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1 Introduction 1

1 Introduction

1.1 Add-on Module RF-/TIMBER NBR

The Standard NBR 7190 - Design of wooden structures [1] provides general rules that must be
followed for the design, construction and analysis of timber in Brazil. With the add-on modules
RF-TIMBER NBR (for RFEM) and TIMBER NBR (for RSTAB), DLUBAL provides powerful tools for the
design of timber beam models according to this standard.

In the following, the add-on modules of both main programs are described in one manual and
are referred to as RF-/TIMBER NBR.

RF-/TIMBER NBR performs all cross-section resistance designs, optional stability analyses, and
deformation analyses according to the standard [1]. For the stability analysis, additional bending
moments from geometric imperfections (defined by a set of eccentricities) are considered. Alter-
natively, when imperfections are defined manually in RFEM or RSTAB and a second order analysis
is performed, the design is possible without a stability analysis.

For timber models, the serviceability limit state can be important for the design. For this, it is
possible to assign load cases, load and result combinations to different design situations. The
limit deformations are preset by the standard and can be adjusted, if necessary. In addition, it
is possible to specify reference lengths and precambers that are considered accordingly in the
design.

The add-on module provides an automatic cross-section optimization with the possibility to export
modified cross-sections to RFEM or RSTAB. Separate design cases allow for the flexibility to analyze
individual structural components in complex structures.

Like other add-on modules, RF-/TIMBER NBR is completely integrated in RFEM or RSTAB. Thus, the
design-relevant input data is preset when you open the module. Thus, the design-relevant input
data is preset when you start the add-on module. After the design, you can use the graphical
user interface of the main program to evaluate the results. As they are also included in the global
printout report, the entire verification can be presented in a consistent and appealing form.

We hope you will enjoy working with RF-/TIMBER NBR.

Your DLUBAL team

1.2 Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described in
detail in the manuals of the main programs RFEM and RSTAB. The present manual focuses on
typical features of the RF-/TIMBER NBR add-on module.

The descriptions in this manual follow the sequence and structure of the module’s input and
results windows. In the text, the described buttons are given in square brackets, for example
[View mode]. At the same time, they are pictured on the left. Expressions appearing in dialog
boxes, windows, and menus are set in italics to clarify the explanations.

At the end of the manual, you can find the index. If you cannot find what you are looking for, go
to the Knowledge Base where you can search for the solution of the problem. Or consult the FAQs
on our website.
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1.3 Open RF-/TIMBER NBR

RFEM and RSTAB provide the following options to start the RF-/TIMBER NBR add-on module.

Menu

To start the program in the RFEM or RSTAB menu bar, click
Add-on Modules — Design - Timber — RF-/TIMBER NBR.

Add-on Modules | Window  Help
=1 [P - P — g » T
s it 4> P EE WHERERER DM

Design - Steel L3 e ﬁ@%@ﬁ ﬁ?ﬁiﬁ’-ﬂ"ﬁ' f_\* o= -LD@';W;
Design - Concrete 3

| Design - Timber 4 g RF-TIMEBER Design of timber members
Design - Aluminium | @y RF-TIMBER Pro Design of timber members
Dynamic 4 m RF-TIMBER AWC Design of timber members according to AWC [LRFD or ASD)
Connections »| 7 | RF-TIMBER CSA Design of timber members according to CSA
Foundations v | @R RF-TIMBER NBR Design of timber members according to NER |
Stability »
Towers L4
COthers 3
External Modules 3
Stand-Alone Programs 3

ﬁgure 1.1: Menu Add-on Modules — Design - Timber — RF-TIMBER NBR

Navigator

As an alternative, you can start the add-on module in the Data navigator by clicking
Add-on Modules — RF-/TIMBER NBR.

Project Mavigator - Data 4

|:| Loads ~
- Results
-] Sections
-| )l Average Regions
- Printout Reports
-| ) Guide Objects
=3 Add-on Modules
E| s Favorites
E RF-STEEL Surfaces - General stress analysis of steel surfaces
RF-STEEL Members - General stress analysis of steel members
RF-STEEL EC3 - Design of steel members according to Eurocode 3
; RF-STEEL AISC - Design of steel members accerding to AISC (LRFD or ASD)  »

ﬂData . gDisplay _ﬁ‘u’iews
ﬁgure 1.2: Data navigator: Add-on Modules — RF-TIMBER NBR

Panel

If results from RF-/TIMBER NBR are already available in the model, you can open the add-on module
in the panel. Set the relevant RF-/TIMBER NBR design case in the load case list of the RFEM/RSTAB
toolbar first.

Make sure that the |9£-| button is active so that the design results and the panel are shown. Then
click the [RF-/TIMBER NBR] button in the panel to open the module.
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2 Input Data

When you have started the add-on module, a new window opens. In this window, a Navigator is
displayed on the left, managing the windows that can be currently selected. The drop-down list
above the navigator contains the design cases (see Chapter 7.1, page 48).

The data relevant for the design is to be defined in several input windows. When you start RF-/TIM-
BER NBR for the first time, these parameters are imported automatically:

o Members and sets of members
e Load cases, load and result combinations
e Materials

Cross-sections

Effective lengths

Internal forces (in background, if calculated)

To select a window, click the corresponding entry in the navigator. To set the previous or next
input window, use the buttons shown on the left. You can also use the function keys to select the
next [F2] or previous [F3] window.

oK ] [ Cancel ] To save the results, click [OK]. Thus, you quit RF-/TIMBER NBR and return to RFEM or RSTAB. To exit
the module without saving any changes, click [Cancel].

2.1 General Data

In the 1.7 General Data Window, you select the members, sets of members and actions for the
design. The two tabs manage the load cases, load and result combinations for the different types
of design.

File Edit Settings Help Developers

CAl v 1.1 General Data
Input Data Design of
- General Data ;
- Materials Members: 1 3 K Al
- Cross-Sections Sets % (X |[@ Da
~Load Duration ’
- Service Conditions - Members
Effective Lengths - Members Utimate Limt State | Serviceabilty Limit State z
3= Exdisting Load Cases / C Selected for Design e« /
Design by Load Case = LC1 CO1 | 1471C1 +147C2 2]
Design by Cross-Section —=r) 2 "
Design by Member = -
Design by x-Location RC1 | LC1/b +0ZLC2%p :
Governing Internal Forces by Mi = [T} S
Member Slendermesses _g
Parts List by Member > | g
E a
wvi
-—
- ==
< =
« b 5
£ x
]
Timber design of members
and sets of members
according to
~NBR 7130:1997
A v][Ev] 22 I
Comment / \
< >
@ 8| Caleulation Details... Standard... Graphics Cancel

ﬁgure 2.1: Window 1.1 General Data
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Design of

Design of

Memberz:  174.176,177186-196.195-206.351-362 @ [ &
Sels: 118 5| (X ] &0

ﬁgure 2.2: Design of members and sets of members

The design can be carried out for Members as well as for Sets of Members. If you want to design
only selected objects, clear the All check box. Then you can access the text boxes to enter the
numbers of the relevant members or sets of members. The [Delete] button clears the list of preset
numbers. The [Select] button enables you to define the objects graphically in the work window of
RFEM or RSTAB.

=

When you design a set of members, the program determines the extreme values of the analyses
of all members contained in the set of members and takes into account the boundary conditions
of connected members for the stability analysis. The results are shown in Windows 2.3 Designs by
Set of Members, 3.2 Governing Internal Forces by Set of Members, and 4.2 Parts List by Set of Members.

Click [New] to create a new set of members. The dialog box that you already know from RFEM or
RSTAB appears. There you can specify the parameters of the set of members.

Comment

LComment
Design according to NER 7150:1557

ﬁgure 2.3: User-defined comment

In this text box, you can enter user-defined notes describing, for example, the currently selected
design case.
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LC Load Cases (2)
€0 Load Combinations (1)
€0 Load Combinations - User-defined (T)
RC  Result Combingtions (1)
RC Result Combinations - User-defined (1)
Load and Result Combinations {1}
Load and Result Combinations - User-defined (1)
Il Femanent (1)
Accidental {1)

Iy

Result combination

2.1.1 Ultimate Limit State

Ultimate: Limit State | Serviceahility Limit State

Existing Load Cases / Combinations Selected for Design

LC1 col 1.4°LCT + 1.4°LC2

Lc2

| imp Jiee
coz2 LC1 =+ 0.2°LC2

Al () v||av| |33 2 | |52

ﬁgure 2.4: Window 1.7 General Data, tab Ultimate Limit State

Existing Load Cases and Combinations

This column contains all load cases, load combinations, and result combinations that were created
in RFEM or RSTAB.

To transfer selected items to the Selected for Design list on the right, click . Alternatively, you
can double-click the items. To transfer the complete list to the right, click E]

To select several items at once, click them while pressing the [Ctrl] key — as common for Windows
applications.

A load case highlighted in red, like LC3 in Figure 2.4, cannot be designed: This happens when the
load case is defined without any load data, or if the load cases contain only imperfections. When
you transfer this load case, a warning will be shown.

At the end of the list, some filter options are available. They help you assign the items by load case,
load combination, or action category. The buttons next to the box have the following functions:

Selects all load cases in the list

Inverts the selection of load cases

&ble 2.1: Buttons in the Ultimate Limit State tab

Selected for Design

The column on the right lists the load cases, load combinations, and result combinations selected
for design. To remove an item from the list, click E or double-click the item. To transfer the
entire list to the left, click .

The design of an enveloping max/min result combination is faster than the design of all con-
tained load cases and load combinations. In RF-/TIMBER NBR, however, only result combinations
consisting of “permanent” load cases that are combined with the “OR” criterion can be designed.

© DLUBAL SOFTWARE 2017
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2.1.2 Serviceability Limit State

Uttimate Limit State | Serviceabilty Limit State

Existing Load Cases / Combinations Selected for Design

LC1 RC1 LC1p = 0.2°LC24p Pemanent and live actions

Lc2

con 1.4°LC1 + 1 4°LC2
=
=
X
Al (3) v|(2¢ | |28 w25

ﬁgure 2.5: Window 1.7 General Data, tab Serviceability Limit State

Existing Load Cases and Combinations

This section lists all load cases, load and result combinations that were created in RFEM or RSTAB.

Selected for Design

Load cases, load combinations, and result combinations can be added or removed as described in
Chapter 2.1.1.

B[

It is possible to assign different deformation limits for the deflection to the individual load cases,
load and result combinations. These deformation limits are available for usual constructions
(Permanent and live actions) and constructions with non-structural fragile materials (Total deflection
(including creep), Only variable actions) as well as for Vibration Design.

You can allocate the design situation via the drop-down list that you can open by clicking lat
the end of the text box.

Selected for Design

SCh CO16 |G +QiA = 050s Permanent and live actions

C021 | G+0.70iA + Qs + 0.60w Permanert and live actio [
Pemanent and live actions
Total deflection fincluding creep)

COnly variable actions
Vibration Design

ﬁgure 2.6: Selecting design situtation

The limit values of the deflections are controlled by the settings in the Standard dialog box (see
Figure 3.3, page 27). To adjust those values, click the [Standard] button..

In the 1.9 Serviceability Data Window, the reference lengths relevant for the deformation check
are to defined (see Chapter 2.9, page 24).

I@ For the serviceability limit state design, the effective modulus of elasticity, E._ .¢ should be used.
However, all modification factors that are defined for the design of RF-/TIMBER NBR are not used
in the calculation of RFEM/RSTAB. Therefore, it is necessary to define the final modification factor
also in the calculation parameters of the relevant load case or load combination.

[ N ©DLUBAL SOFTWARE 2017
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2.1.3 Standard

To check and, if necessary, adjust the default parameters, click the [Standard] button in any input
window. The Standard dialog box appears. It consists of three tabs.

Modification Factors

Modfication Factors |Other Settings | Used Standards

Type of Timber Modification Factors Acc. to 6.4.4 and Table 10

Solid Timber Load Duration Class:

Glued Laminated Timber
Eeh'::n?lgosted Timber - Permanent kmeod, 1 0.6001]

- Long-term Kmod, 1 :
- Medium-tem kmod, 1 : 0.8001%]
- Shorttem Kmod, 1 : 09001
- Instantaneous kmod, 1 : 1.1DDE|

Modification Factors Acc. to 6.4.4 and Table 11
Moisture Class:
- Kmed, 2 : 1.0001
-@ kmod, 2 : 1.00045
-(3) kmod, 2 : 0800
-(4) kmod, 2 B-MEI

Submerged timber: 2: 065013

Modification Factors Acc. to 6.4.4
Classffication of timber:

- First Categony

- Second Category

ﬁgure 2.7: Dialog box Standard, tab Modification Factors

In the three sections of this tab, you can check or change the Modification Factors, K4 1/ Kmod, 2/

and kp o4 3, if necessary.

The buttons in the Standard dialog box are reserved for the following functions:

Button Function

Resets the default settings of the program
Imports user-defined default settings
Saves the current settings as default

LTabIe 2.2: Buttons in the Standard dialog box

Other Settings

In the second tab of the Standard dialog box, you find other factors significant for the design: Safety
Factor of Resistance for Ultimate Limit State, Creep Coefficient, Factors for LTB Design and Interaction
Factor. These factors can also be modified, if necessary. Furthermore, the parameters of the
Deformation Limits and Vibration Design are indicated.

[ N ©DLUBAL SOFTWARE 2017
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Modfication Factors | Other Settings | Lsed Standards

Safety Factor of Resistance for Uttimate Limit State Acc. t06.4.5

Factors for LTB Design Acc. to 7.5.6

Basic value for compression parallel to grain : H i H
Basic value for tension parallel to grain : H BE: H
Basic value for shear parallel to grain : H

Creep Coefficient Acc. to Table 15

Interaction Factor Acc. to 7.3.4

Maisture Class
Load Duration Class 1 2

4

- Pemanet : 080015 | 0.80015] | 2000 | 20001
- Longtem : 0800} | 080015 | 20003 | 20001
- Medium-temn : 0300} | 030015 | 1000 | 10001
- Short4em : 0100} | 0.100}5] | 050005 | 050005

Rectangular cross-sections

f

Deformation Limits Acc. to 9.2
Usual constructions acc. to 3.2.1:

Fixed on both sides Overhanging

Permanent and live actions: Elef 'H]DEI

Constructions with non-structural fragile materials acc. to 9.2.2:

Total deflection (including creep): Slel 175&' Absolute deformation

Slef | 15005 [ 150003 pm

Only variable actions:

Vibration Design Acc. to 9.3

Deflection limit:

ﬂgure 2.8: Dialog box Standard, tab Others

Used Standards

The third tab of the Standard dialog box informs you about the Standards according to which the
design is performed.

Modfication Factors | Other Settings | Used Standards

Nao. Standard Standard Description
NBR 7130:1957 Design of timber structures

ﬂgure 2.9: Dialog box Standard, tab Used Standards
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2 Input Data 2

Dlubal

2.2 Materials

The window is divided into two parts: The upper table lists all materials created in RFEM or RSTAB.
The Material Properties section below shows the characteristics of the current material, i.e. the row
currently selected in the upper table.

