cross Laminated Timber (CLT)
= Point supported Ceilings and Roofs
= Verifications regarding Serviceability Limit State (SLS)
= In-Plane Shear Capacity and Verification Methods
=  Applications
=  CLTdesigner — Software Tool for Designing CLT Elements

=  Summary | Outlook

. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 16




R g Verifications Regarding Serviceability Limit State '!:'la.!_

Process for Design of Vibration acc. to EN 1995-1-1

’ 1st eigenfrequency: 8 Hz O special investigation

YES 150

‘ specification of performance ‘

%
l b 100 %

Ver
limits for deflection w and
vibration velocity v 50
0 1 2 3 4
\l' a [mm/kN]
. ! _ | NO
stiffness: w(1kN) < w;; = a |
YES damping ratio
o ey < — h( NO
vibration velocity: v < v, = b(" |
YES
verification fulfilled verification not fulfilled
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 17
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Eigenfrequency of a Single Span Girder

identification of eigenfrequencies by FFT:

EJ-u™(x,t)+m-U(xt) =0 in situ determination of eigenfrequency

0 . d requires various test methods, e.g.:
() =— G
*  “heeldrop’
u(x,t)=c -sin?x .sinaw-t (frequencies 0 + 30 Hz)

* “punch from underneath”
(frequencies > 30 Hz)

T~ 1st eigenfrequency

EJ ... bending stiffness [Nm?]
m ... mass [kg/m]
I ... length of the single span girder [m]

2nd eigenfrequency

/ 31 eigenfrequency

|7L“ 723 3’3 40 50 60 70 20
eigenfrequency [Hz]
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 18
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Verifications Regarding Serviceability Limit State

Proposal for the Damping Ratio for CLT
support construction | test results proposal
CSO CCLT
2500 [%] [%]
2000 2 side heavy 2.77 2.50
4 side light 3.95
1500 - 3.50
4 side heavy 3.71
% 1000
E 500 damping ratio
é - damping ratio depends on the position and type of
3 excitation
g el » calculation by means of 2™ + 11t amplitude
S 1000
. damping ratio needed e.g. for
- determination of maximum vibration velocity
-2000
Vjimit @cC. to EC 5
-2500
35 4,.0 45 50 v < b(f1-g—1)
time [s]
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Verifications Regarding Serviceabil

ity Limit State

Ty

Vibration tests on CLT slab

(in cooperation with Munich University of Technology)
cross sections

5-layered CLT element

with light floor construction
(gypsum board)

with heavy floor construction
(floating floor)

P

NS

s — Test Configurations

systems
continuous beam with 2 fields and cantilever
one element
- - 30m /
2.38m ’L 3.50 m ’L 50m J

IZ' single span | 2 side supported

two elements

single span | 4 side supported

two elements

. Gerhard Schickhofer
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Vibration tests on CLT slabs — Test Configurations
(in cooperation with Munich University of Technology)
joints
Iil transverse force joint

5-layered CLT element ---

overlapping / interlocking - -
joint

positively tied by screws -~

sealing tapes s
(compression band)

5-layered CLT element . _

on top and underneath
strapping (adhesion by ---
screwing pressure) |
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Some Impressions of the Test Configurations

single span | 4 side supported single span | 4 side supported continuous beam with cantilever
with light floor construction with heavy floor construction and measurement equipment
(4s;clt|l) (4s;clt]h) (cont;clt|-)
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Verifications Regarding Serviceability Limit State ﬂ'!}i.!
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sudy reseaneh, engioeering st eester

Eigenfrequencies
comparison between test configurations and numerical modeling (FEM)

configuration 1st eigenfrequency
system cross joint testing FEM diff
section [Hz] [HZz] [%]
cont clt| - - 11.10 11.11 0.06
2s clt]- v 12.00 12.00 0.03
2s clt|h v 7.90 7.41 -6.25
4s clt]- \% 15.71 15.49 -1.39
4s clt|! v 9.70 9.92 2.28
4s clt|h \% 10.00 9.92 -0.77
4s clt|- m 16.68 16.72 0.23

- The numerical results and the tests show a high compliance!
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Residential Building
eigenfrequency measurements in situ

stripe of plate > beam model
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Study researeh engineering test cester Grazs

