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1. Introduction

1.1 Add-on Module RF-LAMINATE

The add-on module RF-LAMINATE from Dlubal Software calculates deformations and stresses
of laminate surfaces. For example, you can use RF-LAMINATE to design cross laminated timber,
glued-laminated timber or OSB boards. The module is well suitable for more than just timber
structures because you can create various layer compositions with any materials that can be
selected from the available material library. Of course, you can also create other materials,
which can be added to the library.

In RF-LAMINATE, you can create structures with different material models. Not only isotropic
and orthotropic material models are available, but also user-defined models and hybrid mod-
els, which allow for a combination of isotropic and orthotropic materials in one composition.
For orthotropic materials, individual layers can be rotated of angle S and you can take into
account different properties in a required direction. Furthermore in RF-LAMINATE, you can de-
cide whether or not you want to consider shear coupling of individual layers in the calculation.

Thanks to its clear layout and intuitive module windows for entering data, the module facilitates
your work. In this manual, all necessary information is provided for working with RF-LAMINATE,
including typical examples.

Like other modules, RF-LAMINATE is fully integrated into the RFEM program. However, it is not
only an visual part of the program. Results from the module, including graphical representa-
tions, can be incorporated to the RFEM printout report. Therefore, the entire analysis can be
easily and, above all, uniformly arranged and organized. The same structure of all Dlubal mod-
ules facilitates work with RF-LAMINATE as well.

We wish you much success during your work with the main program RFEM and its add-on
module RF-LAMINATE.

Your DLUBAL team

I Program RF-LAMINATE © 2013 Dlubal Software GmbH
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1.2 RF-LAMINATE - Team

The following people were involved in the development of RF-LAMINATE:

Program coordination

Dipl.-Ing. Georg Dlubal Ing. Pavel Barto$
Dipl.-Ing. (FH) Younes El Frem

Programming
doc. Ing. lvan Némec, CSc. Ing. Lukas Weis
Mgr. Petr Zajicek Mgr. Vitézslav Stembera, Ph.D.

Cross-section and material libraries
Ing. Jan Rybin, Ph.D.

Design of a program, windows, dialog boxes and icons
Dipl.-Ing. Georg Dlubal MgA. Robert Kolouch

Program testing

Mgr. Vitézslav Stembera, Ph.D. Dipl.-Ing. (FH) Bastian Kuhn
Ing. Iva Hor¢ickova

Manual, help system and translation

Ing. Iva Hor¢ickova Dipl.-Ing. (FH) Bastian Kuhn
Mgr. Vitézslav Stembera, Ph.D. Dipl.-Ing. (FH) Robert Vogl|
Mgr. Ing. Hana Mackova Dipl.-U. Gundel Pietzcker

Mgr. Michaela Kry3kova

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Walter Frohlich

Dipl.-Ing. (BA) Sandy Matula M.Sc. Dipl.-Ing. Frank Lobisch

Dipl.-Ing. (FH) Steffen Clauf3 Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Matthias Entenmann M. Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. Frank Faulstich M. Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori M.Sc. Dipl.-Ing. (BA) Frank Sonntag
M.Sc. Dipl.-Ing. (BA) Shaobin Ding Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Bastian Kuhn Dipl.-Ing. (FH) Robert Vogl

Dipl.-Ing. (FH) Andreas Horold Dipl.-Ing. (FH) Andreas Wopperer

Dipl.-Ing. (FH) Stefan Frenzel

1.3 Using the Manual

Topics such as operation system requirements or an installation procedure are described in
detail in the manual for the main program RFEM, therefore we put them aside in this manual.
On the contrary, we focus on RF-LAMINATE special features.

When describing RF-LAMINATE, we keep to a sequence and structure of input and result win-
dows. The described icons (buttons) are introduced in the text in square brackets, for example
[Details]. The buttons are also displayed on the left margin. Names of dialog boxes, windows
and individual menus are marked in the text by using italics, in order to find them in the pro-
gram easily.

An index for a quick search of certain terms is included in this manual too. If you still cannot
find what you need, please check our Web site www.dlubal.com where you can browse FAQ
pages and find suitable suggestions.

Program RF-LAMINATE © 2013 Dlubal Software GmbH
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1.4

Starting RF-LAMINATE

The add-on module RF-LAMINATE can be started from RFEM in several ways.

Main menu

You can start RF-LAMINATE by using the command from the RFEM main menu

Add-on Modules — Others — RF-LAMINATE.

[ Add-on Modules ] Window  Help

‘§ Current Module inate surfac = & > @ 1T @ V| Gy ﬁ [ o tﬁ’ $
Diesign - Skeel P&'%' }%qud? FIAER-H- &-
Design - Concrete 4
Design - Timber 4
Diesign - Aluminiunn 3
Crynamic 3
Connections 3
Foundations 4
Stabilicy »

Towers 4

Others H [T RF-DEFORM Deformation and deflection analysis

External Modules N M| RF-MOVE Generation of moving loads
-13» RF-IMP Generation of imperfections
r,; RF-STAGES Analysis of construction stages

RF-LOAD-3TEPS {nok installed)

RF-INFLLEMCE Generation of influence lines and surfaces

A& | RF-SOILIN

' | RF-@GLAss Design of glass surfaces

£F RF-LAMINATE

Soil-structure interaction analysis

Design of laninate surfaces

Figure 1.1: Main menu: Add-on Modules — Others — RF-LAMINATE

Navigator

You can also start RF-LAMINATE from the Data navigator by clicking the item

Add-on Modules — RF-LAMINATE - Design of laminate surfaces.

Project Mavigator - Diata o

ETS QFEM
= @ Laminate

+-|_J Model Data

_J Load Cases and Combinations
_J Loads

_ Results

_J Sections

| Average Regions

__J Printout Reports

_J Guide Objects

o Add-on Modules

<

T

T

m

B E G

fa

=

RF-3STEEL Surfaces - General stress analvsis of steel surfaces
RF-3STEEL Members - General stress analysis of steel members
RF-STEEL EC3 - Design of steel members according to Eurocode =
RF-3STEEL AISC - Design of steel members according to AISC (LRF
RF-STEEL IS - Design of steel members according to IS
RF-DEFORM - Deformation and deflection analysis

RF-MOYE - Generation of moving loads

RF-IMP - Generation of imperfections

RF-SOILIM - Soil-structure interaction analysis

RF-GLASS - Design of glass surfaces

RF-LAMINATE - Design of laminate surfaces

@ RF-TOMWER. Structure - Generation of lattice tower structures
RF-TOWER Equipment - Equipment For laktice towers
RF-TCOWER Loading - Generation of loads for lattice tawers

x

b

Load step caloulation

IQlData | [ Display 4 Yiews

Figure 1.2: Navigator Data: Add-on Modules — RF-LAMINATE

VANS
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Panel

= - If RF-LAMINATE results are already available in a certain RFEM model, you can set the relevant

'Ly

E] RF-LAMINATE design case in the load case list in the RFEM toolbar. By using the [Show Results]

K . .
LC2 button, you can display deformations or stresses.
RF-LAMINATE - Design of laminate sulfaces 24 play

The [RF-LAMINATE] button is now available in the panel; you can start RFE-LAMINATE by using

2 this button.
Panel o x
Dizsplacements for LC1

u-2 [rnirn]

21

E:

1.7

15

1.3

11

04

0s

0E

04

nz

0a

Max: 21

Min: 0.0

RF-LAMINATE

E a4

Figure 1.3: Panel: Button [RF-LAMINATE]
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Theory

Theoretical principles that are required for working with RF-LAMINATE are introduced in this

chapter.

2.1

ar
%
dj
D..

1

Ox:0y
Tyz1Txz1Txy

hn

fi b,0,k

Symbols

Thickness of individual layers [m]

Orthotropy direction [°]

Young's modulus of elasticity [Pa]

Young's modulus of elasticity in x"-axis direction [Pa]

Young's modulus of elasticity in y'-axis direction [Pa]

Shear modulus [Pa]

Shear moduliin x'y’ -plane [Pa]

Shear modulus in x'z -plane [Pa]

Shear modulus in y'z -plane [Pa]

Poisson's ratio [-]

Poisson's ratios in x'y’ -plane [-]

Specific weight [N/m?]

Coefficient of thermal expansion [1/K]

Elements of partial stiffness matrix in coordinate system x',y’,z [Pa]
Elements of partial stiffness matrix in coordinate system x,y,z [Pa]
Elements of global stiffness matrix [Nm, Nm/m, N/m]

Normal stresses [Pa]

Shear stresses [Pa]

Number of layers [-]

z-axis coordinate [m]

Bending moment inducing stresses in x -axis direction [Nm/m]
Bending moment inducing stresses in y -axis direction [Nm/m]
Torsional moment [Nm/m]

Shear forces [N/m]

Axial force in x -axis direction [N/m]

Axial force in y -axis direction [N/m]

Shear flow [N/m]

Characteristic value of strength for bending [Pa]

Characteristic value of strength for tension [Pa]

Characteristic value of strength for compression [Pa]

Characteristic value of strength for bending along grain [Pa]

Program RF-LAMINATE © 2013 Dlubal Software GmbH
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fiok Characteristic value of strength for tension along grain [Pa]
feok Characteristic value of strength for compression along grain [Pa]
fo.90,k Characteristic value of strength for bending perpendicular to grain [Pa]
fiook Characteristic value of strength for tension perpendicular to grain [Pa]
feook Characteristic value of strength for compression perpendicular to grain [Pa]
foquk Characteristic value of equivalent strength [Pa]
fayk Characteristic value of shear strength in plate plane [Pa]
fux Characteristic value of shear strength [Pa]
frk Characteristic value of rolling shear strength [Pa]
fod Design value of strength for bending [Pa]
fid Design value of strength for tension [Pa]
fed Design value of strength for compression [Pa]
fo.0.d Design value of strength for bending along grain [Pa]
fiod Design value of strength for tension along grain [Pa]
feod Design value of strength for compression along grain [Pa]
f0.90,d Design value of strength for bending perpendicular to grain [Pa]
fi00,d Design value of strength for tension perpendicular to grain [Pa]
feo0,d Design value of strength for compression perpendicular to grain [Pa]
foqud Design value of equivalent strength [Pa]
fay,d Design value of shear strength in plate plane [Pa]
fud Design value of shear strength [Pa]
frd Design value of rolling shear strength [Pa]

I Program RF-LAMINATE © 2013 Dlubal Software GmbH
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2.2  Material Models

As already mentioned in the introduction, you can create individual layers of a structure from
any material and from different material models in RF-LAMINATE. The following material mod-
els are available:

e  Orthotropic
e [sotropic

e  User-Defined
(] Hybl’ id

2.2.1 Orthotropic

Properties of an orthotropic material are distinct in different directions. Therefore, the material
is defined by using two moduli of elasticity £, and E,, three shear moduli G,, G,, and G
two Poisson's ratios v,, and v

yz!
specific weight y and coefficient of thermal expansion ;.

Xy !

Xy yx’
Layers
A [ B T C [ D | E [ F [ & [ H [T [ J 1 K [ L ~
Layer M aterial Thickness | Orthotropic | Modulus of Elasticity [N/mm2] | Shear Modulus [MAmm2] | Poisson's Ratio [] | Specific Weight | Coeff. of Th, Exp.
Na. Description t [mm] Direction g [7] Ex Ey Gxz Gyz Gy oy Fyx ¥ [N/m3] at [17K]
1 =l

2
3

Figure 2.1: Orthotropic material model
The moduli of elasticity and Poisson's ratios are in the following mutual relation

MRLESNE A 2.1

Examples of the orthotropic material are timber or rolled metal sheets.

Please note that when defining an orthotropic material, there are theoretically two ways how
to define Poisson's ratios. The way used in RFEM is described by using Equation (2.1) and is
characterized by the relation

Vyy >V (2.2)

yx

in case that the grain runs in x'-direction, thatis E, >E, . In literature, you can also find the
second way of the definition rarely, given by the equation vy !/ Ex=v,, /E, , leading to the in-
equality v,, <v,, . If you take the orthotropic material properties from a certain document,
you can easily find out the applied orthotropy definition from the inequality between both
Poisson's ratios.

In practice, material parameters are taken from standards. Let us show that on the example of
softwood timber of strength class C24, whose values are given in standard EN 338, in Table 1.

Eo mean =11000 N/mm’
Eo,mean =370 N/mm? (2.3)
Grnean =690 N/mm?
It is assumed by default that the grain runs in x'-direction. In this case the values have the fol-
lowing meaning

E,= EO,mean

Ey = E90,mean
ny =Gy; =Gmean (2.4)
G

G — _—mean

2 10

10
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where G,, is the shear modulus corresponding to the rolling shear stress. To find out the Pois-
son's ratios, it is convenient sometimes to use approximate Huber's formulas (see Huber [4])

|EE E
Vi z[#_q —x

2G,, E, 25
[EE E

vy L | 12
2G,, E,

For the softwood mentioned above you get

E, =11000 MPa

E, =370 MPa
Gy, =G,, =690 MPa
G,, =69 MPa 26
\J11000-370 11000 . '

Vi -1 =252

2.690 370

11000-370 370

Vi & J -1 \/ =0.08

2-690 11000

Now, let us introduce an example that illustrates the meaning of Poisson's ratios in the case of
an orthotropic material.

Example:

Consider the plane stress of a plane plate with the dimensions 1x1m.

SRR

NS

(R

Vi

X

Figure 2.2: Plane stress of the plate in x-direction and y-direction

In the case of the plane stress condition for an orthotropic homogenous material, Hooke's law
takes the form

1 0
EX EX
gX GX
v 1
g1=|—2= L oo, 2.7)
Ey Ey
Vxy Txy
0 0 G

Program RF-LAMINATE © 2013 Dlubal Software GmbH
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Furthermore, consider stress conditions without the shear stress ¢
implies that y,, =0 and it can be simplified to the form

x =0 Relation (2.7) then

1 Yy
gX _ EX EX O-X (2_8)
&) | Y 1|9
Ey Ey

At first, consider the stress in x -direction, where the stress is given by the relation
ox #0, o, =0. By the substitution to Equation (2.8), you get

o =0
Ex
(2.9)
ny
Sy = —E—GX

By using the combination of Equations (2.9) and (2.1), you get the relation for the Poisson's ra-
tio v,

y
Vi =—— (2.10)
gX
You proceed accordingly in case of the stress in y -direction, where the stress is given by the
relation o, =0, oy, #* 0. By the substitution to Equation (2.8), you get

14
— yX
EX ——an
(2.11)
(o2
Sy =
EY

By using the combination of Equations (2.11) and (2.1), you get the relation for the Poisson's

ratio v,

v 2.12)

Equations (2.10) and (2.12) can be interpreted in the following way: the Poisson's ratio Vi

is equal to the negative contraction ratio in direction j at the extension in direction i.

The case of the combined stress can be described by Equation (2.8) that can be converted to
the following schematic form:

ol

(2.13)

‘<H.| |‘<q ><”-| |><q

12
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2.2.2 Isotropic

An isotropic material has all mechanical properties the same in all directions. The material is
defined by using the modulus of elasticity £, shear modulus G, Poisson's ratio v, specific
weight y and coefficient of thermal expansion «;.

Layers

A4 [ B E D [ E [ F [ G H [
Layer Material Thickness Modulus of Elast. | Shear Modulug | Poiszon's Ratio Specific Weight | Coeff. of Th. Exp.
Na. Description t [rnrn] E [MAmim?] G [NAmmi | ¥ [ ¥ [Mém3] ot [1/K] Comment
1 Ll

2
3

Figure 2.2: Isotropic material model

Examples of the isotropic material are glass or steel. For the modulus of elasticity E, shear
modulus G and Poisson's ratio v the following relation applies
E
G=— (2.14)
2(1+v)
The value of the Poisson's ratio value is in the range (—0.999,0.5) , where the limit value v =0.5
corresponds to a voluminously incompressible material (in practice for example rubber).

2.2.3 User-Defined

A user-defined material model makes it possible to enter stiffness matrix elements of individu-
al layers directly. For the calculation of shear elements of the global stiffness matrix, you need
to fill in shear moduli G,, and G,. as well. The material is further characterized by the specific
weight y and by the coefficient of thermal expansion «.

Layers

A [ B [ E [ o [ E [ F [ G ] H [ ! [ J K [l
Layer M aterial Thickness Orthotropic | Partial Stiffness Matriz Elements [kN/m?] | Shear Modulus [N/mm?] | Specific Weight | Cosff. of Th. Exp.
Ho. Description t [rrn] Direction f[°] d'q d'z d'zz diz Gz Gyz ¥ [N/m?] ot [1/K]
1 g |

2
3

Figure 2.3: User-defined material model

2.2.4 Hybrid

A hybrid material model allows for a combination of isotropic and orthotropic layers.

