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1. Introduction
1.1 Add-on Module RF-TIMBER SANS

The South African Standards SANS 10163-1 [1] and SANS 10163-2 [2] incorporate design provi-
sion for limit-states design (LSD) and allowable stress design (ASD). With the RFEM add-on
module RF-TIMBER SANS from the company DLUBAL all users obtain a powerful tool for the de-
sign of timber structures modeled with member elements according to those Standards.

RF-TIMBER SANS performs all cross-section resistance designs, stability analyses, and defor-
mation analyses provided by the standard. The stability analysis is carried out according to
the equivalent member method or the second-order analysis. When the equivalent member
method is applied, the program considers stability factors based on effective buckling lengths
and effective lengths for lateral buckling. Second order analysis requires definition of imper-
fections in RFEM and calculates with unit stability factors for compression with buckling. In ad-
ditional to this, the fire resistance design is possible.

In timber construction, the serviceability limit state is an important design. In this connection,
selected load cases, load combinations, and allowed result combinations can be checked for
limit deflection. The limit deformations are preset according to the Standard, and can be ad-
justed, if necessary. In addition to this, it is possible to specify reference lengths and precam-
bers that will be considered accordingly in the design.

If necessary, you can optimize standardized or parametric cross-sections and export them to
RFEM. Separate design cases allow for a separate design of large systems or analysis of vari-
ants.

RF-TIMBER SANS is one of the add-on modules integrated in the RFEM environment. Thus, the
design-relevant input data is preset when you open the module. Subsequent to the design,
you can use the graphical RFEM user interface to evaluate the results. Last but not least, you
can document the checks from the analysis of internal forces to the design in the global
printout report.

We hope you will enjoy working with RF-TIMBER SANS.

Your DLUBAL Team
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1.2 RF-TIMBER SANS - Team

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

Program coordination

Dlubal

Dipl.-Ing. Georg Dlubal
Ing. Myroslava Petronyuk

Programming

Ing. Tomas Drtina
Darya Shatalova

Dipl.-Ing. (FH) Gerhard Rehm

Ing. Jiti Patrak

Cross-section and material database

Ing. Ph.D. Jan Rybin
Mgr. Petr Oulehle

Ing. Jifi Kubi¢ek
Peter Roth, Bc.

Program design, dialog figures, icons

Dipl.-Ing. Georg Dlubal
MgA. Robert Kolouch

Program supervision

Ing. Myroslava Petronyuk
Dipl.-Ing. (FH) Gerhard Rehm

Localization, manual

Ing. Fabio Borriello

Ing. Dmitry Bystrov

Eng.° Rafael Duarte

Markéta FiSerova, Bc.

Ing. Lara Freyer

Ing. Alessandra Grosso, Ph.D.
Ing. Ladislav Kabrt

Eng.c Nilton Lopes

Ing. Jan Miléf

Ing. Ondiej Svorc
Dipl.-Ing. (FH) Bastian Kuhn

Mgr. Ing. Hana Mackova
Ing. Téc. Ind. José Martinez
Ing. Myroslava Petronyuk
Mgr. Jagoda Podgérna
Mgr. Petra Pokorna
Chelsea Prokop, BSc Eng
Ing. Marcela Svitdkova
Dipl.-Ing. (FH) Robert Vogl|

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel

M.Sc. Sonja von Bloh
Dipl.-Ing. Frank Faulstich
Dipl.-Ing. (FH) René Flori
Dipl.-Ing. (FH) Stefan Frenzel
Dipl.-Ing. (FH) Walter Frohlich

Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (FH) Ulrich Lex

M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) Gerhard Rehm

Dipl.-Ing. (FH) Lukas Suhnel
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1.3  Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described
in detail in the manual of the main program RFEM. The present manual focuses on typical fea-
tures of the RF-TIMBER SANS 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 find the index. However, if you still cannot find what you are
looking for, please check our website www.dlubal.com where you can go through our FAQ
pages by selecting particular criteria.

1.4  Starting RF-TIMBER SANS

RFEM provides the following options to start the add-on module RF-TIMBER SANS.

Menu
To start the program in the RFEM menu bar, click
Add-on Modules — Design - Timber — RF-TIMBER SANS.

[ Add-on Modules | Window  Help

PR R HBEEERLEF SOAXE B

Design - Steel qulﬁ FAER-FH-| - M= (o @4 =5-L
Design - Concrete 4

Design - Timber 4 ED RF-TIMEER Design of timber members
Design - Aluminium 4 Ew RF-TIMEER. Pro Design of timber members
Dynamic 4 m RFE-TIMEER AW(C Design of timber members according to AWC [LRFD or ASD)
Connections 4 m RF-TIMEER C5A Design of timber members according to C5A
Foundations 4 ’,"Q RF-TIMEER MER Design of timber members according to MER
Stability 4 m RF-TIMBER SANS Design of timber members according to SANS (ASD or LSO
Towers 4

Piping 3

Others 4

External Maodules 4

Stand-Alone Programs 4

Figure 1.1: Menu: Add-on Modules — Design - Timber — RF-TIMBER
SANS
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Navigator
As an alternative, you can start the add-on module in the Data navigator by clicking
Add-on Modules — RF-TIMBER SANS.

Project Navigator - Data X
; ~
_J Sections
1 Average Regions
1 Printout Reports
+--|_J Guide Objects
5438 Add-on Modules
E ' Favorites
{8 RF-TIMBER Pro - Design of timber members
=@
-[=| RF-STEEL Surfaces - General stress analysis of steel surfaces
RF-5TEEL Members - General stress analysis of steel members
RF-STEEL EC3 - Design of steel members according to Eurccode 3
RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD) w
£ >
Il Data | B Display 2 Views

Figure 1.2: Data navigator: Add-on Modules — RF-TIMBER SANS

Panel

RE-TIMBER 3ANS CA1 -

If results from RF-TIMBER SANS are already available in the RFEM model, you can also open the

Lc3 design module in the panel:
CO1-1.357C1

CO2-1.357C1 + 15°.C2
£03-1.357C1 + 151C2 + 0.9°C3
RF-TIMBER SANS CA1

Set the relevant RF-TIMBER SANS design case in the load case list of the RFEM toolbar. Then
click the [Show results] button to graphically display the design criterion on the members.

When the results display is activated, the panel is available, too. Now you can click the button

@, || xxx
|
- [RF-TIMBER SANS] in the panel to open the module.

Panel X

Mazx
Design Ratio []

1.00
e
0.0
0.70
0.50
0.50
0.40
0.30
0.20
0.10
0.00

RF-TIMBER SANS

Min

. 0.86
. 0.00

RF-TIMBER SANS

Ml

BEl® 4 =

Figure 1.3: Panel button [RF-TIMBER SANS]
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When you have started the add-on module, a new window opens. In this window a Navigator
is displayed on the left, managing the available windows that can be currently selected. The
drop-down list above the navigator contains the design cases (see Chapter 7.1, page 63).

The design relevant data is defined in several input windows. When you start RF-TIMBER SANS
for the first time, the following parameters are imported automatically:

e Members and sets of members

e Load cases, load combinations, and result combinations

e Materials

e Cross-sections

o Effective lengths

o 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].

To save the results, click [OK]. Thus, you exit RF-TIMBER SANS and return to the main program.
To exit the module without saving the new data, click [Cancel].

2.1 General Data

In the 1.1 General Data Window, you select the members, sets of members, and actions that
you want to design. The tabs are managing the load cases, load combinations, and result
combinations for the different designs.

RF-TIMBER SANS - [Timber Beam] n

File Edit Settings Help Developers

CAL v | 1.1 General Data
InputData
1+~ General Data ;
.. Materiale Members: 16 3 K S =1 v| @
|- Cross-Sections sets: s X[ Al
+~Load Duration
+--Moisture Content and Fabricati
.- Effective Lengths - Members Uttimate Limit State | Serviceability Limit State | Fire Resistance
- Additional Design Parameters -

Design of Design According to

Existing Load Cases / Combinations Selected for Design
et B Co2 | 1351C1 +151C2
Bl L2

| o Qe

o Lce

Em co1 | 1.35°1C1

B C03 135001+ 15102+ 09103

BEco4 | 1351C1+151C3 »

BEICO5 | 1350C1 +1051C2+ 151C3

SCh CO8  |LCT

SCH CO7 | LC1+LC2

SCH CO8  |LC1+LC2+067C3

SCH CO3  |LC1+LC3

SCH COT0 | LCT+0.7°LC2+ LC3 <

SFil COT1 | LCT

RF-TIMBER sans

South African Standard

SE COT2 |LCT+051C2

S COT4 | 1CT+021C3

SFR CO5 | LC1+031C2+ 024163
S@E CO'6 | LC1

S@8 CO17  LC1+0.3C2 Design of timber members
EEl RC1 | ULS (STR/GED) - Pemanent /transie acconii

SCh RC2 515 - Charscteristic SANS 10163-1:2003

SFf RC3 SLS - Frequent SANS 10163-2:2001

6 AC4 | 5LS - Quasipemanert

A (23) v|[8v|[3& a7 88

Comment

I

2 EF=2 Calculation Detais... Standard... Graphics Cancel

Figure 2.1: Window 1.1 General Data
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Design of
Design of
Members: | 1-3.5-7 ':; K Ol
Sets: 14 4 K |3 Ha

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 list of the numbers preset in the
field can be cleared by clicking the [Delete] button. Alternatively, you can select the objects
graphically in the RFEM work window after clicking [X\].

When you design a set of members, the program determines the extreme values of the anal-
yses 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 the results
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
appears where you can specify the parameters of set of members.

If beams are divided by nodes, it is necessary to verify them as a set of members.

Design according to

Design According to

B ASD Allowable Stress Design

Figure 2.3: Design according to LSD or ASD

The options of the list box control whether the analysis is carried out according to the provi-
sions of the Limit-States Design (LSD) or the Allowable Stress Design (ASD).

Comment

LComment
Design according to SAMS 10163-2

Figure 2.4: User-defined comment

In this text box, you can enter user-defined notes.

