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Module "Stiffness matrix"

CLT.;...,-H ' L] =@unn==

Input data

Cross section

The cross section can be defined by the user or by choosing a typical cross section of a proprietary
CLT product. There is also the possibility to save own CLT cross sections in a library. The elements are
subdivided by the number of layers.

If a user-defined cross section is entered, the thickness and orientation of each layer can be changed.
Furthermore, the material can be changed for all layers. The thickness of each layer has to be within
the range of 6.0 mm to 45 mm. In the case of proprietary CLT products, the strength class of lumber
and the orientation can be changed. If the orientation is changed, the whole cross section is rotated.
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Cross section

® User-defined 0 CLT-products with technical approvals
_» My CLT cross sections

Number of layers |5 |«

Layer Thickness Orientation Material
1 40 mm 0 GLZ24h*
2 20 mm 90 CLZ24h*
3 40 mm 0 GLZ24h*
4 20 mm 90 CLZ24h*
5 40 mm 0 GLZ24h*

Width 1,0005 Thickness E

Ratio board thickness / width t/a |1:4 |«

E M

Eeta! Optimise cross section...

The width of the CLT plate strips can be also defined in this field. The default value is set to 1 m. The
thickness of the CLT plate is calculated automatically based on the thickness of the single layers.

The ratio of board thickness to board width can also be changed here. The default setting is 1:4.
My CLT cross sections

By clicking the button | the current cross section can be stored in the library and be retrieved by

selecting "My CLT cross sections" later on.

The library can be displayed with the button B
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L ] L My CLT cross sections

Sawed cross sections

Test 1 | Project name Test 1
Test 2
Test 3 Layer Thickness Drientation Material
| 23 mm o GLZ4h
F 20 mm a0 GLZ4h
3 40 mm o GLZ4h
4 20 mm a0 GLZ4h
5 23 mm i] GL24h
i
_ 1,000 mer -/
|
2 =

OK

e The edit mode can be entered by clicking on La

cross section can be changed.

. Currently, only the name of the stored

e With = ¥ | the changes are saved.
« With L= | the chosen cross section in the sidebar can be removed from the library.
e With cross sections from a csv file can be imported.

e With the cross sections from the library can be exported to a csv file.

Syntax of the csv file

name;number of layers n;layer thickness in [m] t; to t,;orientation of the layers o, to o, (0
ﬁ or 90);name of material

Example:
Test layup;5;0.03;0.02;0.02;0.02;0.03;90;0;90;0;90;GL24h*

My materials

With the button - | the material library can be displayed.
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[ ] [ ] Wiy materials
Saved maverials

|Max 1 | Praject name Mar 1

bending strength

tensile strength parallel

tensile strength perpendicular
compressive strength parallel
compressive strength perpendicular
slvear strength

rolling s hear stremngth

Youngs modulus paraliel
S%-guantile from Youngs modulus paraliel
Youngs maodulus perpendicular
shear madulus

rolling shear modulus

density

density mean value

in plane shear strength

torsional strength

bending strength In-plane
& i) =]

0K

e With - = the edit mode can be entered.

o With - “ | the changes are saved.

o With .| the chosen material in the sidebar can be removed from the library.
e With materials from a csv file can be imported.

e With the materials from the library can be exported to a csv file.

Syntax of the csv file

1. row: description of the parameters
2. row: units of the parameters
3. row: value

i i delimiter: ;"
Example:

Name;f m,k;f t,0,k;f t,90,k;f ¢ k;f ¢,90,k;f v,k;f rk;E_0;E_0,05;E_90;G;G_r;rho_k;rho_mea
n;f v,k IP;f T,k;f m,k,IP
JN/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N/mm2;N
/mm2;kg/m3;kg/m3;N/mm2;N/mm2;N/mm?2

Mat 1;24;16.5;0.5;24;2.7;3;1.25;11600;9667;0;720;72;380;500;5.5;2.5;21
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The user-defined materials are then displayed in the material selection list.

Optimization of layup

Use the button Beta! Optimise cross section...

Material

Mat 1 (User-defined) | w

ICL 24h
ICL 28h

ON_B_1995 1 1 2015
proHolz 2016
Mat 1 (User-defined) -

Spruce-Pine-Fir No.3 E90=0 -
Morthern No.1/No.2 E90=0
Morthern No.3 E90=0

Consider in the aptimisation:

Producer

best wood SCHNEIDER
| Cross Timber Systems
_| Derix

_| Eugen Decker

v| KLH
| Mayr-Melnhof Holz
] Piveteaubois

Ll 5tora Enso

Optimisation

Mumber of layers
3 ¥ 5 B |« 7 B |9

Plate thicknass
min | 60— mm max | 320— mm

Saved cross seclions

to display the window for layup optimization.

11

Hasslach
| Hassiacher _| My CLT cross sections
Options
Outer cross layers v Double layers
Vibration verification according to EN
Start I Stop
Producer Cross section Plate thickness Governing proaf Utilisation ratie
KLH 180mm 5s DL 10 mm Vibration 99.2 %
KLH 190mm 535 DL 190 rmim Vibration 95.4 %
KLH 200mm 5s DL 200 mm Vibration 90.1 %
KLH 220mm 7= DL 220 rmim Vibration B5.3 %
KLH 240mm 78 DL 240 mm Vibration TEA %
KLH 180mm 7ss DL 180 mm Vibration 91.9%
KLH Z200mm 755 DL 200 mm Vibranion BZ.8 %
KLH 220mm Tss DL 220 mm Vibration 7il%
KLH 240mm 755 DL 240 rmim Vibration B5.8 %
KLH 260mm 7ss DL 260 mm Vibration 61.6 %
KLH 2B0mm Ffss DL ZB0 mim Vibration 58.2%

Choose the selected cross section

With the help of this tool, the possible layups can be determined for the given system and load
situation. The optimization can be restricted with regard to producers, number of layers or by means
of limits for the panel thickness. Furthermore, outer cross layers or double layers can be included or
excluded. With the option "Vibration verification according to EN" the base document is included in

the vibration check or not.
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With the buttons "Start" and "Stop" the calculation is controlled. Please be patient, depending on the
selected parameter the calculation may take a little longer.