Layers

& [ B [ C [ D [ E [ F G | H [ 1 J | K[s
Layer Material Material Thickness Oithotropic M odulus of Elasticity [N.Amrm? | Shear Modulus [MAmm? ] Poisson's Ratio
Ho. Description Model t [rom] Direction # [°] E Ey G Gyz Gy 3 ¥y
b -
2
3 lzotropic
4 User-Defined

Figure 2.4: Hybrid material model

Program RF-LAMINATE © 2013 Dlubal Software GmbH
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2.3  Stiffness Matrix

2.3.1 Shear Coupling of Layers Is Considered

Consider a plate consisting of n layers of a generally orthotropic material. Each layer has the

thickness t; and minimum and maximum z-coordinate z;..,,,z

i;minrs

i;max-*

Z1;min —
Z2umin = Z1;max — Layer No. 1
Z3:min = Z2;max
~ Layer No. 2
Z3.max <
Layer No. 3
z
Figure 2.5: Layer scheme
The stiffness matrix for each layer is d; according to the following relation
Ei.x VipyEiry 0
1-v7 Euiy 1-v? iy
iy g iy g
’ ' ;X ;X
diyy disy O
’ ’ E
i; .
d = 0 | = —VE 0 | i=1.,n (2.15)
' 1— 2 Ly
sym. (33 Viixy E_
i;x
sym. Gjxy

For isotropic materials, where E;,, =E;,, applies, the stiffness matrix has the simplified form

E; viE;
n 7
di;H di;12 0 E E.
d = o 0 | = —= 0| i=1.,n where G = ———(2.16)
; , 117 2-(1+v;)
sym. i;33
sym. G;

Because layers with orthotropic materials can be rotated arbitrarily by the angle g, itis neces-
sary to transform stiffness matrices of individual layers to a uniform coordinate system x,y
(local coordinate system of a surface).

diqi diny  dias
T g
d = di;22 di;23 = Ty, diT3><3;i 217)
sym. di33
where
? § cs
Toai =| & & —cs |, wherec = cos(f3), s = sin(f3) (2.18)

—2¢cs 2cs c?-s?

14
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The individual elements then are
4 2.2 g1 4 1 2.2
di}11 =C di;11+2C S d,';-|2+5 di,'22 +4C S d,';33
2.2 g 4 5 4 5 2.2 g 2.2 g
diqy = C°s°diq1+5"di +Cd gy +C757d}yy —4Cs7d] 33
3 3 g 3.1 3 g 3_p 3 g
ding = C7sdiqq+C57djgp =C7sdjqp = C57dj ) —2C7sdj33 +2¢5°dj 33

4 g 2.2 g 4 g 2.2 ¢
S'diq1+2¢757°d] gy + iy +4C757d] 33

di;22

3 37 3 g 3.7 37 3
dinz = €57dj.q1+C5diqy — €S d] 15 —C75d}.05 +2C75d}.33 —2¢57d} 33

2
2.2 4 2.2 p 2.2 2 2 '
di33 = €°s°djq1—2¢"5°d} .y, +C757d] o) +(c -5 ) f33
The global stiffness matrix is

[(Dyy D D3 0 0 Dy Dy Dy
Dy D3 0 0 sym. Dy Dy

D= (2.19)
Dss O 0 0
sym. Des  Dg7  Desg
D;;  Dyg
L Dgg
m r _ | Kx
X Dy Dy Dz 0 0 Dy Dy Dy K,
m, Dy Dy 0 0 sym. Dy Dy | |
Myy D3 0 0 sym. sym. Dsg Y
VX — D44 D45 0 O 0 yxz (2 20)
y Dss 0 0 0 Vyz
Ny sym. Dss  Ds7  Des Ex
ny Ds7  Dssg £
y
Nyy L Dgs |
7/Xy
Bending and torsion
Shear
Membrane
Eccentricity

If angles f; are multiples of 90°, the global stiffness matrix has the simplified form

(D D 0 0 0 Dy Dy O
D,, O 0 0 sym. Dy, O
Dy; 0 0 0 0 Dy

D= (2.21)
Ds O 0 O
sym. Dgs Dg; O
D, 0
Dgg

I Program RF-LAMINATE © 2013 Dlubal Software GmbH
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Stiffness matrix elements (bending and torsion) [Nm]
n 53 3 n 53 3 n .3 3
zi;max Z, min zi;max Z, min zi;max Z, min
Dy, = 2—3 d:n Dy, = 2—3 d:12 D3 = 2—3 d:13
i=1 i=1 i=1
n 3 3 n 53 3
Zi;max _Zi;min Zi;max _Zi;min
Dy, = 2—3 dioy Dy = 2—3 di3
i=1 i=1

n 3 3
z; Z;
_ I;max ,min
Ds3 = 2—3 di;33
i=1

Note: in case of the single layer plate of thickness t, the introduced relations lead to the famil-

iar relation
G-, A
n=1,3 3 S T TS 5 3
_ N Zizmax ~ Ziimin 2 2 2 ot .
D; = ’; 3 dij= 3 dyj =—5 v =35 i,j=123
Stiffness matrix elements (eccentricity effects) [Nm/m]
n g2 72 nozt 72 n oz 72
D‘|6 — Z I,I’haX2 I;min i D-|7 — Z l,max2 i;min d,12 D18 — Z I,maX2 i;min d,‘|3
i=1 i=1 i=1
2 2 2 2

n n
Zh oy — Zimi Zf oy — Zis
D., — i;max i;min D i;max i;min
27 — Z 2 df;22 28 Z 2 di;23

i=1 i=1

2
I max I min

Stiffness matrix elements (membrane) [N/m]

n n n
Dgg = zt:‘di;ﬂ De; = Zti di12 Deg = Zti diq3
o in i
n n
D;; = zti din Dyg = Zti di3
in i
n
Dgg = D t;d;33

Stiffness matrix elements (shear) [N/m]

The exact calculation procedure for shear elements of the stiffness matrix is not introduced,
but the following relations apply

5 5 4
miax(gGi;11ti) <Dy < gmax( Gi) Dt (2.22)
i=1
5 5 0
miax(gG,-;22 t,-j < Dgg < gmax( ,22)2 (2.23)
where
G‘;H G';12 ’
" |:S):m, G,I';zz - T2><2""Tc'iiT2><2;i (2.24)
where
G 0 cos( S sin( f;
G=| ° and Ty, =| (A1)~ sin(4) (2.25)
0 G, i —sin(f;) cos(/)
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The individual elements then are

_ 2 2
Gi;H =cC Gi;xz+s Gi;yz

Gi;12 = CSGi;xz _CSGi;yz

Gy = szGi;XZ+ch,-;yz, where ¢ = cos(f3;), s = sin(;)

2.3.2 Shear Coupling of Layers Is Not Considered

Now consider a plate consisting of n isotropic material layers, where the individual layers are
not shear coupled. Each layer has the thickness t; and minimum and maximum z-coordinate

Zi;minfzi;maX'

Z1;min —

Z3:min = Z2:max

Zomin = Ztmax —p

Z3:max

Figure 2.6: Layer scheme

ty Layer No. 1

t; Layer No. 2

t;  LayerNo.3

The stiffness matrix for each layer is d; according to the following relation

Ei.x VioyEisy 0
1-12 Ei;y 1-12 Ei;y
_Vi;xyr _Vi;xyr
’ ’ i;x i;x

diqy digp O E
d = i O #E 0 | i=1..,n (2.26)

, _,2 Fiy
sym. 33 T=Viy 3
i;x

sym. Gy

For isotropic materials, where E;,, =E;., applies, the stiffness matrix has the simplified form

E viE;

2 2 0
d d’ 1-vi 1-v;

i in2 E. E.
d = (99 0 ! 0 G = , i=1.,n (2.27)
' , 1—1/,-2 2-(1+v;)
sym. i:33 sym G
. i
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Because layers with orthotropic materials can be rotated arbitrarily by the angle g, itis neces-
sary to transform stiffness matrices of individual layers to a uniform coordinate system x,y
(local coordinate system of a surface).

diqi diny  dias
Ty
d = di;22 di;23 = Ty, diT3><3;i (2.28)
sym. d;33
where
? § cs
T =| & & —cs |, where ¢ = cos(f3), s = sin(5;) (2.29)

—2¢s 2cs c?-s?

The individual elements then are

digq = C*digy+20%5%d] 15 +57d} 5y + 475 3

diiy = czszd,f;” + s4d,-';12 +c4d,';12 +C252d;;22 —4c252d,f,.33

digz = C35d;;11 + cs3d,f;12 - C35df;12 - CSSd;;zz —2C35d;;33 + 2C53d;;33
diy = $'djq+26°5%d}gy + )5y +4c?s%d 3

_ 3 g 3ot 3 g 3 3ot 3 g
din3 = €5 diqq+C g =C5°diqp =750 05 +2C75d}33 =2C57dj 33

2
2.2 g 2.2 41 2.2 g 2 2 '
diz3 = €°5°djq1=2C7s7djp + 5" djo +(C =S ) di;33

The global stiffness matrix is

(D, D,y D3y O O O 0 O
D,, Dy 0 O 0 0 0
D, 0O 0 0 0 O
b Dy Dis O 0 O 2:30)
Ds; 0 0 O '
sym. Dss  De7 Deg
D77 D78
L D88
— - X
my Dy, D, D3 O o 0 o ||
m, Dy, Dy; O 0 0 0 4
M,y Dy; O 0 0 0 v
e | _ Dy Dis 0 0 0 ||7x 231)
Vy D55 0 0 0 7yz
ny sym. Des Ds7 Deg | |&,
ny D;;  Drg &y
D
Ny L 88 Yy

Bending and torsion
Shear
Membrane

18
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If angles f; are multiples of 90°, the global stiffness matrix has the simplified form

D;; Dy, 0 0 0 0 0 0
D,, 0 0 0 0 0 0
Ds3 0 0 0 0 0
b Dy O 0 0 0 (2.32)
Dis 0 0 O '
sym. Dgs Dg; O
D,, 0
L Dgg |
Stiffness matrix elements (bending and torsion) [Nm]
n l‘<3 n l'»3
D, =%"4d. D, =S -d.
1 ’;12 i1 12 ;12 in2
n t»3
D,, = » -Ld.
22 ,;12 i;22
n tS
Dys = Y Ld..
33 ;12 i;33
Stiffness matrix elements (membrane) [N/m]
n n
Dgg = ztidi;ﬂ Dg; = zti dia
i=1 i=1
n
D;; = Zti i
i=1
n
Dgg = Zti di;33
i=1
Stiffness matrix elements (shear) [N/m]
5 5
Dyy = D =Gigt; Dys = ) =Gyt
i=16 i=16
n5
Dss = > =Gt
i1 0
where
[Giar Giaa Ter
G = _s):m. G;;zz = Toai G (233)
where
(G 0 cos(B)  sin(B;
G; — Xz and szz;i — ] (ﬂl) (ﬁ/) (234)
| 0 G, —sin(B;) cos(f;)
The individual elements then are
2 2
Gi;H =cC Gi;xz+5 Gi;yz
Gi;12 = CSGi;xz _CSGi;yz
Gipy = 5°Gj, + %Gy ,Where ¢ = cos(f3), s = sin(;)
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3. Input Data

Input data of a structure is entered in windows, where calculation results are displayed as well.

After you start RF-LAMINATE, a new window opens and on the left side a navigator is dis-
played, which contains all currently accessible windows.

The windows can be opened either by clicking their names in the RF-LAMINATE navigator, or
you can browse through them by using the [<] and [>] buttons, displayed here on the left, or
also by the keys [F2] and [F3].

By using the [Calculation] button, you can run the calculation after all input data is entered.

When you click the [Details...] button, dialog box appears where you can set the limit defor-
mation, plate bending theory and other calculation parameters (see Chapter 4.1, page 33).

By clicking the [Graphics] button, you can display the RFEM workspace.

When you click the [OK] button, the entered data is saved and RF-LAMINATE is closed, whereas
by clicking the [Cancel] button, you quit the module without saving any changes.

3.1 General Data

In Window 1.1 General Data, you select the surfaces and loads for the design. You can specify
load cases, load combinations or result combinations for the ultimate limit state design and for
the serviceability limit state design separately in the corresponding tabs.

Design of

To select surfaces that you want to design, there is a text box where you can enter numbers of
individual surfaces. The All check box facilitates this selection. By the [Select Surfaces] button,
you can select the surfaces graphically in the RFEM work window. You can quickly delete the
list of preset surface numbers by using the [Delete Current List of Surfaces] button or select all
the text by double-clicking in the text box and rewrite it manually.

Material Model

In this section, you select the material model. The following material models are available:

e  Orthotropic

e [sotropic
e  User-Defined
e  Hybrid

For more information about material models see Chapter 2.2, page 10.

Comment

This text box is located in the bottom part of the window and you can quote your own notes
or explanations for the current RF-LAMINATE case there.
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3.1.1 Ultimate Limit State Tab
RF-LAMINATE - [Laminate]
Flle Settings Help
Input Data 1.1 General Data
General Data
Material Characteristics Design of Material Modlel
Material Strengths Surfaces No. Dthotrapic ~
i X oa
Ulimate Limit State: | Serviceabilty Limit State
Existing Load Cases Selected for Design m
[ai ) LC1 Persistent and Transient
N LC2 Persistent and Transient =
0O | 1351 + 15102 Pessistent and Transiert <
e
=
1
o
Calculation and design
of laminate surfaces
a . &

Figure 3.1: Window 1.1 General Data - the Ultimate Limit State tab

Existing Load Cases

In this section, the list of all load cases, load combinations and result combinations, which
were created in RFEM, is displayed. By using the [»] button, you can add the selected load
cases, load combinations or result combinations to the list on the right Selected for Design. You
can also select individual items by double-clicking. By clicking the [»»] button, you add all
items to the list on the right at once.

You can also perform a multiple selection of load cases by using the [Ctrl] key, as usual in Win-
dows. In this way, you can select and add to the list on the right several load cases at the same
time.

In the bottom part of the section, you can use the buttons [Select All] and [Invert Selection],
which facilitate the selection of requested load cases, load and result combinations together
with the roll-out list.

If load cases or load combinations are marked with an asterisk (*), as you can see for example
in figure 3.1 at LC3, you cannot design them. In such a case, no loads were assigned to these
load cases or load combinations or they contain only imperfections.

Selected for Design

The selected loads for the design are listed in the right column. By clicking the [«] button, you
can remove the selected load cases, load and result combinations from the list. Here, you can
select items with a double-click as well. By clicking the [«4«] button, you delete the entire list.

In this section, you can also assign the design situation Persistent and Transient or Accidental to
individual load cases, load and result combinations. The partial factors for material properties
are assigned on the basis of this selection. The values of the partial factors can be modified for
individual compositions in the Details of Composition dialog box. You can open this dialog box
by clicking the [Edit Composition Details...] button in Window 1.2 or 1.3.

Program RF-LAMINATE © 2013 Dlubal Software GmbH
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3.1.2 Serviceability Limit State Tab
RF-LAMINATE - [Laminate]
Flle Settings Help
Input Data 1.1 General Data
General Data
Mateiial Characteristics DR i kit o
g"ﬂtev‘ﬂ‘ itﬁ"g'h‘s Sutaces No Oithabopic ~
erviceabilly Data 1 @ Ca
Ultimate Limit State | Serviceabilly Limit State
Existing Load Cases Selected for Design m
Em-c [ ] L1 Characteristic .
CO1 | 1.351CT + 15102 W L2 Characteistic <
=
]
&
Calculation and design
of laminate surfaces
s v =
= B

Figure 3.2: Window 1.1 General Data - the Serviceability Limit State tab

Existing Load Cases

In this section, the list of all load cases, load combinations or result combinations, which were
created in RFEM, is displayed. After you add items to the list on the right Selected for Design,
Window 1.5 Serviceability Data is displayed in the navigator.

Selected for Design

The addition of load cases, load and result combinations to the list for the design, and their
removal is carried out the same way like in the previous tab (see Chapter 3.1.1, page 21).

In Selected for Design, the action combination is assigned to individual load cases, load and re-
sult combinations as well, either Characteristic, Frequent or Quasi-permanent. Different limit
values for the deflection are applied on the basis of this selection. You can modify the limit
values in the Details dialog box, in the Design tab. Open the Details dialog box by clicking the
[Details...] button.
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3.2  Material Characteristics

RF-LAMINATE - [Laminate]
Flle Settings Help
Input Data 1.2 Material Characteristics - Orthotropic

General Data

Material Characteristics Current Compostion List of Suriaces Composition Ho. 1

Material Strengths 11 Camp. 1 o [%][> @ @ @ 1

Semviceabily Data

Layers
[ A [ [ [ C [ D [ E [ F [ G [ H [ 1 [~
Layer Mateial Thickness | Orthowopic | Modulus of Elasticty [N/mmZ ] Shear Madulus [N/mm2] P

No Description [ Ditection 8 ['] Ex Ey G Gyz Gy oy

1 | Foplar and Softvood Timber C22 T 200 000 10000.0 3200 E30.0 630 £30.0

2| Poplar and Softwood Timber C22 240 30,00 10000.0 300 6300 630 630.0

3| Poplar and Softwood Timber C22 200 0.00 10000.0 3300 630.0 630 630.0

T

5

3

7

E]

E] v
< >
od @

Info

Layer Mo 1
1: Poplar and Softwood Timber C22
2: Poplar and Softwood Timber C22 « Specific weight 41000 (3]
3:Foplar and Sotbwood Timber C22

* Weight 8200 (NAn?]

£ Thickness: 64.0/ fmm]

£ Weight 26240 [NAn?]

Ontiorrs

Activate:

[] Partial factor ym

Losal Asxi
retion [ Modification factor kmed
Battom =5

Figure 3.3: Window 1.2 Material Characteristics

In this window, you define layer compositions for individual surfaces of a structure. The select-
ed composition is displayed in the Current Composition section. You can specify individual lay-
ers for each composition. You can create more compositions with various layers here. For each
composition, you need to define corresponding surfaces in the section List of Surfaces.

The following buttons are available here:

Button | Name

Create New Composition

Edit Composition Details...