1.2 Materials
A B
Material Material Type of Timber
Na. Description Comment
I Hardwood Timber C 40 | NER 7190:1997 Solid Timber
ABMNT MBR 88 08 Solid Timber
So od Timber C 20 | NBR 7 Solid Timber
[ Softwood Timber C 30 | NBR 7130:1957 Glued Laminated Timber
[ B=® % e
Material Properties
E Main Properties
Modulus of Elasticity = 19500.000 | MPa
Shear Modulus G 575.000 | MPa
Specific Weight T 5.50 | kN/m?
Coefficient of Thermal Expansion o 5.0000E-06 | 17K
Partial Safety Factor ™ 1.00
[E Additional Properties X .
Ralling Shear Strength FRk 0.100 | kN/emZ Material Mo. 1 used in
Modulus of Elasticity for Compression Ecom 19500.000 | MPa Cross-sections Mo.:
Modulus of Hasticity for Compression Perpendicular Ecsom 575.000 | MPa 1
Cr Strength for Bending Fenk 5.195 | kN/em?2
Ct istic Strength for Tension Fio.k 5.195 | kN/cm? Members N
Cr ic Strength for Tension Perpendicular Fraok 0.260 | kN/em? 0.
Cr Strength for Comp 1 Fook 4,000 | kNfem?2 1
Ct istic Strength for Compression Perpendicular Foso 1.000 | kN/cm?
Cr istic Strength for Shear/Torsion Fuok 0.600 | kN/em? Sets of bers Mo.
Basic Density Phas,m 750.0 | ka/m*
I Length I Weight:
169/ [m] 0.012|

ﬁgure 2.10: Window 1.2 Materials

Materials that will not be used in the design appear gray in color. Materials that are not allowed
are highlighted in red. Modified materials are displayed in blue.

The material properties required to determine the internal forces (Main Properties) are described
in Chapter 4.3 of the RFEM manual and Chapter 4.2 of the RFEM manual. The material properties
required for design (Additional Properties) are stored in the global material library. These values
are preset.

To adjust the units and decimal places of the material properties and stresses, select Settings —
Units and Decimal Places from the menu bar of the module (see Chapter 7.3, page 52).

Material Description

The materials defined in RFEM or RSTAB are preset, but you can always modify them: To select a
material, click the description in column A. Then click ~lor press function key [F7] to open the list
of materials.

Hardwood Timber C 40 | NER 7150:1957 =
Softwood Timber C 20 NBR 7130:1597
Softwood Timber C 25 NBR 7130:1997
Softwood Timber C 30 NBR 7130:1597
Hardwood Timber C200  NBR 7190:1997
Hardwood Timber C 30 MNER 7130:1997
Hardwood Timber C 400  NBR 7190:1997
Hardwood Timber C 60 MNER 7130:1997

ﬁgure 2.11: List of materials

According to the design concept of the NBR 7190:1997 [1], the list includes only materials of the
NBR standard group.

[ N ©DLUBAL SOFTWARE 2017
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2 Input Data 2

When you have imported a material, the design relevant Material Properties are updated.

If you change the material description manually and the entry is stored in the material library,
RF-/TIMBER NBR imports the material properties, too.

It is not possible to edit the material properties in the add-on module RF-/TIMBER NBR.

Type of Timber

Solid Timber is the default type of timber, but it is possible to change it to Glued Laminated Timber,
Plywood or Particle Board: To select, click the type of timber in column B. Then click =l or press [F7]
s — to open the list of types. The type of timber type is important for the modification factors that are

Plywood . . .
Particle Board applied in the design.

Type of Timber
Solid Timber =

Material Library

Many materials are available in the library. To open the Material Library, select on the menu
Edit — Material Library

or click the corresponding button.

Filter
Material category group:

Material to Select

|.T|n'|ber

Material category:

|Oa

Standard group:

| Enen

Material Description

O softwood Timber C 20
M Softwood Timber C 25
M Softwood Timber C 30
M Hardwood Timber C 20
[ Hardwood Timber C 30
B Hardwood Timber C 40
W Hardwood Timber C 60

Standard
< NBR 7190:1997
MBR. 7190:1997
3 NBR. 7130:1997
MBR. 7190: 1997
=3 MER 7190:1997
= MBR. 7190:1997
MBR. 7190:1997

Standard:
| [EINBR 7190: 1997

[ Indude invalid...

[ Favorites group:

K=l X

Material Properties Softwood Timber C 20 | NBR 7190:1997

E Main Properties
Modulus of Elasticity 3500.000 | MPa
Shear Modulus 175.000 | MPa
Specific Weight 1 5.00 | kN/m?2
Coefficient of Thermal Expansion 17K

[ Additional Properties
Rolling Shear Strength | | MPa
Modulus of Elasticity for Compression I MPa
Modulus of Elasticity for Compression Perpendicular , | MFa
Characteristic Strength for Bending . MFPa
Characteristic Strength for Tension ] . MFa
Characteristic Strength for Tension Perpendicular ] . MPa
Characteristic Strength for Compression ! I MPa
Characteristic Strength for Compression Perpendicular | MFa
Characteristic Strength for Shear/Torsion | MFPa
Basic Density 0 ka/m?

ﬂgure 2.12: Dialog box Material Library
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In the Filter section, NBR 7190:1997 is the default Standard. Select the material quality that you
want to use for the design in the Material to Select list. You can check the corresponding properties
in the dialog section below.

Click [OK] or press [«] to transfer the selected material to Window 1.2 of RF-/TIMBER NBR.

Chapter 4.3 of the RFEM manual and Chapter 4.2 of the RSTAB manual describe in detail how
materials can be filtered, added, or rearranged.

Material Properties

In the lower section of Window 1.2, the characteristic strengths for tension, fto,k, compression, fcc,k'
shear and torsion, f, |, as well as other material properties are specified.

The design values of the material strengths are, as shown for example in [1] Chapter 7.2.6, to be
determined with the modification factors k.4 and the safety factors of resistance ~,,.

f
= Koq - VM 2.1

w

f,

Wi

Those factors can be modified in the Standard dialog box (see Figure 2.7, page 9), if necessary.

2.3 Cross-Sections

This window manages the cross-sections used for design. In addition, the module window allows
you to specify optimization parameters.

1.3 Cross-Sections
B o D E | |1 - T-Rectangle 612
Section | Material Cross-Section Opti-
No. Description mize Mote Comment
[0 T-Rectangls 6/12 No
2 3 B0 T-Rectangle 10/26 No 7
3 2 [T VE 25027 NER 15279 No 7
4 4  [WT TH20/12/6/4 No 7
6 [E|[FXm [«
Cross-section No. 1 used in
Members No.
1
Sets of members No.
I Length T Weight:
169/ [m] 0.012|
Material:
1 - Hardwood Timber C 40
a B=® % e

ﬂgure 2.13: Window 1.3 Cross-Sections
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2 - T-Rectangle 10/26
RF-TIMBER: MBF

2 - T-Rectangle 12/26
RFEM

0] [&][FC][X][= [a
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Cross-Section Description

The cross-sections defined in RFEM or RSTAB are preset, together with their material numbers.
The design is possible for the following types of cross-sections of the library:

e Parametric timber rectangular cross-sections

e Parametric timber circular cross-sections

e Standardized timber rectangular cross-sections
The new cross-section description can be entered in the text box. If the data base contains that
entry, RF-/TIMBER NBR imports the cross-section parameters.
Modified cross-sections are highlighted in blue.

If the cross-section defined in RF-/TIMBER NBR is different from the one of RFEM or RSTAB, both
sections are displayed in the graphic area. The design will then be performed with the internal
forces of RFEM/RSTAB for the section defined in RF-/TIMBER NBR.

To modify a cross-section, click the entry in column B to select the text box. Use the button or
click -l in the box, or press [F7] to open the dialog box of the current cross-section.

Cross-Section Type Parameters

b ]

h: 12,00 5+ [am]

Favorites Group

T-Rectangle 6/12|

ﬂgure 2.14: Parametric Timber Cross-Sections of the library

In the dialog box, you can select a different cross-section or a different cross-section table. To
change the cross-section category, click @ and access the global cross-section library.

Chapter 4.13 of the RFEM manual and Chapter 4.3 of the RSTAB manual describe how cross-sections
can be selected from the library.

Max. Design Ratio

This table column is shown only after the calculation. It is useful for the optimization: By means of
the displayed design ratios and colored relation scales, you can see which cross-sections are little
utilized and thus oversized, or overloaded and thus undersized.
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Optimize

The optimization analyzes which cross-section comes as close as possible to a user-defined max-
imum utilization ratio. You can define this maximum ratio in the Other tab of the Details dialog
box (see Figure 3.4, page 28).

If you want to optimize a cross-section, select the corresponding check box in column D or E.
Recommendations on the optimization of cross-sections can be found in Chapter 7.2 on page 50.

Note

This column shows remarks as footers. They are described below the cross-section list.

Info About Cross-Section

In the Info About Cross-Section dialog box, you can check the section properties and stress points.

Cross-Section Property Symbol Value Unit T-Rectangle 612
T

Depth 12.00 [ em
Cross-sectional area 72.00 |em2

Moment of inertia 864.00 | cm*
Moment of inertia 216.00 | cm*
Governing radius of gyration 3.46 | cm

Governing radius of gyration 1.73 [cm

Weight 6.8
Surface 0.360
Torsional constant 593.24
Elastic section modulus 2 144.00
Elastic section modulus -144.00
Elastic section modulus 72.00
Hlastic section modulus -72.00

Statical moment of area 2 108.00

Statical moment of area 54.00

[cm]

Stress paints
% cft-Parts

s

ﬂgure 2.15: Dialog box Info About Cross-Section

The buttons below the graphic of the cross-section have the following functions:

Button Function

Displays or hides the stress points

Displays or hides the numbers of stress points

Shows the details of the stress points (see Figure 2.16)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

(2] ) | ) o) 0 2

Prints the cross-section values and cross-section graphic

Table 2.3: Buttons of cross-section graphic

r
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To show specific information on the stress points (distances to center of gravity, statical moments
etc.), click [Details] and use the appearing dialog box.

C | D T-Rectangle 612
Statical Moments of Area

Close

ﬁgure 2.16: Dialog box Stress Points

2.4 Load Duration

In this window, you define the load duration to consider factors reflecting the different load
duration for all selected load cases, load and result combinations, as well as dynamic combinations.

1.4 Load Duration

B C D E F | G H | Load Duration - Explanatory Notes
Load Load Duration | Modfication Combination Coefficient
Description Type Class Factor kmod,1 | Criterion we w2 Comment Permanent:

Design working life

Pemanent Pemanent 0.600 | Permanent
LC2 Accidental Longtem 0700 | Permanent e
COT [ 1471C1+1.471C2 - Longtem 0.700 0.300 0.200 More than six manths
€02 |LC1+02Lc2 ° Longtem 0.700 1.000 1.000

Medium-term:
One week to six months

Short-term:
Less than one week

Instantanenous:
Very short

ﬂgure 2.17: Window 1.4 Load Duration
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Load Duration

Class

Longtem
Medium4em
Shortterm
Instantaneous

Criterion

Variable

Loading

All actions selected in the 1.7 General Data Window are listed here. For combinations, all contained
load cases are listed as well.

Description

The descriptions of the load cases help you to classify them.

Load Type

This table column shows the action type of each load case as defined in RFEM or RSTAB. They are
the basis for the default settings in the next column.

Load Duration Class

Loads and their superpositions must be assigned to the load duration classes (LDC) for the design.
The classification of actions is specified e.g. in [1] Table 1.

For load cases and result combinations, the load duration can be changed via the list shown
on the left: Click the cell in column C to select the box. The =) button becomes available. For
load combinations and “Or” result combinations, RF-/TIMBER NBR performs the classification
automatically, taking into account the shortest load duration class of all contained load cases.

The load duration class is required to determine the modification factor, k This factor is also

considered for the material stiffness.

mod,1°*

Modification Factor k

The impact of the load duration and type of timber on the strength properties is taken into account
by means of the modification factor (see [1] Table 10).

mod,1

The factors can be checked in the Standard dialog box (see Figure 2.7, page 9).

Criterion

For load cases, the criterion Permanent or Variable can be changed via the list shown on the
left. This option distributes the loading on permanent and variable components for the stability
calculation according to [1] 7.5.5.

Column F is only displayed when the corresponding option in the Stability tab of the Details dialog
box is selected (see Figure 3.2, page 26).

Combination Coefficient 1, /1,

If compression members are defined by slendernesses 80 < \ < 140, a buckling analysis can be
performed according to [1] 7.5.5. Those settings can be activated in the Stability tab of the Details
dialog box (see Figure 3.2, page 26). In this case, it is necessary to definie the factors ¢, and 1), for
each combination in columns F and G.
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Second Categol =

Second Category

2 Input Data 2

2.5 Service Conditions - Members

In this window, moisture classes are allocated to members. Besides, the first or second category
of timber is assigned. This makes it possible to modify strengths by other modification factors.

1.5 Service Conditions - Members

A B C | 0]
Member Moisture Class Classification Modification Factors
MNo. of Timber kmod,2 kmod,2
(1) Second Category
2 2) First Category
3 %] First Category
4 3 Second Category

Moisture Class
Moisture Class (1):
: Relative humidity of environment:
© Uam £65%
Average moisture content of timber:
Ueq=12%

Comment

Moisture Class (2):

Relative humidity of environment:
B5% < Uamb = 75%

Average moisture content of timber:
Usg=15%

Moisture Class (3):

Relative humidity of environment:
75% < Uamb = 85%

Avwerage moisture content of timber:
Ueq=18%

Maisture Class (4):

Relative humidity of environment:
Usmb = 85% for long periods
Average moisture content of timber:
Ueq2 25%

Classification of Timber

First Category:

The condition of first category timber can
only be assumed if all the structural
members are without defects. This has to be
ensured by a visual method and by
mechanical tests, which guarantees the
homogenity of the applied timber.

Second Category:

All the types of timber which are not of first
category.

N 1 al ER R

ﬁgure 2.18: Window 1.5 Service Conditions - Members

Moisture Class

There are four moisture classes defined in [1] Table 7. The determination of the moisture class
makes it possible to assign the modification factor k.4 ,- This factor is also dependent on the
type of timber as specified in [1] Table 11.

mod,

Classification of Timber

The conditions of the first and second category of timber are specified in [1] 6.4.4. According to
the classification, the modification factor k;,,,4 5 can be determined.

Modification Factors k,,oq 2/Kimod 3

The modification factors k.4 » and K04 3 are automatically determined according to the choice
in the previous columns A and B.

These factors can be checked and, if necessary, adjusted in the Standard dialog box (see Figure 2.7,
page 9).

Below the table, you find the Set input for members No. check box. If it is selected, the settings
entered afterwards will be applied to the selected or to All members. Members can be selected by
entering their numbers. You can also select them graphically with the button. This option is
useful when you want to assign the same conditions to several members. Please note that settings
that have been already defined cannot be changed subsequently with this function.
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There are three more buttons available beneath the table. They have the following functions:

Button Function

Exports the table to MS Excel

Sets the row of member which can be selected in work window of RFEM/RSTAB

Switches to work window of RFEM/RSTAB

&Jble 2.4: Buttons in Window 1.5 Service Conditions — Members

2.6 Service Conditions - Set of Members

This window appears if at least one set of members has been selected for the design in Window
1.1 General Data.

1.6 Service Conditions - Sets of Members

B C _| D E | Moisture Class
Classffication Medffication Factors Moisture Class (1):

of Timber kmod, 2 kmeod 3 Comment

Relative humidity of environment:
[1)] First Category 1.000 1.000 Uz < 65%
Awverage moisture content of timber:
Ueq=12%

Moisture Class

Moisture Class (2):

Relative humidity of environment:
65% < Uamb = 75%

Awverage moisture content of timber:
Ueq=15%

Moisture Class (3):

Relative humidity of environment:
T5% < Uamb = 85%

Average moisture content of timber:
Ueq= 18%

Moisture Class (4):

Relative humidity of enviranment:
Uamb > 85% for long periods
Awverage moisture content of timber:
Ueq>25%

Classification of Timber

First Category:

The condition of first category timber can
only be assumed if all the structural
members are without defects. This has to be
ensured by a visual methed and by
mechanical tests, which guarantzes the
hemogenity of the applied timber.

Second Category:

All the types of timber which are not of first
[] set input for members No.: category,

3 ¥ Al @

ﬂgure 2.19: Window 1.6 Service Conditions - Sets of Members

The concept of this window is similar to the one of the previous Window 1.5 Service Conditions -
Members. Here you can assign the moisture and timber classes to sets of members.
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2.7 Effective Lengths - Members

The appearance of the window depends on whether the stability analysis is carried out according
to [1] 7.5 or second-order analysis. You select the method in the Stability tab of the Details dialog
box (see Figure 3.2, page 26). The following description refers to the equivalent member method.
Here, the parameters of buckling and lateral-torsional buckling have to be defined.