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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Em
SCh
sch
SFr

SFr

Sap
5ap

¥ v

Al 23) v

Load Cases (4)

Load Combinations (15)

Load Combinations - Generated (15)

Result Combinations (4)

Result Combinations - Generated (4)

Load and Result Combinations {19)

Load and Result Combinations - Generated (19)
Pemanent (1)

CO ULS {STR/GEQ) - Permanent / transient - Eq. 6.10 {4)
RC ULS (STR/GEO) - Permanent / transient - Eg. 6.10 (1)
IFE Imposed - category A: domestic, residential areas {1)

Wind (1)

CO SLS - Characteristic {5}
RC 5LS - Characteristic {1)
CO SLS - Frequent (4)

RC 5LS - Frequent (1)

CO SLS - Quasi-permanent (2)
RC 5LS - Quasipermanert {1)

lpe

Dlubal
. . .
2.1.1 Ultimate Limit State
Ultimate Limit State | Serviceability Limit State | Fire Resistance
Existing Load Cazes / Combinations Selected for Design
| c Qi coz 1.35°LC1 + 1.5°L.C2
I LC2
T LC3
[ Imp Jlee
oo 1.35°LC1
Co3 1.35°LCT + 1.5°LC2 + 0.9°LC3
CO4 | 1351C1+151C3 L
Co5 1.35°LC1 + 1.05°LC2 + 1.5°LC3
SChl CO6 LC1
SiChl CO7 LC1+LC2
SChl CO8 LC1 + LC2 + 0.6°LC3
SChl CO9 LC1+LC3
S€hl CO10 | LC1 +0.7°LC2 + LC3 <
BEE CO11 | LC1
BiEE CO12 | LC1+05°C2
SIER CO14 | LC1+0.2°LC3
SFrl CO15  |LC1+0.3°LC2+0.2°LC3
B8 CO16 | LC1
SlEE CO17 | LC1+0.3LC2
RC1 ULS {STR/GED) - Permanert / transie
SCh RC2 SLS - Characteristic
SFr RC3 5LS - Frequent
BB RC4 SLS - Quasi-permanent
A3 vi|av| |88 av | |52

Figure 2.5: Window 1.1 General Data, tab Ultimate Limit State

Existing Load Cases / Combinations

This column lists all load cases, load combinations, and result combinations created in RFEM.

To transfer selected entries 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 [»»].

To transfer multiple entries at once, select them while pressing the [Ctrl] key, as common for
Windows applications.

Load cases highlighted in red, like LC 4 in Figure 2.5, cannot be designed. This happens when
the load cases are defined without any load data or the load cases contain only imperfections.
When you transfer the load cases, a corresponding warning appears.

At the end of the list, several filter options are available. They will help you assign the entries
sorted by load case, load combination, or action category. The buttons have the following
functions:

2 Selects all load cases in the list

20 Inverts the selection of load cases

Table 2.1: Buttons in the tab Ultimate Limit State

Selected for Design

The column on the right lists the load cases, load combinations, and result combinations se-
lected for design. To remove selected entries from the list, click [«] or double-click the entries.
To transfer the entire list to the left, click [€«].

The design of an enveloping max/min result combination is performed faster than the design
of all contained load cases and load combinations.

Result combinations should be selected for design only for dynamic combinations. For "usual”
combinations, load combinations are recommended.

10
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2.1.2 Serviceability Limit State

Utimate Limit State | Serviceabilty Limit State | Fire Resistance

Existing Load Cases / Combinations Selected for Design

=l LC1 SC€h RC2 | 5LS - Characteristic
I LC2

T LC3

[ imp Jlett

B co1 | 135101

E €02 1.35°LC1 + 1.5°LC2

E €03 1.35°LC1 + 15°LC2 + 0.9°LC3
E C04 1.35°LC1 + 1.5°LC3

E C05 1.35°LC1 + 1.05°LC2 + 1.5°LC3
SCh CO6 LC1

SCh CO7 LC1+LC2

SCh CO8 LC1+LC2+0.6°LC3

SCh CO5 LC1+LC3 <
SCh CO10 | LC1+0.7LC2+LC3

B CO11 | LC1

BiEE CO12 | LC1+05°C2

SIER CO14 | LC1+0.2°LC3

SIFF CO15 | LC1+0.3°LC2+0.2°LC3

B8 CO16 | LC1

BllE CO17 |LC1+03°C2

B RC1 ULS (STR/GEQ) - Permanent / transie

SFrl RC3 5LS - Frequent

B85 RC4 5LS - Quasi-pemanent

Al{23) v| 8| |29 v |28
Figure 2.6: Window 1.1 General Data, tab Serviceability Limit State

Existing Load Cases and Combinations

This section lists all load cases, load combinations, and result combinations created in RFEM.

Selected for Design

Load cases, load combinations, and result combinations can be added or removed (see Chap-
ter 2.1.1).

The limit value of the deformation is controlled by the settings in the Details dialog box, tab
Serviceability (see Figure 3.3, page 42) which you can call up by clicking the [Details] button.

In the 1.11 Serviceability Data Window, the reference lengths decisive for the deformation
check are managed (see Chapter 2.13, page 67).

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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Details. ..

Existing Load Cases / Combinations
=N LC1

N LC2

T LC3

[ imp Jetd

[STR Rete]| 1.35°LC1

[STR Kot} 1.35°LC1 + 1.5°LC2
B Co4 1.35°LC1 + 1.5°LC3
B C05 1.35°LCT + 1.05°LC2 + 1.5°1C3
SiChl CO6 LC1

SiCnl CO7 LC1 +LC2

SiChl CO8 LC1 +LC2 + 0.6°LC3
SCh CO9 LC1+LC3

SChl CO10 | LCT+0.7LC2+1C3
BEE CO11 | L

BIEd CO12 | LC1+05°LC2

SIEd CO14 | LC1+0.2°LC3

SIEf CO15 | LC1+0.3°L.C2+0.2°LC3
S| CO16 | LT

i@ CO17 |LC1+03LC2

B RC1 ULS (STRAGEQ) - Permanent / transie
SCh RC2 SLS - Characteristic

SFr RC3 5LS - Frequent

588 RC4 SLS - Quasipemanent

Al(23) MIEAES

Selected for Design

Chapter 2.1.1).

2.1.3 Fire Resistance

Uttimate Limit State | Serviceability Limit State | Fire Resistance

=

Selected for Design

B Co3

Figure 2.7: Window 1.1 General Data, tab Fire Resistance

1.35°LC1 + 1.5°LC2 + D.9°LC3

Existing Load Cases and Combinations

All load cases, load combinations, and result combinations created in RFEM are listed here.

VANSS

Dlubal

Load cases, load combinations and allowed result combinations can be added or removed (see

The fire resistance design is performed by means of reduced cross-sections. The general speci-
fications for the fire resistance design are managed in the dialog boxes Standard (see Chapter
2.1.4) and Details, tab Fire Resistance (see Figure 3.4, page 43).

12
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2.1.4 Standard

The drop-down lists in the 1.1 General Data Window allow you to select the method of design
whose parameters are to be applied to the design.

Design According to

A5D Allowable Stress Design

Figure 2.8: Selecting design method

All preset parameters which are applied to the design are specified in the Standard dialog box.

To check and, if necessary, adjust these parameters, you can use the [Standard] button in all
input windows in order to open the Standard dialog box. It consists of three tabs. The content
of the dialog box depends on the selected design method.

Load Duration Factors

Load Duration Factors | Other Factors | Used Standards

Load Duration Coefficients for Ultimate Resistance Acc. fo Table 3
Cio Cn
Short Term Medium Term

Load Combinations:

sef-weight load 1.0001] H H
| 126005 [ oeol | o070k
[ 12601 [ 1swp] | 2420p]
seff-weight load + wind load Z| Z|

seff-weight load + imposed load

seff-weight load + imposed load + wind load

Load Duration Coefficients for Deflection Acc. to 12.1.2

Short Term
Coefficient for:

sef-weight load con: | 1000}
imposed load Cal : | 1DDDE||

wind load caw: | 1.0002]

Partial Factors Acc. to SANS 10160-1 Clause &
Actions:
seff-+weight load - destabilizing effect

seff-weight - stabilizing effect
imposed load

wind load

Figure 2.9: Dialog box Standard, tab Load Duration Factors for LSD design method

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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Load Duration Coefficients for Allowable Stress Acc. to Table 7

Very Short Term Short Term Medium Term

Coefficient for:
sefweight load cm: | 05001 = [ 0800k

imposed load Cf | 051)0&" | DGGDE" | DBDDE"

wind load caw: | 05001 [ oss0k [ 0800k

Load Duration Coefficients for Deflection Acc. to 6.4.2

Very Short Term Short Term Medium Term
Coefficient for:

sef-weight load can: | 1000k [ 100k [ 1000k
imposed load ca : | 10001 [ 1.000R] [ 1000k

wind load Caw: | 1.0000%] [ 1000 [ 1.0o0f

Self-Weight Load Effect Reduction Acc. to 4.3

For destabilizing load effect 1.000-

For stabilizing load effect 0700}

Figure 2.10: Dialog box Standard, tab Load Duration Factors for ASD design method

or the Self-Weight Load Effect Reduction.

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

In the dialog box sections, you can check or, if necessary, modify the Load Duration Coefficients

Button Function

Resets the program's default settings

Imports user-defined standard settings

Saves the current settings as default

Deletes a user-defined Standard

= |2

Table 2.2: Buttons in the Standard dialog box

14
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Other Factors
In the second tab of the Standard dialog box, you find more factors significant for the design.

Load Duration Factors | Other Factars | Used Standards

Load Sharing Factor Acc. to 13.1.2.2 Stressed Volume Factor Acc. to 13.1.2.3

Incase acc.to 13.1.22 For members in a truss Tm3

In all other cases For girders or beams Tm3

Moisture Content Factor Acc. to 13.1.2.4 Pressure Treatment Factor Acc. to 13.1.2.5
Moisture content in a compression member:

Occasionally >2000/kg  Tm4: Pressure treated members
All the time =200 9/kg  Tm4: Untreated members
Moisture Content Facter for Deflection Acc. to 12.2 Resistance Factor Acc. te 13.1.1 and Annex M
Moisture cortertt (MC) la/kg] : Uttimate resistance @
We=170 Fire resistance &
170 < MC £ 200
MC =200
At construction time {CT) 170 < MC £ 250, then MC £ 170
At construction time {CT) MC = 250, then MC £ 170 da: T.?DDE' Charring Rate Ace. to Table 1.1
Fluctuating over a range MC =100

Timber density <450 kg/m® B -

Timber densty = 450 ke/m® B : [mm/min]

Figure 2.11: Dialog box Standard, tab Other Factors for LSD design method

Load Duration Factors | Other Factors | Used Standards

Load Sharing Factor Acc. to §.3.4 Structure Type Factor Acc. t0 6.3.5
Span of trusses Span of beams
In case acc.to 6.3.4 kz mm] mm]
In all other cases kz 0 - 4000 0 - 2500
4001 - 6000 2501 - 3500
Fabrication Quality Factor Acc. to 6.3.6 ST = B S = (LD
Fabrication: 5001 - 12 000 4501 - 7000
- complies with standard k4 12001 - 15000 7001 - 9000
-in all other cases k4 15001 - 20 000 5001 - 11000
> 20 000 >11000
Moisture Content Facter Acc. to 6.3.7 Moisture Content Factor for Deflection Acc. to 6.4.3
Moisture content in a compression member: Maisture contert {MC) [g/%a] -
Occasionally =170 g/kg ks5: MC 170
Al the time =170 o/'kg ks: 170 < MC £ 200
WC =200
M construction time {CT) 170 < MC = 250, then MC £ 170
Charring Rate Acc. to Table E.1 At construction time (CT) MC = 250, then MC £ 170
Timber density <450 kg/m® Imm/min] | Auctuating over a ange MC = 100
Timber density = 450 kg/m? [mm./min]

Figure 2.12: Dialog box Standard, tab Other Factors for ASD design method
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Used Standards

The last tab informs you about the Standards according to which the design is performed.

| Load Duration Factors | Other Factors | Used Standards

Na. Standard Standard Description
SANS 10163-1:2003 The structural use of timber - Part 1: Limit-state design

[21 | SANS 10163-2:2001 The structural use of timber - Part 2: Allowable stress design

(@] (@] 3] (o8] (0]

Figure 2.13: Dialog box Standard, tab Used Standards
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2.2  Materials

The window consists of two parts. In the upper part, all materials created in RFEM are listed. In
the Material Properties section, the properties of the current material, that is, the table row cur-
rently selected in the upper section, are displayed.