Residential Building

eigenfrequency acc. to EC 5
(beam theory including shear flexibility)

results, based on simple beam model

construction mass ::frfl::’;gs 1st eigenfrequency
[kg/m?] [MN-m?*/m] [Hz]
with screed 214 3.038-106 9.7
without screed 214 2.588-106 9.0
1st eigenmode
VAN £ L YAN

conclusio:

remarkable differencies between measured and calculated (simple beam
model) eigenfrequencies

- detailed investigation in modeling (2D FEM plate model, hinge / fixed

support, ...)
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 25
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Residential Building
special investigation with FEM plate theories

2D FEM plate model
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Verifications Regarding Serviceability Limit State ﬂ'l;la.!.

Residential Building
special investigation with FEM plate theories
investigation of 8 different models of CLT slab, range of values [10.9 Hz + 17.0 Hz]

calc. eigenfrequency: (13.8 Hz calc. eigenfrequency: 17.0 Hz
model details: model details:
* not considered stiffness of screed « considered stiffness of screed
« interior boundaries are modeled « interior boundaries are modeled
with hinge support with hinge support
« hinge support of exteriour boundary « fixed support of exterior boundary
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 27
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In-Plane Shear Capacity and Verification Methods ﬂ'l;la.!.

ma,. eseanch engineering test cester
From the Building to the Representative Volume
Sub-Element (RSVE)
~
CLT module : load effect
[dead and live load]

CLT wall element I[::';ﬁde::;t

L bl withept dynamic loads]

openings

jointing loads / in plane loads
" extracted CLT wall element
Representative Volume Element (RVE)
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From the Building to the Representative Volume
Sub-Element (RSVE)

extracted CLT RMSE
wall element planes of
symmetry

planes of
symmetry

Representative Volume
Element (RVE)

Representative Volume
Sub-Element (RVSE)
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In-Plane Shear Capacity and Verification Methods

Ty

edge bonded

I‘]xy,RVSE

t

Ty =

7p --- nominal shear
stress in plane

Shear Stresses in RVSE

determination for infinite number of layers

without edge bonding / cracked

Ty = 20T

Ty ... shear stress in
cross section

t
Z'T=3'To'g

71 ... shear stress due
to torsional moment
in glueing interface

. Gerhard Schickhofer

Madrid, Spain, 11th - 12th November 2011

Institute for Timber Engineering and Wood Technology
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In-Plane Shear Capacity and Verification Methods

Ty

Shear Stresses in RVSE
determination of the substituted thickness for each RVSE, denoted with t;°
f:"
3-layered 5-layered
CLT element CLT element
e.g. RVSE-2 e.g. RVSE-4
# of RVSE substituted n # of RVSE substituted
thickness t;” Ty =—0 thickness t;
-1
t,"=min(2 t,;t,) S 1 t,"=min(2 t,;t,)
2 ty’=min(t,;2 t;) 2 t,’=min(t,;t,)
* * ] o
, TV i TT 3 ty=min(tst,)
4 t,/=min(t,;2 t;)
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In-Plane Shear Capacity and Verification Methods ﬂ'!;la.!.

sudy reseaneh, engioeering st eester

Determination of in Plane Shear Strength Properties for CLT
mechanism | “'shear” and mechanism Il “torsion”

transverse force transverse force mechanism | “shear”
in horizontal layers in vertical layers force in the cross section of the layers
| BN |
i |
+-fide-=
! |
‘ |
| - i B
torsional moment torsional moment mechanism Il “torsion”
in horizontal layers in vertical layers | torsional moment in the glued surface

=0

Both mechanisms are interacting and have to be verified!
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sudy reseaneh, engioeering st eester

Determination of Shear Strength Properties for Mech. | "Shear’
(diploma thesis by B. Hirschmann — ongoing)

... acc. current technical approvals, based on tests

i S 5,2 NImm?

v performed acc. to the CUAP procedure (= bending failure)
configuration 1 (C1) configuration 2 (C2)
(R. Jobstl, CIB-W18:2008) (based on EN 408 and EN 789)