Copy Current Composition

Delete Current Composition

%) B | [ (@) &)

Delete All Compositions

Select Surfaces

Table 3.1: Buttons in the window Material Characteristics

For each composition, the dialog box Details of Composition is available. Open it by clicking the
[Edit Composition Details...] button. Now, individual sections of the dialog box Details of Com-
position are described.
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Details of Composition No. 1

Calculation / Maodeling
Calculation Options

Consider coupling

[] Crass laminated timber without glue at narow sides

stitfness Reduction Factars
For diiling stiffness elements

Kaa: 1.00 05 [

Far shear stiffness elements
Kaq: 10035 [

Kss: 1.00 03 [

Partial Factors for Material Properties
Dresign Situation:
+ Persigtent/transient Fhd 1.30 :3: d

o Agcidental i: 100753

()8 ] [ Cancel

Figure 3.4: Dialog box Details of Composition

Calculation Options

In the section Calculation Options, the check box Consider coupling is selected by default, which
means that the shear coupling of layers is considered. More information about both ap-
proaches is in Chapters 2.3.1 and 2.3.2.

O, Oy, Tyy Ixz, Tyz Ox, Oy, Ty Txz, Tyz

Figure 3.5: Basic stresses of the two-layer plate subjected to bending: with shear coupling of layers on the left, without
shear coupling of layers on the right

Below, the check box Cross laminated timber without glue at narrow sides is available. This op-
tion is suitable for plates from boards without side glue, when it is considered that £, =0.

Stiffness Reduction Factors

In the section Stiffness Reduction Factors, you can reduce the torsional stiffness matrix element
D5 by using the factor K33. The correction is possible only for plates with the symmetric com-
position, for which the rotation angles are multiples of 90°. The correction is recommended in
the standard CSN 73 1702:2007, Chapter D.2.2 (5), page 127 (DIN 1052:2008, Chapter D.2.2 (5),
page 175).
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Next, you can reduce shear stiffness matrix elements D,, and D55 by using reduction factors
K44 and Kss. The correction is possible only for plates, for which the rotation angles are mul-
tiples of 90°.

The stiffness matrix is then equal to (the case of the symmetric composition is shown here)

KX

m _ _
x D, D, O 0 0 0 0 0 K,

my D, O 0 0 0 0 O
Myy KyD33 0 0 0 0 0 v
Ve | _ KuDs O 0 0 o0 ||/ (2.35)
vy KssDss O 0 0 Vyz
n, sym. D¢ Dg; O &y
ny D77 0 €y
Ny L Dgs |

7/xy

In Window 1.2 Material Characteristics, you can display the modified stiffness matrix by clicking
the [Show extended stiffness matrix elements] button.

Partial Factors for Material Properties

If you select the check box Partial factor y,, in Window 1.2, you can rewrite partial safety fac-
tors for material properties y,, for offered design situations in this section. The design situa-
tions are assigned to individual load cases, load and result combinations in Window 1.1 Gen-
eral Data, in the tab Ultimate Limit State (see Chapter 3.1.1, page 21).

RF-LAMINATE - [Laminate]
Fle Settings Help
Input Data 1.2 Material Characteristics - Orthotropic
General Data
Material Charactaristics Current Composition List of Surfaces Compostion Ma. 1
Maeril Shisngths 71 Camp. 1 ~[] (B ) 1
Serviceability Data
Layers
A I B [ o [ ] | E | F I G I H [ [
Layer M aterial Thickness | Onhotropic | Modulus of Elasticiy [N/mm2] Shear Modulus [NAmmZ] P
Ho Desciption Unml | Ditestion L1 Ex Ey B Bye Gy by
1 F’uﬁlel and Softwood Timber C22 = 200 0.00 10000.0 3300 6300 630 630.0
2 Poplar and Softwood Timber C22 240 0,00 10000.0 3300 B300 B30 E30.0
3 Poplar and Softwood Timber C22 20.0 0.00 10000.0 3300 6300 £30 6300
4
5
E
7
g
El v
< bd
EEX L& LE & A
Infor
Layer Ho: 1
1: Poplar and Softwood Timber C22
2:Foplar and Softweod Timber£22 « Spechic weight 4100.0] i3]
3 Paplar and Softaod Timber£22
- Weight 82.00 [in?]
% Thickness: 64.0] mm]
£ Weight: 262,40 [Min?]

Options.
Activate
] Patial factar v

Losal e
e aten” [ Modfication factor kmod

Battam

Figure 3.6: Window 1.2 Material Characteristics

In Window 1.2 Material Characteristics, in the Layers section, you enter individual layers for the
current composition. You can select the relevant material directly from the library, where a
large number of materials with all the necessary parameters are already predefined. You can
open the material library by clicking the [Import Material from Library...] button or you can
place the pointer to the corresponding line in column A and click the [...] button.
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Material Library

Filter
Material categary group:

M Tirnber v

Material categony:

[ Saftwood Timber w

Standard group:

BEEN v
Standard:
B EN 333:2009-10 w

Iaterial to Select
b4 aterial Description

@ Paplar and Saftwood Timber C14
@ Paplar and Softwood Timber C16
@ Paplar and Softwood Timber C18
@ Paplar and Saftwood Timber C20
O Poplar and S oftwaod Timber C22
@ Poplar and Softwood Timber C24
[ Paplar and Softwood Timber C27
[ Poplar and Softwoad Timber C30
@ Paplar and Saftwood Timber C35
[ Foplar and 5 oftwaod Timber C40
@ Paplar and Softwood Timber C45
@ Paplar and Softwood Timber C50

Standard

B EN 338:2009-10
B EN 335200310
B EN 332:2009-10
B EN 338:2009-10
& EN 332:2009-10
B EN 332:2009-10
B EN 338:200910
I EN 338:2009-10
B EN 338:2009-10
B EN 335200310
B EN 332:2009-10
B EN 338:200910

E Poplar and Softwoad Timber C14 [Perpendicular to the | B8 EN 335:2009-10
[ Poplar and Softwood Timber C16 [Perpendicular to the | B8 EN 333:2003-10 -

= e P mam e o o e e e

Foplar and Softweood Timber C22 | EN 335:2009-10

[nclude irvealid...

[ Favarites only...

Material Propetties

= Main Properties ~
Moduluz of Elasticity E 10000.000 | MPa
Shear Maodulus G £30.000 | MPa
Specific Weight ¥ 410 kM/m3
Coefficient of Thermal Expansion [ 5.0000E-05 | 17K
Partial 5 afety Factor Fhi 1.30

= Additional Properties

Characteristic Strength for Bending frmk 22.000 | MPa
Charactenistic Strength for Tension feok 13.000 | MPa
Characteristic Strength for Tension Perpendicular fe 20,k 0.400 | MPa
Characteristic Strength for Compression fe 0k 20,000 | MPa
Characteristic Strength for Compression Perpendicular fo.,00 k 2.400 | MPa
Charactenizstic Strenath for Shear/T orsion fur b 3.800 | MPa
Modulus of Elasticity Parallel Enmean 10000.000 | MPa
Modulus of Elasticity Perpendicular Ean mean 330.000 | MPa
Shear Maodulus Gmean £30.000 | MPa
Diersity Mk 340.0 | kg/ms
Modulug of Elasticity Parallel Eops £700.000 | MPa hd

oK

Figure 3.7: Material library

] [ Cancel

The material library is very extensive, therefore various filters are available. The offer of materi-
als can be reduced in the list by using the criteria Material category group, Material category,
Standard group and Standard. In the material library, in the list Material to Select, you can
choose the required material and then check its parameters in the lower part of the dialog box.
When you click the [OK] button, press the [] key or double-click a material, you import the
material to Window 1.2 Material Characteristics of RFE-LAMINATE. Then it is possible to adjust all
material parameters directly in the module.

Furthermore, using the [Import Layers from Library...] button, you can enter the entire compo-
sition at once. There, you have the library of layers where you can select the Producer, Type and
Thickness.
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Import Layers from Library

Selection Layers
Producer: Mo
1
Binderholz M 2
3
Type:
Sum
Thickness:
BBS 66mm [v]

Thicknezs [mm] Beta["]
200 0.00
260 90.00
200 0.00
BE.0
[ 0K ] [ Cancel

Figure 3.8: Dialog box Import Layers from Library

If you select the orthotropic material model in Window 1.1 General Data, the orthotropy direc-
tion according to the currently entered g is displayed in the RFEM graphic when you enter in-
dividual layers in Window 1.2 Material Characteristics, see the following picture. In this way, you
can check your settings visually.

1.2 Material Characteristics - Orthotropic

Current Compostion

= ~isk) B
Layers
A B C
Layer Material Thickness Orthotropic
Ho Description t [rirn] Direction g [*]

1 Poplar and Softwood Timber C22 <] 200 0.00
2 Paplar and Softwood Timber C22 24.0 30.00
3| Poplar and Softwood Timber C22 200 0.00

1.2 Material Characteristics - Orthotropic

Current Compostion

11 Comp. 1 >l (B E] [
Layers
A B C
Layer Material Thickness Orthotropic
Ma Drezciiption b [mm] Direction £ [*]

1 Poplar and Softwood Timber C22 200 0.00
2 Poplar and S oftwood Timber C22 7] ... 24.0 30.00
3| Poplar and Softwood Timber C22 200 0.00

Figure 3.9: Display of the orthotropy direction S

Below the Layers section, a number of useful buttons are available. The buttons have the fol-
lowing functions:

Dlubal

Button | Name

Function

Load Saved Layers...

Loads the composition that was saved before.

=

Save Layers As...

Saves the entered composition from Window 1.2.
This composition can be then reloaded to any oth-
er RF-LAMINATE composition by using the [Load
Saved Layers...] button.

Delete All Layers

Deletes all data from Window 1.2.

[E)) >4

Import Material from Library... | Opens the dialog box Material Library.
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Import Layers from Library... | Opens the dialog box Import Layers from Library.

Show layer stiffness matrix Displays elements of the stiffness matrix that is
elements explained in Chapter 2.3.

Show extended stiffness ma- | Displays elements of the global stiffness matrix
trix elements that is explained in Chapter 2.3.

Jump to graphic to change Opens the RFEM work window for a graphical
view check, but does not quit the RF-LAMINATE module.

| ]| k)@

Exports the contents of the current table to MS

E Mi ft Excel
xport to Microsoft Excel or Excel or to the Calc application from the OpenOf-

=

ffice. I
Openoffice.org Calc fice.org package = Chapter 7.2, page 58.
Imports the contents of a MS Excel table, the 1.2
Import from Microsoft Excel Material Characteristics sheet, or from the Calc
or OpenOffice.org Calc application of the OpenOffice.org package to Win-

dow 1.2.

Table 3.2: Buttons in the window Material Characteristics

In Window 1.2 Material Characteristics, under the table on the right, Info is provided about the
specific weight and weight of the current layer, and about the total thickness and total weight
of the selected composition.

Furthermore, in the Options section, there are check boxes to consider the partial factor y,
and modification factor k.4 for the design. You can set the values of the partial factors for
each composition separately in the dialog box Details of Composition. The values of the modifi-
cation factors for all compositions are the same and you can edit them in the Details dialog
box. If you select the check box Modification factor k,.q, see figure 3.10, another Window 1.4
Load Duration and Service Class is displayed in the navigator.

RF-LAMINATE - [Laminate]
File Settings Help
Irput Data 1.2 Material Characteristics - Orthotropic
General Data
Material Characteristics Current Compostion List of Surfaces Compostion ho. 1
Material Strengths 11 Comp. 1 (<] E] @ 1
Load Duration and Service Class
Sewviceabily Data s
[ A [ [ [ T [ 1] [ E [ F [ G [ H [ [~
Layer Material Thickness | Onhotiopic | Modulis of Elasticiy [N/mm?] Sheat Modulus [N/mm?] Pt
No. Desciiption t [rnmn] Direction § ['] Ex Ey Gixz Gyz Gy ey
T | Poplar and Seftwoed Timber 6223 200 0.00 10000.0 200 6300 630 6300
2| Poplar and Saftwood Timber C22 210 90.00 10000.0 200 6300 630 6300
3| Poplar and Scftwood Timber £22 200 0.00 10000.0 B/0.0 6300 630 630.0
s
5
5
7
g
E] ~
< >
K] BE (=
Infor
Layer No: 1
1: Foplar and Softwood Timber C22
2: Poplar and Softmood Timber C22 = Specific weight 41000 [him3]
3t Poplar and Softwosd Timber C22
* Weight 82,00 (rum?]
£ Thickness: 64.0] imm)
I Weight: 262,40 [Mim?)
Options
Activate:
[ Bartial factor ya
Losal # g X
Diacton (oo a0 e
Bottom

Figure 3.10: Window 1.2 Material Characteristics - the modification factor kmod

28

Program RF-LAMINATE © 2013 Dlubal Software GmbH



® 3 Input Data 4&

Dlubal

3.3  Material Strengths

RFLAMINATE - [Laminate]
File Settings Help

Input Data 1.3 Material Strengths - Orthotropic

General Data
Material Characteristics Current Compasttion List of Surfaces Campostian Mo, 1

Material Strengths 1| Comp. 1 vk (=)@ (@) (X]E) [

Load Duration and Service Class
Serviceabilly Dat e

[ A [ 8 [ ¢© [ 0 T F T F [ & [ H T T T T J»
Layer Matenal Stiengths for Bending 7 Tension 7 Comprassion [N/mmZ] Shear Strengths [N/mmZ ]
No. Description fio 0k f.00.c fok hank fe.0c fe 30 e ey ke frke fRk
1 Poplar and Scitwood Timber £22_~ 220 220 130 0.4 200 24 e e 1.0
2 Paplar and Saftwood Timber C22 220 220 130 0.4 20.0 24 EL) EL) 1.0
El Poplar and Softwond Timber C22 220 220 130 0.4 200 24 EL] EL] 10
[
5
3
7
E]
E]
10

ENFIEY =] B

Info

Layer No.: 1
1: Foplar and Seftwood Timber C22
2: Poplar and Softwoad Timber C22 « Spexific weight 41000 pean?]
3: Poplar and Softwond Timber C22

« Weight 22,00 (nin2]
Z Thickness: B4.0| [mm]
= Weight 262,40 [Nim?)
Options

Activate:

(] Partial factar
Local s = i,
Direstion [¥] Modification factor kmad

Bottom

IMaterial Description (F7 to select)

Figure 3.11: Window 1.3 Material Strengths

In Window 1.3, all characteristic strengths are displayed, imported for individual layers of a cur-
rent composition from the material library. You can change these values simply by editing the
values in Window 1.3.

Below the table, there are the same buttons as in the previous window, which are described in
Chapter 3.2 on page 23.

Again, under the table on the right, Info is provided about the specific weight and weight of
the current layer, and about the total thickness and total weight of the selected composition.
There are also check boxes to consider the partial factor y,, and the modification factor k,4-
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3.4 Load Duration and Service Class

RFLAMINATE - [Laminate]
File Settings Help
Input Data 1.4 Load Duration and Service Class
General Data
Material Characteristics Assigning of Load Duration Classes to Load Cases § Combinations: Service Class
Material Strenaths [ A [ B [ c [ .
o Load- Load Duration Class Factor © Identicalfor ol sufaces

Load Duration and Service Class

Serviceabilty Data '”g Description Loading Type LD Kemod Servioe class
[T} Permanent 060 1 [
Lc2 Imposed Long-term 0.70
CO1_|1.35L01 #1.5102 Longlem 0.70
O Different
Note

Service class 17 Interior

Temperature of 20°C and the relative humidity of the
sunounding air only exceeding 65% for 2 few weeks per
year,

Evample:
Buiidings classd from al sides and heted buildings

Service class 2 Exterior. under cover
Temperature of 20°C and the relative humidiy of the
suounding air only exceeding B5% for a few weeks per
year.

Example:
Roofed buildings withot walks

Service class % Exterior, l expased
Climatic condtions lsading to higher moisture contents
than in Gervice Class 2

Example
Stiuctural members are fieely exposed o weather effects

lLoad Duration Class (P'ermanert #'L'ong-term / Mecium-term /'Short-term / Trstantaneous { F7 to select)

Figure 3.12: Window 1.4 Load Duration and Service Class

If you select the check box Modification factor k,,,q in Window 1.2 Material Characteristics or in
Window 1.3 Material Strengths, Window 1.4 Load Duration and Service Class is displayed. Here,
all load cases and combinations that were selected for the design in Window 1.1 are displayed.
In columns A and B, Description and Loading Type as defined in RFEM are shown. In column C,
the Load Duration Class - LDC is set, where the assignment to various classes follows the stand-
ard EN 1995-1-1:2006. The classification of load combinations and result combinations adhere
to the governing load automatically. When you fill in column C, the corresponding factor k.4
is supplied automatically. You can preset its value in the Details dialog box under the Design
tab.

In the section Service Class , you can assign service classes to surfaces. The service classes are
required for determination of the modification factor k,.4. The description of individual ser-
vice classes is provided directly in the window and is based on the standard EN 1995-1-1:2006,
Chapter 2.3.1.3.

The service class can be set the same for all surfaces, or you can select Different.... Then click
the [Assign surface to corresponding service classes...] button and display the dialog box
where you can assign individual surfaces to different service classes.
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Assign Surface to Corresponding Service Class

Service Class 1
Surfaces No:
1

Service Clazs 2

Surfaces No:

Service Clazs 3

Surfaces No.:

Service clazs 11 Interior

Temperature of 20°C and the relative humidity of the
surrounding air only exceeding 69% for a few weeks per
year,

Examnple:
Buildings closed from all sides and heated buildings

Service class 20 Exterior, under cover

Temperature of 20°C and the relative humidity of the
surrounding air only exceeding 89% for a few weeks per
yEar,

Example:
Fioofed buildings withaut walls

Service clazz 3 Exterior, fully expozed

Climatic conditions leading ta higher moisture contents
than in Service Class 2.