1.2 Materials
B
Material Material
0. Description Comment

I 4 Fine 4 SANS 1016355001
(]

2
3 [ Steel 5 275 JR | SANS 50025 / EN 10025-2:2004
4 (W

L g G (e

M aterial Properties
E Main Properties

Modulus of Elasticity = £00.00 | kN/cm2
Shear Modulus G 37.50 | kNscm2
Specific Weight ] 350 |kN/m?
Coefficient of Themnal Expansion o 5.0000E06 | 1/°C
Partial Safety Factor T™ 1.00
Bl Additional Properties - -
Modulus of Elasticity Parallel Eops 450.00 | kN/om2 Material Mo. 1 used in
Strength for Bending Pb 0.40 | kN/em? Cross-sections No.:
Strength for Tension Parallel pt 0.22 | kN/em2 1
Strength for Tension Perpendicular ptp 0.01 [ kN/cm2
Strength for Compression Parallel Peoy 0.70 | kN/em2
Strength for Compression Perpendicular Pep 0.16 | kM/cm2 Members No.:
Strength for Shear Paralle! Py 0.04 | kN/em2 16
Species SA Pine
Grade 4 Sets of members No.:

I Length I Weight
24.00 [m] 0.432| k]

Figure 2.14: Window 1.2 Materials

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

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

To adjust the units and decimal places of material properties and stresses, select in the mod-

ule's menu Settings — Units and Decimal Places (see Chapter 7.3, page 67).

Material Description

The materials defined in RFEM are preset, but it is always possible to modify them: To do this,
click the material in column A. Then click [¥] or press function key [F7] to open the material list.

! SA Pine 41 SANS 10163-2:2001 -1
SA Fine 4 SANS 10163-2:2001 ~
SA Pine 5 SANS 10162-2:2001
SA Pine & SANS 10163-2:2001
SAPine 7 SANS 10163-2:2001
SA Pine 8 SANS 10163-2:2001
SA Pine 10 SANS 10163-2:2001
SA Fine 12 SANS 10163-2:2001
SA Pine 14 SANS 10163-2:2001
SA Pine 16 SANS 10163-2:2001
5A Round Poles 457 - Pine SANS 10163-2:2001 ']

Figure 2.15: List of materials for ASD design method

According to the design concept of SANS 10163-1 [1] and SANS 10163-2 [2], the list includes
only materials of the South African Standard.
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When you have imported a material, the design relevant Material Properties are updated.

It is not possible to edit the material properties in the RF-TIMBER SANS module.

Material Library
Many materials are available in the library. To open the corresponding dialog box, select
Edit — Material Library

or click the button shown on the left.

Fitter Material to Select
Material Description Standard

Material category group:
| ETimber [ sAPine 4

[ 54 Pine 5 3 SANS 10163-2:2001
E sAPine & SAMS 10163-2:2001
 Mlviood (South Africa) M 54 Pine 7 SANS 10163-2:2001
[ 54 Pine & SANS 10183-2:2001
[ 54 Pine 10 SAMS 10163-2:2001
[ 54 Pine 12 SANS 10163-2:2001
Standard: [ 54 Pine 14 SANS 10163-2:2001
| Al [ 54 Pine 16 SANS 10163-2:2001
E sAPine 5 SAMS 10163-1:2003
Spedal application: [ 54 Pine 7 SANS 10163-1:2003
[l [H 54 Pine 10 SANS 10163-1:2003
[ 54 Pine 14 SAMS 10163-1:2003
[ 5A Round Pales 457 - Pine SAMS 10163-2:2001
Al [ 54 Round Poles 457 - Gum SANS 10163-2:2001
[ 54 Round Pales 753 - Pine SAMS 10163-2:2001
[ sA Round Poles 754 - Gum SANS 10163-2:2001
M 54 Round Poles 457-7 - Pine SANS 10163-1:2003

=) = Search: | K

Material category:

Standard group:
| E=5ANS

Spedes:

[Jindude invalid. ..

'

["]Eavorites group:

Material Properties

= Main Properties
Modulus of Elasticity 600.00 | kN/cm?2
Shear Modulus 37.50 | kN/cm?2
Specific Weight 1 3.50 | kN/m?
Coefficient of Themal Expansion 5.0000E-06 | 1/°C

[ Additional Properties
Modulus of Elasticity Paralls! .00 | kN/cm?2
Strength for Bending 40 | kN/cm?2
Strength for Tension Parallsl 22 | kN/cm?2
Strength for Tension Pempendicular 01 | kN/cm?2
Strength for Compression Parallel 70 | kN/cm2
Strength for Compression Perpendicular . kM/cm?2
Strength for Shear Parallel 04 | kN/cm?2
Species
Grade

SAPine 4 | SANS 10163-2:2001 |

Figure 2.16: Dialog box Material Library

In the Filter section, SANS is preset as 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 the module RF-TIMBER
SANS.

Chapter 4.3 of the RFEM manual describes how materials can be filtered, added, or rearranged.

18
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Material Properties

The lower section of Window 1.2 contains the specified strength values for bending, tension
parallel, tension perpendicular, compression parallel, compression perpendicular, shear, as
well as modulus of elasticity for design of compression members.

The compressive stress parallel to the grain, pe, in material database is defined for the short col-
umns, which slenderness ratio is l/b < 10. For columns with slenderness ratio l./b > 10 the com-
pressive stress parallel is calculated in the module according to [2] Chapter 7.4.1.

The design values of the material strengths are to be determined with the modification factors.

The factors can be modified in the Standard Settings dialog box (see Figure 2.10 and Figure 2.12).

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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2.3  Cross-Sections

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

1.3 Cross-Sections

A B [ E [ D | E 4 - T-Circle 200
Section | Material Cross-Section Opti-
No No Description mize Mote Comment
1 1 [H0 SAFine Stocklam 140367 | SANS 101 No
2 1 [0 T-Rectangle 160,240 From Current Row 2)
3 3 [WT PE180 No
Il e No
2 -
& ¥
i
v
=
[rmm]
L T [a
Cross-gection No. 4 used in
Members No.:
Sets of members No.:
T Length: T Weight:
0.00  Iml 0.000 | k]
Material
1-5APine 4
8) The cross-section is not assigned to any member.
[ g% e

Figure 2.17: Window 1.3 Cross-Sections

Cross-Section Description
The cross-sections defined in RFEM are preset, as well as the assigned material numbers.

The design is possible for parametric rectangular and circular timber cross-sections and for
standardized rectangular timber cross-sections according to the South African Standard SANS
10163.

To modify a cross-section, click the entry in column B selecting this field. Click [Cross-section
Library] or [...] in the field or press function key [F7] to open the cross-section table of the cur-
rent input field (see the following two figures).

In those dialog boxes, you can select a different cross-section or a different cross-section table.
To select a different cross-section category, click [Back to cross-section library] to access the
general cross-section library.

Chapter 4.13 of the RFEM manual describes how cross-sections can be selected from the library.

20
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X
Cross-Section Type Parameters
li' E' ® W= [mm]
h {o] b
mm | ow S
T T AN
T T ®ml @ N i
O O M m
Els x|y :
BB
&
[=2]
Favorites Group
= ‘ T-Rectangle 160/240] ‘
@)

Figure 2.18: Parametric timber cross-sections of the library

x
Cross-Section Type To Select To Select S, Pine Stocklam 140x367 | SANS 10163
III m Table Manufacturer/Standard Cross-Section ~
[ 5A Pine B SANS 10163 5A Pine Stocklam 45x 167
SA Pine Stocklam J= SANS 10163 SA Pine Stocklam 45%200
[ saligna Glulam E= SaNS 10163 SA Pine Stocklam 70x100
SA Pine Stocklam 70x133
SA Pine Stocklam 70x167
SA Pine Stocdam 70x200
SA Pine Stocklam 70%233
SA Pine Stocklam 70x267
El SA Pine Stocdam 70x300 o
Fiter SA Pine Stocklam 100x10( E ------- Y
5A Pine Stocklam 100x13:
Manufacturer/Standard group: SA Pine Stocklam 100x16°
4 P S 150225
Manufacturer Standard: 5A Pine Stocdam 10023t
SA Pine Stocklam 100x26
4 Pine Stockiam 10030
Cross-section shape: SA Pine Stocklam 100x33.
SA Pine Stocklam 100x36.
Al SA Pine Stockdam 100x40(
Cross-section note: 54 Pine Stocklam 140x10(
A" 8 5A Pine Stocklam 140x13: {rm]
SA Pine Stockdam 140x16.
SA Pine Stocklam 140x20(
SA Pine Stocklam 14023
SA Pine Stockdam 140x26.
[Jindude invalid... SA Pine Stocdam 140x30(
[ Eaverites group: SA Pine Stocklam 14033
= 24 Pine Sincklom 1ameant ¥ | | 5 Pine Stocklam 140x367 | SANS 10163 I
(@] @ 2 [ ]

Figure 2.19: Standardized timber cross-sections of the library

The new cross-section description can be entered in the text box directly. If the database con-
tains an entry, RF-TIMBER SANS imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

If cross-sections specified in RF-TIMBER SANS are different from the ones used in RFEM, both
cross-sections are displayed in the graphic in the right part of the window. The designs will be
performed with the internal forces from RFEM for the cross-section selected in RF-TIMBER SANS.
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This table column is displayed only after the calculation. It is a decision support for the optimi-
zation. By means of the displayed design ratio and colored relation scales, you can see which
cross-sections are little utilized and thus oversized, or overloaded and thus undersized.