F/2

ref. shear ref. shear
areas area
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 34
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In-Plane Shear Capacity and Verification Methods ﬂ'l(:'la.!.

sudy reseaneh, engioeering st eester

Determination of Shear Strength Properties for Mech. | "Shear’
(diploma thesis by B. Hirschmann — ongoing)

configuration 1 (C1) configuration 2 (C2)
(R. Jobstl, CIB-W18:2008) rof shear  (D@sed on EN 408 and EN 789)

F area F

FI2 F

- shear failure up to t = 20 mm + one shear area

- interaction between bending and shear + shear failure up tot =40 mm

- interaction between compression
in fibre direction and shear

- recommended test configuration
for mechanism | “shear’

ref. shear
area

. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 35
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study nesesrch engineering test eester Grazm

Shear Strength Test — Mechanism | "Shear’
overview

investigated parameters:

a[mm]| 150 200 -

t[mm] 10 20 30

i/ shear
Tk

tgap [MM] | 1,5 5 25

e ref. shear
= area

"-'-"r.'-.,
F . -cos(14°) .
f __ _ult - St
velt T I_la t
L ref. shear area Foi
. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 36
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Shear Strength Test — Mechanism | "Shear’
comparison of configuration C1 and C2

parameter and results:
variations 16 e - 16
g 14 ° 5% quantile - 14
g * 12.80 =
= s 11.36 éﬂﬂ ==K
£ .04 o1030 ; 10.43 I_*%I 10.42 1038 ~ 1084 90
= 9.88
o 8- -8
S
ERESNCOY COV =6,2% COV =6,2% 2
= 44 =113% L4
- fixed parameters % sl L8
| cites] perewmeEs ta 200/10 200/10 150/10 200/10 150/10
CIB-W18:2008

series a n=10

= influence of width “a” [reference dimension: a = 150 mm)]
(not relevant in practice)

f, cit 05,10 = 9.9 + 10.6 N/mm?
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Shear Strength Test — Mechanism | "Shear’
comparison of configuration C1 and C2

parameter and results:
variations 16 —— median 16
:E" 14 - ° 5% quantile L 14
£ 12+ = 11.36 %11.52 2
a [mm] S0 = 1042 E % e L 10
t[mm] | 10 20 30 ‘-E, g = 10.64 h-s;?'f% o |
tgep [m] | g o ‘ 688 | g
£ 4 COV =6,2% COV =6,7% L4
- fixed parameters % 24 -2
[ varied parameters e 150/10 150/20 150/10 150/20 150/30 25

series a n=10
= significant influence of thickness 't” (size and boundary effects!)

ficito5a=150 ~ 10.6 (t=10) | ~8.7 (t=20)
~ 6.9 (t=30) | ~5.2 (t=40) N/mm?

* recommended value for “mech. I’ f ;. ~ 5.0 NNmm? (— CLTdesigner)
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In-Plane Shear Capacity and Verification Methods

Ty

test specimen

torsional test configuration

P—

overview

Shear Strength Test — Mechanism Il "Torsion”

torsional shear stresses in
the glueing interface

2004: diploma thesis G. Jeitler

M; 1 3-M
TT,male_T'E'az ST
B a
4
with J, = %
M; ... torsional moment
Jp ... polar sectional moment
... of glueing interface
a . dimension of RVE

.Versuchstechnische Ermittlung der Verdrehungskenngréssen von
orthogonal verklebten Brettlamellen* (in German)
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Series A

145 mmI

spruce

240 mm

annual ring gradient

variation of glued surface geometry

100 mm fe——{150 mm

Series B

- (240 mm 145 mm:[

240 mm 145 mm

Shear Strength Test — Mechanism Il "Torsion”

HZOO mm

Series C

| 300 mm

| flat grained boards (SW)

edge-grained boards (RB)

shear stresses in the gluing interface 3.M
series annual ring 5%-quantile ‘[T =1
orientation XS a3