If the stability analysis is deactivated in the Stability tab of the Details dialog box, this window is
not shown.

Window 1.7 consists of two parts: The upper table informs you about the factors concerning
the lengths of buckling and lateral-torsional buckling of the members selected for the design.
Furthermore, the equivalent member lengths are listed. The effective lengths defined in RFEM or
RSTAB are preset. In the Settings section of this window, you can see further information on the
member whose row is selected in the upper table.

Click to select a member graphically and show its row.

You can make changes in the table as well as in the Settings tree.

1.7 Effective Lengths - Members
A B C E | F [ G H | ! [ J K
Member| Buckling Buckling About Axis y Buckling About fuds 2 Lateral-Tarsional Buckling
Na. Possible Possible kery Loy [m] Possible kerz Loz[m] Possible | L1 Manually L1 [m] Comment
= = 2000 3380 ] 1.000 1650 W O 0
F] ¥ I 0.700 1.183 I 0.700 1.183 I O
3 s s 0.500 0.845 s 0.500 0.845 s O
4 e v 1.000 1,630 v 1.000 1,630 v O
= [{[®] %] [®
Settings for member Mo. 1 1 - T-Rectangle 612
Cross-section 1- T-Rectangle 6/12
Length L 1.650 | m
Buckling Possible
E] Buckling About Auxis y Possible
Effective Length Coefficient kery 2.000
Effective Length Lo,y 3380 |m
B Buckling About Auds z Possible
Effective Length Coefficient kerz 1.000
Effective Length Loz 1650 |m =
Bl Lateral-Torsional Buckling Possible H >
L1 manualy O a g
Comment
[] Set input for members No. [cm]
™ | Al a &

ﬂgure 2.20: Window 1.7 Effective Lengths - Members for stability analysis according to [1] 7.5

The effective lengths can be entered manually in the table and in the Settings tree, or defined
graphically in the work window after clicking []. This button is enabled when you click in the box
(see Figure 2.20).

The Settings tree manages the following parameters:

Cross-Section

Length of member

Buckling Possible for member (cf. column A)

Buckling about Axis y Possible (cf. columns B to D)
Buckling about Axis z Possible (cf. columns E to G)
Lateral-Torsional Buckling Possible (cf. columns H to J)
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You can specify for the selected member whether a buckling or a lateral-torsional buckling design
is to be performed. Furthermore, you can adjust the Effective Length Coefficient for the respective
directions. When a coefficient is modified, the equivalent member length is adjusted automatically,

and vice versa.

You can also define the buckling length of a member in a dialog box. To open it, click the button
shown on the left. It is located on the right below the upper table.

Buckling About y-Axis

(@ Rigid -
Koy =2.0¢

() Hinged - hinged
ke =10

() Rigid - hinged
kery =07

) Rigid - rigid
kery =0.5

() User-defined
kay = ...

Buckling About z-Axis

() Rigid - free
kaz=2.0

(®) Hinged - hinged
oz=1.0

() Rigid - hinged
kaz=0.7

() Rigid - rigid
kez=10.5

() Uger-defined
kez=...

Import From add-on module RF-STABILITY
(Eigenvalue Analysis)

RF-STABILITY-Case:

Buckling mode Mo,
- -

0= 4

Import From add-on module RF-STABILITY
(Eigenvalue Analysis)

RF-STABILITY-Case:

Buckling mode Mo,
- -

05 3

Export effective length

factor kery 2000 T ([

Export effective length -
factor kerz: 1.000 . | []

@

ﬁgure 2.21: Dialog box Select Effective Length Factor

For each direction, you can select one of the four EULER buckling modes or specify a User-defined
buckling length coefficient. If an eigenvalue analysis was carried out in the add-on modules
RF-STABILITY or RSBUCK, you can also select a Buckling mode in order to determine the coefficient.

Buckling Possible

A stability analysis for flexural buckling and lateral-torsional buckling requires that members can
resist compressive forces. Therefore, members for which such resistance is not possible because
of their member types (e.g. tension members, elastic foundations, rigid couplings) are generally
excluded from the design. The corresponding rows appear dimmed and a note is displayed in the

Comment column.

The Buckling Possible check boxes in table column A and in the Settings tree offer the possibility to
control the stability analyses: They determine whether or not these analyses are carried out for a

member.

Buckling About Axis y or Axis z

With the check boxes in the Possible table columns, you decide whether a member is susceptible
to buckling about the y-axis and/or z-axis. Those axes represent the local member axes, where

the y-axis is the major and the z-axis the minor member axis. The buckling length coefficients k

cry

and k, , for buckling about the major or the minor axis can be selected freely.

You can check the position of the member axes in the cross-section graphicin the 1.3 Cross-Sections
Window (see Figure 2.13, page 13). To access the work window of RFEM or RSTAB, click the [View
mode] button. In the work window, you can display the local member axes via the member
shortcut menu or the Display navigator (see Figure 2.22).
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- [W]5% Member Elastic Foundations

I8,
L[] Indexes

- [18 Member Auis Systems u,v,w
L[V Indexes
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- Eg Member End Releases

< |

; [T} | +

»

[Lom | »

ﬂ Data EDisplay _ﬂ‘u‘iews

ﬁgure 2.22: Activating the member axis systems in the Display navigator of RFEM

If buckling is possible about one or even both member axes, you can enter the buckling length
coefficients as well as the buckling lengths in columns C and D as well as F and G. The same is
possible in the Settings tree.

To specify the buckling lengths in the work window graphically, click[-]. This button is available
when you have selected a cell of the L, column (see Figure 2.20).

When you specify the buckling length coefficient k

<« the program determines the effective length

L, by multiplying the member length L by the buckling length coefficient. The text boxes of k,
and L, are interactive.

Lateral-Torsional Buckling Possible

Table column H shows you for which members the program performs an analysis of lateral-tor-
sional buckling.

L, Manually

The equivalent member length relevant for the lateral-torsional buckling is preset by the member
length. Having selected the check box in column |, you can specify the length for lateral-torsional
buckling L, in column J. You can also define it graphically after clicking L] as the distance of the
lateral supports. It can be useful to adjust a structural component if it consists of several members
between the supports.

Below the Settings table, you find the Set input for members No. check box. If it is selected, the
settings entered afterwards will be applied to the selected or to All members. Members can be
selected by entering their numbers. You can also select them graphically with the button.
This option is useful when you want to assign the same boundary conditions to several members.
Please note that settings that have already been defined cannot be changed subsequently with
this function.

Comment

In the last table column, you can enter you own comments to describe, for example, the effective
lengths of specific members.
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2.8 Effective Lengths - Sets of Members

This window appears only if at least one set of members has been selected for the design in
Window 1.7 General Data and the stability check has been activated in the Stability tab of the

Details dialog box (see Figure 3.2, page 26).

1.8 Effective Lengths - Sets of Members

B |

C |

0] E

F |

G

H

J

Buckling

Buckling About fis y

Buckling About fuds 2

Lateral-Tarsional Buckling

Possible Possible kery Loy [m] Possible kerz Loz [m] Possible | L1 Manually L1 [m] Comment
1.000 1.650 1.000 1.650 a
Settings for set of members No. 1 1 - T-Rectangle 612
Cross-section 1- T-Rectandle 612
Length L 1.630 |m
Buckling Possible
1 Buckling About Axis y Possible
Effective Length Coefficient kery 1.000
Effective Length Lo,y 1690 |m
1 Buckling About Axis z Possible
Effective Length Coefficient kerz 1.000
Effective Length Loz 1690 |m -
H Lateral-Torsional Buckling Possible ST i »
L1 manualy O . ¥
Comment
db
z
[] Set input for members Mo. [cm]
*
5 v

ﬁgure 2.23: Window 1.8 Effective Lengths - Sets of Members

The concept of this window is similar to the one of the previous window 1.7 Effective Lengths - Mem-
bers. Here you can enter the effective lengths for buckling as well as for lateral-torsional buckling
of the set of members as described in Chapter 2.7. They determine the boundary conditions of
the entire set of members that is treated as an equivalent member.
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Reference to

Set of Members =
Member
List of Members

Beam Type

Beam

Beam =

Cantilever Start Free
Cantilever End Free

2.9 Serviceability Data

The last input window controls the settings for the serviceability limit state design of specific
objects. It is available when one or more load cases or combinations have been selected in the
Serviceability Limit State tab of Window 1.1 (see Chapter 2.1.2, page 8).

1.9 Serviceability Data

A B c_ | D E F | G H
Member Dire:c- Precamber

M. Reference to No. tion wez [mm]
|| Member 1 0.000
Member 2 2.000
Member 3
Member 4
List of Members
Set of Members 1

Manualy Beam Type Comment
Beam |
Beam
Cantilever Start Free
Cantilever Start Free
Beam
Beam

we,y [mm]

-

0.000
0.000

é £

ea| ~l| en| nf | 3| b

wo

=

]

I

=

&

5

o

&

19

ﬁgure 2.24: Window 1.9 Serviceability Data

In column A, you define whether the deformation refers to single members, lists of members, or
sets of members.

For a list or set of members, the orientation and rotation of all contained members must be
identical. This will guarantee that the components of the deformation are taken into account
correctly.

In column B, you can specify the numbers of the members or sets of members that are to be
analyzed. The L] button enables you to select the objects graphically in the work window. In
column D, the Reference Length of each object is shown. The geometrical lengths of the members,
lists or sets of members are set by default. If necessary, you can adjust those values after having
selected the Manually check box in column C.

Column E controls the governing Direction for the deformation analysis. You can select the direc-
tions of the local member axes y and z or the resultant R.

Columns F and G enable you to consider a Precamber w , and w_, for the design.

The Beam Type is important for the correct reference to the limit deformations. In column G, you
can specify a beam or a cantilever is to be analyzed. For the latter, you can define which end has
no support.

The settings in the Serviceability tab of the Details dialog box control whether the deformations
refer to the undeformed original model or to the shifted ends of members or sets of members (see
Figure 3.3, page 27).
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3 Calculation

3.1 Detail Settings

Before you start the calculation, it is recommended to check the design details. You can open the
corresponding dialog box in all windows of the add-on module by clicking [Details].

The Details dialog box contains the following tabs:

Resistance
Stability
Serviceability
Other

3.1.1 Resistance

Resistance | Stabilty | Serviceability | Other |

Consideration of Connections

Reduction of limit tension stresses

At nodes Mo

[1.26.8 5]
Connection length: [m]
St ratio insid -
e 4
Stress ratio outside A

connections:

ﬁgure 3.1: Dialog box Details, tab Resistance

Consideration of Connections

The connection of members often weakens the cross-section in the zone of the joint. This effect
can be accounted for by a Reduction of limit tension stresses. The numbers of the relevant nodes
can be entered manually or selected graphically via the button.

The Connection length defines the zone on the member where reduced stresses are to be applied.
In the text box below, the maximum Stress ratio inside connections can be entered as percentage.
If required, the Stress ratio outside connections can be modified as well.
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Second-order analysis (P-Delta)
Large deformation analysis
Postcritical analysis

Method of analysis
in RFEM/RSTAB

3 Calculation 3

3.1.2 Stability

| Resistance | Stability |Serviceabili‘ty I Other |

Stability Analysis

(@) Stability analysis accerding to 7.5
{requires definition of effective lengths)

(7)) Stress/stability analysis according to second order theory
{requires definition of imperfections in RFEM)

Buckling of Slender Compression Members

Perform analysis of members defined by slendemess
80 <1<140acc.to V.55
{requires additional settings for loading)

[[] Distribute loading on permanent and variable components
according to the criterion “Pemanent” or "Variable" in Window
1.4 Load Duration (otherwise it will be performed acconding to
Load Duration Class settings).

ﬁgure 3.2: Dialog box Details, tab Stability

Stability Analysis

The Perform stability analysis check box controls whether a stability analysis is performed along
with the cross-section design. If you clear the selection of the check box, Window 1.5 and 1.6 will
not be shown.

The Stability analysis according to [1] 7.5 uses the internal forces determined by RFEM or RSTAB. For
this method, make sure that the Geometrically linear static analysis has been set (the default for
load combinations is second-order analysis). To perform the stability analysis according to [1] 7.5,
the effective lengths of the members and sets of members subject to compression or compression
and bending must be specified in Window 1.7 and 1.8.

If the bearing capacity of a structural system is significantly affected by its deformations, it is
recommended to apply the Stress/staility analysis according to second order theory. This approach
requires the definition of imperfections in RFEM/RSTAB and their consideration for the relevant
load combinations. The flexural buckling analysis is carried out during the calculation of the load
combinations in RFEM or RSTAB.

For the second order calculation, the lateral-torsional buckling design must be carried out nev-
ertheless. Thus, the lengths for lateral-torsional buckling of members or sets of members must
be specified in Window 1.7 or 1.8 manually. In this way, it is guaranteed that the lateral-torsional
buckling analysis is performed with the appropriate factors (e.g. 1.0).
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Buckling of Slender Compression Members

If the first check box is selected, a buckling analysis is performed for members defined by slender-
ness 80 < A < 140 according to [1] 7.5.5. This option requires additional settings concerning
the combination coefficients for loading which can be defined in Window 1.4 (see Chapter 2.4,
page 16).

When the first check box is selected, it is possible to Distribute loading on permanent and variable
components. Those settings are managed by Window 1.4 as well. If the first check box is not
activated, this option is not available. Members with A > 80 will then be verified as unsatisfactory.

3.1.3 Serviceability

Stability | Serviceabilty | Other

Servicability (Deflections)
Deformation relative to:

() Undeformed system

ﬂgure 3.3: Dialog box Details, tab Serviceability

The two options control whether the deformation is to be relative to the Shifted member ends (or
ends of sets of members), i.e. the connection line between start and end nodes of the deformed
system. Alternatively, the deformation can be referred to the Undeformed system. In most cases,
the deformations can be checked relative to the displacements of the entire model.

I]g You can find an example how to refer the deformations of members in the following article:
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001081.

The limit deformations can be checked and, if necessary, adjusted in the Standard dialog box (see
Figure 2.7, page 9).
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3.1.4 Other

Resistance | Stability I Serviceabili‘ty| Other |

Cross-Section Optimization Dizplay Result Windows

ME_I; allowable design = [+]2.1 Design by Load Case
rafio: HIHEI 2.2 Design by Cross-Section
[]2.3 Design by Set of Members
Mermbers wih imit (¥12.4 Design by Member

- Tension only: mlil 2.5 Design by x-Location

- Compression / flexure: [+]3.1 Goveming Intemal Forces by Member

[]3.2 Goveming Intemal Forces by Set of Members
[13.3 Member Slendemessas

Check of Member Slendernesses

[+] 4.1 Parts List by Member

[+]4.2 Parts List by Set of Members
(@) Only for members / sets to be designed
(10F all members / sets of members

ﬁgure 3.4: Dialog box Details, tab Other

Cross-Section Optimization

The optimization is targeted on the maximum design ratio of 100 %. If necessary, you can specify
a different limit value in this text box.

Check of Member Slendernesses

The two text boxes in this section define the limit values \;;,,;; which control the member slender-
nesses. It is possible to enter specifications separately for members with pure tension forces and
for members with bending and compression.

The limit values are compared to the real member slendernesses in Window 3.3. This window is
available after the calculation (see Chapter 4.8, page 36) if the corresponding check box is selected
in the Display Result Windows section (see below).

Display Result Windows

In this dialog section, you can select the resultswindows including parts lists that you want to
display in the output. Those windows are described in Chapter 4.