You can optimize all rectangular and circular cross-sections: For the RFEM internal forces, the

(see Figure 3.5, page 44).

Remark

section list.

Info About Cross-Section

program searches the cross-section that comes as close as possible to a user-defined maximum
utilization ratio. You can define the maximum ratio in the Other tab of the Details dialog box,

If you want to optimize a cross-section, open the drop-down list in column D or E. Recommen-
dations for optimizing cross-sections can be found in Chapter 7.2 on page 64.

This column shows remarks in the form of footers that are described in detail below the cross-

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

stress points.

Cross-Section Property Symbol

Depth

Cross-sectional area
Moment of inertia

Moment of inertia

Governing radius of gyration

Governing radius of gyration

Weight

Surface

Torsional constant
Elastic section modulus
Elastic section modulus
Elastic section modulus
Elastic section modulus

Statical moment of area

Statical moment of area

Value

240.0
336.00
16128.00
5488.00
69.3
40.4
1.8
0.750
1396170
1344.00
-1344.00
784.00
-784.00
1008.00
588.00

Unit

ol |

mm
a2
mé
m#
mm
mm

T-Rectangle 140,240

[mm]

Stresspoims
T = cft-Parts

Figure 2.20: Dialog box Info About Cross-Section

3

The right part of the dialog box shows the currently selected cross-section.
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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 2.21)

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

SHENS NG

Prints the cross-section values and cross-section graphic

Table 2.3: Buttons of cross-section graphic

statical moments of area, etc.).

Click [Details] to call up specific information on the stress points (distances to center of gravity,

= | 8]
StressP Coordinates Statical Moments of Area
MNe. | yfmm]
70.0 . . .

-70.0

-70.0

70.0

0.0

0.0

T-Rectangls 140/240

iy

Figure 2.21: Dialog box Stress Points
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Load Efect
-weight
Imposed
Wind
Negligible effect

g

Load Duration

Medium Term
Short Term
Very Short Term

Standard. ..

Dlubal

24 Load Duration

In Window 1.4, you define the load duration to consider factors reflecting the different load
duration for all chosen load cases.

1.4 Load Duration

B [ C [ D E
Load-
ing Description Load Type Load Effect Load Duration Comment
] Permanent Self-weight Pemanent
Lc2 Imposed - Category A: don Imposed Medium Tem
LC3 Wind Wind Shart Term
Y

Figure 2.22: Window 1.4 Load Duration

Loading

All load cases selected in the 1.1 General Data Window are listed here.

Description

The load case descriptions make the classification easier.

Load Type

This table column shows the load cases' types of action as defined while creating them in RFEM.
They are the basis for the presetting in the subsequent table column.

Load Effect

The load effect defines the type of loading which the construction is loaded. In this column
you can define the load effect of each load case: By clicking the cell in column C, the [¥] button
becomes available. If there is a load case you do not want to take into account when determin-
ing the load duration factor, you can choose Negligible load effect in the list box.

Load Duration

Loads must be assigned to classes of load duration. The classification of actions is specified in
[1] Table 3 orin [1] Table 7, for example. The load duration can be changed as follows: Click the
cell in column D to select the box, and then use the [¥] button to open the list.

The classes of the load effect and load duration are required for the determination of the load
duration factors, Ym and d: (for LSD method), and the factors, kiand d: (for ASD method). The
default values of the load duration coefficients Cq, C¢ or Cican be checked and, if necessary, ad-
justed in the Standard dialog box (see Figure 2.9 and Figure 2.10, page 13 f.).
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Program RF-TIMBER SANS © 2016 Dlubal Software GmbH



for Utimate Limit State Design
Occasionally > 200 M|
(Occasionally exceeding 200
All the time up to 200

for Serviceability Limit State Design

WC <170 =]

MCupto 170

MC between170 and 200

MC exceeding 200

at CT: MC between 170 and 250, then MC up to 170
at CT: MC exceeding 250, then MC upto 170
fluctuating over a range, MC exceeding 100

Standard...

Pressure Treatment

| No =

Yes

Mo
kB
Ein
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2.5 Moisture Content and Treatment -
Members (LSD)

The determination of moisture makes it possible to assign the material factor for moisture con-
tent for ultimate limit state design, Yms, and for serviceability limit state design, d». The columns
A or B are only available if you have set the relevant entries in the Ultimate Limit State or Service-
ability Limit State tab of Window 1.1 General Data.

1.5 Moisture Content and Treatment - Members

l A I B [ c .
Member Moisture Content Ja/kg]
No for Uttimate Limit State Design for Serviceability Limit State Design Pressure Treatment Comment

1 Qccasionally > 200 MC =170 Yes

2 Qccasionally > 200 170 < MC < 200 Yes

3 Occasionally > 200 170 < MC £ 200 Yes

4 Qccasionally > 200 MC = 200 Yes

5 All the time < 200 at CT: 170 < MC = 250, then MC < 170 Mo

6 All the time < 200 at CT: 170 < MC = 250, then MC £ 170 Mo
Allthe time = 200 MC =170 Mo

[] setinput for members No.:
| all li :1 @

Figure 2.23: Window 1.5 Moisture Content and Treatment - Members (LSD)

The default values of the factors Yms, d2 and Yums can be checked and, if necessary, adjusted in
the Standard dialog box (see Figure 2.11, page 15).

By default, pressure treatment is not used. If you want to define treatment to the selected
members, use the [¥] button.

Below the Settings table, you find the Set input for members No. check box. If it is selected, the
settings entered afterward will be applied to the selected or even to All members. Members
can be selected by entering the member number or by selecting them graphically with the [X\]
button. This option is useful when you want to assign identical conditions to several members.
Please note that settings that have been already defined cannot be changed subsequently by
using this function.

The other buttons below the table have the following functions:

Button Function

-

Exports table into MS Excel or OpenOffice Calc

Directs to the row of member graphically selected in RFEM work window

Q=

Switches into RFEM work window

Table 2.4: Buttons in Window 1.5 Moisture Content and Fabrication Quality - Members

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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2.6 Moisture Content and Treatment -
Sets of Members (LSD)

This window is only available if one or more sets of members have been selected in Window
1.1 General Data.

1.6 Moisture Content and Treatment - Sets of Members

B [ C [ D
Set Moisture Content [g/kg]
No for Uttimate Limit State Design for Serviceability Limit State Design Pressure Treatment Comment
[ 1] Oceasionally > 200 MC =170 Mo
2 Occasionally > 200 MC <170 Mo
[[]setinput for members No.:
Al ‘i :l ®

Figure 2.24: Window 1.6 Moisture Content and Treatment — Set of Members (LSD)

The concept of this window is similar to the one in the previous Window 1.6 Moisture Content
and Treatment - Members. In this window, you can assign the moisture content and the fabrica-
tion quality of the wood to each set of members.
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for Ultimate Limit State Design
[ Occasionally > 170 -1
Occasionally exceeding 170
All the time up to 170

for Serviceability Limit State Design

WC =170 =]

MCupto 170

MC between170 and 200

MC exceeding 200

at CT: MC between 170 and 250, then MC up to 170
at CT: MC exceeding 250, then MC upto 170
fluctuating over a range, MC exceeding 100

Standard...

Fabrication Quality

Complies with Standard

Yes
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2.7  Moisture Content and Fabrication Quality -
Members (ASD)

This window is similar to the 1.5 Moisture Content and Treatment - Members Window above (see
Figure 2.23).

In this window it is possible to assign the moisture content factors for the Ultimate Limit State
Design, ks, and for the Serviceability Limit State Design, d-.

1.5 Moisture Content and Fabrication Quality - Members

[ A [ B D
Member Moisture Content [g/kg] Fabrication Quality
No for Uttimate Limit State Design for Serviceability Limit State Design Complies with Standand Comment

1 Qccasionally > 170 MC <170 MNo

2 All the time = 170 fluctuating over a range, MC = 100 Yes

3 Occasionally » 170 MC = 200 No

4 Qccasionaly > 170 170 < MC £ 200 Yes

5 All the time = 170 fluctuating over a range, MC = 100 Yes
[ 6 | All the time = 170 fluctuating over a range, MC > 100

[] 5etinput for members No.:
| Al L‘i ‘:1 @

Figure 2.25: Window 1.5 Moisture Content and Fabrication Quality - Members (ASD)

The default values of the factors ks, d2 and ks can be checked and, if necessary, adjusted in the
Standard dialog box (see Figure 2.12, page 15).

When a component is complying with a SANS Standard, you can apply the modification factor
for Fabrication Quality, ks in column C.

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH
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2.8  Moisture Content and Fabrication Quality -
Sets of Members (ASD)

1.6 Maisture Content and Fabrication Quality - Sets of Members

B [ C | D
Set Moisture Cortert [g/%g] Fabrication Quality
Me. for Ultimate Limit State Design for Serviceability Limit State Design Complies with Standand Comment
Occasionally > 170 -1 MC <170 No
2 Oceasionally > 170 MC =170 No
3 Occasionally > 170 MC =170 No
[ setinput for members Mo.:
vIal A [&] e

Figure 2.26: Window 1.6 Moisture Content and Fabrication Quality - Sets of Members (ASD)

The concept of this window is similar to the one in the previous Window 1.5 Moisture Content
and Fabrication Quality - Members window. In this window, you can assign the moisture con-
tent and the fabrication quality of the wood to each set of members.

2.9 Effective Lengths - Members

The appearance of the window depends on whether the stability analysis is carried out accord-
ing to the equivalent member method or according to second-order analysis. You can specify
that method in the Stability tab of the Details dialog box (see Figure 3.2, page 41). The follow-
ing description refers to the equivalent member default method. For that, the parameters of
buckling and lateral-torsional buckling must be defined.

If the stability analysis is deactivated in the Stability tab of the Details dialog box, Window 1.7 is
not shown.

The window consists of two parts. The table in the upper part provides summarized information
about the factors for the lengths of buckling and lateral-torsional buckling as well as the equiva-
lent member lengths of the members to be designed. The effective lengths defined in RFEM are
preset. In the Settings section, you can see further information about the member whose row is
selected in the upper section.

Click [~] to select a member graphically and to show its row.

Changes can be made in the table as well as in the Settings tree.