A edge grained
A flat grained f =25 N/ mm?
B edge grained il
B flat grained
© edge grained remark:
c flat grained Value generally accepted!
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Use of CLT as 2D Elements
line supported cantilever with openings point supported
D
©
s
— e.g. chimney
23
£5
T o
o .
e.g. staircase e.g. glass facade
—s 8
(=
L8
o3 £
2Ls
o
o
c
£2<%0
o = £
2 3s
[
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8 Applications

sludy research. engineering test cester

Ty

Use of CLT as 1D Elements

DETAIL 1

DETAIL 2
beam tapered beam with notched support beam as "Vierendeel system”
without openings and openings

=)

ASS—7

detail 1: detail 2:

built up of a 5-layered notched support

beam element

vertical (cross) layers as ‘reinforcement” of CLT
(high capacity in shear and tension perp. to grain)

— Research activities are needed!

detail 3:
opening

Madrid, Spain, 11th - 12th November 2011
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sludy research. engineering test cester

Ty

Residential Buildings

o A e e —

© Pictures: holz.bau forschungs gmbh, Graz © Pictures: Paul Ott, Graz

Hartberg (AUT) | 2008 Graz (AUT) | 2007

CLT by KLH CLT by Mayr-Melnhof Kaufmann

© Pictures: Stora Enso Timber

Eichgraben (AUT) | 2008
CLT by Stora EnsoTimber

Madrid, Spain, 11th - 12th November 2011

. Gerhard Schickhofer

Institute for Timber Engineering and Wood Technology 44

22



sludy research. engineering test cester

Applications

Ty

© Pictures: holz.bau forschungs gmbh, Graz

Multi-Storey Buildings

© Pictures: KLH

© Pictures: KLH )

3-storey building 4-storey building 5-storey building
Judenburg (AUT) | 2002 Judenburg (AUT) | 2002 Berlin (GER) | 2010
CLT by KLH CLT by KLH CLT by KLH
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3, P ‘.7 ‘L. i
© Pictures: KLH
5-storey building
Vienna (AUT) | 2005
CLT by KLH

Multi-Storey Buildings

© Pictures: KLH

8-storey building
London (UK) | 2008

CLT by KLH

© Pictures: Karakusevic Carson Architects,
8-storey building

London (UK) | 2010

CLT by Stora EnsoTimber

Stora Enso Timber
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© Pictures: Mayr-Melnhof Kaufmann

Peggau (AUT) | 2009
CLT by Mayr-Melnhof Kaufmann

Kindergarten

© Pictures: Binderholz Bausysteme GmbH

Innsbruck (AUT) | 2008
CLT by Binderholz Bausysteme

AV 4 4
forest Merk

© Pictures: Finnt

Darmstadt (GER) | 2006
CLT by Finnforest Merk
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© Pictures: Mayr-Melnhof Kaufmann

Headquarter Mayr-Melnhof
Leoben (AUT) | 2008

CLT by Mayr-Melnhof Kaufmann

Office Buildings

© Pictures: Binderholz Bausysteme GmbH
Headquarter Binder Holz
Fiigen (AUT) | 2007

CLT by Binderholz Bausysteme

© Pictures: holz.bau forschungs gmbh, Graz

Building Research Center
TU Graz (AUT) | 2006

CLT by Holzleimbau Stingl
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= TIMBER* at the Graz University of Technology
= |nstitute for Timber Engineering and Wood Technology (TEWT)
= Competence Centre holz.bau forschungs gmbh (hbf)
= R&D Areas
= Development of European CLT Production
=  Research Topics on Cross Laminated Timber (CLT)
= Point supported Ceilings and Roofs
= Verifications regarding Serviceability Limit State (SLS)
= In-Plane Shear Capacity and Verification Methods
=  Applications
=  CLTdesigner — Software Tool for Designing CLT Elements

=  Summary | Outlook
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CLTdesigner — The Software Tool for Desighing Cross Laminated
Timber Elements (CLT) based on Eurocode 5

Modules (Languages: DE, IT, EN, FR, ES)
= CLT-Plate 1D — continuous beam (online since 15.11.2009)

=  Continuous beam (with a maximum of 7 spans including cantilevers)
= ULS (Utilisation ratios for bending and shear) including structural fire design
= SLS (Utilisation ratio for deflection, vibration verification)

= CLT-Plate 1D — internal forces (online since 4.2.2010)