Example:
Structural members are freely expozed to weather effects

Ok l [ Cancel

Figure 3.13: Dialog box Assign Surface to Corresponding Service Class

In the dialog box Assign Surface to Corresponding Service Class, the following buttons are avail-

able:

Button | Function

sponding service class.

Performs the graphical selection of surfaces that will be assigned to a corre-

Assigns all surfaces to a corresponding service class.

Assigns all surfaces that were not selected yet to a corresponding service class.

Table 3.3: Buttons in the dialog box Assign Surface to Corresponding Service Class

Dlubal
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3.5 Serviceability Data

RFLAMINATE - [Laminate]
File Settings Help

Input Data 1.5 Serviceability Data
General Data
Material Characteristics
Material Strenaths
Load Duration and Service Class
Sk Tl

Assigring of Reterence Lengths to Surfaces
[ A | ] [ C | ] [ E
Mo Reference Length Canti-
List of Surfaces Manual L [ra] leseer Comment

El 1 a 3000 a
2

EET

List of Surfaces (=.9." 3,5-7 ¢ F7 to select)

Figure 3.14: Window 1.5 Serviceability Data

The last input window is 1.5 Serviceability Data. In column A, you can enter individual surfaces.
In column B, choose whether you want to enter Reference Length L manually or not. If you do
not select the Manual check box, the length of the longest boundary line of the relevant sur-
face is set automatically. In column D, select whether there is a Cantilever or not and it is possi-
ble to write your own Comment in column E.

All entered data is important for the correct application of limit deformations. You can check
and if necessary modify these values in the Details dialog box, in the Design tab (see Chapter
4.1.1, page 34).
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Calculation

4. Calculation

Before you start the calculation (by using the button with the same name), it is necessary to
check the detailed settings for the design. Open the relevant dialog box, which is described in
the following chapter, by clicking the [Details...] button.

Before the calculation begins, it is checked whether the global stiffness matrix is positive-

definite, see 9.2.

[Dyy Dy D3 O

Dy Dy 0O
D
D - 44
sym.

Ds; O 0 0
Des  Ds7  Des
D;;  Drg
Dgg

The calculation then runs globally with the entire structure that was modeled in RFEM.

4.1 Details

For the reason of clarity, the Details dialog box is divided into the following tabs:

e Design
e  Stresses
e Results

The following buttons are common for all the tabs:

(4.1)

Dlubal

Button | Name

Function

Help (F1)

Calls up the online help for RF-LAMINATE.

Units and Decimal
Places...

can set units for RF-LAMINATE.

Opens the dialog box Units and Decimal Places, where you

Reset Dlubal Standard
Values

Sets all values in the Details dialog box to the original
Dlubal values.

EE[ELE

Default

the default setting that was saved previously.

Sets all parameters in the Details dialog box according to

B

Set As Default

ous button [Default].

Saves the current setting as default. You can then reload
this setting to any RF-LAMINATE case by using the previ-

Table 4.1: Buttons in the Details
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4.1.1 DesignTab

Details
Desian | Stresses | Results
Serviceabilty Limits (Deflections)
Type of Combination: Cantilevers
+ Characteristic L 300 2 Let 160 /2
+ Freguent Li 200 2|+ Lo 100 2+
+ Quasi-permanent L 2002 Lef 1002
Modification Factar
[#] sctivate
Service Class
Load Dwration Clags (LDC): 1 2 3
+ Permanent kmad © 0B0[E" 0.60 5 0.50 [
+ Long-term kmod : 070 % 070 5 05515
+ Medium-term kmad © 08015 0.80 5 0.65 [
+ Short-term kmod : 0,902 0,90 1% 0.70 %
+ Instantaneous kmad © 1100 1105 0.90 %
+ Shart-term / Instantaneous kmad © 10005 1.00 5 0.80 %
()8 ] [ Cancel

Figure 4.1: Dialog box Details - the Design tab

Serviceability Limits (Deflections)

The limit values of allowable deflections are set in six text boxes. In this way, you can enter
specific data for various action combinations (characteristic, frequent and quasi-permanent)
and for surfaces supported on both sides or one side only. The action combinations are as-
signed to load cases, load combinations and result combinations in the tab Serviceability Limit
State in Window 1.1 General Data (see Chapter 3.1.2, page 22). Reference lengths L are entered
for individual surfaces in Window 1.5 Serviceability Data (see Chapter 3.5, page 32).

Modification Factor

Values of the modification factor k.4 are provided there according to the Load Duration Class
(LDC) and Service Class. The values follow the standard EN 1995-1-1:2006, Table 3.1. You can
rewrite numeric values of the modification factor. The modification factor is then assigned to
individual load cases according to the corresponding load duration class in Window 1.4 Load
Duration and Service Class (see Chapter 3.4, page 30).
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Details

Design | Stresses | Results

12 inkf 1d+ 1y
[V]® int{ meje 90+ TR)

12 ink{ 1d+Tuy)
1 ink{ mje, 50+ 7R)

O = O =

O & O &y

D@ Yoy Da Yoy
(<€) €)

T Display Plate Bending Theory
Top/Bottam Layer tiddle Layer @ Mindiin
aen e o O Kirchhoff
O oy O oy
O me M 1y el . - -
guivalent Stresses According to (for lsotropic Materials)
O e e 12
[ ny O my
[#]e oba O oba
[w] ™ oban ]2 oba
w2 oico e oo
M mja0 O o
[P obrtjen e sb+ien
[V]® obte,a0 e ab+tie,a0
0o = e =

(] 8 ] [ Cancel

To Display

Figure 4.2: Dialog box Details - the Stresses tab

In this section, you can choose which stresses you want to display in the result windows by us-
ing check boxes. The stresses are separated for middle layers and for top/bottom layers. The
buttons [Select All] and [Deselect All] are available to facilitate the selection.

Basic stresses o, Oyi Tyys Tz Ty, Ar€ calculated by the finite element method in RFEM, other

stresses are then calculated from these basic stresses in the RF-LAMINATE module. Formulas
valid for a single layer plate are introduced in the following table.

-t/2
O v
i X
E 77 H e~ _—r
Ixz

y
r
v
y Ox Cm
y Tyz Tyx o, Y
Y M
Y Myx myC

z

Figure 4.3: Basic stresses and the sign convention for the single layer plate subjected to bending
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Normal stress in x-direction

o the stress on the positive surface side is
equal to

my

, Where t = plate thick-
ness

o the stress on the negative surface side is
equal to
n, 6m,
X,— = Y
t

X _
t 2

Normal stress in y-direction

o the stress on the positive surface side is equal
to

o, = —=

y yi+ ¢ 12

o the stress on the negative surface side is equal
to

6my

1'2

n
O-y— :_y_
' t

Shear stress in xy plane

o the stress on the positive surface side is equal
to
Ny 6m,,

Ty 4 =
Xy, t 2

y

o the stress on the negative surface side is equal
to

Y B 6me

Ty =

t t2

Shear stress in xz plane

¢ in the plate center
— 3 VX
2t

TXZ

Shear stress in yz plane
7y e in the plate center
3v
e, =0
o2t

Table 4.2: Basic stresses
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Generally, the stresses in individual layers are calculated from the total internal strains of the
plate

0 0
v [0 e 0y do ow  ow o v oou v 2
ot ox oy oy Ox Ox oy ox 0Oy oy Oox
The strains in individual layers are calculated by using the relation
u o9y
&, 2x gx
g(z) = g ¢ = Vol 9 (4.3)
’ oy oy
Y0 au ovi |0y opy
oy Ox oy

where z is the coordinate in z -direction, where the stress value is requested. If there is for ex-
ample i—th layer, the stress is calculated by using the relation

o(z) = dig(z) (4.4)
where d; is the partial stiffness matrix of the i —th layer.

Now, it is necessary to divide stresses according to the material model - isotropic or ortho-
tropic.

Isotropic material model

Details

Design | Stresses | Results

To Display Plate Bending Theary

Top/Bottam Layer tiddle Layer @ Mindiin
e o e o O Kirchhoff
e oy e oy
Eg Tyz Eg Tyz Equivalent Stresses According to (for lsotropic Materials)

T T
= = Won Mizes, Huber, Hencky
LI 7 L™ 7 Shape modification hypothesiz
e n e n 2 o
e o e o O Tresca
Mo« O« Mawimum shear stress criterion
[#]e eqv [ oeqv () Rankine, Lamé
1 1 Mawimum principal stress criterion
D T Trnax Iz‘ T Trnax
LI & L2 & () Bach, Navier, 5t. Wenant, Poncelet
O e O = PFrincipal strain criterion
I:|€> Yy Do Yoy
N (=) (=
o [caes

Figure 4.4: Dialog box Details - the Stresses tab for the isotropic material model
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The effect of the transversal shear stresses is expressed by the quantity:

Maximum transversal shear stress

Tmax [
_ 2 2
Tmax = z-yz T Tz

Table 4.3: Maximum transversal shear stress

The relations for the calculation of principal and equivalent stresses are introduced in the fol-
lowing table. The effect of the shear stresses is neglected in the formulas z,, and z,,.

Principal stress

2
o1 Oxtoy+ (UX—O'y) +4T§y
2

0-1:

Principal stress

2
02 Ox+oy,— ) +472

(UX 9 Xy

y
2

62:

The angle between the local axis x and the direction of the first principal stress

y
1 o an°
o = —atan2(2r,, oy -0, ), @=(-90°,90°)
2 s,
Function atan2 isimplemented in RFEM this way

arctanZ x>0 X
X

o y
arctan=+7 y=>0,x<0
X

arctanl—ﬂ y<0,x<0
X

atan2(y,x) =

+— y>0,x=0

-— y<0,x=0

0 y=0,x=0

Equivalent stress according to von Mises, Huber, Hencky
(Shape modification hypothesis)

—_ 2 2 2
Oeqv = \/O'X +0, —0,0,+37),

Equivalent stress according to Tresca
(Maximum shear stress criterion)

2
2
> 5 ‘o‘x+o‘y‘+ (JX—O'y) +475,
Cequ = Max (o-x—o—y) +475,, >

Oeqyv
Equivalent stress according to Rankine, Lamé
(Maximum principal stress criterion)

2
‘GX+Uy‘+ (UX—O'y) +4r)2(y
Oeqv = 5

Equivalent stress according to Bach, Navier, St. Venant, Poncelet
(Principal strain criterion)

_ 1-v +1+v 2 472
Oeqy = Max TGX-J-Gy 5 oy—0y,) +41,,, V|joy+0o,

Table 4.4: Stresses for the isotropic material model
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Details

Design | Stresses | Results

To Display Plate Bending Theary

Top/Bottam Layer tiddle Layer @ Mindiin
aen e o O Kirchhoff
O oy O oy
O re: [ 142 Eaui ] ; ;

guivalent Stresses According to (for lsotropic Materials)

O e [ 12
[ ny O my
[#]e oba O oba
[ ob30 [ aba0
w2 oico e oo
M mja0 O o
W] ob+tjen e b+
[V]® obte,a0 e ab+tie,a0
Oe = e w
12 inkf 1d+ 1oy [ int rd+7ey)
] int{ o, 30+ 7R) 1 int{ oz, 30+ 7R)
O & Oe =
O & O &
DG Yy Da Yoy

(&

oK

] [ Cancel

Figure 4.5: Dialog box Details - the Stresses tab for the orthotropic material model

Normal stress along the grain oy
Ob+t/co = Ox cos® B+ Ty Sin2f+o, sin? 8
Opayic,90
Ob+t/c,0
LY
Y h ©
z X
1 - grain direction

Normal stress perpendicular to the grain
Ob+t/c,90 .2 . 2

Optt/ico0 = Ox SiN° f—1,,sin2+0, cos” 3

Tension/compression component of the normal stress along the grain
F/c0 _ Ob+t/c0(top) T Ob+t/c,0(middle) T Ob+t/c,0(bottom)

O-t/c,O -

3

Tension/compression component of the normal stress perpendicular to the

grain
Ot/c,90

_ Ob+t/c,90(top) + Ob+t/c,90(middle) T Ob+t/c,90(bottom)
Ot/c90 =
3
o Bending component of the normal stress along the grain
b,0

Ob0 = Ob+t/c,0 ~ 9/c0

o Bending component of the normal stress perpendicular to the grain
b,90
Ob,90 = Ob+t/c,90 ~ Ft/c,90
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Rolling shear stress
TR = —Ty,sinf+7,cosf
7 ) 7 )
" y Uy
R
z

Table 4.5: Stresses for the orthotropic material model

It is important to realize that the stresses y,1/c 0/ Cbit/co0: Tt/cor Tticoor Tbor Oboos Tr are

expressed in the coordinate system of the grain x’,y’,z, which can be rotated differently in

every layer in general. That is why discontinuities in stress values of individual layers can occur
at their boundaries. The transformation formulas for these stresses are introduced in Chapter
5.1.

The normal stress contains the bending component and the tension/compression
component for individual layers.

Ch+t/c Ot/c

5t

Figure 4.6: Decomposition of the normal stress into the tension/compression component and the bending component

Plate Bending Theory

For surfaces, you can choose the bending theory according to:
e Mindlin
e Kirchhoff

The shear strain is considered for calculation according to the Mindlin theory, but not accord-
ing to the Kirchhoff theory. The bending theory according to Mindlin is suitable for massive
plates, the bending theory according to Kirchhoff for relatively thin plates.

Because the shear stresses 7,, and z,, are not determined exactly in the Kirchhoff's theory,
they are calculated from equilibrium conditions. You can calculate them by using the follow-
ing relations

3v, v

T ==X =15X% (4.5)
XZ,max 2 t
3v v

Tymax = ETy = 1.sTy (4.6)
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Equivalent Stresses According to (for Isotropic Materials)

You can determine the equivalent stresses in four different ways:

Equivalent stress according to von Mises, Huber, Hencky

(Shape modification hypothesis)

This hypothesis is known as HMH, the VON MISEs hypothesis, or as the energy criterion. The
equivalent stress according to this hypothesis is calculated by using the relation

Ceqv = \/af + 0'5 —0,0, +3r)2(y (4.7)

Equivalent stress according to Tresca

(Maximum shear stress theory)
This equivalent stress is generally defined by using the relation

Oeqy :max(|01—02|, |- a3, |‘72—U3|) (4.8)
which is on the condition o3 =0, simplified to

Tequ =Max(|oy =3/, o], o2]) (4.9)

[ 2
2
O'X+O'y|+ (O'X—O'y) +4rxy

2
Oequ = Max (o-x—ay) +472,, 5 (4.10)

and the resulting equation

Equivalent stress according to Rankine, Lamé

(Maximum principal stress criterion)

This hypothesis is known as the normal stress hypothesis or as the equivalent stress according
to RANKINE. The Rankine's stress is generally defined as the maximum of absolute values of
principal stresses

Oeqv :max(|c71|, |02|, |G3|) 4.11)
which is on the condition o3 =0, simplified to
Oeqv = max(|o1|, |O-2|) (4.12)

and the resulting equation

o ~ O'X+ay|+./(ax—ay)2+4rfy @.13)

eqv 2

Equivalent stress according to Bach, Navier, St. Venant, Poncelet

(Principal strain criterion)

The principal deformation hypothesis or the equivalent stress according to BACH. The equiva-
lent strain is defined as the maximum strain that originates in the direction of principal stresses

Ceqv = max(|o1—v(02+a3)|, oy —v(e1+03), |03—v(0'1+02)|) (4.14)
which is on the condition o3 =0, simplified to

Oeqv = Max(|oy—va,|, |0y —voy|, v]oy+03)) (4.15)
and the resulting equation

0X+0'y|+1+TV (O‘X—O'

2 2
y) +47,,, v

'I_
Oequ = max{TV 6X+O'y|:| (4.16)

In the formulas for the equivalent stress, influence of shear stresses z,, and z,,. is neglected.
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4.1.1 ResultsTab

Details
Design || Stresses | Results
Display Result Tables Results in
2.1 Max Stress/F atio by Loading () FE mesh points
2.2 Max Stress/Ratio by Suiface ) Grid points
2.3 Stresszes in All Points
Irternal Forces Diagram Used for Design
31 Max Displacements [ &pply smocthed internal forces in the defined
smooth ranges

4.1 Parts List

(%) Only for sufaces to be desighed

() OF all surfaces

Figure 4.7: Dialog box Details - the Results tab

Display Result Tables

In this section, you can specify which result windows you want to display. There are various
windows with result values of stresses, displacements and parts lists, which you can switch on
or off by using the relevant check boxes.

Individual result windows are described in Chapter 5. Results on page 44.

Results in

Stresses and displacements are displayed in all FE mesh points by default. However, you have
the option to display results in grid points that you have defined and that are saved in RFEM as
a surface property (see the RFEM manual, Chapter 8.12).

In the case of smaller surfaces, the default grid point spacing of 0.5 m can cause that only a
small amount of points exists on a surface or even one point, the initial grid point. In such a
case, you generally do not get any maximum values because the resulting grid is too coarse.
The spacing of grid points then should be adapted to the surface dimensions in RFEM, in order
to create more grid points.