28

I Program RF-TIMBER SANS © 2016 Dlubal Software GmbH




2 Input Data

VAN

1.7 Effective Lengths - Members

Dlubal

B | c | D [ F [ & H | | [ 4 1 K L
Member | Buckling Buckling About Axis y Buckling About Axis z Lateral-Torsional Buckling
Possible | Possible | Key | Ley [m] | Possible | Kez Lez[m] | Possible | Define Le Le [m] oz Comment
& ¥ 1.000) 4000 W 1.000 4000 [ | Asmemberlen 1.000
2 ¥ d 1.000 | 4.000 vl 1000 4000 [ |Asmemberlen 1.00
3 e e 1.000| 4000 O 1.000 4.000 ] As member len 1.000
4 ] W] 1000 4000 (7] 10000 4000 & | Asmemberlen 1.000
5 ] d 1.000| 4000 W 1.000 4000 [ | Asmemberlen 1.000
3 ¥ ¥ 1.000| 4000 1.000| 4000 [0 |[Asmemberlen 1.00
7 e e 1.000| 4000 [ 1.000| 4000 ] As member len 1.000
&
Settings for member No. 1 5 - T-Rectangle 160/420
Cross-section 5
Length L
Buckling Possible
[ Buckling About Auxis y Possible A60.0
Effective Length Factor Key
Effective Length Ley
[ Buckling About Auxis 2 Possible
Effective Length Factor Kez 1.000
Effective Length Lez 4000 m -
[ Lateral-Torsional Buckling Possible S
Define Le As member length
Coefficient 2 1.000
Comment
i
v
=
[[]setinput for members No. : [mm]
»

Figure 2.27: Window 1.7 Effective Lengths - Members (LSD) for equivalent member method

1.7 Effective Lengths - Members

B [ ¢ [ D E [ F [ G I I [ K
Member Buckling About Awis y Buckling About Axis z Lateral-Torsional Buckling
Possible Possible Key Ley [m] Possible Kez Possible Define Le Le [m] Comment
) ¥ 1.000 4.000 ¥ 1.000 vl As member length 4.000
Z =l i 1.000 4.000 ¥ 1.000 O As member length
3 ] & 1.000 4.000 [ 1.000 o As member length
4 a O 7,000 0m| [ 1,000 & As member length
3 d O 1.000 O 1.000 ¥ As member length
3 ) m 1.000 ¥ 1.000 M As member length
Settings for member No. 1 1 - SA Pine Stocklam 140x367 | SANS 10163
Cross-section 1- 5A Pine Stocklam 140¢367 | SANS 10163
Length L 4.000 m
Buckling Possible
[ Buckling About Axis y Possible
Effective Length Factor Key 1.000
Effective Length Ley 4.000 | m
[ Buckling About Auwis z Possible
Efective Length Factar Kez 1.000
Effective Length Lez 4.000 | m o
[ Lateral-Torsional Buckling Possible E =
Define Le As member length e
Commert
z
[[]setinput for members Mo.: [mm]
B P [#]

Figure 2.28: Window 1.7 Effective Lengths - Members (ASD) for equivalent member method

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
text box (see figure above).
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The Settings tree manages the following parameters:

Cross-section

Length (actual length of the member)

Buckling Possible (corresponds to column A)

Buckling About Axis y Possible (corresponds to columns B to D)
Buckling About Axis z Possible (corresponds to columns E to G)
Lateral-Torsional Buckling Possible (corresponds to columns H to K)

In this table, you can specify for the currently selected member whether to carry out a buckling
or a lateral-torsional buckling analysis. In addition to this, you can adjust the Effective Length
Factor for the respective lengths. 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 of the window.

Type of K Value
() Theoretical

(@) Recommended

Buckling About y-Axis Buckling About z-Axis

Impart from add-on module RE-STABILITY Impatt from add-on module RF-STABILITY
(Eigenwvalue Analysis) (Eigenvalue Analysis)

RF-STABILITY-Case: RF-STABILITY-Case:

Buckling - Buckling
mode Mo, mode Mo,

Export effective length Export effective length
factor :

factor

Figure 2.29: Dialog box Select Effective Length Factor for LSD method

For each direction, you can select one of the buckling modes (theoretical and recommended
values of buckling length factors according to [1] Table B.1).
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Select Effective Lenght Factor “
Buckling About y-Axis Buckling About z-Axis
OKy =07 X Oky=07
125
DKy =10.85 s 1-—*1 Oky =0.85
z
OKy=15 Oky=15
@Ky =10 @K, =10
4
OKy=20 l_"— . Oy =20
‘o
2z
'3::3' User-defined t '3::3' Uszer-defined !
Ky=... z Kz=... Yy
0 0
Export effective length Export effective length
factor Ky: | L1000 = factor Kz: 1000 *
OK Cancel

Figure 2.30: Dialog box Select Effective Length Factor for ASD method

If an eigenvalue analysis was carried out in the add-on module RF-STABILITY, you can also se-
lect a Buckling mode to determine the coefficient.

Buckling Possible

A stability analysis for flexural buckling and lateral-torsional buckling requires the ability of
members to resist compressive forces. Therefore, members for which such resistance is not
possible because of the member type (for example tension members, elastic foundations, rigid
couplings) are excluded from design in the first place. 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 enable you to clas-
sify specific members as compression members or, alternatively, to exclude them from the
stability analysis..

Buckling About Axis y / Buckling About Axis z

With the check boxes in the Possible table columns, you decide whether a member is suscepti-
ble to buckling about the y-axis and/or z-axis. Those axes represent the local member axes,
with axis y being the "major" and axis z the "minor" member axis. The buckling length factors
Key and Ke 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 graphic in Window 1.3
Cross-Sections (see Figure 2.17, page 20). To access the RFEM work window, click [View mode].
In the work window, you can display the local member axes by using the member's shortcut
menu or the Display navigator.
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Project Navigator - Display x
- [ Model -
- [w] 5 Nodes

H-[w] B Lines

{8 Surfaces

- [w] 8 Solids

----- [#]& Solid Orthotropies

----- & Openings

[-[¥]5 Nodal Supports

[-[¥]5 Line Supports

----- [¥]%/ Surface Supports

E-[¥]5 Members

----- [#]5 Member Elastic Foundations
- B (T
[#]5 Indexes

alj& Member Axis Systems u,v,w
[#]5 Indexes

-[]8 Member Orientations
[7]8 Member End Releases -

4 I 2

ﬁData €Display A views

[E
[E
[E
[E

Figure 2.31: Selecting 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 effective length
factors as well as the effective lengths in the columns C and D respectively as F and G. The same
is possible in the Settings table.

&l To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a L. text box.

When you define the effective length factor K, the program determines the effective length L.
by multiplying the member length L by this effective length factor. The text boxes for K. and L.
are interactive.

Lateral-Torsional Buckling Possible

Table column H controls whether a lateral-torsional buckling analysis is to be carried out or not.

Define L. (LSD)
Define Le The member lengths are preset in column | as equivalent member lengths relevant for lateral-
torsional buckling. When you set the options manually in the list box, you can specify the
Marualy length for lateral-torsional buckling Lein column J. You can also define it graphically after click-
ing [...] as the distance of the lateral supports. Thus, you can adjust the boundary conditions of
a structural component if it consists of several members between the supports.
In column K, the coefficient for calculating the moment resistance of a laterally unsupported
beam, wy, is indicated. By default it is preset to 1.0, but it can be adjusted if necessary.
Define L. (ASD)
Define Le The definition of L. is similar to the LSD method. In addition, it is possible to define lateral-
[ Asmemberlength | torsional buckling length in accordance with [2] Table 11. A new dialog is opened in which you
Manually can select the effective length according to the loading conditions (see Figure 2.32).

Acc.to Table 11
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Effective Length for Bending Members Acc. to Table 11 ﬂ

Unsupported Length, L_u
[]Lwmanually
Lu= = [m]

Effective Length, |_e
Single span beam:

() Concentrated load at center le=161Lu
) Uniformly distributed load le=1.92Ly
O Equal end moments le=184Lu
Cantilever:

() Concentrated load at unsupported end le=169 Ly

(_J) Unifarmly distributed load le=1.06Lu

Single span beam or cantilever:

(O] Any load (conservative valug) le=1592Lu

oK Cancel

Figure 2.32: Dialog box Effective Length for Bending Members Acc. to Table 11

Below the Settings table, you find the Set inputs for members No. check box. If selected, the set-
tings entered afterward will be applied to the selected or to All members. Members can be se-
lected by typing the member number or by selecting them graphically using the [\] button.
This option is useful when you want to assign the same boundary conditions to several mem-
bers. Please note that already defined settings cannot be changed subsequently with this
function.

Comment

In the last table column, you can enter you own comments for each member to describe, for
example, the selected equivalent member lengths.
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2.10 Effective Lengths - Sets of Members

This window is only available if one or more sets of members have been selected in Window
1.1 General Data. Additionally, the stability check must have been activated in the dialog box
Details, tab Stability (see Figure 3.2, page 41).

1.8 Effective Lengths - Sets of Members

B [ C [ D E [ F [ G | | [ J 1 K L
Buckling About Axis y Buckling About Axis z Lateral-Torsional Buckling
Possble | Key | Ley|m] |Possble | Ke Lez [m] | Possible Define Le Le [m] 02 Comment
] i 1.000) 4000 & 1000 4000 As member length 4.000 1.000
2 Wl & 1.000) 4000 @& 1000 4000 @ As member length 1.000
4 W [ 1.000| 4000 1.000) 4000 [ As member length 1.000
5 W [ 1.000| 4000 1.000) 4000 [ As member length 1.000
[3 W ¥ 1.000| 4000 1.000) 4000 As member length 1.000
7 W ¥ 1.000| 3000 1.000) 8000, [ As member length 1.000
< >
B L% % e
Settings for set of members No. 1 5 - T-Rectangle 160/420
B Set of Members 1
Cross-section 5-
Length L
Buckling Possible 160.0
= Buckling About Axis y Possible
Effective Length Factor Key 1.000 ———
Effective Length Ley 4000 |m
[ Buckling About Awxis z Possible
Effective Length Factor Kez 1.000 -
Effective Length Lez 4000 |m 5 ————p
[ Lateral-Torsional Buckling Possible ¥
Define Le As member length
Coefficient 02 1.000
Comment
v
z
[ Setinput for sets No.: [rmim]
h Fa a &

Figure 2.33: Window 1.8 Effective Lengths - Sets of Members (LSD)

1.8 Effective Lengths - Sets of Members

B | c [ D E | F | G H [ | | J K
Set Buckling Buckling About Auxds y Buckling About Axis z Lateral-Torsional Buckling
No. Possible Possible Key Ley [m] Possible Kez Lez [m] Possible Define Le Lz [m] Comment
] 1.000 4.000 1.000 4.000 As member length 4000
1.000 8.000 1.000 £8.000 As member length 8.000
= 1% % |e
Settings for set of members No. 7 2 - T-Rectangle 160/240
Cross-section 2 - T-Rectangle 160,240
Length L 8.000 | m
Buckling Possible
[ Buckling About Axis y Possible 1600
Effective Length Factor Key 1.000
Effective Length Ley 8.000 | m
[ Buckling About Auxis z Possible
Effective Length Factor Kez 1.000
Effective Length Lez 8.000| m -
[ Lateral-Torsional Buckling Possible ]
Define L= s member length .
Comment
[[]setinput for members Mo, : [mm]
% Fa a [&] &

Figure 2.34: Window 1.8 Effective Lengths - Sets of members (ASD) for equivalent member method
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The concept of this window is similar to the one in the previous Window 1.7 Effective Lengths -
Members. In this window, you can enter the effective lengths for buckling as well as for lateral-
torsional buckling as described in Chapter 2.9. They determine the boundary conditions of the
entire set of members which is to be treated as an equivalent member.