= verifications of the ultimate limit state with respect to normal and shear forces based on given
N, M, V (incl. stability)

= CLT-Plate loaded in plane (online since 6.4.2011)

= shear stress verifications based on a given shear force in plane per unit length
= Extension of the approximate calculation methods (shear analogy, ...)
= Connection techniques

= Special issues (point supported plates | Plate 2D | etc.)
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[I.I.,m.,_ CLTdesigner : CLT-Plate 1D — continuous beam ﬂTU
study resesech, enginecring st cester Graza

Overview

ANN

CUTdesigner - CLT-Pate 10
File

Window Help

comsT

s gmbn LIt e
Ghbard Ciosg sictin e o[ Coss section
service class 1] # User-defined © CLT-products with technical apgrovals Fire above
Stvetural sysem 2 Fie beterr E i
4l ; 1
W Caniiar e Layer Thicness | Oriematian | waenay | | P provection
Cantitever right i 0 mm ) [T | e |
2 20 mm 0 Gz I |
swport | x| wian 3 20mm o Giza
A o ‘ 20 mm L) cuzdn Mot resitant adhesive
3 o s 20 mm o Gzan ¥
c Fsm = [ Without gaps o with bonded edges | | Stwetoral svatem
S width [ 16001 Thickness
5 | us : Yo (TR
o 7T mm
— — + : r ;: 10l
Chamingrate | 065 | mm/min — ] : : : ; +
—— — g 3 : + B
Loads o
o o W - o T | | ! : !
i ism S5 m | osEAnm 1im som asin
2 in 055 W/ 0.8 khyw ) I T i &l
3 azm | osswm | ossanmt

|| Cross section values | Vesification | Details
Utiisaion ratio
us
Eending N O Vees OF
Shese o R e OF

Seaing pessure .o BERE Food | 08

Unilisation ratia. | Stresses | Stresses in case of fire | Deformations

ss.
Deflection 0, EEEEE oo 085
Vibration Vibratian verification aceorging 1o DIN 1052 fulfilled
Vibratian venfication accorging to ON EN 1995-1-1 fulfiled
According to ON & 1995~ 1-1:2009 (NA) a mare accurate verification is needed!

Utlisation ratio In case of fire

ws

sending tuy, R Moo 10 Shear governing i case oftre

shear iy, [EEM teoe 10

A-5010 Graz Inffeldgasse 24 wwwbolrbautorschungat Syatem hasted st ey
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[I.I.,m.,_ CLTdesigner : CLT-Plate 1D — continuous beam ﬂTU
study resesech, enginecring st cester Graza

Input information

General Cross section (“Fire [ i

Service class |1 | v @® User-defined () CLT-products with technical approvals ¥ Vibration verification
Structural system 1 I ¥ Vibrations affecting
tberof Eﬂ - adjacent spans
umber of spans i
Number of layers |5 ¢ 3 | %
[ Cantilever left Layer ‘ Thickness | Orientation | Material Considensit ¢
= . X [ = onsideration o
[_] Cantilever right | 1 20 mm 0 GL24h screed (concrete topping)
| 2 20 mm 90 GL24h* stiffness
Support | ¥, ‘ Width | 3 20 mm 0 GLzah® A
A o 0154 m [ 4 20 mm 90 GL24h* d|_ 6.0 |em
B 35m | 0.154m | || s 20 mm 0 SSEEAng £[ 21,000.0 | N/mm*
(] 7.5m 0.154 m =
D 1175m | 0154m width [ 1,000 | Thickness = | Elgcreed 2708 | kNm*/m
b[__50 |m
Loads
Field Span 9ok J [ L% Category | Sk Altitude Rmmm| Wy
1 35m 0.55 kN/m 0.58 kN/m* 1.2 kN/m* A
2 4m 0.55 kN/m 0.58 kN/m* 1.2 kN/m* A
3 4.25m 0.55 kN/m 0.58 kN/m* 1.2 kN/m* A

. Gerhard Schickhofer Madrid, Spain, 11th - 12th November 2011 Institute for Timber Engineering and Wood Technology 52




o

CLTdesigner : CLT-Plate 1D — continuous beam
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Ty