Window 3.3 Member Slendernesses is deactivated by default.
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Al I:I
Al

LC Load Cases

€0 Load Combinations

RC  Result Combinations

B Add-on Modules

3 Calculation 3

3.2 Start Calculation

To start the [Calculation], click the corresponding button which is available in all input windows
of RF-/TIMBER NBR.

The add-on module searches for the results of the load cases, load combinations, and result
combinations to be designed. If those are not available yet, RF-/TIMBER NBR starts the calculation
in RFEM or RSTAB to determine the relevant internal forces.

The calculation an also be started in the user interface of RFEM or RSTAB: The To Calculate dialog
box (menu Calculate — To Calculate) includes the design cases of all add-on modules, too.

Load Cases / Combinations / Module Cases | Result Tables |

Not Calculated Selected for Calculation

Mo. Description Mo. Description
N LC1 CAl RF-TIMBER NER - Design acc. to NBR 7190:1957
Lcz
co1 147LCT +1.471C2
RC1 LC1/p + 0.2°LC24p

ﬁgure 3.5: Dialog box To Calculate of RFEM

If the RF-/TIMBER NBR cases are missing in the Not Calculated section, select All or Add-on Modules
in the drop-down list below.

To transfer the selected RF-/TIMBER NBR cases to the list on the right, use the button @ . Click
[OK] to start the calculation.

To calculate a design case directly, use the list in the toolbar. Select the RF-/TIMBER NBR case in
the toolbar list, and then click [Show Results].

Options  Add-on Modules  Window  Help

[ %4 RF-IMBER NBRCA1-DesignacctoN = < > @ 1™ ®5 | 6y pF ma | A @
PG i EBAY- RRAQIwRR Y ®-
ﬁgure 3.6: Direct calculation of a RF-TIMBER NBR design case in RFEM

Subsequently, you can observe the design in a separate dialog box.
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4 Results

Window 2.7 Design by Load Case is displayed immediately after the calculation.

File Edit Settings Help Developers

cal 2.1 Design by Load Case
Input Data T

<

D [E] F | G
- General Data [ 15

- Materials ing Deseription No. *m] Design | ‘ Design According to Formula Duration
R Utimate Limi State Design

~Load Duration 140CIp+1.21C2p = LC] 4 [ 1980] 0.86 | <1 | 303) Stabilty - Compression parallel to grain with buckling aboLt y-sds acc. to 7.5.5 | Pemanent
- Service Conditions - Members

-~ Service Conditions - Sets of Me

E
Location

Member

Serviceability Limit State Design

- Effective Lengths - Members CO1 | LC1+LC2+LC3 [ s 1980 0,51 1| 401) Serviceabilty - Design stuation Pemanert and live actions acc. to 9.2.1 - Inner span, | Pemanert
. Effective Lengths - Sets of Mer|

. Serviceability Data
Results

Design by Load Case
Design by Cross-Section
Design by Set of Members

Design by Member Max [EIEEE:) 7 %

Design by x-Location

Governing Internal Forces by & Detalls - Member 4 - x; 1,980 m- RC10 11 - T-Rectangle 260/160
Governing Internal Forces by | Material Data - Hardwood Timber C 40 -~
Member Slendernesses [# Cross-section Data - T-Rectangle 260/160
Parts List by Member Design Intemal Forces
. Parts List by Set of Members = Design Ratio
Compressivs Forcs Neg 200 kN
Width b 260.0 | mm
Depth d 160.0 [ mm
Area of Cross-Section A 416.00 [ em?
Compressive Stress ONed 0.00 kN/em? =
Effective Length Loy 4000 | m =
Radius of Gyration iy 462 | mm
Slendemess Degree iy 86,603 751
Cr istic Cc ive Strength Feok 2,00 kN/em? Table 8 i
Modulus of Blasticity for Compression Ecom 950.00 [ kN/em? Table 2 #
Modification Factor kmod,1 0.600 644 =
Modification Factor kmod,2 1.000 644
Modification Factor kmed,2 1.000 644
Modification Factor kmod 0.600 644
Resistance Factor Twe 1.400 £45
Design Compressive Strength Parallel to Grain Foo.d 0.86 | kN/em?2 728 [mm]
Effective modulus of elasticity for parallel to grain Ecpef 570.00 | kN/em2 6459
Moment of Inetia Iy 387467 |em® v
>

<
Calculation Details... Standard... Graphics oK Cancel

ﬁgure 4.1: Result window with design results and details

The design results are shown in the result Windows 2.1 through 2.5, sorted by different criteria.

Windows 3.1 and 3.2 list the governing internal forces. Window 3.3 informs you about the member
slendernesses. The last two result Windows 4.1 and 4.2 show the parts lists sorted by member and
set of members.

Every window can be selected by clicking the corresponding entry in the navigator. To set the
previous or next input window, use the buttons shown on the left. You can also use the function
keys to select the next [F2] or previous [F3] window.

[I] To save the results, click [OK]. You exit RF-/TIMBER NBR and return to the main program.

Chapter 4 describes the different result windows one by one. The evaluation and checking of the
results is described in Chapter 5 starting on page 40.
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4 Results

4.1 Design by Load Case

The upper table provides a summary of the results, sorted by load cases, load and result combina-
tions of the governing designs. Furthermore, the list is split into Ultimate Limit State Design and
Serviceability Limit State Design results.

The Details section below contains detailed information on the cross-section properties, design
internal forces, and design details of the load case or combination selected in the upper table.

2.1 Design by Load Case

B c D |E F G|
Load- Member | Location Load
ing Description No x [m] Design | Design According to Formula Duration
Uttimate Limit State Design
14 Clp+12C2h+IC] 4 | 1.980 [ 0.86 | =1 [ 303) Stability - Compression parallel to grain with buckling about y-axis acc.to 7.5.5 | Permanert
Senvi ility Limit State Design
CO1 |LC1+LC2+LC3 [ 1.980 0.91 | =1 | 401) Serviceability - Design situation Permanent and live actions acc.to 9.2.1 - Inner span, | Permanent

Max: 03121 @ ]

=10 v T

Details - Member 4 - x: 1980 m - RC10 11 - T-Rectangle 260160
Material Data - Hardwood Timber C 40 A
Cross-section Data - T-Rectangle 260,160
Design Intemal Forces
] Design Ratio
Compressive Force Meg -2.00 | kN
Width b 260.0 | mm
Depth d 160.0 | mm
Area of Cross-Section A 416.00 | cm2
Compressive Stress TNe.d 0.00 | kN/cm2 =
Effactive Length Loy 4000 | m =
Radius of Gyration iy 46.2 | mm
Slendemess Degree Ly 86603 751
r ietic Compressive Strength Feok 2.00 | kN/om?2 Table 8
Modulus of Elasticity for Compression Ecdm 950.00 | kN/cm?2 Table &
Modification Factor kmeod. 1 0.600 644
Modification Factor Kmeod 2 1.000 644
Modification Factor Kmed 2 1.000 644
Modffication Factor kmod 0.600 644
Resistance Factor N 1.400 645
Design Compressive Strength Parallel to Grain ] 0.86 | kN/cm 2 728 ()
Effective modulus of elasticity for compression parallel to grain Eco.zf 570.00 | kN/cm2 649
Momert of Inertia Iy 887467 | om* ;) &

ﬂgure 4.2: Window 2.1 Design by Load Case

Description

This column shows the descriptions of each designed load case, load or result combination.

Member No.

In this column, the number of each member is given that has the maximum design ratio of the
respective loading.

Location x

The column shows the x-location of the member at which the maximum ratio occurs. For the
tabular output, the program uses the following member locations x:

e Startand end nodes

e Division points according to optionally defined member division (see RFEM Table 1.16 or
RSTAB Table 1.6)

Member division according to specification for member results (see RFEM/RSTAB dialog box
Calculation parameters, tab Global Calculation Parameters)

Extreme values of internal forces
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Design

Columns D and E show the design conditions according to NBR 7190:1997 [1].

The lengths of the colored scales graphically represent the respective design ratios.

Design According to Formula

This column lists the references in [1] according to which the different types of design have been
performed.

Load Duration

Column H shows the load duration classes as defined in Window 1.4 (see Chapter 2.4, page 16).

4.2 Design by Cross-Section

2.2 Design by Cross-Section

A B C D [E ~
Section | Member | Location | Load-
Na. Mo. x[m] ing Desian | Design According to Formula
13 | T-Rectangle 260./160
[ 0.000 | RC10 0.22 | 21| 111) Cross-section resistance - Strength in shear due to shear force Vz acc.to 7.4.1
[ 1.980| RC10 0.84 | =1 131) Cross-section resistance - Strength in bending about y-ads acc. to 7.3.3
& 0.000| CO1 0.00 | = 1| 400) Ser ility - Negligible ion:
[ 1.380| CO1 0.91 | = 1| 401) Serviceability - Design situation Permanent and live actions acc. to 9.2.1 - Inner span, z-direction
14 | TCircle 200
7 ‘ 0.000 | RC10 | 0.02 | =<1 | 101) Cross-section resistance - Strength in tension parallel to grain acc. to 7.3.1
- 7 ‘ 0.000 | RC10 | 0.17 | < 1 [111) Cross-section resistance - Strength in shear due to shear force Vz acc. o 7.4.1 v
Mec [ 0si[<1@ 7 [EE][%][e]
Details - Member 7 - x: 0.000 m- RC10 14 - T-Circle 200

Material Data - Hardwood Timber C 40
Cross-section Data - T-Circle 200
Design Imtemal Forces

] Design Ratio
Shear Farce Vzd 8.00 | kN
#rea of Cross-Section A 314.16 | cm?
Shear Stress Vzd 0.03 | kN/em?
Ct Strength for Shear/Tarsion Fvok 0.60 | kN/cm2 Table 8
Modfication Factor Kmos,1 0.600 644 s
Modffication Factor kmeod.z 1.000 644 S
Modification Factor kmed 3 1.000 644
Modification Factor k med 0.600 644
Resistance Factor Ty 1.800 645
Design Shear Strength fvpd 0.20 | kN/cm2 728
Design Ratio n 017 1 741 B

[mim]

ﬁgure 4.3: Window 2.2 Design by Cross-Section

This window lists the maximum ratios of all members and loadings selected for design, sorted by
cross-section. For each section, the results are given for cross-section design, stability analysis,
and serviceability limit state design.
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4.3 Design by Set of Members

2.3 Design by Set of Members
A B C 0]
Set | Member | Location | Load-
Mo. No x [m] ing Design | Design According to Formula
(Member No. 3)
3 0.000 | RC10 0.22 | £1 | 111) Cross-section resistance - Strength in shear due to shearforce Vz acc.to 7.4.1
3 1.980 | RC10 052 | =1 |131) Cross-section resistance - Strength in bending about y-axis acc. to 7.3.3
- 3 0.040 | RC10 0.38 | £1 | 321) Stabilty - Lateraltorsional buckling in bending about y-axis acc.to 7.5.6
3 0000 Cot 0.00 | £1 | 400) Serviceabiity - Negligible ion:
3 1980 CoO1 0.36 | = 1| 401) Serviceabilty - Design stuation Permanent and live actions acc. to 9.2.1 - Inner span, z-direction
3 (Member No. 4)
4 | 0.000 | RC10 | 0.01 | <1 | 102) Cross-section resistance - Strength in compression parallel to grain acc. to 7.3.2
4 | 0.000 | RC10 | 022 | =1 | 111} Cross-section resistance - Strength in shear due to shearforce Vz acc.to 7.4.1 W
Mac [ 0sis1@ v
Details - Member 3 - x: 0.040 m - RC10 10 - T-Rectangls 160/260
Material Data - Softwood Timber C 25 A
Cross-section Data - T-Rectangle 160/260
Design Intemal Forces
£ Design Ratio
Bending Moment Mya 0.31 | kNm
Blastic Section Modulus Syc -1802.67 | cm?
Bending Stress (Compressive Bending Strength) Ghy,cd -0.02 | kN/em 2
Effective Length for LTE L1 4000 (m
Width b 160.0 | mm B
Depth d 260.0 | mm 2 ———
Factor Be 4000 - ¥
Factor i 1.400
Comection Coefficient Bu T2E4
Ct istic Ci ive Strength Feok 250 |kN/cmZ Table &
Modulus of Elasticity for Compression Ecom 850.00 | kN/cm2 Table 8
Modification Factor Kmed, 1 0.600 644
Modification Factor kmod.z 1.000 644
Modification Factor kmed 2 0.200 644
Modification Factor kmed 0.480 644
Resistance Factor e 1.400 . 645 mm]
Design Compressive Strength Parallel to Grain (K] 0.86 | kkM/cm 728
Effective modulus of elasticity for compression parallel to grain Ecf,ef 408.00 | kN/cm?2 649 W EI

ﬁgure 4.4: Window 2.3 Design by Set of Members

This result window is displayed when you have selected at least one set of members for the design.
It lists the maximum design ratios sorted by set of members.

The Member No. column shows the number of the member within the set which has the maximum
ratio with respect to the specific design criterion.

The output by set of members clearly presents the design for structural groups, e.g. chords.

[ N ©DLUBAL SOFTWARE 2017

EEE
33



4 Results

4.4 Design by Member

24 Design by Member

A B C
Member Location | Load
No x [m] Case Design ‘ Design Acc. to Formula
5] Cross-gection No. 12 - T-Rectangle 160/260
0.000| RCI1D 0.01 | = 1| 102) Cross-section resistance - Strength in compression parallel to grain acc. to 7.3.2
0.000| RCID 0.22 | = 1| 111) Cross-section resistance - Strength in shear due to shear force Vz acc. to 7.4.1
1980 RC10 0.52 | =1 151) Cross-section resistance - Strength in bending about y-ads and compression acc. to 7.3.6
- 1.5980| RC10 0.53 | =1 [ 302) Stabilty - Compression paraliel to grain with buckling about y-=is acc. to 7.5.4
0.000| RCID 0.01 | = 1| 313) Stabilty - Compression paraliel to grain with buckling about z-2s acc.to 7.5.5
0.040| RCI0 0.27 | =1 321) Stabilty - Lateral4orsional buckling in bending about y-axs acc. to 7.5.6
0.000| CO1 0.00 | £71 | 400) Serviceabilty - Negligible ion
1580 CO1 0.16 | = 1| 401) Serviceabilty - Design situation Permanent and live actions acc. to 9.2.7 - Inner span, z-direction
v
Ve [ 05T/1@ v &
Details - Member 5 - x: 1.980 m- RC10 12 - T-Rectangle 160/260
Material Data - Hardwood Timber C 40 ~
[H Cross-section Data - T-Rectangle 160/260
Design Intemal Forces
[ Design Ratio .
Compressive Force Nea -2.00 | kN T—T
Width b 160.0  mm
Depth d 2600 mm
Area of Cross-Section A 416.00 | cm?
Compressive Stress GNed 0.00 [ kN/ecm2 -
Fffective Length Loy 4000 | m 2 —»
Radius of Gyration iy 751 mm - ¥
Slendemess Degree Ly 53254 751
Ct istic Ct Strength feok 2.00 | kN/em2 Table 8
Modulus of Elasticity for Compression Ecdm 950.00 | kN/em2 Table 8
Modffication Factar Kmed, 1 0.600 644 H
Modffication Factar Kmed 2 1.000 644 =
Modffication Factar Kmed 2 1.000 644
Modffication Factor kmed 0.600 644
Resistance Factor s 1.400 645
Design Compressive Strength Parallel to Grain [ 0.86 | kN/em? 726
Effective modulus of elasticity for compression parzllel to grain Ecp.ef 570.00 | kN/em? 649
Moment of Inertia ly 2343470 | cm4 v

ﬂgure 4.5: Window 2.4 Design by Member

This result window presents the maximum ratios of the individual designs for each member. The
columns are described in Chapter 4.1 on page 31.