Internal Forces Diagram Used for Design

In this section, you can select the check box Apply smoothed internal forces in the defined
smooth ranges and thus use the smooth ranges that were specified in RFEM during the stress
calculation in RF-LAMINATE.
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4.2  Start Calculation

In all RF-LAMINATE input windows, you can start the calculation by clicking the [Calculation]
button.

You can also start the RF-LAMINATE calculation from the RFEM user interface. Add-on modules
are displayed in RFEM in the dialog box To Calculate, in the tab Load Cases / Combinations /
Module Cases. You can open this dialog box in RFEM by using the command from the main
menu

Calculate — To Calculate....

To Calculate

Load Cages / Combinations / Module Cases | Result Tables

Mot Calculated Selected for Calculation
MNo. Description fd Mo, Description g

| c_Jiu|
W LC2
W LC2
CO1 [1.35°C1 +1.51C2
Cat RF-LAMINATE - Design of laminate surfaces

¥

2][e]

<
<

All i .

Figure 4.8: Dialog box To Calculate in RFEM

If an RF-LAMINATE design case is missing in the Not Calculated list, you have to select Add-on
Modules in the bottom part of the dialog box.

By using the [»] button, add the selected design case to the list on the right. Then, start the
calculation by using the [OK] button.

You can also start the calculation of an RF-LAMINATE design case from the toolbar. You set the
requested design case in the list and then click the [Show Results] button.

Add-on Modules  Window  Help

“§ RF-LAMIMATE - Design of laminate surfac = < 2O | G h'a B

G- -t amAL- BAADS

Figure 4.9: Direct calculation of the RF-LAMINATE design case in RFEM
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5. Results

Window 2.1 Max Stress/Ratio by Loading is displayed immediately after the calculation ends. In
the Details dialog box, in the Results tab, you can specify which result windows you want to
display (see Chapter 4.1.1 on page 42).

All result windows are accessible from the RF-LAMINATE navigator. To browse through indi-
vidual windows, you can use the [<] and [>] buttons, displayed here on the left margin, or the
function keys [F2] and [F3].

Ok By clicking the [OK] button, you save all input data and results and close
Cancel RF-LAMINATE, whereas by clicking the [Cancel] button, you quit the module without saving
the data.

In the result windows, a number of useful buttons is available. The buttons have the following
functions:

Name Function

Jump to graphic to change Opens the RFEM work window for a graphical
view check, but does not quit the RF-LAMINATE module.

Opens the RFEM work window for a graphical se-

Select . .
lection of surfaces or points.

Show current results in RFEM | Displays results from the current line in the RFEM
graphic graphical window in the background.

Displays only the rows with the design ratio >1 in

Show rows with ratio > 1
tables.

Displays the colored background in result tables

Show color bars in table . .
according to the relation scale.

Exports contents of a current table to MS Excel or
to the Calc application from the OpenOffice.org
package = Chapter 7.2, page 58.

Export to Microsoft Excel or
OpenOffice.org Calc

(]
=

Table 5.1: Buttons in result windows

In this chapter, individual windows are described gradually according to their sequence.
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5.1  Max Stress/Ratio by Loading

RF-LAMINATE - [Laminate]
File Settings Help
Input Data 2.1 Max Stress Ratio by Loading
General Data
Material Chaacteristics Ca T8 [ © T 6 [ € T FT 6 [ H [ T [ T T & T T T 1] S
Matorn Sterhe Load | Suface| Point Paint Caardinates (] Layer Shizsses [N/ | Ratia Graph
o g | N | Mo X 1 z Mo | zlmml | Side | Smbol | Existing Limit Fl |inPrintout Report
Serviceabity Data LC1
Results 1 13 0500 3000 0000 1 00]Top Ty 018 228 0.08
M Stress/Fiatio by Loading 1 1 0.000 0.000 oo 2 00 Top b0 1.95 1320 0.18 ]
Mo Stress/Fiato by Suface 1 1 0.000 0.000 0.000 1 00Top | b0 005 1320 0.00 a
Shiesses in All Pointe 1 18 1.000 1.500 oo 3 440 Top | oten 1.21 780 016 a
M Displacemerts 1 1 0.000 0.000 oo 3 440(Top | orieso 012 024 0.49 a
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Figure 5.1: Window 2.1 Max Stress/Ratio by Loading

If the calculation proceeds successfully, Window 2.1 Max Stress/Ratio by Loading opens. In this
window, maximum stress values or maximum ratios are displayed for each load case, load
combination or result combination that you selected for the design in Window 1.1 General
Data, in the tab Ultimate Limit State. The numbers of load cases, load and result combinations
are shown in the heading of each section.

Regarding the fact that compositions with layers from different materials are often designed in
RF-LAMINATE, it can happen that the maximum ratio is found in a different location than the
maximum stress value. For this reason, below the table you can choose whether you want to
display the maximum stress ratios or maximum stress values in the table.

Individual columns of Table 2.1 are described below.

Surface No.

This column contains the numbers of surfaces, for which maximum values of stress compo-
nents or ratios were found during the calculation. The data is shown for individual load cases.

Point No.

In this column, the numbers of FE mesh points are displayed, or of grid points, where the stress
values or ratios reach the maximum. The grid points represent the option to display results in-
dependently of the FE mesh, in a regular spacing that you defined. Their count and arrange-
ment are set in the Grid tab in the dialog box Edit Surface in RFEM.

In the Details dialog box, in the Results tab, you can specify whether you want to evaluate the

results in FE mesh points or in grid points (see Chapter 4.1.1, page 42).

Point Coordinates

The displayed global coordinates X, Y, Z specify the point with the maximum value of the giv-
en stress or its ratio.
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Layer
In columns F - H, the layer number is listed, z —coordinate and side of the given layer, where
maximum stress values or ratios occur.

Stresses

Symbol and Existing
Here, the maximum stress values that you selected in the Stresses tab, the Details dialog box,
are displayed. The symbol and the existing numeric value are shown.

Limit

The limit value (limit stress) results from the material selection for individual layers in Window
1.2 Material Characteristics.

If you use the modification factor k.4 or the partial factor y,,, then the design stress values
(with subscript d) are calculated from the characteristic limit stress values (with subscript k),
according to

fod ok
fid fex
fc,d fc,k
fb,O,d fb,o,k
frod fox
fc,O,d K fc,O,k
foo0d [ = —med fb.00k (5.1)
fooa | M | oo
fc,90,d fc,90,k
fxy,d fxy,k
fv,d fv,k
feqv,d feqv,k
fR,d fR,k

If the modification factor and the partial factor are not used, it is considered that
kmog=1and yy, =1.

Ratio

The ratio of the design stress and limit stress is calculated for every stress component. The ratio
of the surface in the corresponding FE mesh point or grid point is listed for each selected kind
of stress. If the limit stress is not exceeded, the ratio is less than or equal to 1 and the stress de-
sign is satisfied. Thus the entry in column L allows you to quickly assess the efficiency of the
design.
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The following tables show the ratio calculation for particular kinds of stress.

Isotropic material model

Stresses [Pa] | Ratios [-]
Oyex |%ba|
vex | 17bxl g Oyex >0
o _ fd fb,d
. -
Ovex| , [oba]
| t/CIX + bIX |f O-t/ SO
f, fy X
cd b,d
o |Ub,| .
LA DA Cyey >0
f, f, vy
. _ td b,d
’ |
o-t/c,| |O-b,| .
L4 + Y |f O't/clySO
fed o
oy, .
L ifoy>0
fia
o =
(o .
| 1| if 0,<0
fc,d
oy .
—2 ifoy>0
fa
0-2 =
O-
‘ 2‘ if 0, <0
fc,d
[eay|
Oeqv
feqv,d
|7max]
z-lTh':lX f
v,d
i ]
Xz fld
z-X
y
Tyy
fv,d
T
i
Ty, -
vd

Table 5.2: Ratios for the isotropic material model

VAN
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Orthotropic material model

Stresses [Pa] | Ratios [-]
O]
O i1
- fo,0,d
o |0'b,9o|
%0 fo,00,d
Ot/co -
ft—c if oy >0
10,d
Ot/c0 =
Oyco| .
|f—C| if O-t/C,O <0
c,0,d
a0 i Ot/c00 >0
ft,90,d
Ot/¢,90 =
‘ |C7t/c,9o| if <0
ﬁ It Otc 00 =
c,90,
Oyco , |9b0] According to:
f—c+|f—| if Oye0 >0 CSN 731702, (127), (128)
Obit/co =] tod  bod DIN 1052, (127), (128)
: loveo|  |ono " 0 DIN EN 1995-1-1/NA, (NA.130),
Tt MOouee= (NA.131)
c0d  Tbod
O]
Fye20 +—| b’9°| if Oyco0 >0
o ft,90,d fb,90,d
b+t/c,90 =
|O't/c90| |0'b90| .
—_— |f Gt/ 190 <0
fc,90,d fb,90,d ;
Tyy
T
v fxy,d
T Jl
R
fad
2 2 According to:
. 7d xy _ ; CSN 731702, (129)
intlzy+7 —_—t+—, =7,,COSp+1,,SIN ’
(rat ) 2y g ¢ " Froesinf | BiN10s2, (129
DIN EN 1995-1-1/NA, (NA.132)
oyeoo | || According to:
(ues0+ ) Fong fy OUes0>0 CSN 73 1702, (130), (131)
Y90 TR = o ’ DIN 1052, (130), (131)
|O't/c,90| |TR| . DIN EN 1995-1-1/NA, (NA.133)
fc,90,d Rd ¢ (NA.134)

Table 5.3: Ratios for the orthotropic material model
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The stresses Gj,yco, Obsr/coor Tds 7r are defined in the coordinate system of the grain x,y’,z
and the following transformation formulas apply

2 2
s 2¢s

Ob+t/c,0 Ox

| 2 2 4| | € S||Tx
Obsticoo (=| S° € —2¢5 |o, ¢, Y i N (5.2)

R - yz
*
—cs ¢s 2-s° Txy ;Tw—’
2x2

TG
or, equivalently, in the non-matrix form

2 2
Obst/co =C Oy +5° 0y +2¢sT,,

2 2
(o] =s“0,+C 0, —2CsT
b+t/c,90 X y xy (5.3)
Ty =CTy, +57),
TR =—STy, +CTy,

where s=sinf, c=cosf and p is the rotation angle of the considered layer.

Graph in Printout Report

In the last column of the table, you can select the stress diagrams by thickness, displayed in the
lower part of the window, that you want to import to the printout report of RF-LAMINATE, see
Chapter 6.2.2, page 56.

5.2 Max Stress/Ratio by Surface

RF-LAMINATE - [Laminate]
File Settings Help
Input Data 2.2 Max Stress Yalue by Surface
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Rosuls 1 0000 0.000 oo ol | 2 200 Top  |ov0 427 15.40 028 a
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Shesses in Al Points 1 0000 0.000 000 ol | 3 440 Top | oveso 0.2 0.28 [ u]
M a Displacements 1 0.000 0.000 0000 cot 2 200 Top Thiic.d 427 028 a
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] 0.000 1.500 oo ool | 2 320 Midde | 7R 012 070 07 a
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Figure 5.2: Window 2.2 Max Stress/Ratio by Surface

This result window contains the maximum stresses/ratios for every designed surface. The data
is listed according to individual surfaces.

Individual table columns are described in Chapter 5.1 Max Stress/Ratio by Loading on page 45.

Program RF-LAMINATE © 2013 Dlubal Software GmbH

49



5 Results

VANS

5.3

Stresses in All Points

Dlubal

RF-LAMINATE - [Laminate]
File Settings Help
Input Data 2.3 Stresses in All Points
General Data
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Ma Stiess/Ritio by Loading [ .20 005 1320 [ o
Max Stress/Ratio by Suface I— Ttic 0147|1200 001 a
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[ — e an 5]
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200 Bottom | ey 004 228 (A a
) oos| 1320 [} a
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T, 017 1200 0o a
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Point No Surface No.: Composition Ho.. Loading
] v ] v A PR B Mavato | 0w (01 @ =& 2
Stress - T 0.02 Nimm?
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2 0lono m
Local axis
Dire tion
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Figure 5.3: Window 2.3 Stresses in All Points

In this window, the stresses and ratios are displayed in every FE mesh point, or in every grid
point of the designed surfaces. In the Details dialog box, in the Results tab (see Chapter 4.1.1,
page 42), you can set whether you want to display the results in FE mesh points or in grid

points.

In the Details dialog box, in the Stresses tab, you can also specify which stress components you

want to display in the window.

Individual table columns are described in Chapter 5.1 Max Stress/Ratio by Loading on page 45.

If needed, you can filter the data in the table according to numbers of FE mesh points, num-
bers of surfaces, compositions or loadings. Selection is possible either from the lists under the
table or you can select a certain point or surface in the graphical window by using the [Select]

button.
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54 Max Displacements

RF-LAMINATE - [Laminate]
File Settings Help

Inpust Data 3.1 Max Displacements
Generdl Data

Malerial Characteristics A g | _c | o | E | 3 [ 6 | #H | !

Materil Strangths Sufscs | Pont Point Caordinates [m] Type of Displacements [mm] Flatio
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Serviceability Data 1 1.000 1.600 0ooo) et CH 24 10.0 024
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Max Stiess/Ralio by Loading
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Figure 5.4: Window 3.1 Max Displacements

This window is displayed only if you have selected at least one load case for the design in Win-
dow 1.1 General Data, in the tab Serviceability Limit State (see Chapter 3.1.2, page 22). Here, the
maximum values of displacements are shown from load cases, load combinations or result
combinations that you selected for the serviceability limit state design.

The data is listed according to individual surfaces.

Displacements

In the column Displacements, you can see the displacements in the direction of local axes z of
given surfaces, which are governing for the deformation analysis. You can display the local ax-
es of the surfaces in the Display navigator in RFEM.

In column |, the limit values of deformations are displayed. These values are determined from
the reference lengths L, which are entered in Window 1.5 Serviceability Data, see page 32, and
from the general limit values defined for the serviceability design in the Details dialog box, in

the Design tab (Chapter 4.1.1, page 34).

Ratio

In the last column, ratios of the resulting displacement u, (column G) and the limit displace-
ment (column H) are shown. If the limit deformations are not exceeded, the ratio is less than or
equal to 1 and the deformation design is satisfied.
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5.5 Parts List

RF-LAMINATE - [Laminate]
Fle Setings Help
Input Data 4.1 Parts List
General Data
Material Characteristics A [ B [ C [ D [ E [ 3 [ G [
Material Shiengths Surface Material Thickness No.of Area Coating Volume “weight
Load Duration and Service Class > DeEETEn ] lerzm (i (] (1] Ul
Serviceabiity Data 1 | 200 2 E.000 12.000 0.240 0.038
Results Poplar and Softwood Timber C22 240 1 E.000 0.000 0144 0.053
Max Stress/Ratio by Loading Z B4.0 3 £.000 12.000 0.384 0157
Max Stress/Ratio by Surface
Shiesses in Al Poinls EACE] 6,000 12,000 0384 0157

Mas Displacements
Parts List

BE
@ EE

Figure 5.5: Window 4.1 Parts List

The last result window shows the overall review of surfaces. The data refers only to designed
surfaces by default. If you want to display the parts list of all surfaces in the structure, you can
modify the setting in the Details dialog box, in the Results tab (Chapter 4.1.1, page 42).

Surface No.
This column contains the numbers of individual surfaces.

Material Description
Surfaces are classified according to materials.

Thickness
In column B, the thickness of layers tis displayed. The thicknesses can be also found in input
Window 1.2 Material Characteristics.

No. of Layers
This column shows the number of layers in the structure that have the given material and
thickness.

Area
Here, information about the area of every surface is displayed.

Coating
The total surface coating is calculated based on the upper and lower surface. Side surfaces are
neglected.

Volume
The volume is calculated as the product of the thickness and surface area.
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Weight
In the last column, the weight of every surface is displayed. This entry is calculated based on

the surface volume and the specific weight of the selected material.

Total

In the last table row, you can see the total sums of individual columns.
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6. Printout

6.1  Printout Report

As usual in RFEM, a printout report is created for the design results in RF-LAMINATE at first. You
can insert graphical displays or your own comments to the printout report. In the printout re-
port, you can also select which RF-LAMINATE result windows you want to print.

The printout report is described in detail in the RFEM manual. Chapter 10.1.3.4 Selecting Data
of Add-on Modules is important in particular. This chapter describes the selection of input and
output data in add-on modules.

You can create several printout reports for each model. Especially in the case of complex struc-
tures, it is recommended to create a few smaller printout reports instead of one large report. If
you create for example a separate printout report only for RF-LAMINATE data, the printout re-
port is processed relatively fast.

The stress components, which were selected for the display in result windows in RF-LAMINATE,
appear in the printout report.

6.2  Printing RF-LAMINATE Graphics

6.2.1 Results on the Model in RFEM

Graphical displays of the performed designs can be incorporated in the printout report or sent
directly to a printer. In Chapter 10.2 Direct Graphic Printout in the RFEM manual, the printing of
graphical displays is described in detail.

Every image that is displayed in the graphical window in RFEM can be incorporated in the
printout report. In the same way, you can take over result diagrams on sections to the printout
report as well, by clicking the [Print] button in the respective window.