Cross section values | Verification | Details |

Cross section values

Charred cross section

500 mm EA ¢

£ g Elet
;! f = = ] = GA

394,400,000

141,165,631,373

5,352,809 N |5 !
1
Y Ys 500 mm v |
z .,
Zg 74.76 mm
[ 1,000 mm |
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g CLTdesigner : CLT-Plate 1D — continuous beam ﬂTU
study research, engineering fest center Graza
Summary of the results
Utilisation ratio
uLs
Bending Ny FEEEN “mos 08
Shear Ny 0.8
Bearing pressure Mg Kmoa 0.8
SLS
Deflection Ay Kger | 0.85
Vibration Vibration verification according to DIN 1052 fulfilled
Vibration verification according to ON EN 1995-1-1 fulfilled
According to ON B 1995-1-1:2009 (NA) a more accurate verification is needed!
Utlisation ratio in case of fire
uLs
Bending Ny Kmod = 1.0
shear  fyy [EEEM %mea 10
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R g CLTdesigner : CLT-Plate 1D — continuous beam I'la.‘l.

| Details | Loads and supporting forces | Distribution of internal forces | Ui | stresses |
[ Load cases
% 1% Stress distribution
D90
Do Normal stress Shear stress
D %x
o h [mm h [mm
Do
Do
Do
+ C1%
Dax
q
gu: N/mm s - —— ——> 7 [N/mr
[-] Combinations
$ 2us
¢ £ Fundamental combination
7 1 Kmog = 06
D) 1.35%gg, + 13570y, Stresses and utilisation ratios of single layers
[ 1.00°gg, + 1.00%
=2 kmod M max
? 3 kmoa = 08 =
[ 13575y + 13579, + 150°1.00°G; a, Y T
B wer | w | u [ v n
-ty #1 3.931 N/mm 233% 0.013 Njmm’ 0.7%
¢ £ Accidental combination #2 0.000 N/mm’ 0.0% 0.013 N/mm? 1.7%
D) 1.00°gg, + 100G, #3 0.786 N/mm’ 4.7% 0.014 N/mm* 0.7%
[ 1.00°y,, + 1.00°g,, + 1.00°0.30%g, £4 -0.000 N/mm*® 0.0% 0.013 N/mm*® 1.7%
% CASLS #5 -3.931 N/mm* 23.3% 0.013 N/mm* 0.7%
¢ ] Eurocode Interpretative document - ON EN 1995- 1-1:2009
& [ Instantaneous deformation wy,, t = 0
[} 1009y, + 1.00°g, + 1.00°1.00%,
¢ [ Final deformation wy,, t = = M min
1.00°gy, + 1.00°g; , + 1.00°1.00%g, + 1.00°0.30°q,
3 [ Final deformation wyy g { = = Layer o y Ty y
100 S+ 100 S ¥ LOGLOV S LO0 0070y #1 1.049 N/mm* 6.2% 001ZNjmm* | 06%
! ?S‘;‘;‘;;’:’:ﬁ:l;i’:ﬂ:l::l’iz; iatas #2 0.000 N/mm’ 0.0% 0.012 N/mm’ 15%
010010070, £3 0.210 N/mm* 12% 0.012 N/mm* 0.7%
# [ Characteristic combination t = o # -0.000 N/mm* 0.0 % 0.012 Nfmm’ 15%
1.00°gy, + 1.00°g, + 1.00°1.00%q, + 1.00°0.30°g, #5 -1.049 N/mm* 6.2 % 0.012 N/mm* 0.6%
% [£1Quasi-permanent combination
[} 1.00%gp, + 1.00°g; , + 1.00°0.30%,
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lignum | CLTdesigner : CLT-Plate 1D — internal forces ﬂ'{,l;.'.
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Overview