4.5 Design by x-Location

2.5 Design by x-Location

B c _JD E ~
Member  Location | Load
Na x[m] Case Design ‘ Design Acc. to Formula
3 Cross-section No. 10 - T-Rectangle 160/260

0.000) RC10 0.22 | £1 | 111) Cross-section resistance - Strength in shear due to shear force Vz acc. to 7.4.1
0.000| CO1 0.00 | £1 | 400) Serviceabilty - Negligible def ions
0.000 | RC10 0.22 | £1 | 111) Cross-section resistance - Strength in shear due to shear force Vz acc. to 7.4.1
0.000| CO1 0.00 | =1 | 400) Serviceability - Negligible def ions
0.040 (| RC10 0.21 | £1 | 111) Cross-section resistance - Strength in shear due to shear force Vz acc.to 7.4.1
0.040| RC10 0.02 | =1 131) Cross-section resistance - Strength in bending about y-axis acc. to 7.3.3
0.040| RC10 0.38 | = 1| 321) Stability - Lateral4orsional buckling in bending about y-axis acc. to 7.5.6
0.040| CO1 0.01 | =1 401) Serviceabilty - Design situation Permanent and live actions acc. to 5.2.1 - Inner span, z-direction
0.079| RC1D 0.21| = 1| 111) Cross-section resistance - Strength in shear due to shear force Vz acc.to 7.4.1 Y]

Max:

[ osif<1@

Details - Member 3 - x: 0.000 m- RC10

10 - T-Rectangle 160/260

Material Data - Softwood Timber C 25

[ Cross-gection Data - T-Rectangle 1604260

Design Intemal Forces

[= Design Ratio 180.0
Shear Force Vzd 2.00 | kN T—T
Width b 160.0 [ mm
Depth d 260.0 | mm
Shear Stress ed 0.03 | kN/secmZ
Ct istic Strength for Shear/Torsion Fupk 0.50 | kN/emZ Table 8 .

Modification Factor Kmed,1 0.600 644 2

Modffication Factor kmed,2 1.000 644 =

Modification Factor K mod.3 0.800 644

Modffication Factor ke med 0.480 644

Resistance Factor Tav 1.800 645

Design Shear Strength Fuod 0.13 | kN/cm2 T26

Design Ratio mn 022 =1 741 =

[mem]

ﬁgure 4.6: Window 2.5 Design by x-Location
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e 4 Results 4

This result window lists the maxima for each member at all locations x resulting from the division
points in RFEM or RSTAB:

e Startand end nodes

e Division points according to optionally defined member division (see RFEM Table 1.16 or
RSTAB Table 1.6)

Member division according to specification for member results (see RFEM/RSTAB dialog box
Calculation Parameters, tab Global Calculation Parameters)

Extreme values of internal forces

4.6 Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B c [ b J| E F [ G [ H | ~
Member | Location Load Forces [kN] Moments [lkMm]
No. x [m] Case M | Vy | Vz MT | My | Mz Design According to Formula
3 | Crosssection No. 10 - T-Rectangle 160/260
0.000] RC10 0.00 0.00 8.00 0.00 0.00 0.00 | 111} Cross-section resistance - Strength in shear due to shearforce Vz ac
1.580 | RC10 -2.00 0.00 0.08 0.00 2.00 0.00 | 131) Cross-section resistance - Strength in bending about y-zods acc. to 7
0040 | RC10 -2.00 0.00 784 0.00 031 0.00 | 321) Stability - Lateral4orsional buckling in bending about y-=xs acc. to 7
0.000| Ccoi 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceabiity - Negligible def ions
1580| CO1 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design situation Permanent and live actions acc. to €

0.000 | RC10 -200 0.00 2.00 0.00 0.00 0.00 | 102) Cross-section resistance - Strength in compression parallel to grain a
0.000 | RCi0 0.00 0.00 8.00 0.00 0.00 0.00 | 111) Cross-section resistance - Strength in shear due to shear force Vz ac
1.980| RC10 -2.00 0.00 0.08 0.00 8.00 0.00 | 151) Cross-section resistance - Strength in bending about y-zods and comy
1.580 | RC10 -2.00 0.00 0.08 0.00 2.00 0.00 | 303) Stability - Compression parallel to grain with buckling about y-=ds act
0000 | RC10 -2.00 0.00 200 0.00 0.00 0.00 | 312) Stability - Compression parallel to grain with buckling about z-axis ac
0.000| Ccoi 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceabiity - Negligible def ions

1580| CO1 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design situation Permanent and live actions acc. to €

0.000 | RC10 -200 0.00 2.00 0.00 0.00 0.00 | 102) Cross-section resistance - Strength in compression parallel to grain a
0.000 | RCi0 0.00 0.00 8.00 0.00 0.00 0.00 | 111) Cross-section resistance - Strength in shear due to shear force Vz ac
1.980| RC10 -2.00 0.00 0.08 0.00 8.00 0.00 | 151) Cross-section resistance - Strength in bending about y-zods and comy
1.580 | RC10 -2.00 0.00 0.08 0.00 2.00 0.00 | 302) Stability - Compression parallel to grain with buckling about y-=ds act
0000 | RC10 -2.00 0.00 200 0.00 0.00 0.00 | 313) Stability - Compression parallel to grain with buckling about z-axis ac
0.040| RC10 -2.00 0.00 784 0.00 03 0.00 | 321) Stabilty - Lateraltorsional buckling in bending about y-=ds acc. to 7.
0.000| CO1 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Ser y - Negligibl 1

1580 CoO1 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design situation Permanent and live actions acc. to £

[ Cross-section No. 13 - T-Rectangle 260160

0.000 | RCi0 0.00 0.00 8.00 0.00 0.00 0.00 | 111) Cross-section resistance - Strength in shear due to shear force Vz ac
1.980| RC10 -2.00 0.00 0.08 0.00 8.00 0.00 | 131) Cross-section resistance - Strength in bending about y-auds acc. to 7
0.000| CO1 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Ser y - Negligibl 1

1580 CoO1 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design situation Permanent and live actions acc. to £

7 Cross-section Mo. 14 - T-Circle 200
0.000 | RC10 | 12.00 | 0.00 | 200 | 0.00 | 0.00 | 0.00 | 101) Cross-section resistance - Strength in tension parallel to grain acc. to | v

B & & [e

ﬁgure 4.7: Window 3.1 Governing Internal Forces by Member

For all designed members, this window displays the governing internal forces, i.e. those internal
forces that produce the maximum ratio of each design.

Location x

At this x-location of the member, the respective maximum design ratio occurs.

Load Case

This column displays the numbers of the load case, load or result combination whose internal
forces result in the maximum design ratios.

Forces / Moments

For each member, these columns present the axial and shear forces as well as the torsional and
bending moments which give the maximum ratios in the respective cross-section designs, stability
analyses, and serviceability limit state designs.
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Dlubal

Design According to Formula

4

The final column informs you about the design types and equations by which the designs have
been performed according to the Standard [1].

4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members

B c [ b [ E F [ G [ H |
Set Location Load Forces [lkM] Moments [<Nm]
No x[m] Case M Vy Vz MT ‘ My ‘ Mz Design According to Formula
& (Member Na_ 3)
0.000] RC10 0.00 0.00 8.00 0.00 0.00 0.00 | 111} Cross-section resistance - Strength in shear due to shear force Vz acc. t
1.980 | RC10 -2.00 0.00 0.08 0.00 8.00 0.00 | 131) Cross-section resistance - Strength in bending about y-ads ace. to 7.3.3
0.040 | RC10 200 0.00 784 0.00 0.31 0.00 | 321) Stability - Lateraorsional buckling in bending about y-mds acc. to 7.5.6
0.000| cot 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceability - Negligible ion:
1.980| CO1 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design stuation Permanent and live actions acc.to 52
3 (Member No. 4)
0.000| RCID -2.00 0.00 200 0,00 0.00 0.00 | 1022) Cross-section resistance - Strength in compression parallel to grain acc.
0.000| RC10 0.00 0.00 8.00 0.00 0.00 0.00 | 111} Cross-section resistance - Strength in shear due to shearforce Vz acc.t
1.980 | RC10 -2.00 0.00 0.08 0.00 82.00 0.00 | 151) Cross-section resistance - Strength in bending about y-ads and compres
1.580| RC10 -2.00 0.00 0.08 0,00 200 0.00 | 303) Stability - Compression parallel to grain with buckling about y-axds acc. tc
0.000 | RC10 2.00 0.00 8.00 0.00 0.00 0.00 | 312) Stability - Compression parallel to grain with buckling about z-axdis acc. to
0.000| CoO1 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Ser y - Negligibl 1
1580 CoOi 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceabilty - Design stuation Permanent and live actions acc. to 9.2.7

ﬁgure 4.8: Window 3.2 Governing Internal Forces by Set of Members

This window contains the individual internal forces that result in the maximum ratios of the
respective design for each set of members.

4.8 Member Slendernesses

Window 3.3 is shown when you have selected the respective check box in the Other tab of the
Details dialog box (see Figure 3.4, page 28).
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3.3 Member Slendernesses

B c 1 D | E F [ @ | H |
Member Length Major Auxis y Minar fods 2

No. Under Stress L [m] ky [ iy [mm] iy H kz[] iz [mm] iz
Compression / Flexure 4.000 1.000 75.1 53.294 1.000 46.2 86.603
4 G ion / Flexure 4.000 1.000 462 86.603 1.000 751 53.294
5 Compression / Flexure 4.000 1.000 75.1 53.294 1.000 46.2 86.603
6 Ci ion / Flexure 4.000 1.000 462 86.603 1.000 75.1 53.294
7 C ion / Flexure 4.000 1.000 50.0 80.000 1.000 50.0 80.000

Members with compression / flexure:

Maxiy: | 06603 <140 @
Maxiz | 86603 c1a0 @ @

ﬂgure 4.9: Window 3.3 Member Slendernesses

The table lists the effective slenderness ratios of the designed members for both directions of the
principal axes. They depend on the load type.

Below the list, you find a comparison of the most unfavorable values with the limit values. The
latter are managed in the Other tab of the Details dialog box (see Figure 3.4, page 28).

Members of the member type “Tension” or “Cable” are not included in this table.

ﬂg This window is displayed only informative. It does not provide any stability analysis of slender-
nesses.
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4.9 Parts List by Member

Finally, RF-/TIMBER NBR provides a summary of all cross-sections contained in the design case.

4.1 Parts List by Member

B C 1] E B G H 1 J

Part Cross-Section Mumber of Length Total Length | Suface Area Valume Unit Weight Weight Total Weight

No Description Members [m] Im] [m2] [m*] kg/m] kel i1

10 - T-Rectangle 160,260 1 400 4.00 336 017 2238 91.52 0.052
2 11 - T-Rectangle 260/160 1 4.00 4.00 336 017 2704 108.16 0.108
3 12 - T-Rectangle 160/260 1 400 400 336 017 2704 108.16 0.108
4 13 - T-Rectangle 260/160 1 4.00 4.00 336 017 22388 9152 0.092
5 14 - TCircle 200 1 400 4.00 251 013 29.85 11938 0118
Sum 5 20.00 1535 0.73 0.513

%[

ﬂgure 4.10: Window 4.1 Parts List by Member

By default, this list contains only designed members. If you need a parts list of all members of
the model, select the corresponding option in the Details dialog box, tab Other (see Figure 3.4,
page 28).
Part No.

The program automatically assigns item numbers to similar members.

Cross-Section Description

This column lists the cross-section numbers and descriptions.

Number of Members

Column B shows how many similar members are used for each part.

Length

This column displays the respective length of an individual member.

Total Length

In this column, the product determined from the two previous columns is given.

Surface Area

For each part, the program specifies the surface area relative to the total length. This area is
determined from the Surface Area of the cross-sections. It can be checked in Window 1.3 and
Windows 2.1 to 2.5 (see Figure 2.15, page 15).
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Volume

The volume of a part is determined from the cross-sectional area and the total length.

Unit Weight

The unit mass of the cross-section is related to the length of one meter.

Weight

The values of this column represent the products of the entries in columns Cand G.

Total Weight

The final column gives the total mass of each part.

Sum

At the end of the list, you find a sum of the values in columns B, D, E, F, and I. The last row of the
column Total Weight gives information about the total amount of timber required.

4.10 Parts List by Set of Members

4.2 Parts List by Set of Members

B c D = B G H | ]

Part Set of Members Mumber Length Total Length | Surface Area Volume Unit Weight Weight Total Weight

No. Description of Set [m] [m] m?] m?] ka/m] lkal 1

1 4.00 4.00 336 0.17 2288 9152 0.092
2 1 4.00 4.00 336 017 27.04 108.16 0.108
Sum 2 8.00 6.72 033 0.200

AR [e

ﬂgure 4.11: Window 4.2 Parts List by Set of Members

The last result window is displayed when you have selected at least one set of members for design.
It represent the parts list of structural groups, e.g. chords.

Details on the various columns can be found in Chapter 4.9. If there are different cross-sections
in the set of members, the program averages the surface area, the volume, and the cross-section
weight.
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5 Results Evaluation

5 Results Evaluation

You can evaluate the design results in different ways. The buttons below the upper table are very

useful for that.

2.2 Design by Cross-Section

F A

B E D [E
Section | Member | Location | Load-
No. No x[m] ing Design |

Design According to Formula

10 | T-Rectangle 160/260

3 0.000 | RC10 0.22 | £1 | 111) Cross-section resistance - Strength in shear due to shear force Vz acc. to 7.4.1
i 3 1.980| RC10 0.52 | =1 131) Cross-section resistance - Strength in bending about y-adis ace. to 7.3.3
3 0.040 ( RC10 0.38 | =1 | 321) Stabiltty - Lateral+orsional buckling in bending about y-=ds acc.to 7.5.6
3 0.000| CO1 0.00 | =1 | 400) Servi lity - Negligible def ions
3 15980| CO1 0.35 | =1 | 401) Serviceability - Design situation Permanent and live actions acc. to 9.2.1 - Inner span, z-direction

11 | T-Rectangle 260/160

4 [ 0000] RCID |

0.01 | =1 | 102) Cross-section resistance - Strength in compression parallel to grain acc. to 7.3.2

4 |  oooof RCIO |

0.2z | <1 | 111) Cross-section resistance - Strength in shear due to shearforce Vz acc.to 7.4.1 "

Max: ’W’Z a

[ E e - v & N[e

Details - Member 3 - x: 1.980 m - RC10 10 - T-Rectangle 160260

Material Data - Softwood Timber C 25

Cross-section Data - T-Rectangle 160,260

Design Intemal Forces

[E Design Ratio
Bending Moment Myq 8.00 | khNm
Hlastic Section Modulus Syt 1802.67 | cm?
Hastic Section Modulus Sye -1802.67 [cm?
Bending Stress (Tensile Bending Strength) GMy.t.d 0.44 | kN/em2
Bending Stress {Compressive Bending Strength) My, c.d 0.44 | kN/om2 -
Ct istic Tensile Strength Fioe 3.25 | kNAocm2 6.3.3 2 -
o Comp Strength Fook 250 | kN/em?Z Table 8 = v
Modification Factor lemod, 1 0.600 644
Modffication Factor ke mod, 2 1.000 644
Modification Factor Kmod, 2 0.800 6.4.4
Modification Factor ke mod 0.480 644
Resistance Factor Tt 1.800 645
Resistance Factor Two 1.400 645
Design Tensile Strength Parallel to Grain Fo.d 0.87 | kN/cm? 726
Design Compressive Strength Parallel to Grain feo.d 0.86 | kN/ecmZ 726
Design Ratio 1 (Tension Face) n 0.51 1 733 )
Design Ratio 2 {Compression Face) nz 0.52 <1 733

ﬂgure 5.1: Buttons for results evaluation
Button Description Function

Ultimate Limit
State Design

Shows or hides the results of the ULS design

Serviceability Limit
State Designs

Shows or hides the results of the SLS design

imﬁﬁ

Color Bars Shows or hides the colored relation scales in the tables
Describes the filter criterion for the output in the tables:
L0 Filter Parameters | Design ratios greater than 1, maximum value or user-defined
ax
Define limit
Displays only rows where the filter parameters are valid
Apply Filter p Y Y . P
(ratio > 1, maximum, user-defined value)
) Opens the Result Diagram on Member Window
Result Diagrams
— Chapter 5.2, page 43
Exports the table to MS Excel
Excel Export
— Chapter 7.4.3, page 53

Member Selection

Allows you to graphically select a member in the work
window to display its results in the table

View Mode

| & | ® | @ =

Jumps to the work window of RFEM or RSTAB to check or
change the view

r

Table 5.1: Buttons in result Windows 2.1 through 2.5
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St 5 Results Evaluation 5

5.1 Results in RFEM/RSTAB Model

You can also evaluate the design results in the work window of RFEM or RSTAB.