You can print the current RF-LAMINATE graphical display in the RFEM work window by using
the command from the main menu

File — Print Graphic...
or by clicking the relevant button in the toolbar.
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Figure 6.1: Button Print Graphic in the toolbar in the main window

Then, the following dialog box appears.
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Graphic Printout

General | Options | Colar Spectrum | Factars

Graphic Picture windovy To Print Graphic Size

() Directly to a printer... iy @ Current anly () s zorean view

(%) To a printout repart; FR1 V 0 window filling

() To the Cliphoard () Maszs print... () Toscale 10 |00 v

Graphic Picture Size and Rotation Options
s whale page width

() Use whole page height
(%) Height; 50 % [% of page]

[ Lock graphic picture [without update]

R atation: 05 [

Header of Graphic Picture
RF-LAMIMATE - Surfaces Tau-=p, Cal, lzometric

Ok l [ Cancel

Figure 6.2: Dialog box Graphic Printout - the General tab

This dialog box is described in detail in Chapter 10.2 Direct Graphic Printout in the RFEM manu-
al. Other tabs Options, Color Spectrum and Factors are described there as well.

You can move the RF-LAMINATE graphics to another place in the printout report, by using the
drag & drop function.

Inserted images can be also modified additionally: right-click the corresponding item in the
printout report navigator and choose Properties... in the local menu. The dialog box Graphic
Printout is displayed again, and you can set possible changes there.

Graphic Printout

Propertiez | Options | Color Spectrum | Factors

Scoript Symbils Frame
) Proportional %) Proportional ) Mone
%) Conztant () Conztant (%) Framed
Factaor: 1 :C: Factar: 1 :3: [ Title bos...
Print Guality Colar
() Standard [max 1000 « 1000 Pixels) O Grayscale
) Mawimurn [mas BO00 % BO00 Pivelz) () Tests and lines in black
(®) Uzer-defined ) &l calared

Max number of pixels: 1000 15

oK l [ Cancel

Figure 6.3: Dialog box Graphic Printout - the Options tab
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6.2.2 Stress Diagrams

In Windows 2.1, 2.2 and 2.3 of RF-LAMINATE, you can incorporate a selected picture to the
printout report by using the check boxes in the column Graph in Printout Report. In figure 6.4, it
is apparent that the stress diagram z,,, in point [0.5, 3.0, 0.0] will be displayed in the printout

report.
RF-LAMINATE - [Laminate]
Fie Settings Help
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Figure 6.4: Window 2.1 Max Stress/Ratio by Loading

The selected pictures are then displayed in the printout report in Chapter 4.2 Stress Diagrams.

l4.1 PARTS LIST

H4.2 STRESS DIAGRAMS

Fart Material Description Thickness Layer Area Coating Wolurne Weight
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Figure 6.5: Stress diagrams in the printout report
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7. General Functions

Commonly used functions from the main menu and export options for design results are de-
scribed in this chapter.

7.1 Units and Decimal Places

Units and decimal places for RFEM and all its add-on modules are set in one central dialog box.
In RF-LAMINATE, you can open the dialog box for the setting of units by using the command
from the main menu

Settings — Units and Decimal Places....

The dialog box that is already familiar from RFEM opens. The RF-LAMINATE module is already
preset in this dialog box.

In figure 7.1, you can see that some units are marked with a red arrow (the thicknesses and ma-
terial characteristics in this case). This marking is used for a quick orientation in the dialog box
Units and Decimal Places, for the currently opened RF-LAMINATE window. In this case, Window
1.2 Material Characteristics is opened in the module, therefore it is very easy to find and then

change the units related to this window.
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Surface weights:

Angles:

Limit strengths:

Thermal expangion coef.:

Paiszon's ratios:

stitfness Matrix Elements

Bending:
Shear, membrane:
Eccentric effects:

Layers:

Lnit
Mmm™2
MN/m™3
MNim™2

Mmm™2
14K

kMm
kM/m
kMrmdm
kM/m™2

<

<

<

<

Dec. places

1 4

Ll S O I

4

4

[2t]
MLd
-

A1) (80| |[S]] (40

Ok

Cancel

Figure 7.1: Dialog box Units and Decimal Places

You can save the settings as a user-defined profile and then use it in other models. You can
find the description of this function in Chapter 11.1.3 Units and Decimal Places in the RFEM

manual.
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7.2  Export of Results

You can also transfer the analysis results to other programs in a variety of ways.

Clipboard

You can copy the marked rows in the RF-LAMINATE result window to the Clipboard by using
the buttons [Ctrl]+[C] and then transfer for example to a text processor by using [Ctrl]+[V]. The
headings of table columns are not exported.

Printout report

RF-LAMINATE data can be incorporated in the central printout report (Chapter 6.1, page 54)
and then exported by using the command from the main menu

File —> Export to RTF....

This function is described in Chapter 10.1.11 Export Printout Report in the RFEM manual.

Excel / OpenOffice

RF-LAMINATE provides a direct export of data to MS Excel or to the Calc application from the
OpenOffice.org package.

You call up this function from the main menu of RF-LAMINATE
File —> Export Tables....

The following dialog box for the data export opens:

Export - MS Excel
Table Parameters Application
Wit table header
] Orly marked rows (%) OpenOffice. org Calc
() C5Y file Format

Tranzfer Parameters

[ Export table to active workbook

Rewrite existing worksheet

Selected Tables

() Active table [] E=part tables with details
(& tables
[ Ok ] [ Cancel

Figure 7.2: Dialog box Export - MS Excel

As soon as you select the required parameters, you can start the export by clicking the [OK]
button. Excel or Calc need not run in the background, it is automatically started before the ex-
port.

58

Program RF-LAMINATE © 2013 Dlubal Software GmbH



7 General Functions / |\

EEAH9->-|= Listl - Microsoft Excel = B2
Home Insert Page Layout Formulas Data Review View Add-Ins & e =R
_"—"—j 35 Calibri I | A %I:'.E'Insert' z - 51? \;a
Ez~- B T L] B% Delete ~ @ e

Paste Styles | . Sort & Find &

- - | EiFormat - | 2~ Fitter v select~
Clipboard 1= Font ] Alignment F] Mumber Fl Cells Editing

B16 - B 1
A B C D B F G H 1 J K L M

1 | Load- || Surface | FEMezh Point Coordinates [m] Layer Stresses [Nfmm’] Ratio
2 ing No. | PaintNo. X ¥ z No.| z[mm] | Side Symbol Existing Limit H
3 LC1
4 1 1 0,000 0,000 0,000 3 64,0|bottom |1, 0,24 1,44 0,17
5 1 52 0,000 0,750 0,000 2 32,0|middle |1, 0,08 1,44 0,06
6 1 1223 0,500 0,200 0,000 2 20,0|top Oaz 0,51 13,20 0,04
7 1 1251 0,500 0,750 0,000 2 20,0|top - 0,02 13,20 0,00
8 1 1251 0,500 0,750 0,000 3 44,0|top Oyen 1,07 7,80 0,14
9 1 1230 0,500 0,225 0,000 1 0,0(top [ 0,02 1,44 0,02
10 1 1251 0,500 0,750 0,000 2 £4,0|bottom | Gyuyee 1,56 0,17
11 1 1230 0,500 0,225 0,000 1 0,0|top [ -0,05 0,03
M 4 » W] 2.1 Max Stresses by Loading ./ ¥J IEN! il | » Y
Ready | ||EE|E M@ 100% (=) (+)

Figure 7.3: Results in MS Excel: Table 2.1 Max Stress/Ratio by Loading

7.3  Keyboard Shortcuts

In individual windows and dialog boxes of RF-LAMINATE, you can call up frequently used func-
tions from the keyboard quickly:

[F1] Help

[F2] Next Window

[F3] Previous Window

[F7] Selection in Tables

[F8] Copy the Last Table Row

[FI] Calculator

[Ctrl+2] Copy a Table Row to Next Row
[Ctrl+C] Copy to the Clipboard

[Ctrl+F] Find in the Table

[Ctrl+H] Find and Replace in the Table
[Ctrl+I] Insert a Row in the Table
[Ctrl+L] Go to Row with a Given Number
[Ctrl+R] Delete Table Rows

[Ctrl+S] Save Data

[Ctrl+V] Insert Data from the Clipboard
[Ctrl+X] Exclude from Table

[Ctrl+Y] Empty the Current Table Row
[Ctrl+Z] Undo

Table 7.1: Keyboard shortcuts

Dlubal
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Several examples are introduced in the following chapter.

8.1 Calculation of Stiffness Matrix Elements

Consider a plate consisting of three layers that are shown in figure 8.1 and their material char-
acteristics are displayed in figure 8.2.

Figure 8.1: Layer scheme

10 mm Layer No. 1
16 mm Layer No. 2
12mm Layer No. 3

Layers
| A & T & [ © ] CF [ & [ " [ T [ T [ E
Layer hd aterial Thickness Orthotropic | Modulus of Elasticity [M/mm] Shear Modulus [MAmmé] Poizson's Ratio [-] | Specific \weight
Ho D escription t [rm] Direction &[] Ex Ey Gxz Gyz Gy oy Fyx ¥ [N/m3]
1 Poplar and Coniterous Timber C16 10.0 0.00 8000.0 270.0 500.0 50.0 500.0) 0.200) 0.007 3700.0
2 | Coniferous Timber C14 16.0 90.00 20000 230.0 440.0 440 4400 0200|0007 5000.0
3| Poplar and Coniferous Timber C16 120 0.00 8000.0 270.0 500.0 50.0 500.0) 0.200] 0.007 3700.0

Figure 8.2: Table 1.2 Material Characteristics

At first, you calculate the stiffness matrices of individual layers

E/;x Vi;xyEl y
1—1/2 Ei;y 1—-12 Ei;,v
i;xy i;xy
, , Ei;x Ei;x
i i12 0 E.
’ ’ Ly
d = i 0 |= 7
' iy
sym. 133 1““‘:)0/?
i;x
sym.
8000 0.2-270 0 1
12022 270 4 _g 2 270
8000 8000 8010.81
27
% = —O 0 |=1| 54.07
5 270
1-0.2°—— 0
8000
sym. 500

0
0 i=1.,n (8.1)
Gi;xy
54,07 0
27036 0 |MN/m?
0  500.00
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datrix Elements

a1 [hiMAm 2] d'1z [hdkAm 2]
d'zz; [rhin 2]
d'az [Mtim]
Figure 8.3: Stiffness matrix of Layer No. 1 from RF-LAMINATE
7000 0.2-230 i
12022 230 42270
7000 2707000 700921 4606 0
= ——35 0 |=| 4606 23030 0 MN/m?
1-022 ==
7000 0 0 440.00
sym. 440
Idatrix Elements
d'1r [hdrAm 2] d'1z [hrAm 2]
d'e [brAm 2]
d'sx (MMM

Figure 8.4: Stiffness matrix of Layer No. 2 from RF-LAMINATE

8000 0.2-270 0
12022279 122270
8000 273000 8010.81 5407 0
L = — 0 |=| 5407 27036 0 |MN/m?
1-0 zzﬂ
2" 3000 0 0 500.00
sym. 500
Matrix Elements
d'11: [hkin 2] d'1x [hrdin 2]
o'z [MMAT 2]

'3 [hkdim 2]

Figure 8.5: Stiffness matrix of Layer No. 3 from RF-LAMINATE

Now, you have to rotate the layers to the same coordinate system x,y (local coordinate sys-

tem of the surface). Layers No. 1 and 3 have the orthotropy direction S=0°, therefore it ap-
plies that

801081 5407 0
d,=d, =| 5407 27036 0 |MN/m?
0 0  500.00

801081 5407 0
d; =d; =| 5407 27036 0 |[MN/m?
0 0  500.00
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Because Layer No. 2 is rotated by the angle f=90°, itis necessary to transform the stiffness
matrix of Layer No. 2 to the coordinate system x, y.

dini diny iz
Ty
d = dia i3 | = Tay,i diTays; (8.2)
sym. di33
where
e cs
Ty =| s ¢ —cs |, where ¢ = cos(f), s = sin(S,) (8.3)

—2¢s 2¢cs ?-s?

The individual elements then are

4 5 2.2 4 22
diqq = Cdj1+2C°5°djy +5 dipy +4C7s°d; 33

2.2 4 g 4 22y 2.2 ¢
diqy = s°dlq1+57diqy +Cdigy +C57di 5y —4C75d] 33

3 3 g 3 3 g 3_p 3 g
digz = Csdigq+CS7dj g5 —C7Sdj g5 =57}y —2C7Sd] 33 +2¢57d] 33

di;22

s*dj1+2075°d] 4, + )y +4c75°d) 3
dip3 = cs3d,~',.11 +c3sd,f;12 —cs3d,f;12 —c3sd,f;22 +2c3sd,~';33 —2cs3d,~',.33
2
diz3 = *5°djy, =267 dfy, + 5P +(C2 —52) di;33
¢ =¢0s90° =0, s =5sin90° =1
dyqq = 0*:7009.21+2-0%-17-46.06 +1* -230.30 +4-0% 12440 = 23030 MN/m’

dyqy = 0%-17:7009.21+1" - 46.06 + 0 -46.06 +0° -17-230.30~4-0 -1*-440 = 46.06 MN/m”

dyq3 = 0°-1:7009.21+0-1>-46.06 07 -1-46.06 - 0-1° -230.30-2:0%1-440+2-0-1 - 440 =
0 MN/m?

=14.7009.21+2-0%-1?-46.06 + 0% -230.30 + 4-0% -12- 440 = 7009.21 MN/m?

Q
»
)
N

|

dy.p3 = 0-1-7009.21+0-1-46.06 —0-1° - 46.06 — 0% -1-230.30 +2-0> -1-440~2-0-1* - 440 =
= 0 MN/m?

2
dy.33 = 0%-17-7009.21-2-0% 1% - 46.06 +0° - 1* -230.30+(02 —12) 440 = 440.00 MN/m?

The total planar stiffness matrix of Layer No. 2 is then

23030  46.06 0
d, =| 4606 700921 0 |MN/m?
0 0  440.00

hatriz Elements in Surface Axis System

d11: [hbmE] diz (MMM E] da [hrdim 2]
iz [MMim ] dax [MMim 2]
dax [hrdim 2]

Figure 8.6: Stiffness matrix of layer No. 2 from RF-LAMINATE
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8.1.1 Shear Coupling of Layers Is Considered
The global stiffness matrix has the form
—DH D12 D13 0 0 D‘Ié D17 D18_
Dy Dy 0 0 sym. Dy; Dy
Dy; O 0 sym. sym. D
5 Dy Dis 0O 0 0 ©.4)
Dss O 0 o0
sym. D¢s  De7  Des
D77 D78
L D88
Stiffness matrix elements (bending and torsion)
n 3 73 n 3 73 n 3 ;3
D‘|'| — Zzl}max3 Zl,'mln di;‘]] D12 — Zzl;maxs Z/;mln 112 D-|3 — Zzl;maXSZI;mln dj;‘|3
i=1 i=1 i=1
nz o -z nz -z
D22 — Z l,max3 ,min d,’;zz [)23 — Z l,max3 ,min d,’;23
i=1 i=1
n2 7
D33 — Z l,max3 ,min di;33
i=1
_0.1033 _(_190.1073)3 1033 _(_0.103)3
D, = 2107 3( 191070 g910.81.10° + 710 ) 3( 9107)" 23030-10° +
-3,3 -3,43
L12:10 )3 (7107) 6010.81-10° = 33.85 kNm
291073 —(—19.1073)3 710733 —(=9.1073)3
D, = 2107 3( 910 ) 54.07.10%+ V1O =910 ) 45 0610 +
33 _(7.10-3)3
L9100 7F =710 7 6 07903 = 0.24 kNm
—9.103)3—(=19.1073) 710737 —(=9.1073)3
b, = L9102 (191070 s (7107 —(9107) s
3 3
-3\3_(7.10-3)3
L0V =10 7 103 — o kNm
3
_0.1033 _(_10.103)3 1033 _(_0.103)3
Dy, = 219 3( 1910 7) 57036-10% + 19 3( 9107 7009.21-10° +
33 _(7.10-3)3
LA9:10 )3 (7107) 570.36-10° = 3.64 kNm
_0.1073)3 _(_ 107-3)3 1033 _(_90.103)3
b, _ (91077 (19107 | 3 (71077 (9107 5
3 3
=33 _(7.10-3)3
LT =107 6 403 — g knm
3
_0.1033 _(_10.103)3 1033 _(_0.1073)3
Ds3 _ (9107) 3( 1910 7) 559103+ Z197) 3( 9107 440.00-10° +
—343 —343
L{19:107) 3 (7-107) 500-10° = 2.26 kNm
I Program RF-LAMINATE © 2013 Dlubal Software GmbH
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Stiffness matrix elements (eccentricity effects)

n 2 2 n 2 2
zZi —Zin Zi —Zi
i;max i;min _ i;max i;min
D16 = 2—2 i D17 = Z 5 dmz
i=1 i=1
n 72 72

i;max ~— 4i;min
D27 = 2—2 di;22
i=1

_ (=9-1073)%2 =(=19.1073)?

(7-1073)2 —(=9.1073)?