ann 0

File Edit Window Help

Cross section e
9 User-defined O ELT-products with Vachnical approvals 1 Fire above.
T=1T ] Fire below
[ ‘i
proE—— Fire duratian 5] minuies
= T 1 Fire protection
Layer Thickness | Orientation Material | o
T 3amm ] Claah E ] E
: 22 mm ” Gueh . e E 1
3 38 mm o e
i 22 mm % e T Heat resistant adhesive
s 24 i o clan
Without gaps o with bonded edges 1 [y |
width [ 1,009 Thickness - i I |
we | 115
&7 mm
Chamingrate 080 mm/min
Cross section values | Iniemal farces, tresses and utiisation ratios |
Internal fasees aecording to Suress distribuion
# Theory of 13t order < Theory of 2nd order Shear smss
Intemal fosces Design factors
My 7] et el
He G| w i
Vo = g LI
suabiliy
Bucking kength HF =
Utiisaian ratios
k[ ot
M tensing i ol force o JEEEH
P ]
"
o Fire
rtermalforces Design factars Sending with normal force M. [EEHEN
"y W [fNm v b 15 Shear  yp
Hy Too 3 i w180
Ve 15 [
A-8010 Graz, inffeldgasse 24 wwwholzbauforschung.at System hosted at gy |
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CLTdesigner : CLT-Plate 1D — internal forces ﬂ'{,l;.'.

Internal forces according to

Internal forces

Internal farces
My

Ny [

Va

A.N0

® Theory of 1st order () Theory of 2nd order Nariial strass Shiar stiess

Mg |

Ny |

Vo |

Stability

Buckling length [ 51|
k[ 032
ke | 013

Fire

Summary of the results

Stress distribution

Design factors

o Utilisation ratios

Bending with normal force My.n m

shear  ny EETEEE

Fire
Design factors. Bending with normal force Ny,ng

[v]  kmoan 15 shear iy, T

Y 1.00

Stresses and utilisation ratios of single layers

Stresses and utilisat

ion ratios of single layers

Layer ) M 9N | N TM+N ‘ M+N Tv | v |—|
#1 6.545 N/mm’ 31.0% -0.980 N/mm® 15.8% 5.565 N/mm* 46.8 % 0.128 N/mm’* 53%
#2 0.000 N/mm’* 0.0 % -0.000 N/mm* 0.0 % 0.000 N/mm* 0.0 % 0.128 N/mm’ 12.8%
#3 1.524 N/mm* 7.2% -0.980 N/mm* 15.8 % 0.544 N/mm’ 23.0% 0.138 N/mm’* 5.7%
#4 -0.000 N/mm* 0.0 % -0.000 N/mm* 0.0 % -0.000 N/mm* 0.0% 0.128 N/mm’* 12.8%
#5 -6.545 N/mm* 31.0% -0.980 N/mm* 15.8% -7.525 N/mm* 46.8 % 0.128 N/mm* 5.3%
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CLTdesigner : CLT-Plate loaded in plane ﬂ'{,l;.'.

sy resesnch engineering st center
ANN Qre
Fle Gt Wiadow el
Torschungs gmbh [BEIC] =Esannn
Crass section fire : f
# User-defined C CLT-products with technical approvals Fire sight
e
Siyered  S-layered O 7-layered
Lo | wkoess | omesiaion | e |
BN 75w ) Gan = o
T 5 e
3 33 mm o
“ 18 ) f
5 25 mm ) . 1666 ren |
wiath B Thickness Bl
Crass section values | Internal forces, siresses and utilisation fatias | Deial .
Internat forces Substitated thicknesses Substitated thickness
RVSE Ly
1
5
i
Iy
Strnsses of RYSE
teal nominal shear stress o' [ L8 Hjm
Shear stress in the board Ted' | 208 Njmm®
Torsional shear stress in the glueing interface Ty,'  0.37 Njmm’
B =) L . ¥ a2 Dominating RVSE
Design factors Unilsation ratios
Vo GV shearforce n,, (Mechanism 1 - Shean) oy N
Y 1255  Shearfarce n, Mechanism It - Torsion) oy r T
Sord width 150 mm
Accarding 16 ETA-03/0036 and ETA-08/0242
Sharfarce n, Mechanism | - Shean -]
Shearfarce n,, Mechanism 1 - Torsion)  n,.,.- [T
A-8010 Graz nffeldgasse 24 sewnholzbasforschung.an System hosted at .
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iy oo e CLTdesigner : CLT-Plate loaded in plane TU,