2.11 Additional Design Parameters - Members

This window allows you to allocate the load sharing factor, Ym2 (LSD) or ka (ASD), to each mem-
ber. This factor depends on the interaction between members in the model. By clicking the [¥]
button in column A, the Yes option (according to [1] Chapter 13.1.2.2 or Chapter 6.3.4) can be
selected.

You can define in column B whether the member is beam or truss, which controls the structure
type factor, Yms (LSD) or ks (ASD).

By default, the program assigns No load sharing factor and the Beam structure type factor. The
factors can be checked and, if necessary, adjusted in the Standard dialog box (see Figure 2.11
and Figure 2.12, page 15Figure).

1.9 Additional Design Parameters - Members

[ A B C

Member

Ho. Load Sharing Structure Type Comment
[ 1 ] Yes Beam

2 Yes Beam

3 Yes Beam

4 Yes Beam

5 No Truss

6 No Truss

[]set input for members No.:
Al H % |e

Figure 2.35: Window 1.9 Additional Design Parameters

The Set input for members No. check box below the table enables you to assign the settings to
selected or All members (see Chapter 2.7 and Chapter 2.9).
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2.12  Additional Design Parameters - Sets of
Members

This window manages the additional design parameters of sets of members. It is displayed
when you have selected one or more sets of members in Window 1.1 General Data.

1.10 Additional Design Parameters - Sets of Members

[ A B C

Set

No. Load Sharing Structure Type Comment
[ 1 ] No Beam

2 No Beam

4 No Beam

5 No Beam

6 No Beam

7 No Beam

[CI5et mput for member

Al EYRk N
Figure 2.36: Window 1.10 Additional Design Parameters - Sets of Members

The set-up of this window is similar to the one of the previous window (see Chapter 2.11).
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2.13 Serviceability Data

This input window controls several settings for the serviceability limit state design. It is only
available if you have set the relevant entries in the Serviceability Limit State tab of Window 1.1
General Data (see Chapter 2.1.2, page 11).

1.11 Serviceability Data

B [ c 1 D [ E 1 F [ G [ H [ |
Member Reference Length Direc- Precamber
No Reference to Na. Manually L [m] tion Wy [mm] we,z [mm] Beam Type Comment
P Member -] 4 O 4000 vy.z 0.0 0.0 Cantilever End Free
2 Member 2 O 4000| vz 0.0 0.0 Beam
3 Member 4 O 4,000 R 30 £.0 Beam
4 Member 5 O 4.000 R 0.0 0.0 Beam
5 Set of Members 7 O 8000 vy.z 0.0 0.0 Beam

@

~

o

[r}

=

11
12
13
14
15
16
17
18
19

=

=

B‘H

=

"d"&ﬂ‘ﬁ

]

E“E

=

Figure 2.37: Window 1.11 Serviceability Data

In column A, you decide whether you want to apply the deformation to single members, lists
of members, or sets of members.

In table column B, you enter the numbers of the members or sets of members that you want to
design. You can also click [...] to select them graphically in the RFEM work window. Then, the
Reference Length appears in column D automatically. This column presets the lengths of the
members, sets of members, or member lists. If required, you can adjust these values after se-
lecting the Manually check box in column C.

Table column E defines the governing Direction for the deformation analysis. You can select
the directions of the local member axes y and z and the resultant direction R.

In column F and G, you can allow for some Precamber wcy and we...

The Beam Type is of crucial importance for the correct application of limit deformations. Col-
umn H controls whether is a beam or cantilever and which ends is not supported.

The settings in the Serviceability tab of the Details dialog box decide whether the deformations
are related to the undeformed initial model or to the shifted ends of members or sets of mem-
bers (see Figure 3.3, page 42).
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2.14 Fire Resistance - Members

This window manages the different fire resistance parameters. It is available when you have set
the relevant entries in the Fire Resistance tab of Window 1.1 General Data (see Chapter 2.1.3,

page 12).
1.12 Fire Resistance - Members
A | B [ c [ 0 [ = [ F [ G
Exp.to Fire Exp.to Fire
Na Members No Four Sides Top Bottom Left Right Comment
[ 48 HE| W] W]
2 357
3 |12 [} a

I

o

@

-~

=

@

10
11
12
13
4
15
16
17
18
19

]

=

N‘Rﬁ

=

?}‘H

5

B

E‘L‘a’

=

i

&

Figure 2.38: Window 1.12 Fire Resistance - Members

Table column A contains the members that are to be taken into account for the fire resistance
J design. Click [...] to graphically select the members in the RFEM work window.

In column B you specify if there is an Exposure to Fire on Four Sides. If the cross-section is not
exposed to fire on all sides, clear the selection of the check box. Thus, the following columns
become available in which you can specify the sides that are exposed to fire. The ideal remain-
ing cross-section is then computed with those assumptions.

Details The general parameters of the fire resistance analysis are managed in the Details dialog box,
tab Fire Resistance Design (see Figure 3.4, page 43).
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2.15 Fire Resistance - Sets of Members

This window manages the fire resistance parameters of sets of members. It is displayed when
you have selected one or more sets of members in Window 1.1 General Data and when you
have allocated specific load cases or combinations in the Fire Resistance tab of that window.

1.13 Fire Resistance - Sets of Members

[ A [ B | = [ D [ E [ F [ G
Bxp. to Fire Bxp. to Fire

No Sets of Members No. Four Sides Top Bottom Left Right Comment
11 ]
P E
3 |4 a a a ]
4 |7
5

[

7

8

E]

10

i

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3

32

[ 3| L 1

Figure 2.39: Window 1.13 Fire Resistance - Set of Members

The set-up of this window is similar to the one of the previous window (see Chapter 2.14). Here
you can define the sides of the cross-section that are exposed to fire for the relevant set of
members.
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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:

e Resistance

e  Stability

e Serviceability

e  Fire Resistance

e  Other

3.1.1 Resistance

Details “

Resistance | Stability | Serviceability | Fire Resistance | Other

Consideration of Connections.

Reduction of limit tension stresses

At nodes No.:

2,4,9,14 )
Connection length: 0.200 & [m]
Stress ratio inside =
connections: 60.00 (=] [%]
Stress ratio outside 100.00 5| [%%]
connections:

Limit Value for Special Cases

Tarsion

(@) Allow further design if shear stresses due to torsion
do not exceed limit:

Wiar ! Zior £ 0.05 5 fv

() Ignore torsion

D 2 YL ] oK Cancel

Figure 3.1: Dialog box Details, tab Resistance

Consideration of Connections

Often, zones near member connections show weakening of the cross-section. It is possible to
take into account this effect by a Reduction of limit tension stresses.

The numbers of the relevant nodes can be entered manually or selected graphically by clicking
the [N\] button.
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Method of Analysis

) Geometrically linear static analysis
econd-order analysis (P-Delta)
rge deformation analysis

() Posteritical analysis

Equivalent member method:
Specifying method of analysis in RFEM
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The Connection length defines the zone on the member where reduced stresses are considered.
In the text box below, enter the allowable stress ratio for Inside connections in percent. If re-
quired, you can also change the maximum ratio for Outside connections of the connection zone.

Limit Value for Special Cases

Torsion design is not specified in SANS 10163. It is possible to ignore shear stresses due to tor-
sion if a user-defined ratio of the torsional shear resistance is not exceeded (default: 5 %).

If the limit is exceeded, a note appears in the result window. This limit setting is not part of the
Standard [1] or [2][1]. Changing the limit is the responsibility of the user. It is also possible to
completely Ignore torsion.

3.1.2  Stability

Details H

Resistance | 5tabiity | Serviceability | Fire Resistance | Other
Stability Analysis
Perform stability analysis

(@) Stability analysis according to equivalent member method
(requires definition of effective lengths)

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

?| @ A B[

Figure 3.2: Dialog box Details, tab Stability

The Check stability check box controls whether to run, in addition the cross-section design, a
stability analysis. If you clear the check box, the input Windows 1.7 and 1.8 will not be shown.

The equivalent member method uses the internal forces determined in RFEM. In this method,
make sure that the Geometrically linear static analysis has been set (the default setting is
the 2" order analysis). When you perform the stability analysis according to the equivalent
member method, the effective lengths of the members and sets of members subject to com-
pression or compression and bending must be specified in Windows 1.7 and 1.8.
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If the bearing capacity of the model is significantly affected by its deformations, we recom-
mend selecting a calculation according to the second order theory. This approach additionally
requires the definition of imperfections in RFEM and their consideration for the load combina-
tions. The flexural buckling analysis is carried out during the calculation of the load combina-
tions in RFEM.

The lateral-torsional buckling design must also be carried out for second order calculations.
Thus, the lateral-torsional buckling lengths of members or sets of members are to be specified
in Windows 1.7 or 1.8 Effective Lengths manually. In this way, we can make sure that the lateral-
torsional buckling analysis is performed with the appropriate factors (for example 1.0).

3.1.3 Serviceability

Details “
Resistance | Stabiity | Serviceability | Fire Resistance | Other
Deformations Related to
(®) Shifted members ends [ set of member ends
() Undeformed system
Serviceability Limits (Deflections)
Cantilevers
Lf 300 5 Lof 150 (=
D | (o | || |08 fﬁ 0K Cancel

Figure 3.3: Dialog box Details, tab Serviceability

Deformations Related to

The option fields control whether the maximum deformations are related to the shifted ends
of members or sets of members (connection line between start and end nodes of the de-
formed system) or to the undeformed initial system. As a rule, the deformations are to be
checked relative to the displacements in the entire structural system.

Serviceability Limits (Deflections)

In this tab, it is possible to change the allowable deflection for the serviceability limit state de-
sign if the default values L/300 (for inner span) and L/150 (for cantilever) are not appropriate.
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3.1.4 Fire Resistance

Resistance | Stability | Serviceability | Fire Resistance | Other |

Required Fire Resistance
Exposure time: [miri]

[T]Use failure stress of 2.22 times basic stress

Figure 3.4: Dialog box Details, tab Fire Resistance (ASD)

The Exposure time can be defined by specifying the duration of the fire in the text box.