Dlubal

n 72 72

i;max ~ 4i;min
D18 = Z—z di;13
i=1
n 2 2
Z;. —Zi
i;max i;min
Dzs = 2—2 di;23
i=1
n 2 2
_ i;max i;min
Dsg = 2—2 dj33
i=1

Dy > 8010.81-10% + 230.30-10° +
19-1073)% —(7-1073)?
+( 9-107°)° —=(7-107) 8010.81-10% = 124.49 kNm/m
9. _32__ . —3)2 ) _32__. )
b,, = £9:107) 2( 19107°) ) 174034 710" =(=9-1077)° e 103 4
-3\2 _(7.1073)2
,(19:10 )2(710 S 5407.10° = 0.13 KNm/m
-9-1073)?2 =(-19-1073)? 7-107%) - (-9-107)"
D = 210V —CE19T0 ) 403, ZAO TV (2910 707 43,
5 2
~342 -352
L1910 )2 (7107 5 103 = 0 kNm/m
—-9. 732—— . 732 : 732_—‘ 732
b, _ (-9:107) 2( 19-107) -036.103 4.7 107) 2( 910 7) 7009.21.10% +
-3\2 _(7.10-3\2
(1910 )2(710 S 270.36-10° = —107.82 kNm/m
0.10-312 _(_19.10-3)2 1072 —(=9-107%)?
Dy _ (91077 ~(=19-107°)7 ) s, (7-107°)"—(=9-107)" /. 5
3 2
-3\2 _(7.10-3)2
L (19-10 )2(710 ) 0.10° = 0 kNm/m
—9. _32_— . _32 . _32__. _32
b, = (£9:107) 2( 19107°) (00103, 7107) 2( 9107) 440.0010% +
-3y2 _7.10-3\2
L9107 =707 o6 103 = 0.96 kKNm/m

2
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Stiffness matrix elements (membrane)

n n n
Dee = Zti din Dg; = Zti dia Deg = Zti dias
in i i
n n
D;; = Zti di:a Dyg = Zti din3
im io
n
Dgg = Dt ;33

i=1
Dgg = 10-107>-8010.81-10° +16-107-230.30-10% +12.107>-8010.81-10° = 179923 N/m
Dg; = 10-1072-54.07-10% +16-107>-46.06-10° +12-10 > -54.07-10° = 1927 N/m
Dgg = 10-10-0-10°+16-107-0-10> +12-1072-0-10° = ON/m
D,; = 10-107-270.36-10° +16-107>-7009.21-10° +12-102-270.36-10° = 118095 N/m
Dyg =10-102-0-10°+16-1072-0-10° +12-107-0-10% = ON/m
Dgg = 10-107-500-10° +16-1072-440-10° +12-1072-500-10° = 18040 N/m

Stiffness matrix elements (shear)

As already mentioned in Chapter 2.3, the calculation procedure for shear elements of the stiff-
ness matrix is not introduced. However, it can be verified that the following relation applies

max(iG,l.Ht,j <Dy < Emgax(G,-,.”)Zt,- (8.5)
i \6 6 i 0
max(in;zz t,»j < Dgs < Emax(Gf;zz)Zti (8.6)
i \ 6 6 i 0
where
Gigv Giga ,
" L);m. G:;zz - TZXZ?"TGiTZXZ;i (8.7)
where
G 0 cos( f; sin( f;
G =| * and Toy = | (5) (5) (8.8)
0 G, i —sin(f;) cos(p;)
The individual elements then are
2 2
Gi;H =c Gi;xz+5 Gi;yz

Gi;12 = CSGi;xz _CSGi;yz

Gip = szG,~;Xz+ch,~,.yZ ,Where c=cos(f3;), s=sin(/;)

The shear stiffness matrix elements adapted from RF-LAMINATE are the following

D, = 5000.00 kN/m
Dss = 5866.67 kN/m

, 500 0
G, =G =
0 50

G g |20 O

37 71 o 50

, 440 O .

5 = , € =¢c0s90° =0, s =sin90° =1

0 44
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Gyqq = 07-440+1°-44 = 44 MPa
Gyqy = 0-1-440-0-1-44 = OMPa

Gypy = 17-440+07 44 = 440 MPa
4 0

G2 =
{o 440}

maX(ESOOJ0;244-16;2500-12j < Dy <
6 6 6

o |wn

max(500;44;500)-(10+16+12)

5000 < 5000 < 15833

max(§50'10;§440~16;§50-12) < Dgs < %max(50;440;59)‘(10+16+12)

5866.67 < 5866.67 < 13933.33

Global stiffness matrix

3385 024 O 0 0 124.49 0.13 0
364 O 0 0 0.13 -107.82 0
2.26 0 0 0 0 0.96
D 5000.00 0 0 0 0
5866.67 0 0 0
sym. 179923 1927 0
118095 0
18040
Extended Stiffness Matrix Elements
Surface Mo
e
Stitfness hatrix Elements (Bending and Torsion) ~
D k] Dz k] Dy [kMrm] Du Diz Dig 0 0 Dig Dir Dis
Das Dy 0 0 sym. Doy Dag
vz () b I5] Dy 0 0 sym.sym. Dy
D3z [kNrm] DuDis 0 0 0
Dy 0 ] ]
Stittness histrix Elements (Sheat)
sym. Dsy Dy Des
D44 [kM #rn] Das: [kMm] Di D
D5 [kM#m] Dgg
Stitfness atrix Elements (Membrane)
Ds [kN/m] De7. [kM/m] Dige [kM/m] Dy ... Dy [Nm]
Dy [kM.m] Dyg [kM fm]
Dyy... Dgg [N/m]
Drag: [kM/m]
Dig...Dys [Nm/m|
Stitfness hatrix Elements (Eccentric Effects)
Dig: [kMm/m] B3 ¥ [kMmm] Dg: [kMmém]
Dz7 [kMmirn] Dag: [kMmém]
Dz [kMmém]

Figure 8.7: Dialog box Extended Stiffness Matrix Elements from RF-LAMINATE — with shear coupling of layers
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8.1.2 Shear Coupling of Layers Is Not Considered
Because angles f; are multiples of 90°, the global stiffness matrix has the form
Dy, D, O 0 0 0 0 0]
D, 0 0 0 0 0 O
D, 0 0O O 0 O
Dy O O 0 O
D= 4 (8.9)
Ds; 0 0 O
sym. D¢ Dg; O
D,;, O
L Dgg
Stiffness matrix elements (bending and torsion)
n l'-3 n t-3
D, =34 D, =S-4d.
11 ;12 i1 12 ;12 in2
n t-3
D, =S-d.
22 ;12 i;22
n t»3
Dan = Y2 (.
33 ;12 i;33
801081 5407 0
d, =| 5407 27036 0 |MN/m?
0 0 50000
(23030 46.06 0 |
d, =| 4606 700921 0 |MN/m?
| 0 0  440.00
(8010.81 54.07 0
d; =| 5407 27036 0 [MN/m?
| 0 0  500.00 |
3 3 3
Dy, = 0010 4110.81.10% + 221 530.30.10% + 222" 8010.81.10% = 1.900 kNm
12 12 12
3 3 3
Dy, = 00107 5y 67.10% + 291" 46.06.10% + 2912 54 07.10% = 0.028 kNm
3 3 3
Dy, = 00107 70.36.10% + 221" 7009.21.10% + 22127 570.36.10° = 2454 kNm
3 3 3
33 = 00107 55193 . 2016 440.00-103+%500-103 = 0.264 kNm
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Stiffness matrix elements (membrane)

n n
Des = Zti din De; = Zti di2

i=1 i=1

n
Dy; = Zti din2

i=1
n
Dgg = D tidj3s

i=1
Dgs = 10-1072-8010.81-10° +16-107-230.30-10% +12.107>-8010.81-10° = 179923 N/m
Dg; = 10-1072-54.07-10% +16-107>-46.06-10° +12-10>-54.07-10° = 1927 N/m
D,; =10-107-270.36-10% +16-102-7009.21-10° +12-107>-270.36-10°> = 118095 N/m
Dgg = 10-1072-500-10% +16-107>-440-10° +12-107>-500-10% = 18040 N/m

Stiffness matrix elements (shear)
15 N5
Dy = X =Gt Dss = > =G t;
in6 in6
where

i

_ |:Gi;11 Gi;lZ

Ter ' GXZ 0
sym. G,y = Ty, GiToy.s Where G; = and

0 G,
T . = cos(f;) sin(f)
22 —sin(B;) cos(B;)
The individual elements then are
2 2
GI;H =c Gi;xz+5 Gi;yz
Gi;12 = CSGi;xz _CSGi;yz

Giyy = 5°Gj.yp +C°Gyyy, Where ¢ = cos(f3), s = sin(f;)

, 500 0
G=G=1, 5

. 500 0
G=6G= ) 5

440 O .
G, = , € =¢0s90° =0, s =sin90° =
0 44

|
—_

Gyqq = 0°-440+1°-44 = 44 MPa
Gyqy = 0-1-440-0-1-44 = OMPa
Gypy = 17-440+0°-44 = 440 MPa
44 0
G, =
0 440

Dy, = 2500-103-0.010+§44-103-0.016+§500~103-0.012 = 9753 kN/m

Dss = 250-103-0.O1O+§440-103-0.016+§50-103~0.012 = 6783 kN/m

68

Program RF-LAMINATE © 2013 Dlubal Software GmbH



8 Examples

Global stiffness matrix

VAN

Dlubal

1.900 0.028 0 0 0 0 0 0
2454 0 0 0 0 0 0
0264 O 0 0 0 0
D 9753 0 0 0 0
6783 0 0 0
sym. 179923 1927 0
118095 0
18040
Extended Stiffness Matrix Elements
Surface ko,
I |
Stitfness histrix Elements (Bending snd Torsion)
i [khim] Diz kNl Dig: k] Dy D Dy 000 0 o 0
Dy Dyy 0 0 0 0 0
e, (-] ez (] Dy 0O 0 0 0 0
P [khim] DuDs 0 0 0
Dgs 0 a a
Stiffness Matrix Elements (Sheat)
sym Des Dz Des
Dag [kN/m] Dgs [kM/m] Dor D
Diss: [kM./m] By
Stiffness hiatrix Elements (Membrane)
Dt [kM #rn] Der [kMém] Daa: [kM fmn] Dy ... D4y [Nm]
[vrd [kM/m] Ds [kM/m]
Dyg... Dag [N/m]
Dras: [kM/m]

Figure 8.8: Dialog box Extended Stiffness Matrix Elements from RF-LAMINATE - without shear coupling of layers
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8.2 Calculation of Stresses

Consider a plate from the previous example, consisting of three layers with material character-
istics displayed in figure 8.10.

10 mm Layer No. 1
16 mm Layer No. 2
12mm Layer No. 3

Figure 8.9: Layer scheme

Layers
A [ E [ C [ 1] [ E [ F T 6 [ H T 1 T & 7 K
Layer M aterial Thickness Orthatropic Moduluz of Elasticity [N /mm? ] Shear Modulus [M/mm?] Poigszon's Ratio [[] | Specific Weight
Ho. Description t [rrn] Direction #[°] Ex Ey Gxz Gyz Gy Fry Fyx ¥ [N/m3]
1 Poplar and Coniterous Timber C16 10.0 0.00 8000.0 2700 a00.0 50.0 500.0) 0200] 0007 37000
2 | Coniferous Timber C14 16.0 490.00 70000 2300 440.0 440 440.0) 0.200| 0007 5000.0
3| Poplar and Conifsrous Timber C16 120 0.00 8000.0 270.0 500.0 50.0 500.0) 0.200] 0007 3700.0

Figure 8.10: Table 1.2 Material Characteristics

In the previous example from Chapter 8.1, the calculation of stiffness matrix elements is pre-
sented for the case of the shear coupling of layers and also for the case without the shear cou-
pling of layers. Now, the calculation of stresses is carried out.

The plate with the dimensions 1.0 x 1.5 m is simply supported and loaded with a surface load
of 5 kN/m?2,

8.2.1 Calculation of Individual Stress Components

By using the finite element method in RFEM, you get the stresses o,, Oys Tuyr Txzs Ty The
stress values in the point with coordinates [0.8, 0.8, 0], in the middle layer, are shown in the fol-
lowing pictures. In the first case it is the structure where the shear coupling of layers is consid-
ered, in the second case the shear coupling of layers is not considered.

RF-LAMINATE - [Laminate - example]
File settings  Help
Input Data 2.3 Stresses in All Points
General Data
Material Characteristics LA T & [ C [ 0 [ E [ F [T@& T H [ 1T T Jd [ [3 [ L T M [ N ]~
Material Strengths Point | Surface = Comp. Point Coordinates [m] Load- Layer Stresses [kM/m?] Ratio Graph
Semviceatiiy Data Noo | Mo Mo, X ¥ z g | Mo | z[mm] | Side Symbol Esisting Limit 1 inPrintout Report
Resuls 1] 100 Tep ox 2zt =]
Max Stress/Fiatio by Loading — ay 128.75 a
Max Stress/Fiatio by Surface — Ty 3.44] 200000 0.00 a
Stresses in Al Points I— 18.0 Middle | ox 470 a
Max Displacements I ay 505 a
Parts List Ty 035 2000.00 0.00 a
26.0 Bottom | ox 18.07 a
— oy 118.65 =]
Ty 275 2000.00 0.00 a
3 26.0| Top ax 602.26 a
oy 851 a
Ty -312| 3200.00 0.00 a
320 Middle | ox 177.52 a
Oy 15.83 a
Ty 575 3200.00 0.00 ]
380 Boftom | ox 1751.78 a
I oy 2315 =) ~
Point No.: Surface No. Compostion No:  Loading:
98 v Al v ] v e v M ratc [REIESINC-] [®] %
Stess- oy -1885.21 kNfm?
e 1: Poplarand Coniferous Timber G168
2: Corifarous Timbar C14
iigjggg 2 3: Poplarand Coniferous Timber C18
2 0000 m
Local Axisz
Diraction
Surface Extremes
Win: ~2955. 22 kh/m 2
Max 2748, 56 kiim 2 AECAIEL T Bottom

Figure 8.11: Window 2.3 Stresses in All Points — the example with the shear coupling of layers
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RF_LAMINATE - [Laminate - example]
File Settings Help
Input Data 2.3 Stresses in All Points
General Data
Material Characteristics Ca T &8 T € [ o [ e [ F P&l H [ T ] J [k T L [ W T N ]~
Material Stanghe Faint | Sufacs | Comp Foint Coordinates [m] Toad Layer Stiesses (/2] Fatio Graph
Servinenbiiy Dato Noo | Ho | M H ing | Mo | zlmml | Side Symbol Evisting | Limit [l | inPiintout Repart
Fiesuls | 00 Top o 34492 u]
Mas: Stiess/Ratio by Loading | ay 38761 a
Ma Shiess/Ratio by Suface — Ty 95,89 2000.00 0.05 a
Shiessss in Al Points | 180 Midde | ax 0.00 a
Ma Displacements [ oy 0.00 a
Parts List iy 0.00 2000.00 0.00 a
260 Botom | ax 34432 a
ay 358761 a
iy 9589 200000 [l a
3 260 Top ax 41469 a
ay 15853 a
Ty 81.73] 320000 [ a
320 Midde | ax 0.00 a
ay 000 a
iy 0.00 320000 000 a
380 Battom | ax 241463 a
[ ay 15659 a v
Paint No Surface No Compostiono:  Loading
1985 |v Al v Al ~| [ v Ma rati: sl @ >
Stress- oy 701224 kNim2
Surtace Ho'gl 1: Poplarand Coniferaus Timber CAG
Led 2: Ceriferous Timber C14
$ S'SSS s e 3: Faplarand Coniferous Timber C16
Z 0.000m
Local Axis z
Direction
Surface Exdremes -y
Mo 13065 70 i3 541450 iim? ottom

Figure 8.12: Window 2.3 Stresses in All Points — the example without the shear coupling of layers

Because the calculation of individual stress components for both cases is the same, only the
case with the shear coupling of layers is presented here, therefore with the following values.

Point Side o, [kPa] o, [kPa] 7,y [kPa]
x=0.8m, top -27.47 -128.75 3.44
y=0.8m, middle -4.70 -5.05 0.35

LayerNo.2 | bottom 18.07 118.65 -2.75

Table 8.1: Stresses in Layer No. 2 in point [0.8;0.8]

The middle layer is rotated of the angle g = 90°

2 : i 2
Obtt/ico = OxCOS” f+17,,sin2f+0,sin"

Obst/cottop) = —2747cos” 90°+3.44sin(2-90°)—128.75sin” 90°

—128.75 kPa

Obrt/comiddle) = —4.70€0s> 90°+0.35-sin(2-90°) ~5.05sin> 90° = —5.05 kPa

O-b+t/c,0(bottom)

Ob+t/c90 = Ox
Ob+t/c,90(top) —

Ob+t/¢,90(middle)

sin? B-17,,sin23+0, cos’

—27.47sin” 90°~3.445sin(2-90°)-128.75cos” 90°

= 18.07cos” 90°-2.75-sin(2-90°)+118.65sin> 90° = 118.65 kPa

—27.47 kPa

= —4.70sin” 90°—0.35sin(2-90°)-5.05c0s> 90° = —4.70 kPa

Obrt/co0(bottom) = 18-075in? 90°—(~2.75)sin(2-90°) +118.65cos>90° = 18.07 kPa

Ob+t/c,0(top) T Fb+t/c,0(middle) T Tb+t/c,0(bottom)

Ot/c,0

3

—128.75-5.05+118.65 — _505kPa

Ot/c,0

3
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_ o—b+t/c,90(top) + Ub+t/c,90(midd|e) + Ub+t/c,90(bottom)
Ot/c90 =
3

Greso = —27.47—4?;70+18.07 — 470 kPa

Ob,0 = Ob+t/c,0 ~Ot/c0

Ob,0(top) = —128.75—(-5.05) = —123.70 kPa

O_b,O(middIe) = —5.05—(—5.05) = 0 kPa

ab,O(bottom) =1 18.65—(—5.05) = 123.70 kPa

Ob,90 = Ob+t/c,90 ~ Ot/c,90

Ob,90(top) = —27.47 —(-4.70) = —22.77 kPa

Gb,90(midd|e) = —470—(—470) =0 kPa

O 90(bottom) = 18.07—(-4.70) = 22.77 kPa
8.2.2 Calculation Procedure in RF-LAMINATE

First, you need to create a New Model in RFEM.