Cross section values
Full cross section Charred cross section
RVE RVE
———
7
Ny
Ry
LEu
D, 1,078,800 N/mm | v D, 655,400
D, 719,200 N/mm |+ D, 359,600
Dy 87.453 [N/mm [~ Dy 50.153
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iy oo e CLTdesigner : CLT-Plate loaded in plane TU,

Internal forces, stresses and utilisation ratios

Fire
Internal forces Substituted thicknesses Substituted thickness
RVSE 4"
1 24 mm
2 18 mm
3 18 mm
Iy* 60 mm
- |- —+
Stresses of RVSE
Ideal nominal shear stress Todfi 1.25 N/mm*
l Shear stress in the board Todbi- 2.50 N/mm’
Torsional shear stress in the glueing interface Trgq” | 0.60 N/mm’
= =
L s kNmi~] Dominating RVSE
Design factors Utilisation ratios in case of fire
Kmodsfi | 1]  Shear force n, (Mechanism I - Shear)
Yusi 1.00 Shear force n, (Mechanism Ii - Torsion) L
Board width 150 mm

According to ETA-09/0036 and ETA-08/0242

Shear force n,, (Mechanism | - Shear) Moy fi R —
Shear force n,, (Mechanism Il - Torsion) Ny T i
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LTINS CLTdesigner T,

CLTdesigner — The Software Tool for Desighing Cross Laminated
Timber Elements (CLT) based on Eurocode 5

A0 CLTdesigner; Home

holz.bau

| Login/Status

chungs gmbh

sovtien
NEWS | FEATURES | SCREENSHOTS | ACCOUNT REQUEST | DOWNLOAD | TEAM

CLTdesigner - The software tool for designing cross laminated timber elements (CLT)

holzbay —FF=
orsgligngs o |

CLTdesigner - CLT-Plate 16

Account request for downloading the CLTdesigner
To darmrlosd the: CLTdesigner & registration s reduired 10 get & abd Usernare 858 pasimord.
Piease fill out and send the form below - thanks.

Nome *

Compiny™
[N
st

Fields marked with = re required!

www.cltdesigner.at

ot s oeachumgs by A-B010 Graz, Inffeicgasse 24 e v Systam hosted by ‘-u
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CONTENT

= TIMBER® at the Graz University of Technology
= |nstitute for Timber Engineering and Wood Technology (TEWT)
= Competence Centre holz.bau forschungs gmbh (hbf)
= R&D Areas
= Development of European CLT Production
=  Research Topics on Cross Laminated Timber (CLT)
= Point supported Ceilings and Roofs
= Verifications regarding Serviceability Limit State (SLS)
= In-Plane Shear Capacity and Verification Methods
=  Applications
=  CLTdesigner — Software Tool for Designing CLT Elements

=  Summary | Outlook
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HACLSe™  summary | Outlook Y,

CLT | Product

= CLT_standardization and definition of minimum requirements for the
production and quality management (CLT_qm)

= CLT_harmonization of test procedures for the investigation of product
properties and models (CLT_models)

= CLT_diversity regarding the use of different wood species
(e.g. CLT_poplar, CLT_birch)

3-storey building
Graz | AUT, 2011/12
one appartment: CLT birch

(ongoing)
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CLT | Systems

= use of folded CLT elements for different applications
e.g. bridges, restoration, attic conversion, ...

s L RS oS = i »
bridge | Bruneck | IT bridge | Bruneck | IT loft | Graz | AUT
(transport) (mounted bridge) (Arch. DI Zinganel)

= development of 1D connection systems
(useable for statically and dynamically loaded CLT elements)
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% Summary | Outlook ﬂ'!;la.!_

CLT | Transfer

= CLT_handbooks are published and CLT seminars are realized

* in Europe (e.g. TU Graz, SAH, FH Biberach, promolegno, ...) and
» Canada (e.g. FPInnovations, UBC, ...)

= CLT_designer — software tool for designing CLT elements

PROPOSAL
= CLT_summer_school

= CLT_bachelor_| CLT_master_courses
in the frame of the program
"EU / CA co-operation in higher education and training”

* development of innovative curricula (60 ECTS)
at least two Univ. of Europe and two of Canada are required
— mobility of teaching staff and students
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