In [2] for fire design, the grade stresses of members are used by default. If required, it is possi-
ble to analyze the fire resistance with the characteristic stresses by selecting the check box Use
failure stress of 2.22 times basic stress (characteristic stress is equal to 2.22 times of grade stress).

Additionally, some standard-specific parameters that are significant for the fire resistance de-
sign can be set in the Standard dialog box (see Figure 2.11 or Figure 2.12, page 15).
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3.1.5 Other

Details “

Resistance | Stability | Serviceability | Fire Resistance | Other
Cross-Section Optimization Display Result Windows
Max allowable design ratio: 1.00 [+ 2.1Design by Load Case
2.2 Design by Cross-Section
2.3 Design by Set of Members
2.4 Design by Member

Check of Member Slendernesses

- Flexure = - -
B 2[5 2.5 Design by x-Location
- Tension Lii = 250 |2
- Compression Leimi = 180 = 3.1 Governing Internal Forces by Member

3.2 Governing Internal Forces by Set of Members
[13.3 Member Slendernesses

4,1Parts List by Member
4,2 Parts List by Set of Members
Only for members | sets to be designed

(1 Of all members [ sets of members

?| @ (3] (o8] o

Figure 3.5: 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 Slenderness

In the three text boxes, you can specify the limit values of the member slendernesses. You can
define the ratios separately for members with Flexure (Cs), for members with Tension (L/r), and
for members with Compression (Lei/r).

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 52) if the corresponding check box is se-
lected in the Display Result Windows dialog box section.

Display Result Windows

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

The 3.3 Member Slendernesses Window is inactive by default.
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3.2  Start Calculation

To start the calculation, click the [Calculation] button which is available in all input windows of
the RF-TIMBER SANS add-on module.

RF-TIMBER SANS searches for the results of the load cases, load and result combinations that
are to be designed. If they cannot be found, the program starts the RFEM calculation to deter-
mine the design relevant internal forces.

You can also start the calculation in the user interface of RFEM: In the dialog box To Calculate
(menu Calculate — To Calculate), design cases of the add-on modules are listed like load cases
and load combinations.

To Calculate “
Load Cases / Combinations / Module Cases | Result Tables
Mot Calculated Selected for Calculation
No Description 2 No Description -
SIFF CO13 |LC1+0.5°LC2 + 0°LC3 Caz RF-TIMBER SANS - Timber design acc. to SANS 107632

BB CO18 | LCT+03°LC2 + 0°LC3
SI88 CO19 [LC1+07C3

P
<

FI

Al v

D) [ (08 oo

Figure 3.6: Dialog box To Calculate
If the RF-TIMBER SANS cases are missing in the Not Calculated section, select All or Add-on
Modules in the drop-down list below the section.

To transfer the selected RF-TIMBER SANS 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 SANS
design case in the toolbar list, and then click [Show Results].

[ #4 rF-MBER sans cat T Q> PTG R e R |
Q- t@' k- R % - %@%mﬂ? Show Results kb ™ - @'

Figure 3.7: Direct calculation of a RF-TIMBER SANS design case in RFEM

Subsequently, you can observe the design process in a separate dialog box.
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Window 2.1 Design by Load Case is displayed immediately after the calculation.
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CAL v

Input Data
General Data
Materials
Cross-Sections
Load Duration
Moisture Content and Fabricati
Moisture Content and Fabricati
Effective Lengths - Members
Effective Lengths - Sets of Mer
Additional Design Parameters -
Additional Design Parameters -
Serviceablity Data

Fire Resistance - Members

Fire Resistance - Sets of Memb
Results

Design by Load Case

Design by Cross-Section
Design by Set of Members
Design by Member

Design by x-Location
Governing Internal Forces by ¥

2.1 Design by Load Case
B [ ¢ [ b TE] [ G -
Load- Member | Location Load
ing Description No. | xm] | Design | Design According to Formuia Duration
Utimate Limit State Design
135°1C1 5 2000 033 1[317) Stabilty - Bencing about y-ads with LTB ace. to 7.2.1
C02 | 135°C1+151C2 2 2000 0382 =1 313) Stabiry - Biwdal bending with LTB acc. 10 7.5
[[C03 [125CT1+151C2+09L | 6 2000 0.78 | £ 1| 313) Stability - Biadal bending with LTB acc. 1o 7.5
C04 |135°C1+151C3 5 2000 033 =1 311) Stabiy - Bending about y-ads with LTE ace.t0 7.2.1
[[C05 [1a5CT+105C2+15 | 6 2000 0.62| <1 313) Stability - Biawdal bending with LTB acc. to 7.5
ity Limit State Design
CO8 |1C1+1C2+06°LC3 [ 2 [ 20m 0.51 £ 1 401) Serviceabilty - Design deflection ace. to 6.4.1 - Inner span, y-direction | s
CO3 |LC1+1C3 [ 4 [ 2000 0.38 [ =1/ 417) Serviceabilty - Design deflection acc. ta 6.4.1 - Inner span, R-direction | - v
Meo|  om[<1@ 210 [v | [EE][%][e

Details - Member 5 - x: 2.000 m- CO1

Material Data - SA Pine 4

Cross-section Data - SA Pine Stocklam 140x433 | SANS 10163

Design Intemal Forces

Load Duration Factor

1 - SA Pine Stocklam 140x433 | SANS 10

Governing Internal Forces by §| | & Design Ratio

Parts List by Member Bending Moment My 5.00 | khm

Parts List by Set of Members Cross-Sectional Area A 60620 [cm2
Reduced Section Modulus Zy 437474 | em?
Calculated Bending Stress Soy 017 | KkNfem? 721 -
Cross-Section Width 1400 [ mm 2
Cross-Section Height d 4330 | mm h
Member Length L 4000 |m
Effective Length [ 4000 |m
Slendemess Factor Cs 940 72321
Grade Bending Stress o 0.40 | kKN/em? Teble 3 H
Modfication Factor for the Load Duration (Bending) ki (My) 1.000 633 =
Wodification Factor for Load Sharing k2 1.000 634
Modfication Factorfor Type of Structure ks 1.150 635
Modification Factor for Qualty of Fabrication ke 1.000 636
Modfication Factor for Moisture Contert ks 0750 . 637 -
Alowable Bending Stress e, 034 | kN/em 72323
Design Rstio i 03 1721 a BE[F] &

< >
@ (8] Calculation Detais. Standard. Graphics Cancel

Figure 4.1: Results window with designs and intermediate values

The designs are shown in the results 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 results 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 func-
tion keys to select the next [F2] or previous [F3] window.

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

Chapter 4 Results describes the different results windows one by one. Evaluating and checking
results is described in Chapter 5 Evaluation of Results starting on page 51.
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4.1  Design by Load Case

The upper part of the window provides a summary, sorted by load cases, load combinations,
and result combinations of the governing designs. Furthermore, the list is divided in Ultimate
Limit State Design, Serviceability Limit State Design and Fire Resistance Design results.

The lower part gives detailed information on the cross-section properties, analyzed internal
forces, and design parameters for the load case selected above.

2.1 Design by Load Case

[ A [ B [ ¢ [ D T[E "
Load- Member | Location Load
i Description No x Jm] Design Design According to Formula Durstion
Ultimate Limit State Design
Co1_|1.35°LC1 5 2,000 0.33 | = 1| 311) Stabilty - Bending about y-=xis with LTB acc.to 7.2.1
CO2 | 1357101+ 1.5°LC2 2 2000 0.82 | =1 313) Stability - Biaxial bending with LTE acc.to 7.5
€03 [1.35°LCT +1.57C2+ 097 6 2,000 0.78 | =1 313) Stability - Biaial bending with LTB acc.to 7.5
CO4 [1.35°LC1+15°LC3 5 2,000 0.33 | =1 311) Stability - Bending about y-=ds with LTB acc.to 7.2.1
CO5 [1.35°LCT +1.05"LC2 # 1.5 3 2.000 0.62 | =1 313) Stability - Biaial bending with LTE acc.to 7.5
Serviceability Limit State Design
CO8 | LC1+LC2+06"LC3 2 2000 0.51 | = 1|407) Serviceability - Design deflection acc. to 6.4.1 - Inner span, y-direction =
LC1+LC3 4 2.000 038 | <1 [417) Serviceability - Design deflection acc. to £.4.1 - Inner span. R-direction | - W
Mec [ 08 <1 @ ST RC
Details - Member 4 - x: 2.000 m- CO% 1 - 5S4 Pine Stocklam 140x433 | SANS 10
Material Data - SA Pine 4 H
& Cross-section Data - 5A Ping Stocklam 140433 | SANS 10163
Deformations
& Load Duration Factor
3 Deflection in y-Direction
Material Factor for Load Duration d1 1.000 642
& Deflection in z-Direction
Self-Weight Load Effect with Permanent Load Duration Wp 0.5 | mm
Self-Weight Load Coefficient for Permanent Load Duration CdD 0.600 642 -
Material Factor for Load Duration di 1.667 642 @ ——————
(1 Design Ratio M L
Calculated Deflection AR 0.5 | mm
Camber in the Middle Span Acsmb,y 3.0 [mm
Camber in the Middle Span Agamb.z 1.0 [ mm
Camber at x-Location Agamb.x.f 3.2 |mm
Factorfor Load Duration 1 1.667 642
Factor for Moisture Content dz 1.000 643
Design Deflection AdR 5.1 | mm
Reference Span L 4.000 | m
Deflection Limttation L/ Amax 300.000 [l
Allowable Deflection Afim,R 13.3 | mm
Design Fatio n 03 21 |64 a &

Figure 4.2: Window 2.1 Design by Load Case

Description

This column shows the descriptions of the load cases, load and result combinations used for
the design.

Member No.

This column shows the number of the member that bears the maximum design ratio of every
designed loading.

Location x

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

e Startand end node
o Division points according to possibly defined member division (see RFEM table 1.16)

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

e Extreme values of internal forces

Design

Columns D and E show the design conditions according to [1]or [2].

The lengths of the colored bars represent the respective utilizations.
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Design According to Formula
This column lists the equations of the Standard by which the designs have been performed.

Load Duration

In column G, the load duration classes as defined in Window 1.4 are listed for load cases (see
Chapter 2.4, page 24).