Background graphic and view mode

The work window of RFEM or RSTAB in the background is useful for you to find the position of a
particular member in the model: There, the member selected in the RF-/TIMBER NBR result window
is highlighted. Furthermore, an arrow indicates the relevant location x of this member.

File Edit 5ettings Help Developers

Cal

<

2.1 Design by Load Case

Input Data B C D [E
- General Data Load- Member | Location
- Materials ing Description No. x [m] Design | Design #
Cross-Sech.ons Uttimate Limit State Design
-+~ Load Duration 141Clp12C2p+IC] 4 |  13980] 0.86 | <1 303) Stabilty - Compression parallel to g
- Service Conditions - Members
- Service Conditions - Sets of Me Serviceabilty Limit State Design
- Effective Lengths - Members CO1 [LC1+LC2+LC3 5 1.980 0.91 | =1 401) Serviceability - Design situation Pe

- Effective Lengths - Sets of Mer
- Serviceability Data

Results

- Design by Load Case

- Design by Cross-Section

- Design by Set of Members

- Design by Member Max: 0.3 ’E =] E

ﬂgure 5.2: Indication of member and relevant Location x in RFEM model

Information If you cannot improve the display by moving the RF-/TIMBER NBR module window, click the

@ button to activate the view mode. Thus, you hide the module window so that you can change the

You are in the view mode. view in the user interface of RFEM or RSTAB. In the view mode, you can use the functions of the
ol View menu, e.g. zoom, move, or rotate the view. The pointer remains visible.

Click [Back] to return to the RF-/TIMBER NBR module.

RFEM/RSTAB work window

You can also check the design ratios graphically in the RFEM/RSTAB model: Click [Graphics] to quit
the design module. In the work window of RFEM or RSTAB, the design ratios are now displayed
like the internal forces of a load case.

l&fl lEI To turn the display of the design ratios on or off, use the [Show Results] button which is familiar
from the display of internal forces. To switch the result values on or off, click the [Show Values]
button next to it.

The tables of RFEM or RSTAB are of no relevance for the timber design results.

RF-TIMBER NBR CAT-Beams  [¥|  The design cases can be selected in the list of the menu bar.

LC1

Lc2

CO1-LC1+LC2+1C3
RF-TIMEER NER CA1 - Beams

RF-TIMBER MBR CA2 - Columns

[ N ©DLUBAL SOFTWARE 2017
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5 Results Evaluation

Dlubal

The graphical representation of the design results can be controlled in the Display navigator, item

Results — Members. The ratios are shown Two-
Project Mavigator - Display x

(2 E‘g Model -

£ [ Results N

Result Values
Title Info
Max/Min Info
Deformation

m

Two-Colored

With Diagram
Without Diagram
Cross-5ections

Result Diagrams Filled

Display Hidden Result Diagram
Reverse Results V-y and V-z

Results on Couplings

ﬂData gDisplay _ﬁ\iiews

ﬁgure 5.3: Display navigator — Results — Members

Colored by default.

| = When you have selected a multicolor display (options With/Without Diagram or Cross-Sections),

the color panel is available. It provides the usual
the RFEM/RSTAB manual, Chapter 3.4.6.

[T:3 n & 05 .
. " 082, 000N an e 0.6
= 076 w41 010, 1 |.010 107 40 e 057 r— x
P 11 | » g4
e X Lol aino w0 R PP Ha
= 0t Tna| Do 010w - Design Ratio []
% 012 012 vz | 0P g
’ 103
1 o 080 0.58 055 1.00
na i | ‘ 07! 0.90
nm
A | L ||
0a7 070
041
um' ; 050
“ IJ.MJL "’” 1 | o
03
=0 0K '1‘“. " 035~ 040
B nqmlmauzm '”nm P 030
- e SlogeeT 130 .3 — 0.20
-0 1147 052 S""' 0.3 -
0" 034 0_54 0.10
- 035 (%} IJ.M i 0.00
Project Navigator - Display
- [¥15 Model P Mz : 1.03
- [IF Results I ‘ Min : 0.00
- El- Result Values
= 059
..... I Title Info 063 2 o 032 RF-TIMBER NER
[ Max/Min Info 051
Deformation ’ 07
Members u?ﬁ\&m
Oﬂ Two-Colored 7l 0.7%
07 0w =
With Diagram ’ e \
Without Diagram Eé ) ﬁ

Cross-Sections

Result Diagrams Filled
Hatching

All Values

Display Hidden Result I
Reverse Results V-y and -~
| 3

Dlsplay _ﬁ‘uflews 1

4]
ﬂ Data

control functions. They are described in detail in

Z

ﬂgure 5.4: Design ratios with display option Without Diagram

The graphics of the design results can be transferred to the printout report (see Chapter 6.2,

page 46).

RFTIMBERNBR |

To return to the add-on module, use the [RF-/TIMBER NBR] button in the panel.

[ N ©DLUBAL SOFTWARE 2017
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St 5 Results Evaluation 5

5.2 Result Diagram
You can graphically evaluate the design ratios of members or sets of members in a result diagram,
without using the work window of RFEM or RSTAB.

Select the member (or set of members) in the RF-/TIMBER NBR result window by clicking in the
relevant table row. Then click the |£2| button to open the Result Diagram on Member dialog box.
This button is located below the upper table (see Figure 5.1, page 40).

In the work window of RFEM or RSTAB, the result diagram can be accessed from the menu

Results — Result Diagrams for Selected Members
Jﬁ; or via the toolbar button shown on the left.

A new window opens. It presents the distribution of the maximum design values on the member
or set of members.

! Members No: 4 > Ta I:I@ E QQ Eu |

(|52 | rF-MBER NBR CAT P

Navigator ox # x;[m] ] Fixed
=4 Design

=[] Ultimate Limit Sta

..[] Cross-Section x Design

- [ Stability Desig [m] H

- [ Serviceability Limi 0.000 0.22
0.000 0.22
0.040 021
0.079 021
0119 0.20
0,158 0.20
0,198 019 v

[] Mae/Min Onty - [ Edges Only

Design

L4

Results

ﬂgure 5.5: Dialog box Result Diagram on Member

You can switch the ULS and SLS results on or off in the Results navigator.

RFTIMBER NBR CA1-Beams | ©|  Use the list in the toolbar to select the relevant RF-/TIMBER NBR design case.

L1

g O+ 12+ 1C3 The Result Diagram on Member dialog box is described in the RFEM or RSTAB manual, Chapter 9.5.

RF-TIMBER NBR CA1 - Beams

RF-TIMBER NER CAZ - Columns
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5 Results Evaluation 5

5.3 Filter for Results

The RF-/TIMBER NBR result windows allow you to sort the results by various criteria. In addition,
you can use the filter options for the tables (see Figure 5.1, page 40) to reduce the numerical
output according to specific ratios. This function is described in the Knowledge Base at our Web
site:

https://www.dlubal.com/en/support-and-learning/support/knowledge-base/000733
Furthermore, you can apply the filter options described in Chapter 9.9 of the RFEM manual or
Chapter 9.7 of the RSTAB manual to evaluate the results graphically.

You can also use the Visibility options for RF-/TIMBER NBR to filter the members and evaluate them
(see RFEM manual, Chapter 9.9.1 or RSTAB manual, Chapter 9.7.1).

Filtering design ratios

The design ratios can be used as filter criteria in the RFEM/RSTAB work window which you access
by clicking [Graphics]. To apply this filter function, the panel must be displayed. If it is not, select.

View — Control Panel (Color scale, Factors, Filter)
or use the toolbar button shown on the left.

The panel is described in the RFEM/RSTAB manual, Chapter 3.4.6. The filter settings for the results
can be defined in the first tab (Color scale). As this tab is not available for the two-colored results,
you haveset the display option Colored With/Without Diagram or Cross-Sections in the Display
navigator (see Figure 5.3, page 42).

[EN
I N Desgign Ratio [-]
\ 1.02
..... ‘Im
047 byl
0.90
Project Navigator - Display x 0z
0.80
(] 5 Model = 075
0.70
L 065
1 060
055
. . 050
- [E Members
..... Om Two-Colored Max : 1.02
..... @[ With Diagram Min : 0.00
----- Om Without Diagram
..... O Cross-Sections
----- EE Result Diagrams Filled AFTIMBER NER
----- I Hatching
..... CIEE Anvalues
----- Dm Display Hidden Result Diagram
----- Dm Reverse Results V-y and V-z -
ﬂData B Display . ] Views 55 & _ﬂ

ﬁgure 5.6: Filtering design ratios with adjusted color spectrum

As seen in Figure 5.6, the color spectrum can be set in such a way that only ratios greater than
0.50 are shown in the color ranges between blue and red.

[ N ©DLUBAL SOFTWARE 2017

[ 1]
44



i

St 5 Results Evaluation 5

Filtering members

In the Filter tab of the control panel, you can specify the numbers of particular members to display
their results exclusively, i.e. filtered. This function is described in the RFEM manual, Chapter 9.9.3
or RSTAB manual, Chapter 9.7.3.

Panel *
Project Navigator - Display X Show diagrams for
Eg Madel - members Mo.:
5[ Results 1724
- [7] [ Result Values E

Title Info
..... [ Max/Min Info
- [] [F Deformation

Result Diagrams Filled

: |Z| Hatching

I Al Values - (%]

n »

<
ﬂData gDisplay ﬁ\«’iews

.
=]
s

ﬁgure 5.7: Memboer filter for ratios of diagonals

Unlike the Visibility function, the entire model is displayed. Figure 5.7 shows the ratios of the truss
diagonals. All other members are displayed in the model, but they have no design ratios.
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6 Printout

6.1 Printout Report

Similarly to RFEM or RSTAB, the program generates a printout report for the RF-/TIMBER NBR
results which can be supplemented by graphics and descriptions. The selection in the printout
report determines what data from the design module are to be included in the final printout.

The printout report is described in the RFEM or RSTAB manual. In particular, Chapter 10.1.3.5
Selecting Data of Add-on Modules describes how the input and output data of add-on modules
can be selected.

For complex models with many design cases, it is recommended to split the data into several
printout reports, thus allowing for a clearly-arranged documentation.

6.2 Graphic Printout

In RFEM or RSTAB, you can add any picture of the work window to the printout report or send it
directly to a printer. In this way, the design ratios shown on the RFEM/RSTAB model can be used
for the documentation.

The printing of graphics is described in the RFEM or RSTAB manual, Chapter 10.2.

Design ratios in RFEM/RSTAB model

To print the currently displayed design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

ED Fil: Edit View Insert Calculate Results Tools Tab

D299&BpE ne FQQFET
AN e AR

-
ﬁgure 6.1: [Print Graphic] button in RFEM toolbar

Result diagrams

You can also transfer the Result Diagram on Member images to the printout report or print them
directly by using the [Print] button.

Members Mo.: E T Q B & I:I |@| E |

|E|%& | rcig14tci/p+12C - 4 B

i 0. 4.000
Mavigator o x - A S " x Ij
= [H] Global Deformatic ~ i C i

ﬂgure 6.2: [Print] button in Result Diagram on Member dialog box

The Graphic Printout dialog box appears (see Figure 6.3).
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6 Printout

General |Dptions | Factors I Border and Stretch Factor5|

Graphic Picture Window To Print Graphic Size

(") Directly to a printer... = (@) Cument anly (@) As screen view

()T Moare... | (O Window filing

() To the Clipboard () Mass prirt... | O Toscale 10 (100w
(") To 3D PDF

Graphic Picture Size and Rotation Options

Use whole page width Show resuls for selected xJocation in result
diagram

(®) Use whole page height
() Height: 1DDZ| [% of page]

Rotation; 1

[] Lock graphic picture {without update)

+| Show printout report on [OK]

Header of Graphic Picture
|NBR - Members Design Ratio, CA1

ﬂgure 6.3: Dialog box Graphic Printout, tab General

This dialog box is described in the RFEM or RSTAB manual, Chapter 10.2. That chapter also describes
the other tabs of the dialog box.

You can move a graphic anywhere within the printout report by using the drag-and-drop function.

Remove from Printout Report If you want to modify an image in the printout report, right-click the relevant entry in the navigator
S ez of the printout report. The Properties option in the shortcut menu opens the Graphic Printout
Selection... dialog box again. It offers you several options to adjust the image.

Properties... l}

General | Options | Factors | Border and Stretch Factors

Script Symbols Frame
() Proportional (®) Proportional () None
() Constant (®) Framed

Factor: 1 [ Title bax...

Print Quality Color
() Standand {ma 1000 x 1000 pixels) () Grayscale
() Masimurm {maze 5000 x 5000 pixels) (") Tets and lines in black
(®) User-defined (@) All colored
Max number of pixels: ‘IDDDEI

ﬂgure 6.4: Dialog box Graphic Printout, tab Options
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7 General Functions

This chapter describes useful menu functions and export options for the design results.

7.1 Design Cases

Design cases allow you to arrange members for specific analyses. In this way, you can combine
groups of structural components or analyze members with particular design specifications, e.g.
modified materials, partial safety factors, cross-sections.

It is no problem to analyze the same member or set of members in different design cases.

RETIMBER NER CA1-Beams [ To calculate a RF-/TIMBER NBR design case, you can also use the load case list in the toolbar of

) RFEM or RSTAB.
CO1-LCT1+LC2+1C3

RF-TIMBER NBR CA1 - Beams

RF-TIMBER NER CA2 - Columns Create design case

To create a new design case, use the RF-/TIMBER NBR menu and select

File — New Case.

The following dialog box appears.

Description

| Design According to NER|

ﬁgure 7.1: Dialog box New RF-TIMBER NBR-Case

Enter a No. (one that is still available) for the new design case and an optional Description. It
facilitates the selection in the load case list.

Then click [OK] to open the 1.1 General Data Window of RF-/TIMBER NBR where you can enter the
new design data.

Rename design case

To change the description of a design case, use the RF-/TIMBER NBR menu and select
File — Rename Case.

The following dialog box appears.

Description

| New Description|

ﬁgure 7.2: Dialog box Rename RF-TIMBER NBR-Case

You can specify a different Description as well as a different No. for the design case.
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Copy design case

To copy the input data of the current design case, use the RF-/TIMBER NBR menu and select
File — Copy Case.

The following dialog box appears.

LCopy from Case

CAZ - New Description

New Case

No.: Description:
|3 | |Design According to NBR|

@]

ﬁgure 7.3: Dialog box Copy RF-TIMBER NBR-Case

Define the No. and, if necessary, a Description of the new case.

Delete design case

To delete a design case, use the RF-/TIMBER NBR menu and select
File — Delete Case.

The following dialog box appears.

Available Cases
=

Description

New Description
Diesign Accordingto NER

ﬂgure 7.4: Dialog box Delete Cases

Select the design case in the list of Available Cases. To delete this case, click [OK].
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mize

Mo 7

From favorites 'ASD’
From favorites ‘NF
From favorites 'BS

7 General Functions

7.2 Cross-Section Optimization

The design module offers you the option to optimize overstressed or little utilized cross-sections.
To do this, select Yes for the relevant cross-section(s) in Window 1.3 Cross-Sections, column C resp.
D (see Figure 2.13, page 13).