Hew Model - General Data

General | Histary
fladel Mame Description

Laminate - example

Project Mame Description

_J Examples j

Folder: @ @

C:ADocuments and Settingshall UsershDiubalyProjects' E xamples

Type of Model Classification of Load Cases and Combinstions
[OK] According to Standard:

- 3 4 ]
O 20 -z uzdperwr) | P £ SR Mone ]

O 20 - %2 Uiz /)
2D -3 [udurr hpz)

Positive Orientation of Global Axis 2 Template

O Upward... [] Open template madel:

(%) Dowrward 2
Carmmert

v]()
= QK. ]’ Cancel ]

Figure 8.13: Creating a new model
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After entering a new model, create a New Surface. Choose Laminate as the surface type and
define the plate dimensions as 1.0 x 1.5 m.

Mew Rectangular Surface

X

Surface Mo,

Material
B 1|Concrete C30437| DIN 1045-1:2008-08

Thickness
Constant
Thickness d: l:l [rrarm]
W ariable. . =

Commerit

v][=)

Surface Type
Geametry: [ Flare

Stiffness: |l Laminate...

BE)

B tembrane - Orthatropic. ..

W Hul

0K

] [ Cancel

Figure 8.14: Dialog box New Rectangular Surface

Define the surfaces according to figure 8.15.

K= FEHIE SeEE F LS

D E [ B [ H [ I [ g
Support Reference | Rotation wiall Support or Spring [kMAm | Rotational Restraint or Spring [kMm/rad/m]
Ho. On Lines Mo, Syztem | inZ Cux Cuy Cuz i | iy | 0z
1 Fid Local ool O L a | o | |

Figure 8.15: Table Line Supports

Now create a New Load Case.

Dlubal
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Edit Load Cases and Combinations
Load Cases | Load Combinations | Result Combinations |
Existing Load Cases LC Mo, Load Case Description To Solve
| [¥]
General | Calculation Parameters|
Action Type
| ER Farmanent [v|
Self Wisight
[] Active
Factor in direction;
= [
A [
Z [
[(_] m | m Comment
E)
B x|
|

Figure 8.16: Dialog box Edit Load Cases and Combinations - the tab Load Cases

Next, fill in the dialog box New Surface Load.

~
New Surface Load
Ma. On Surfaces ko, Load Type Force'
1 5 Load Distribution "Uniform’
Load Type Load Direction
(*) Force Local O
related to true area:
() Temperature Oy
(O dwial strain (OF -
@] Precamber. | Global O
O Rotary mation... 5| related to tue area: oL
Load Distribution Oz
() Uriform Global Q=P
O Linear related to projected Ovp
area
(O Linear in % Ozp
O Linear inY
O Linear inZ

Load Direction 'z’

Load Magnitucde
Mode Ma. M agnitude

1t %l 5.00 %) [ki/m?]

Commert

| v]([=)
[ Ok ] [ Cancel

Figure 8.17: Dialog box New Surface Load
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In the dialog box FE Mesh Settings, set the length of finite elements to 25 mm.

FE Mesh Settings

General

Target length of finite —
elements IFE: 0025 3% [m]
Mawimumn distance between a

node and a line to integrate it inta

the line = 0.001 3| [m]

Maximum number of mesh nodes

[in thousands) maw: | 50015

Members

Mumber of divisions for special types of

members

[cable, elastic foundation, taper,

nonlinearity): 1015

[ Activate divisions for straight members, which are not integrated
in surfaces, with concrete material category group [necessany

Surfaces

Mawirnum ratio of FE —
rectangle diaganals hp: 1.8005#) [
b aximum out-of-plane
inclination of bwo finite

elements . 0505 ]

[ Intearate unutiized objects inta sufaces

Shape of finite () Quadrangles only

elements () Triangles only

() Triangles and quadrangles

for nonlinear calculation]
Minimumn number of member
divisions:

Autivate member divisions for large deformation or [[] Mapped mesh prefened

post-critical analysis

[ Use division far straight members, which are not Solidz
integrated in surfaces, with

nodes

Mairnurn number of elements
[in thousands):

Usge divigion for members with nodes Iving on them

[[] Refinement of FE mesh on solids containing close

[ Regenerate FE mesh on [OK]

Figure 8.18: Dialog box FE Mesh Settings

Now you can open the RF-LAMINATE module and fill in the individual input windows.

Project Mavigatar - Daka

ET nEEM
= @ Laminate - example®

+1-|_J Model Data
+l-|_] Load Cases and Combinations
+-|_] Loads

_ | Resulks

| Sections

__| Awerage Regions

__| Printout Reports

| iauide Objects

o Add-on Modules

T

RF-STEEL 15 - Design of steel members according to IS5
RF-DEFORM - Deformation and deflection anakysis
RF-MOWE - Generation of moving loads

RF-IMP - aeneration of imperfections

RF-SOILIM - Soil-structure interaction analysis
RF-GLASS - Design of glass surfaces

= RF-LAMINATE - Design of laminate surfaces

A L= || = |G ksl

E RE-TOWER, Structure - Generation of lattice bower structures

RF-TOWER. Equiprnent - Equipment For lattice towers

RF-TOWER. Loading - Generation of loads For lattice kowers

<

RF-STEEL Surfaces - General stress analysis of steel surfaces
RF-STEEL Members - General stress analysis of steel members
RF-3STEEL E©Z3 - Design of steel members according to Eurocode 2
RF-STEEL AISC - Design of steel members according b AISC (LRF

ﬁData [ Display 24 Views

Figure 8.19: Navigator Data: Add-on Modules — RF-LAMINATE

Dlubal
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In Window 1.1 General Data, select Surface No. 1. Then select the orthotropic material model
and select LC1 for the design.

RF-LAMINATE - [Laminate - example]
File Settings Help
Input Data 1.1 General Data

General Data i

Material Characteristics Desion of (et e Vil

Material Strengths Surfaces No: Orthatiapic ~

1 X Oa

Ultimate Linit State | Serviceabiity Limit State
Existing Load Cases Selected for Design
| c_Jis] Persistent and Transient

RF-LAMINATE

Calculation and design
of laminate surfaces

A1)

Commert

Figure 8.20: Window 1.1 General Data

In Window 1.2 Material Characteristics, select individual layers from the material library and as-
sign the created composition to Surface No. 1.

RF-LAMINATE - [Laminate - example]
Fie Settings Help
Input Data 1.2 Material Characteristics - Orthotropic

General Data

Material Charactsristios Current Compostion List of Surfaces Compostion No. 1

Mateiial Stengths 1] Comp. 1 vk (B (@) X FE) [

Serviceabilly Data

Layers
x [ 8 [ ¢ T 5 T E [ F T & [ A T T4
Layer WMateral Thickness | Onthotiopic. | Modulus of Elasticity [N/mm? ] Shear Modulus [N/mmZ | Pt
- Description t [mm] Dirzction £ Ex Ey Gz Gyz Gy Txy
T | Papler and Coriferous Timber C16.7 0.0 0.00 3000.0 270.0 500.0 50.0 500.0
2| Conilerous Timber C14 160 50,00 7000.0 230.0 4400 440 440.0
3| Poplar and Coriferous Timber C16 120 0.00 8000.0 270.0 500.0 50.0 500.0
Y
5
g
7
8
] v

Info
Laver No.: 1
1: Poplar and Coniferous Timber C16
2: Coniferous Timber C14 ° Specific weight: 37000 (i3]
3: Paplarand Confferous Timber C16
+ Wieight 37.00 [(nnd]

Z Thickness: 380 [mm)
3 \Weight 161.40 [NAnZ]

Cptions:
Achivate:
[ Bartial factar v

Local Axis z
Direction [ Madification facter kmod

Bottam =

IMaterial Description (F7 to select)

Figure 8.21: Window 1.2 Material Characteristics
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In following the next window, 1.3 Material Strengths, characteristic strength values are import-
ed from the material library automatically.

RF-LAMINATE - [Laminate - example]

File Seftings Help

Input Data
General Data
Material Characteristics

1.3 Material Strengths - Orthotropic

Current Campastion

List of Surfaces

Campasition No. 1

IMaterial Description (F7 ta selecty

oot

Material Strengths 11 Camp. 1 w4y 1 Y
BEE X &)
Layers
A [ 8 [ ¢ T 0 T F T F T @ H [T [ 1 =~
Layer Material Strengths for Bending / Tension / Compression [N/mm? ] Shear Strengths [N/mm?]
Mo Desoription fo.0k fo.g0k frok fra0k fenk feg0k Fey ke Frk fRik
1 F’Uéhl and Coniferous Timber C16.7 180 180 100 04 170 22 32 32 18
2 Cariferous Timber C14 140 14.0 8.0 0.4 16.0 20 20 20 10
3 Poplar and Coniferous Timber C16 160 180 10.0 04 170 22 32 32 1B
T
5
E
7
]
E]
10 ~
Info
Layer Mo 1
1: Poplar and Coniferous Timber €16
2: Caniferous Timber C14 - Specilic weight: 3700.0| n3]
: Paplarand Coniferaus Timber C16
= weight 37.00 [MAn?]
3 Thickness: 380/ fmm)
Z Wweight 161,40 [MAn?]
Opians
Activate:
[ Partial factor ym
Losal 52 [ Modification factor ko

Battom

Figure 8.22: Window 1.3 Material Strengths

In the last input window, enter Surface No. 1 to the List of Surfaces. Because the Manual check
box is not selected, the Reference Length L is completed automatically.

RF-LAMINATE - [Laminate - example]

File Settings Help

Input Dala
General Data
Materisl Characteristics
Material Srengths

1.5 Serviceability Data

Assigring of Reference Lengths to Surfaces

No.

1 1
2

Serviceablity Data

LList ot Surtaces (29. 3,5-7 4 FT to selsct)

| C | D | E
Reference Length Canti-
List o Sufaces Manual L lever Camment
a 1.500 a

EE®

Figure 8.23: Window 1.5 Serviceability Data
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Then, check the settings in the Details dialog box and start the calculation.

Details

Design| Stresses |F|esu|ls

(£ (€

To Display

Top/Bottom Layer iddle Layer
e o O x
e oy e oy
O ne O ne
O e Oe n
D O Ty I:‘ o Ty
[¥] obo [¥] = abo
[w] > ob,a0 [¥]® aba0
W] otjen W= oo
[ mic,a0 [ oo
[#]2 obetieo [¥]® abeico
[#] 2> abtir,a0 [#] 2 abe,an
e = Ooe =
]2 ink(7d+ Ty [ ink{1d+ iy
[ ink{mye, a0+ 1R} [ ink{ouic, a0+ 7R}
O = O =
e = e =y
O »y [

Plate Bending Theory
(@) Mindin
() Kirchhaft

Eguivalent Stresses According to (for lsotropic Materials)

Figure 8.24: Dia

log box Details - the Stresses tab

FE-Calculation...

Fiunning

|RFEM - Calculation by FEM

|RFLaMiNaTE

Partial Steps

| Calculation of Stresses

— | Initilization. ..

- | Reading the results...

= | Calculating Stiesses. .

— | Caleulating Extremes...

— | Saving Results. .

~ | Surface Mo. 1[141)

[ HENEN

Nurnber of surfaces
Number of LC
Mumber of CO
Nurnber of RC

[ =g

o 1) 3

Figure 8.25: Dialog box FE-Calculation...
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You can check the stress values in result windows and make sure that they match the calcula-
tion introduced in the previous chapter.

RF-LAMINATE - [Laminate - example]
File Settings Help
Irput Data 2.3 Stresses in All Points
General Data
Material Characteristics LA T e T ¢ T 0 [ E T F P& H [ T T J [ x T T T ® T [ Jia
Maleril Stiangihe Paint | Suface | Corp Paint Coardinates ] Loae- Laper Shiesses [RN/m2] Fatio Graph
Serviceabiy Data o Mo, Mo ¥ v z ing Mo, 2 [mm] Side Symbal Esisting Limit 8] in Printout Report
Rosuls 100 Tep | ows 123,70 14000.00 om a
Mat Stiess/Fiatio by Loading — 26,90 2277 | 14000.00 0.00 a
Mas Stiess/Ratio by Suiface L 5.0 16000.00 0.00 a
Stiesses in All Paints [ S0 470 2000.00 o.00 a
M Displacements umica 12875 [ a
Pats List om0 2747 000 a
190 Midde | ang 0.0 14000.00 0.00 a
a0 0.00 14000.00 0.00 a
el 505 16000.00 0.00 a
a0 470, 2000.00 000 a
umica 505 0.00 a
oz o0 -4.70 0.00 [m]
260 Batlom | o0 12370 14000.00 om a
0,00 22.77| 14000.00 000 a
el 505 | 16000.00 0.00 a
.90 470, 2000.00 000 a
umica 11865 om a ~
Paint No Surace No. Composhion o Loading
1965 Al v Al v [an v Ma ratc 1l @
Stress- g

-a78.56 k2
Sutave o 1: Paglar and Conifaraus Timber C18
x0.800 m 2 Coniferaus Timber C1¢
vi0s00 m 3: Poplarand Coniferous Timber C18
z 0000 m <

Local fxisz
Direction

Surface Extremes -

Min: =900 18 ki/m 2 -

W 30013 ki/m 2 87428 kim2 Botiom

Det;

Figure 8.26: Window 2.3 Stresses in All Points
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9. Annexes

0.1 Transformation Relations

The relations necessary for the transformation of stresses, strains and stiffness matrices at the
rotation of the coordinate system x,y, z to the coordinate system x’,y’,z of angle B are
summarized here. Angle 8 is defined as

The quantities related to the system x,y,z, such as stresses, strains and elements of stiffness
matrices, are marked without an acute accent ( '), the quantities in the system x',y’,z are
marked with an acute accent. The transformation relations for plane stresses and strains are
the following

r
o ¢ s 2 (o, o -
b+t/c,0 X
o t=| s ¢ -2 oy ={ 9.1)
, s 2 Ob+t/c,90 Oy
Xy —cs ¢ ¢ =57 ||Txy
-—
—T
T3x3
r 2 2
P c s cs £,
bl 2 2 _
&y r=| s c cs &y (9.2)
' 2 2
Vxy -2cs 2cs ¢ -5 || 7xy
T3x3

The stiffness matrix is transformed according to the relation

d=T),dT,, < d=TLdT,, (9.3)
dy  diy dis diy di; 0
d = d22 d23 ’ d' = d/22 0 (9-4)
sym. ds3 sym. dss

The transformation relations for shear stresses and strains are the following

r):(z :{c s} Tys , {Td}z z'%z ©5)
Tyz =5 C||%y2 7R Tyz

—

Tx2
7/):(2 _ C S||7xz (9.6)
7/yz -5 C yyz

S

Tx2

The stiffness matrix is transformed according to the relation

G= TszzG'szz < G'= szzGTszz (9.7)

G, G G, O
G| M 2 g=| M , (9.8)
sym. Gy, 0 G
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9.2 Checking the Positive Definiteness of the
Stiffness Matrix

The positive definiteness of the global stiffness matrix in necessary for calculation.

Generally, the global stiffness matrix has the shape

B nggding 0 Dg)c(;entric
D, = 0 D;P;;ar 0 =
D 0 Dy
'D,, D, D, D, D, D]
D22 D23 Sym' D27 D28
D,, sym. sym. D, (9.9)
_ D44 D45
DSS
D66 D67 D68
sym. D,, D,
L Dy |

The following conditions are checked:

1. Matrix D is positive-definite (that is all of its leading principal minors are positive).

bendi h b .
s 9, DI, DS are positive-
definite in a more restrictive sense - all of its leading principal minors must satisfy:

2. Inaddition, it is required that the submatrices D

DH
det >4/0.001] [|D;], pro i=1,...n (9.10)
D” i=1
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Action combination 34 Library 26,28
B Limit stress 46
Bach 41 Limit values 22
Browsing module Windows.............ccceeemeernnnrenns 20, 44 Load case 20,21,22,30
C Load duration and service class........cooeeermeeerrneeens 30
Calculation 20,33 M
Calculation start 43 Material characteristics 23
Characteristic strength 29 Material library 25,27
Closing RF-LAMINATE 20, 44 Material model 10,20
Comment 20 Material strengths 29
Coordinates 45 Max displacements 51
Cross laminated timber without side glue.......... 24 Max. stress/ratio by loading.....ccevevervsrsisssennnns 45
D Max. stress/ratio by surface.........coveeeesnecerreeeenns 49
Decimal places 57 Mindlin 40
Deflection 22,34 Mises 41
Design 20,34 Modification factor.........ecceneeeenn. 28, 29,30, 34,46
Details 20,33 Module windows 20
Details of composition 23 N
E Navigator 20,44
Equivalent stress 41 o
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Export of tables 28 P
F Panel 7
FE mesh point 42,45 Partial factor 21, 25,28, 29
Filter 50 Parts list 52
G Plate bending theory 40
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Grid point 42 45 Printout report 54
H R
Hybrid material model 13 Rankine 41
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Reference length 32,51
Import of tables 28

Results 42,44
Installation 5

. ) S

Isotropic material model 13

Sections 54
K

Serviceability data 32
Keyboard shortcuts 59
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Kirchhoff 40

Starting RF-LAMINATE 6

Stiffness matrix 60
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