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Definition of Task New solid

Timber
Construction
System

wind loads ~a dead loads/live loads

Wall element
with/without =
openings 4

e.g. wind loads

Shear

 Verification of shear loads
in wall elements

e Source e.g. wind loads,
dynamic loads, ...

| Boundary forces

Detail of a

CLT wall element
RVE
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Timber Solid Construction:
Single family house Styria/Austria 2007

I.q,
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Timber Solid Construction:
Wiskeymaker's house in St. Nikolai Styria/Austria

Foto-Quelle: Arch. G. Mitterberger, Graz
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Definition: Cross Laminated Timber (CLT)

= Large-sized laminar structure

= Build up by odd number of layers

= Each layer consists of parallel timber boards

= orientation of timber boards in two adjacent layers is orthogonal
= Layers are glued together

CLT without
= Narrow faces of boards lateral gluing
) interfaces,
= with small gaps large gaps
+ only contact - e s CLT et
» Glued : - : lateral gluing
H N interfaces,
: —L1__ Narrow small gaps
faces P
= Product development: _ _ _ _ CLT without

since ~1995 i b————siis—r— - | lateral gluing
A interfaces,

N Single timber contact
_ Gluing interface —, board ——
lllustration of ee———  — CLT with
. T IT e e i
various possibilties == ) = — ateral gluing
ingie timber
of narrow faces of Gluing board
individual boards interface
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Definition: Cross Laminated Timber (CLT)

= Large-sized laminar structure

= Build up by odd number of layers

= Each layer consists of parallel timber boards

= orientation of timber boards in two adjacent layers is orthogonal
= Layers are glued together

= Narrow faces of boards
=  with small gaps
= only contact
= Glued

= Product development
since ~ 1995
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CLT — general specifications
(small variation possible — depending on manufacturer)

industrial production
Assurance in quality

max size ~ 3,0 m x 18(24) m
max thickness ~ 300 mm
 Max number of layers: 7

Detailed look at
/-layered CLT

Foto-Quelle: Mayr Melnhof, Gaishorn, Stmk

Thomas Bogensperger Riva, Italy, 21* June 2010 holz.bau forschungs gmbh 8



holz.bau M TU

iUIbL.hI.IﬂgS gmbh study research engineering test center Grazm

Shear Stiffness of CLT Elements
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RVE/RVSE for CLT Elements

(/

TTLTLLTA LT T L LT L A LML AL AL L LR L AL LR LA

planes of
symmetry

e

RVSE

Parameter: t/a

planes of
antisymmetry
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Shear Stiffness for CLT Elements with boundary effect

CLT CLT
3-layered 5-layered

RVSE

2010: diploma thesis G. Silly
,Numerical studies to twisting stiffness and shear stiffness of CLT elements*
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Shear Stiffness for CLT Elements with boundary effect

CLT mid twisting shear
surface ' = :

gl

11 Modells
 without gaps
 with 2 mm gaps

Symmetry/Antisymmetry
t;/a = 0,010 0,025 0,050 0,400 0,600 1,000 2,000 4,000 10,000
practical range for CLT

/
\
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Shear Stlffness for CLT Elements W|th boundary effect

1

0.8

35
bs
RVSE

practical
range for

0.01 0.1 1
Z‘ 9 3s 5s

Xpr— P ( — ) 0,53 0,43

A 0,79 -0,79

10
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Shear Strength of CLT Elements
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Shear Stresses in RVSE

X
Y
(T = RTINS
0 TV I T— 5.}
! o
I |
; z | z = i
N &
Tv_z T() TT:3.TO._
T, nominal shear a
stress in plane T\, shear stress T, shear stress
In cross section due to torsional
moment in gluing
interface
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A Internal gluing interface A t”
. simplified, RVSE for interface #2 :

“Jdeal
AN, thickness t;]
o for RVSE#4

“|||IllllllIIIIlllll.,,".'
n
a,,

e TR R e

4 \
P

thickness t,’

for RVSE#2 outer gluing interface E'N

simplified, RVSE for last interface (#4)
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Shear Stresses in CLT Elements

Internal gluing interface
. simplified, RVSE for interface #2

Ideal thickness t for regular RVSE's

« Simple approach
« Conservativ

# of )
RVSE t
5 =min(t,,t,)
3 =min(t,t,)

Ideal
thickness t,’

for RVSE#2
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Shear Stresses in CLT Elements

*“Jdeal
thickness t,’

Ideal thickness t’ for both
: for RVSE#4

outer RVSE's

« Simple approach
e  Quter boards with
double thickness!