The possible setups are then displayed in the table and the selected setup can be transferred to the
main window by clicking the "Choose the selected cross section" button.

Cross section - 2017/11/14 17:11

Results and Output
Stiffness matrix
Determination and description of the single components

Bending and torsion

Dyq 3,526,400 Dy, 0 Dy3 0
D,, 433,067 D)3 0

D3y 144,492

Shear for CLT-plate loaded out-of-plane
24,272,685 N/m |~ 0 N/m |=
6,706,029 N/m |w

In-plane Stiffness values

£
H
[«

D7 464,000,000

o
=
3

Dgs | 1,392,000,000 Dg- 0 Deg 0
Dys

=
3

Dgg 77,728,132

Eccentric effects

yu
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Export possibilities

By clicking on the button

5.

The csv file can be imported into RFEM 5 via "Edit Surface" and the tab "Stiffness Matrix".

Export

| StiffnessMatrix.csv

Q- ) »
| A Start | Llayout | Tabellen | Diagramme | 33 A &~
Bearbeiten : Schriftart : Ausrichtung :

: R
ﬁ i §|Cal'|br'| [Textkdrp... |+ 12 |.| '

Einfugen | F| KU ||d" I'IMH Ausrichten |@ M % ﬂﬂﬂ|§

B4D 1 0 ® (- K v
] A NN < [ Db | E [ FI[=
1 |Stiffness Matrix Elements (Bending and Torsion)
2 D11 2.583,90 kMm
3 D12 0 kNm
4 (D13 0 kNm
5 |D22 678,6 KNm
6 D23 0 kNm
7 (D33 115,058 kMm
8
9 | Stiffness Matrix Elements (Shear)
10 |Das 16.829,76 kN/m
11 D45 0 kMSm
12 |D55 9.348,02 kN/m
13
14 |Stiffness Matrix Elements {Membrane)
15 Dok 1.044.000 kM,/m
16 |D&7 0 kMSm
17 De& 0 kMSm
18 (D77 696,000 kWN/m
19 |D7& 0 kMSm
20 |Da& T2.B70,12 kN/m
21
22 |Stiffmess Matrix Elements {Eccentric Effects)
23 |D16 0 kNm/m
24 (D17 0 kMm/m
25 |D1g 0 kMm/m
26 |D27 0 kNm/m
27 |D2& 0 kMm/m
28 |Das 0 kNm/m
29
30

P ._ StiffnessMatrix.cs [l
Mormalansicht Bereit A
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a csv file will be created, which contains the input data for RFEM
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Edit Surface |

General | Support / Eccentricity | FE Mesh | Hinges | Integrated | Axes | Grid |

Surface No.

1

Boundary Lines MNo.
[1-4

5|2

Boundary Nodes Mo.
[12:23:34:14

Material
| 2 | Poplar and Softwood Timber C24 | ONORM B 1995 7 |

| ==

Surface Type

Geometry: I. Plane

Stifness: [l Orthotropic

Surface type "Orthotropic’

Thicknezz ﬁ 5 :P,'-:
{* Constant '41 = C
Thickness d: I 15ﬂ-ﬂﬂi|_’| [mm]

& Varable. .. ey 2
ariable il f}{.

Comment o

| -l =

?| | & o 3| ok | Cancel
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Edit Surface Stiffness - Orthotropic E

General I Defined by stifness matrc  Stiffness Matrix | Transformed Stiffness Matrixl

Stiffness Matrix Elements (Bending and Torsion)

D11 : I 2553.5DD3: :] [kNm] Diz: I D.DDDE :I [kMm] D13: I D.DDDE :I [kMm]
D22 : I B?B.EDDE :I [kMm] D23 : I D.DDDE: :I [kMm]

Daz.:l 1316252]¥] [khim] Dy Dy Dhg 0 0 Dyg Dyy Dig

Dy Dag 0 0 sym. Dyy Dag

Stiffness Matric Elements (Shear) Dy 0 0 sym. sym. Dyg
D44 : I 15??5.?[}-[?3: :] [kM/m] D45 I D.DDDE: :I [kM/m] Dyy Dy 0 0 0
Dss: | 12058300y peh/m) Dy 0 0 0

sVIn D Dy Dgg

Dy; D

Stiffness Matrix Elements (Membrane) Dgg

Des | 1_[:~MDE+DE;3: :] kMN/m]  Der: | D_DDDE: :I leM/m] Des | D_DDDE: :I leM/m]
D77 | BS-EDDD.DDDE: I TeN/m] D7a: | D.DDDE: | [kM/m]
Dss: | 35352_2[:[:3: | N/m] Dyy ... D3y [Nm]

Dyg...Dsg [N/
Stiffness Matrix Elements (Eccentric Effects) 14 ss [N/m]

DHis I D.DDDE :] [cMmsm] D17 I D.DDDE: :I [eMrm.fm] Disg: I D.DDDE: :I [eMrm.fm] Dyg...Dys [Nm/m]

Da7: 0.000= kMmsm] D2s: 0.000= [kMm.fm]

Dz : I D.DDDE: :I [eMrm.fm]

BT
2| &8 [ ok | concel
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