You can also start the optimization in the result windows via the shortcut menu.

2.2 Design by Cross-Section

] C D [E F
Section | Member | Location | Load-
No. No. x [m] ing Design | Design According to Formula
10 | T-Rectangle 160/260
3 | 0.000 | Co1 | 022 | =1 | 111) Cross-section resistance - Strength in shear due to shear force Vz acc.to 7.4.1
i_a z = — S isection resistance - Strength in bending about y-axis acc. to 7.3.3
3 Go to Cross-Section Doubleclick by - Lateral4orsional buckling in bending about y-ads acc.to 7.5.6
Info About Cross-Section...
11 | TRg — = i
4l Or Cross-Section |lsection resistance - Strength in shear due to shear force Vz acc. to 7.4.1
4 Cross-5ection Optimization Parameters... lsection resistance - Strength in bending about y-axis acc.to 7.3.3

12 | T-Rectangle 160/260

Mac: 03t[=1 @ 2. v

ﬂgure 7.5: Shortcut menu for cross-section optimization

During the optimization, the module determines the cross-section that fulfills the analysis require-
ments in the “optimal” way, i.e. comes as close as possible to the maximum allowable design ratio
specified in the Details dialog box (see Figure 3.4, page 28). The required cross-section properties
are calculated with the internal forces of RFEM or RSTAB. If a different cross-section proves to be
more favorable, it will be used for the design. In this case, the graphic in Window 1.3 shows two
cross-sections — the original section from RFEM or RSTAB and the optimized one (see Figure 7.7).

For a parametric cross-section, the following dialog box appears when you have selected Yes from
the drop-down list.

Cross-Section Optimization Parameters

Opti-

mize Cument Minimum Madmum Increment
Ob: [ 1600E]] | | 2 3¢ mm)
o e T R T

T-Rectangle 160,260

ﬂgure 7.6: Dialog box Timber Cross-Sections - Rectangle : Optimize
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7 General Functions

By selecting the check boxes in the Optimize column, you decide which parameter(s) you want to
modify. This enables the Minimum and Maximum columns where you can specify the upper and
lower limits of the parameter. The Increment column determines the interval in which the size of
the parameter varies during the optimization.

If you want to Keep current side proportions, select the corresponding check box. In addition, you
have to select two parameters for the optimization.

I@ Please note that the internal forces are not automatically recalculated with the modified cross-sec-
tions during the optimization: It is up to you to decide which sections should be transferred to
RFEM or RSTAB for a new calculation. As a result of optimized cross-sections, the internal forces
may vary considerably because of the changed stiffnesses of the model. Therefore, it is recom-
mended to recalculate the internal forces of the modified cross-sections after the first optimization,
and then to optimize the sections once again.

To export the modified cross-section(s) to RFEM or RSTAB, go to Window 1.3 Cross-Sections and
select

Edit — Export All Cross-Sections to RFEM/RSTAB.

The shortcut menu of Window 1.3 also provides some options to export optimized cross-sections
to RFEM or RSTAB.

1.3 Cross-Sections

[ D E | 14-T-Circle 220
Section Opti- RF-TIMBER MER
No. Description mize Mote Comment

[0 T-Rectangle 160,260 No
0 T-Rectangle 260/160 No
M TRectangle 160,260 No
[0 T-Rectangle 260,160 No
W O[TCircle 220 I 1

Info About Cross-section...
14 - T-Circle 200

Cross-Section Library... RFEM

Edit List 'Design of Members' in Window 1.1 »

Optimize Cross-Section

Cross-Section Optimization Parameters...

Export Cross-5ection to RFEM
Export All Cross-Sections to RFEM
Import Cross-Section from RFEM (1) = I Qx

Import All Cross-Sections from RFEM

Cross-section No. 14 used in

Members Mo.
7

Sets of members No.

I Length T Weight:

400/ [m] 0.144|

Material:
4 - Hardwood Timber C 40

1) The cross-section in RFEM is different from that in RF-TIMBER NER.

a H® % e

ﬁgure 7.7: Shortcut menu in Window 1.3 Cross-Sections

Before the modified cross-sections are transferred to RFEM or RSTAB, a query appears as to whether
the RFEM/RSTAB results should be deleted.

RF-TIMBER NER
Information No. 54141

Do you want to transfer the changed cross-sections to RFEM?
I so, the results of RFEM and RF-TIMEER NER will be deleted.

ﬁgure 7.8: Query when exporting cross-sections
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By confirming the query and then starting the [Calculation] in the RF-/TIMBER NBR module, the
internal forces of RFEM or RSTAB as well as the design ratios will be determined in one single
calculation run.

If the modified cross-sections have not been exported to RFEM or RSTAB yet, you can reimport the
original sections in the design module by using the last two options shown in Figure 7.7. Please
note that this shortcut menu is only available in Window 1.3 Cross-Sections.

7.3 Units and Decimal Places

The units and decimal places of RFEM or RSTAB and of all add-on modules are managed in one
dialog box. To define the units for RF-/TIMBER NBR, select the menu

Settings — Units and Decimal Places.

The dialog box which is familiar from RFEM or RSTAB appears. RF-/TIMBER NBR is preset in the
Program / Module list.

Program / Module RF-TIMBER MBR

- RF-TIMBER Pro
- RF-TIMBER AWC Output Data Parts List
- RF-TIMBER CSA '
= RF-TIMBER NBR Stresses: Lendths:
- RF-TIMBER SANS
.. RE-TIMEER Design ratios: = Total lengths:
- RX-TIMBER
- RX-TIMBER
- RX-TIMBER Volumes:

ﬁ:l: : EEE Weights per length:
- RX-TIMBER Weights:
Eﬁgl‘fh:\liEMH Total weights:
- RF-JOINTS

- RF-END-PLATE

- RF-CONNECT

- RF-FRAME-JOINT Pro

- RF-DSTV

- RF-DOWEL

- RF-H5S

- RF-FOUNDATION

- RF-FOUNDATION Pro

- RF-STABILITY

- RF-DEFORM

- RF-MOVE

- RF-MOVE-Surfaces

- RF-IMP

- RF-S0ILIN v

@] & B @

ﬁgure 7.9: Dialog box Units and Decimal Places

Dimensionless: = Surface areas:

You can save the settings as a user-defined profile to reuse them in other models. Those functions
are described in the RFEM or RSTAB manual, Chapter 11.1.3.
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7.4 Data Transfer

7.4.1 Exporting Materials to RFEM/RSTAB

If you have modified the materials in RF-/TIMBER NBR for the design, you can export those materials
to RFEM or RSTAB in a similar way as you export cross-sections: Open the 1.2 Materials Window
and then select

Edit — Export All Materials to RFEM/RSTAB.

You can also export the modified materials to RFEM or RSTAB by using the shortcut menu of
Window 1.2.

Material Library...

| Export Material to RFEM N

Export All Materials to RFEM

Import Material from RFEM
Import All Materials from RFEM

ﬁgure 7.10: Shortcut menu of Window 1.2 Materials

Before the modified materials are transferred to RFEM or RSTAB, a query appears as to whether
the results of the main program should be deleted. When you have confirmed the query and
then start the [Calculation] in RF-/TIMBER NBR, the new internal forces and the design ratios are
determined in one single calculation run.

If the modified materials have not been exported to RFEM or RSTAB yet, you can transfer the
original materials to the design module with the last two options shown in Figure 7.10. Please
note that this shortcut menu is only available in Window 1.2 Materials.

7.4.2 Exporting Effective Lengths to RFEM/RSTAB

If you have adjusted the effective lengths in RF-/TIMBER NBR for the design, you can export
the modified values to RFEM or RSTAB in a similar way as you export cross-sections: Got to the
1.7 Effective Lengths - Members Window and then select

Edit — Export All Effective Lengths to RFEM/RSTAB.

You can also use the corresponding option on the shortcut menu of Window 1.7.

Import Effective Length from RFEM
Import All Effective Lengths from RFEM

Export Effective Length to RFEM
| Export Al Effective Lengths to RFEM [, |

ﬁgure 7.11: Shortcut menu of Window 1.7 Effective Lengths - Members

Before the modified effective lengths are transferred to RFEM or RSTAB, a query appears as to
whether the results of the main program should be deleted.

7.4.3 Exporting Results

The RF-/TIMBER NBR results can also be used by other programs.

Clipboard

To copy selected cells of the result windows to the Clipboard, use the keys [Ctrl]+[C]. Press [Ctrl]+[V]
to insert the cells, for example in a word processing program. The headers of the table columns
will not be transferred.
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Printout Report

You can print the data of RF-/TIMBER NBR into the global printout report (see Chapter 6.1, page 46).
To export the tables and graphics, then select the printout report menu

File — Export to RTF.
This function is described in the RFEM or RSTAB manual, Chapter 10.1.11.

Excel
RF-/TIMBER NBR provides a function for the direct data export to MS Excel or the CSV file format.
To open the corresponding dialog box, select the menu

File — Export Tables.

Table Parameters Application

(® Microsoft Excel
[l only marked rows (D) csv file format

Transfer Parameters
Export table to active workbook
Export table to active worksheet
Rewrite existing worksheet

Selected Tables
(®) Active table [C]Export hidden columns
() All tables [ Export tables with details
| Input tables
Result tables

oK | | Cancel |

ﬂgure 7.12: Dialog box Export of Tables

When you have selected the relevant options, you can start the export by clicking [OK]. Excel will
be started automatically, i.e. you do not have to open the program before.

Home Insert Page Layout Formulas Data Review View Foxit Reader PDF PDF Architect Team & e o e E
% ot Te A = = [%] = Text - Conditional Formatting = 53 Insert = - ﬂ [ﬁ |
3 - - E@- 9% »  [GFFormatas Table - 5% Delete - | [§]~
Feste g B L O~ %6 5% (5] Cell Styles - [ Format ~ | 2+ éi?tr:rgvt ;Tedct&v I
Clipboard Font [F] Alignment F] Number (7] Styles Cells Editing
l Al - e ‘ Section v
[ a B z D E |F G =
2 No No. x[m] ing Design Design According to Formula
3 10 |T-Rectangle 160/260
a4 3 0,000/ RC10 0,16|2£1 |111)Cross-section resistance - Strength in shear due to shear force Vzace. t07.4.1
5 E] 1,980| RC10 0,38|£1 |131)Cross-section resistance - Strangth in banding about y-axis scc. to 7.3.3
6 E] 0,040 RC10 0,38|51 |221)St=bility - Lateral-torsional buckling in bending about y-axis cc. to 7.5.6
7
8 11 |T-Rectangle 260/160
9 4 o,om| RC10 | 0,15|5 1 |111JCm§s—5minn resistance - Strength in shear due to shear force Vzace. t07.4.1 £
10 4 1J9w| RC10 | qsg|s 1 |131JCrnss—sE-|:t|Dn resistance - Strength in bending about y-axis 2cc. to 7.2.2 1
11
12 12 |T-Rectangle 160/260
13 5 0,000 RC10 ©0,16|21 |111)Cross-section resistance - Strength in shear due to shear force Vzaco. t07.4.1
14 5 1,380| RC10 ©,28|21 |131)Cross-section resistance - Strength in bending about y-axis acc. to 7.3.3
15 5 0,040 RC10 0,27|£1 |321)stability - Lateral-torsienal buckling in bending about y-axis scc. t0 7.5.6
16
17 13 |T-Rectangle 260/160
18 3 u,om| RC10 | u,15|5 1 |111:Cruss.smiun resistance -Strength in shear due to shear force Vzace. to 7.4.1
19 & 1J930| RC10 | 0153|S 1 |131)Cress-section resistance - Strength in bending about y-axis acc.to 7.3.3 =
M 4 v W[ 2.1 Design by Load Case | 2.2 Design by Cross-Section ,~ 2.3 Design by 5[] 4 | [Tl ] » [
Ready | |[Em@m o G——0—@ J
=

ﬂgure 7.13: Results in Excel
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8 Example: Timber Beam

A timber beam with rectangular cross-section is designed according to NBR 7190:1997 [1]. The
beam is restrained and subjected to compression and bending.

8.1 System and Loads

‘TA_t . B .
A re
z 4 169 cm +7

ﬁgure 8.1: System and loads according to [2]

Model

Cross-section: b/d=6/12cm
Material: Hardwood C40
Moisture Class: 1

Category of Timber: Second

Loads and Combinations

LC1: N =15kN
M, = 33.4kN/cm
Mg = 2.2kN/cm
LDC permanent

LC2: N = 10kN
My =22.3kN/cm
Mg = 1.4kN/cm
LDC long-term
CO1 (ULS): 14LC1+14LC2
CO2 (SLS): 1.0LC1 +0.2LC2
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8.2 Calculation with RFEM/RSTAB

The system as well as the loads in all load cases is modeled in RFEM/RSTAB as a 3D model. We
deactivate the automatic consideration of the self-weight when we create LC1.

We create load combination CO1 with the respective factors from the defined load cases. Then
we calculate the model according to the linear static analysis.

For the SLS combination CO2, it is necessary to consider the Effective Modulus of Elasticity, E -
This value can be calculated according to the formulain [1] 6.4.9 as follows:

kmod = kmod R kmod 2" kmod 3
Kpog =0.7-1.0-0.8 =0.56
Ec(),ef = Knmod - EcO,m =0.56 - 1,950 = 1,092 MPa

We define the factor k,,,q = 0.56 in the Edit Load Cases and Combinations dialog box, Modify
Stiffness tab. It can be assigned individually to each material. As there is only one material in our
example, however, we can modify the stiffness globally.

-
Edit Load Cases and Cumbi_

Load Cases | Load Combinations | Resutt Combinations I Super Combinations|

Existing Load C inati CO Mo. Load Combination Description
cot 14°LC1 +1.4°1C2 2

-

| General | Calculation P | Modfy Stifness

Materials and Cross-Sections
Materials (E. G)

@ Muttiply all with factor: 0560 1

© Individually... =

[T Cross-sections (&, Ay, Az J. Iy, 12)
@ Multiply all with factar: :| H
Indiwidually... =

ﬂgure 8.2: Modifying Modulus of Elasticity in the Edit Load Cases and Combinations dialog box

[@ There would be even more options to modify the stiffness in the Edit Load Cases and Combinations
dialog box: For example, we could allocate specific stiffness factors to members and consider the
modified stiffness in the Edit Member dialog box separately for each member.

RFEM/RSTAB determines the diagrams of internal forces and deformation as seen in Figure 8.3.

D Erercicio 6 o |-/l | B2 Exercicio 6 |[E=2Ech °=<T
Internal Forces M [kN] Internal Forces Y-z [kN]
COT: 1 4LCY +1.40C2 COT: 1 4LCT + 1402
-35.000 -0.432
Mg 0000, Win b 35000 kN ey -z -0.432, bin W-z: -0.432 kN
2 Ecercicio_b6 [= | =] | = Eercicio 6 =R EER (x|

Internial Forces M-y [kiem] Local Deformations u-z [mm]
COT: 1 4°LCT +1.44.C2 CO2:LCT +0.24LC2

77.980

Wz My 77 980, Win M-y: 0.000 ke Max U-z: 0,776, Min -z 0.000 min

ﬂgure 8.3: Internal forces N, My, V,, and deformation u,
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8.3 Design with RF-/TIMBER NBR
8.3.1 Ultimate Limit State Design

In the 1.7 General Data window, we select CO1 for the Ultimate Limit State design.

1.1 General Data
Design of
Members: |1 P [l

Sete: B[ K Al
Uttimate Limit State | Serviceability Limit State

Existing Load Cases / C inati Selected for Design
= L1 co1 14701 + 1.4°1C2
Lc2 P

Ccoz LC1 +D.2LC2

o

RF-TIMBER nBr
Brazilian Standard

Timber design of members

e ~ 8
Comment / \
N T

ﬂgure 8.4: Window 1.7 General Data

The next windows contain information on the selected material and cross-section.