# of
RVSE

1 I
4 Zmin(t4@-t5)

outer gluing interface EN
simplified, RVSE for last interface (#4)
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Shear Stresses in CLT Elements

n-1

2
e

I
N
t ° b !-‘

‘‘‘‘‘‘‘

*

T

Lo SV e
M1 CRTRRE DR

o Ideal shear

* &
T,=2-T,

*

stress in plane T,, ideal shear stress

*

To

n

Xy

iNn Cross section

2.

n—1 *

i=1t

of RVSE#i

I

’-'4 gl "-.“_ *:--M‘\

o o
i

T Ideal shear stress

due to torsional
moment in gluing

interface of RVSE#i
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Shear Strength tests — mechanism 1

Test configuration Local failure

CIB 2008:
In-Plane Shear Strength of Cross Laminated Timber
Jobstl/Bogensperger/Schickhofer

Shear forces

Thomas Bogensperger Riva, Italy, 21t June 2010 holz.bau forschungs gmbh 21
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Shear Strength tests — mechanism 1

FEM Investigati0£| Local failure
F/4

A

)
_f

F/4

CIB 2008:
In-Plane Shear Strength of Cross Laminated Timber
Jobstl/Bogensperger/Schickhofer

Shear forces
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Force - Displacement - Diagramm

60000

—==  Shear Strength value
- o for mechanism 1
o —_ =10 [N/mm?
_OQ:HB fV 9 k 1 O [ ]
. 7 Remark: Value still in
A S discussion!
Seri Val
Load — displacement #enes 20 = [-]
behaviour Height a 200 [mm]
Thickness ¢ 10 [mm)]

f..a - mean value

Standard deviation
COoV

fr.a 5% - Quantile
normal distribution
fr.a 5% - Quantile
log normal distribution
fr.a 5% - Quantile

EN 14358

12.8 [N/mm’]

1.45 [N/mm?]

11.3%  [-]
[N/mm?]

[N/mm?]

[N/mm?]

v-
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shear strength tests — mechanism 2

Test configuration shear stresses in the
gluing interface

— MT. 1 .
max ]P 2

T A

M. Torsional moment

Detail |, polar sectional moment of
of gluing jnterface
test =
: P
specimen 6

a dimension of RVE

2004: diploma thesis G. Jeitler
,versuchstechnische Ermittlung der Verdrehungs-
kenngrossen von orthogonal verklebten Brettlamellen®
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Shear strength value

Coverage of tests '
for mechanism 2

Variation of glued surface geometry
- M,
max -~ "
i 2

T a

Annual ring gradient

Spruce (lat. picea abies)

Edge-grained boards (RB)
et T T 1

\nuh.ﬂ\ﬁ“Hhiﬁ‘luu}})BJ. f T k — 2 . 5 [N/ mmz]

Shear stresses in the gluing interface

Remark: Value

Series Annual ring 5% generally accepted!
orient. Qwanfile
A Edge-grained 3.67 [N/mm?]
A Flat grained [N/mm?]
B Edge-grained 3.20 [N/mm?]
B Flat grained [N/mm?]
C Edge-grained 2.98 [N/mm?]
C Flat grained 3.10 [N/mm?]
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Examples and further references

BSPhandbuch
C LT h a n d bOO k Holz-Massivbauweise in Brettsperrholz

Nachweise auf Basis des neuen europaischen
Normenkonzepts

H L]
Editors:
Einleitung | Einsatzbereiche | Technologie | Modellbildung und

SChiCkhOfe r/ BogenSperger/ MOOSbrugger Nachweisverfahren | Verbindungstechnik | Bauphysik | Anhang
2. Edition 2010 . e—
380 pages

Language
Actual: german
English translation is intended

Publisher:

Technische Universitat Graz

Publisher of Graz University of e s
TeCh n O I Og y Eidgenﬁssischzgl'(:"cr;:iit:;gﬂ:ilr'lsslgtunuz'?:z:

ISBN 978-3-85125-109-8 P—

Augustin | BlaR | Bogensperger | Ebner | Ferk | Fontana | Frangi | Hamm | Jobstl
Moosbrugger | Richter | Schickhofer | Thiel | Traetta | Uibel
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Summary and Outlook
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» Shear stiffness for CLT is verified

* Proposal for Shear strength verification has been
given

 Minimum condition is on the conservative side —
Improvements in stress calculation are possible

* Shear strength value for mechanism 1 is still in
discussion — further investigations are ongoing ...

» Shear strength value for mechanism 2 is widely
accepted

» Shear strength verifications for walls under shear with
large openings and their typical elastic stress peaks in
corners is still an open question ....
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Thank you for your attention!

Contact:

Dipl.-Ing. Dr. techn. Thomas Bogensperger

Competence Centre holz.bau forschungs gmbh Graz | AT

Inffeldgasse 24/1
8010 Graz, AUSTRIA

bogensperger@tugraz.at
phone.: +43 316 873 4600
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