1.2 Materials

B C
Material Type of Timber
No Description Comment
Hardwood Timber C 40 | NBR 7150-1357 Solid Timber

EE & (e

Material Properties
=] Main Properties

Modulus of Hlasticity E 19500.000 | MPa
Shear Modulus G §75.000 | MPa
Specific Weight 7 9.50 | kN/m?3
Coefficient of Themmal Expansion o 5.D000E-06 | 17K
Partial Safety Factor T™ 1.00
[ Additional Properties - -
Rolling Shear Strength Frk 0.10 [ kNJem2 Material No. 1 used in
Modulus of Flasticity for Compression Ecom 19500.000 | MPa Cross-sections No.:
Modulus of Elasticity for Ci ion Perpendicular Eczom 975.000 | MPa 1
Ct istic Strength for Bending Fn i 5.20 | kN/em2
Ct istic Strength for Tension Frok 5.20 | kN/em2
Ct ic Strength for Tension Perpendicular Fzok 0.26 | kN/em2 Members No
Ct istic Strength for Compression Fe 4,00 | kN/em2 1
Ct Strength for Comp 1 Perpendicular Fesok 1.00 | kNJem?2
Ct Strength for Shear/Torsion Fvpk 0.60 | kN/em2 Sets of bers Mo.:
Basic Density Phas,m 750.0 | ka/m*
I Length T Weight:
1.69 [m] 0012 ]

ﬁgure 8.5: Window 1.2 Materials
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1.3 Cross-Sections
B C D E | [1 - T-Rectangle 60120
Section | Material Crogs-Section Opti-
No. Deescription mize Mote Comment
I 0 T-Rectangle 60,120 No
g .
- v
[tmim]
=
Cross-section No. 1 used in
Members MNo.
1
Sets of members No
I Length I Weight:
169 [m] 0.012 k
Material:
1 - Hardwood Timber C 40

ﬂgure 8.6: Window 1.3 Cross-Sections

In Window 1.4 Load Duration, factor k;,,4 1 of CO1 is determined according to the shortest load
duration within the combination. As the stability analysis for members defined by slenderness
80 < A < 140is performed according to [1] 7.5.5, it is also necessary to define the coefficients 1,
and 1),. The criterion ‘Permanent’ or ‘Variable’ for the stability analysis is applied according to the

LDC settings.
1.4 Load Duration
B C D E | F G | Load Duration - Explanatory Notes
Load Load Duration | Modffication Factor | Combination Coefficient
Description Type Class lemed. 1 w1 w2 Comment Regnaneat:

Design working life

Pemanent Pemanent 0.600
LCZ Accidental Longtem 0.700
Long-term:
CO1 | 1.4°1C1 +1.4°1C2 - Longtem 0.700 0.300 0.200 More than scmonths
Medium-term:

One week to six months

Short-term:
Less than one week

Instantanenous:
Very short

ﬂgure 8.7: Window 1.4 Load Duration
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In Window 1.5 Service Conditions - Members, we specify the moisture class and the timber category.
They determine the modification factors ko4 » and kyoq -

1.5 Service Cenditions - Members

i S— - < [ o oursCiss
lember oisture Class fication ification Factors .
Mo. of Timber Kmod.2 Kmod.2 Comment I:ulls:"e:‘as.:.glf i
7 elative humidity of environment:
1 | 0] Second Category 1.000 0.800 | r————
Average moisture content of timber:
Ueq = 12%

Moisture Class (2):

Relative humidity of enviranment:
65% < Uamb = 75%

Average moisture content of timber:
Ueq=15%

Moisture Class (3):

Relative humidity of environment:
T5% < Uamb = 85%

Average moisture content of timber:
Ueq = 18%

Moisture Class (4):

Relative humidity of enviranment:
Uamb = 85% for long periods
Average moisture content of timber:
Ueq 2 25%

Classification of Timber

First Category:

The condition of first category timber can
only be assumed if all the structural
members are without defects. This has to be
ensured by a visual methed and by
mechanical tests, which guarantees the
homogenity of the applied timber.

Second Category:

All the types of timber which are not of first
[ set input for members No.: category.

B Al @

ﬂgure 8.8: Window 1.5 Service Conditions - Members

In Window 1.7 Effective Lengths - Members, we define the buckling lengths of the beam. The default
buckling length coefficients k., = k., = 1.0 are adequate for our example. Likewise, the
effective length for lateral-torsional buckling is equal to the member length, L, = 169 cm.

1.7 Effective Lengths - Members

B | C | 0] E_ | F | G H | | | J K
Buckling About fuds y Buckling About fuds z Lateral-Torsional Buckling
Possible kery Loy [m] Possible kerz Loz[m] Possible | L1 Manually L1 [m] Comment
1.000 1.650 1.000 1.650 d 1.690

ﬁgure 8.9: Window 1.7 Effective Lengths - Members

Then we can start the [Calculation].
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Results

After the calculation, Window 2.7 Design by Load Case presents the governing designs.

2.1 Design by Load Case

B C D [E F G ]
Load- Member | Location Load
ing Description No x [m] Desian | Design According to Formula Duration
Ukimate Limit State Design
1.4°LC1 +1.4°LC2 i1 | 0.000 | 0.78 | <1 | 302) Stability - Compression parallel to grain with buckling about y-axis acc.to 7.5.4 | Long4emm

Me: [ 078] <1 @ Bl &)

Bl bra o

v E&) [ [®]

Details - Member 1 - 0.000 m- CO1

m

[E Design Ratio
Compressive Force Neg -35.000 | kN
Width b 60.0 | mm
Depth d 120.0 | mm
Prea of Cross-Section A 7200.0 | mm2
Compressive Stress GNed -0.49 | kN/em2
Effective Length Loy 1.650 |m
Radius of Gyration iy 346 | mm
Slendemess Degree Ly 48786 751
Ct istic Ci Strength Feox 4.00 | kN/cmZ Table &
Modulus of Elasticity for Compression Ecom 1950.00 | kN/em 2 Table 8
Modification Factor k mod, 1 0.700 644
Modification Factor kmeod 2 1.000 644
Modification Factor kmed 3 0.200 644
Modification Factor Kk med 0.560 644
Resistance Factor Twe 1.400 645
Design Compressive Strength Parallel to Grain Fend 1.60 | kM/em 2 728
Effective modulus of elasticity for compression parallel to grain Ecoef 1092.00 | kN/cm 2 649
Moment of Inertia ly 86400000 | mm#
Critical Force Fey 326.034 | kN 754
Critical Force Check MNea/FE,y 0107
Actual Design Bending Momert Miya 77.580 | kNem
Eccentricity (Minimum Accidental) ga 5.6 |mm 752
Eccentricity (Initial) e 22.3 ' mm 754
Eccentricity {First Order) e1 275 | mm 754
Eccentricity (Design} ed 31.3 | mm 754
Bending Moment from Eccentricities M4 109.446 | kNem 754
Hastic Section Modulus Sy -144000.0 | mm?
Design Strength for Compression due to Bending Moment M4 oMd -0.76 | kN/em 2 754
Design Ratio mn 078 =1 754

q

1 - T-Rectangle 60120

120.0

[mm]

&E @

ﬁgure 8.10: Window 2.7 Design by Load Case

The Details in the lower section correspond to the designs in [1].

Design Strengths

Design compressive strength

fo
ch,d = kmod R kmod 2 kmod 3 ==
Twe
4.00
feo4=0.70-1.00-0.80 - 170
feo.q = 1.60 kN/m?
Design tensile strength
frok
ftO,d = kmod a1 kmod 2 kmod 3 —
Twt
5.20
fr0.4 = 0.70-1.00-0.80 - 180
fro.q = 1.62 kN /m?
Design shear strength
Frok
va,d = kmod a0 kmod 2 kmod 3 —
Twv

0.60

fioq=0.70-1.00-0.80 -~

f0.4 = 0.19 kN/m?
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Effective modulus of elasticity
EcO,ef = kmod R kmod 2" kmod 3 EcO,m
Ecoef =0.70-1.00-0.80 - 1,950

Ecoer = 1,092 kN/m?

Stress Analysis
Compressive stress
chd 35kN 5
UNc,d = T = m =0.49 kN/Cm

Bending stress

OM,.cd = OM,,t.d = MSLy’d = % = 0.54 kN/cm?
Shear stress

Oy
Buckling Design

The verification of buckling requires the calculation of additional moments due to eccentricities,
as specified in [1] 7.5.

Axisy
Ly 169 cm

A\, =2 =_——" " —4879

y T " 3.464cm

As the slenderness is 40 < A < 80, the buckling design about the y-axis follows [1] 7.5.4.

Critical force
72 Epger-ly w2 -1,092kN/m? - 864 cm?

F = = 326.03 kN
i L3, (169 cm)?
Eccentricity (minimum accidental)
L 169
e, = oy M 0.563cm
300 300

Eccentricity (initial)

Mya h 77.98 kNcm 12cm
e, =max [ ———; — | = max ; =2.228cm
Neg 30 35.00 kN 30

Eccentricity (first order)

e, =¢e,+e =0.563cm+2.228cm = 2.791 cm

Eccentricity (design)

Fey 326.03 kN
€= (FE’}, - Nc’d> om (326.03 kN — 35.00 kN) o

Bending moment from eccentricities

Mg = N4 eq=35.00kN -3.127 cm = 109.44 kNcm

Design stress for compression due to bending moment from eccentricities
M, 109.44 kNcm

M s, T T 144 cm?

= 0.76 kN/cm?
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Axis z

Ly, 169 cm
AN =—"2=——7"—=97572
2, 1.732cm

As the slenderness is 80 < A < 140, the buckling design about the z-axis follows [1] 7.5.5.

Critical Force

p T Eerl _ w?-1,092kN/m? - 216em?
Ez L(iz (169 Cm)z

Eccentricity (minimum accidental)

e — max LOJ'E _max(169cm.6cm
a~ 300°30,) 300 7 30

Eccentricity, permanent loads (first order)

o — Migza  OkNcm

lg_N
g

) = 0.563 cm

cd  21.00kN

Eccentricity (initial)
o — M .4  OkNcm
" N,y  3500kN

Eccentricity (creep)

. ) Qb : [Ng,c,k + (7#1 + 7702> : Nq,c,k] B
e, = (e, +¢) {exp lFE,z B TR TS BT 1

0.8-[15.00 + (0.3 + 0.2) - 10.00]
81.51 —[15.00 + (0.3 4 0.2) - 10.00]

e. = (0+0.563) - {exp { ] — 1} = 0.1674 cm

Eccentricity (first order, effective)

€1 =€ +e;+e =0+0.563cm+ 0.1674 cm = 0.7307 cm

Bending moment from eccentricities

81.51 kN
81.51 kN — 35.00 kN

F
Mg =N, g€, o | ——=— | = 35.00kN-0.7307cm (
FE,z Nc,d

) = 44.82kNcm
Design stress for compression due to bending moment from eccentricities
M, 44.82kNcm

— 2
o, 5. T TTaam 0.62 kN/cm
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Combined Bending and Axial Compression Design

The bending stresses are determined separately for the tension and compression zones according
to[1]7.3.6.

Design 1 - tension zone

o 2 o [0
_ ( Nc,d> + My, + kM . Mz.1.a < 1.00

fco,d fro,d frO,d
0.49\2 0.54 0
_ (2 4 05-— =0.24<1.00
(1.60) 162 " 1.62 =

Design 2 — compression zone

o 2 o
( Nc,d) + My,c,d + kM A Mz,c,d S 100

feo.d fro,d fro,a
0.49\? 0.54 0
— — 4+ 05— =043<1.00
(1.60) +1.60+ 1.60 -
Shear Design
The design of shear is performed according to [1] 7.4.1.
Design
T .01
Voo _ 001 05 < 1.00
foqg 0.19

Compression with Buckling Design
The design of compression with buckling follows [1] 7.5:

Design 1 - buckling about y-axis according to 7.5.4

Uch UMd
=~ + < 1.00
fog  fod
049 0.76
—— +—=0.78<1.00
1.60 + 1.60 -

Design 2 - buckling about z-axis according to 7.5.5

UNc,d UMd

+ 4 < 1.00

fog  fod

049  0.62

S T =069 < 1.
160 " 7.0 ~ 002 =100

Lateral-Torsional Buckling Design
The lateral-torsional buckling design is performed according to [1] 7.5.6.

At first, the correction factor, Sy, must be determined.

3 3
<h>2 (12 cm)i
1 b 1 4
BM:—~&- b - = C— 6cm — = 8.453
(— —0.63) ( —O.63>
b 6cm
Design
L, _169cm 2817 < Eoer  1,092kN/m? 8074
b 6cm T By-fo, 8453-1.60kN/m>
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8.3.2 Serviceability Limit State Design

8 Example: Timber Beam 8

For the SLS design, we created load combination CO2. We select that load combination in the
Serviceability Limit State tab of Window 1.7 General Data for design, and we make sure that the
deflection limit for Permanent and live actions for usual constructions according to [1] 9.2.1 is set.

1.1 General Data
Design of
Members: |1 %X Al
Sets: 5[ X Al
Ultimate Limit State | Serviceability Limit State
Existing Load Cases / C i Selected for Design E f
HE LC1 C02 | LC1+0.2LC2 Permanent and live actions ﬁ
= =2
Co1 1.4*1LC1 + 1.4°LC2 :
> ||||| L}
) | 2
£
= 4
_— =
< = =
= 1 =
b
(- -
(]
Timber design of members
and sets of members
according to
- NBR 7190:1997
A - R
Comment / \
) el T
ﬁgure 8.11: Window 1.7 General Data
Then we enter member 1 in Window 1.9 Serviceability Data.
1.9 Serviceability Data
A B c | D F | G H | |
Member Reference Length Direc- Precamber
No. Reference to Mo. Manually L [m] tion wey [mm] wez [nm] Beam Type Comment
Member 1 ] 1690 2 - 0.000 Beam
2
3
4
5
6
7
8
3
10

ﬁgure 8.12: Window 1.9 Serviceability Data

We do not modify the reference length, but we select only the direction z. The type of beam is set
as Beam by default, which confines the deformation to L/200.
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8 Example: Timber Beam 8

For the calculation, we change one setting in the Details dialog box, tab Serviceability: The defor-
mation is to be relative to the Undeformed system.

Serviceabilty | Other
Servicability (Deflections)
Deformation relative to:

) Shifted members ends / set of member ends

ﬁgure 8.13: Dialog box Details, tab Serviceability

As mentioned in Chapter 8.2, the effective modulus of elasticity Eq o = 1,092 MPa is defined in
RFEM or RSTAB.

The calculation of RFEM or RSTAB gives the maximum deformation in the local z-direction as
u, = 0.776 mm.

Design
u, 0776 mm
L 169 cm
200 200

Calculation After the [Calculation], this result of the deformation analysis is displayed in Window 2.7 Design by
Load Case for the Serviceability Limit State Design table item.

=0.09 < 1.00

2.1 Design by Load Case

A B C D [E F
Load- Member | Location Load

ing Description Mo. x [em] Design | Design According to Formula Duration
Senvi Limit State Design
LC1+02°.C2 1 6760 0.09 | =1 | 401) Serviceability - Design situation Permanent and live actions acc. to 9.2.1 - Inner span, z-direction Longtem

1 a T EN
M [ 00921 @ TE B v EE (S (e]
Details - Member 1 - x: §7.60 cm - CO2 1 - T-Rectangle 612

Material Data - Hardwood Timber C 40
Cross-section Data - T-Rectangle 6/12

Deformations
[E Design Ratio
Deflection uz 0.072 |cm
Reference Span L 169.00 | cm
Deflection Limit (Relative) L/ ulimz 200.000
Deflection Limit Ulim,z 0.845 | cm
Design Ratio n 0.09 Z1

12,0000

[em]

&E @

ﬂgure 8.14: Window 2.1 Design by Load Case
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