4.2  Design by Cross-Section

2.2 Design by Cross-Section

B C [ D JEJ F "
Section | Member | Location | Load-
Mo No x [m] ing Design Design According to Formula
Stocklam 140433 | SANS 10163
0.000| CO4 0.06 | =1 | 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
1 0000 COZ 0.04 =1 102) Cross-section resistance - Compression parallel to grain ace. to 7.4.1
5 0.000, CO1 0.27 | =1| 111) Cross-section resistance - Shear due to shear force Vz acc.to 7.2.4.1
1 1600 COB 0.02 £1| 112} Cross-section resistance - Shear due to shear force Wy acc. to 7.2.4.1
5 0.000| CO% 0.27 | = 1| 113) Cross-section resistance - Shear due to shear force under biaxial bending acc. to 7.2.4.1
5 2000 CO1 0.25 | £1 | 131) Cross-section resistance - Bending about y-axis acc. to 7.2.1
2 2000 CO2 062 | =1|133) Cross-section resistance - Biawial bending acc. to 7.5
1 2000, CO4 0.06 | =1 | 141} Cross-section resistance - Bending about y-axis and tension acc. to 7.5
4 2000 CO2 059 | <1| 143) Cross-section resistance - Biaxial bending and tension acc.to 7.5 W
Max 018221 @ >0 v v (@ F| [ |e
Details - Member 1 -x: 0.000 m- CO4 1 - 5S4 Pine Stocklam 140x433 | SANS 10
Material Data - SA Fine 4
[ Cross-section Data - 5A Pine Stocklam 140433 | SANS 10163
:[#] Design Intemal Forces
[ Load Duration Factor
B Tension Design
Wind Load Effect with Short Term Load Duration W 8.00 kN
‘Wind Load Coefficient for Short Term Load Duration Crw 0.660 Table 7
Meodification Factor for the Load Duration (Tension) k1{P 1515 633
[ Design Ratio -
Tension Force Ft 12,00 | kN =
Cross-Sectional Area A §06.20 cm? N
Calculated Tensile Stress Parallel to the Grain at 0.02 | kN/em2 731
Grade Tensile Stress Parallel to the Grain pt 0.22 [kN/em2 Table 3
Modffication Factor for the Load Duration (Tension) k1{Pt 1.515 633
Modfication Factor for Load Sharing 2 1.000 634
Modffication Factor for Type of Structure [} 1.050 635
Modffication Factor for Quality of Fabrication ke 1.000 636
AMllowable Tensile Stress Parallel to the Grain fi 0.35 | kN/em? 63.1
Diesign Ratio n 0.06 21 731

Figure 4.3: Window 2.2 Design by Cross-Section
This window lists the maximum ratios of all members and actions selected for design, sorted
by cross-sections.

The results are sorted by cross-section design, stability design, serviceability limit state design
and fire resistance design.
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| 43 Design by Set of Members

2.3 Design by Set of Members

A EB C D [E ~
Set | Member | Location | Load-
No No x [m] ing Design | Design According to Formula
1 1 {Member No. 1)
1 0.000| CO4 0.06 | £ 1| 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
1 0.000| COZ 0.04 | < 1| 102) Cross-section resistance - Compression parallel to grain acc. to 7.4.1
1 0.000| CO1 0.12 | 21| 117) Cross-gection resistance - Shear due to shearforce Vz acc.to 7.2.4.1
1 1.600| CO5 0.02 | =1 | 112) Cross-section resistance - Shear due to shear force Wy acc.to 7.2.4.1
1 0.000| CO2 0.15 | < 1| 113) Cross-section resistance - Shear due to shear force under biaxial bending acc.to 7.2.4.1
- 1 2000 cCo1 0.11 | £ 1| 137) Cross-section resistance - Bending about y-axs acc. to 7.2.1
1 2000 CO4 0.06 | = 1| 141) Cross-section resistance - Bending about y-axis and tension acc.to 7.5
1 2000 CO5 0.30 | <1 143) Cross-section resistance - Biadal bending and tension acc.to 7.5
1 2.000| CO2 0.57 | = 1| 153) Cross-section resistance - Biaxial bending and compression acc.to 7.5 W
M 21 @ Blle B [E bw v v [=R][%][®
Details - Member 1 -x: 2.000 m- CO1 1 - S& Pine Stocklam 140x433 | SANS 10

Material Data - SA Pine 4

[d Cross-section Data - SA Pine Stocklam 140433 | SANS 10163
Design Intemal Forces

[ Load Duration Factor

140.0

[ Bending Design About y-fuis T_T
Seff-Weight Load Effect with Permanent Load Durstion Wo 150 | kNm —
Seff-Weight Load Coefficient for Permanent Load Duration Cmo 1.000 Table 7 |
Modfication Factor for the Load Durstion (Bending) It (My) 1.000 633

[l Design Ratio -
Bending Moment My 203 [ kNm 2
Reduced Section Modulus Zy 437474 cm? i
Calculated Bending Stress Thy 0.05 | kN/em? 721
Grade Bending Stress Pb 0.40 | kM/cm2 Table 3
Modification Factor forthe Load Duration (Bending) ke (M) 1.000 633
Modffication Factor for Load Sharing kz 1.000 634 &
Modification Factor for Type of Structure ka 1.050 635 ]
Modification Factor for Quality of Fabrication ks 1.000 636
Allowable Bending Stress oy 0.42 | kMscm?2 8.31
Design Ratio mn on =1 7.21
1]

Figure 4.4: Window 2.3 Design by Set of Members
This results window is displayed if you have selected at least one set of members for the design
The window lists the maximum ratios sorted by set of members.

The Member No. column shows the number of the one member within the set of members that
bears the maximum ratio for the individual design criteria.

The output by sets of members clearly presents the design for an entire structural group (for
example a chord).
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24 Design by Member

A ] c o -
Member | Location | Load
No. x [m] Case Design | Design Acc. to Formula
1| Cross-section Mo. 1- SA Pine Stocklam 140433 | SANS 10163

0.000| CO4 0.06 | = 1| 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
0.000| CO2 0.04 | £1| 102) Cross-section resistance - Compression parallel to grain acc. to 7.4.1

- 0.000| CO1 0.12 | =1 ; 111} Cross-section resistance - Shear due to shear force Vz acc.to 7.2.4.1
1600 CO5 0.02 | = 1| 112) Cross-section resistance - Shear due to shearforce Vy ace. to 7.2.4.1
0.000| CO2 0.15 | £1 | 113) Cross-section resistance - Shear due to shear force under biaxal bending acc. to 7.2.4.1
2000 Co1 0.11 | £ 1| 131) Cross-section resistance - Bending about y-axis acc. to 7.2.1
2000| Co4 0.06 | = 1| 141) Cross-section resistance - Bending about y-ais and tension acc. to 7.5
2000| CO5 0.30 | £ 1| 143) Cross-section resistance - Bizval bending and tension acc.to 7.5
2000 CO2 057 | £1 153) Cross-section resistance - Biaxial bending and compression acc.to 7.5

Mec [ 0R[<TE v

Details - Member 1 -2 0.000 m- CO1

Material Data - SA Pine 4

Cross-section Data - 5A Pine Stocklam 140¢433 | SANS 10163

Design Intemal Forces

[l Load Duration Factor

[ Shear Desian in z-Axds

Self-Weight Load Effect with Permanent Load Duration Wo 1.50 |kN

Seff-Weight Load Coefficiert for Permanent Load Durstion Cro 1.000 Table 7

Modffication Factor for the Load Duration (Shear) le (V2) 1.000 633

[ Design Ratio

Shear Force Vz 2.03 | kN
Cross-Sectional Area A 606.20 | cm?Z
Calculated Shear Stress Gvz 0.01 | kN/em?2 7241
Grade Shear Stress Pv 0.04 | kN/em 2 Table 3
Modffication Factor for the Load Duration (Shear) ke (V2) 1.000 633
Modffication Factor for Load Sharing ez 1.000 634
Modification Factor for Type of Structure ka 1.050 635
Modification Factor for Quality of Fabrication kg 1.000 616
Allowable Shear Stress Fuz 0.04 | kN/em?2 631
Design Ratio n 012 21 7241

1 - 34 Pine Stocklam 140:433 | SANS 10,

4330

140.0

[mm]

Figure 4.5: Window 2.4 Design by Member

4.5 Design by x-Location

This results window presents the maximum ratios for the individual designs sorted by member
number. The columns are described in detail in Chapter 4.1 on page 47.

2.5 Design by x-Location

A ] c o -

Member| Location | Load

No x[m] Case Design | Design Acc. to Formula
1 | Crosssection No. 1- SA Pine Stocklam 140x433 | SANS 10163
0000 CO4 0.06 | £ 1| 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
0.000| co2 0.04 | = 1| 102) Cross-section resistance - Compression parallel to grain acc. to 7.4.1
0.000| COi 0.12 | £ 1| 111) Cross-section resistance - Shear due to shear force Vz acc. to 7.2.4.1
0.000| co2 0.15 | = 1| 113) Cross-section resistance - Shear due to shear force under biaxial bending acc.to 7.2.4.1
0.000| CO2 0.08 | = 1| 302) Stability - Compression parallel to grain with buckling about z-axis acc. to 7.4
0000 CO2 0.09 | 1| 303) Stability - Compression parallel to grain with buckling about both axes acc.to 7.4
0.000| CoD4 0.05 | = 1| 601) Fire resistance - Tension parallel to grain ace. to 7.3.1
’i 0.000| CO2 0.03 | £1 £ 602) Fire resistance - Compression parallel to grain acc. to 7.4.1
0.000| Co4 0.01 | =1 611) Fire resistance - Shear due to shear force Vz acc.to 72.4.1 ]
v [ oB[z1@ &

Details - Member 1 - x: 0.000 m- CO2 1 - T-Rectangle 1405421

laterial Data - SA Fine 4
Cross-section Data - T-Rectangle 140/421

Design Intemal Forces

Load Duration Factor .

1P for Fire Resistance Design acc. to Annex E ‘I—T
Reqguired Fire Resistance 20 | min
Chanming Rate B 0.600 | mm/min Table E
Chaming Thickness @ char 12.0 | mm
Sides Exposed to Fire t -

[ Design Ratio 5 N »
Compressive Force Po 13.48 | kN El
Reduced Cross-Sectional Area Ar 589.40 | cmZ
Calculated Compressive Stress Parallel to Grain [:13 0.02 | kN/emZ2
Grads Compressive Stress ;5 0.64 | kN/em?2 741
Modffication Factor for the Load Duration (Compression) ki1(Pc) 1.250 633 v
Modification Factor for Load Sharing kz 1.150 634 z
Modffication Factor for Type of Structure (=3 1.050 635
Modffication Factor for Quality of Fabrication les 1.000 636
Modffication Factor for Moisture Content ks 0.750 637
AMlowable Compressive Stress Parallel to Grain fe 0.72 | kN/em?2 632 frm]
Design Ratio n 0.03 =1 741

Figure 4.6: Window 2.5 Design by x-Location
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This results window lists the maxima for each member at all x-locations resulting from the divi-
sion points in RFEM:

e Startand end node
¢ Division points according to possibly defined member division (see RFEM table 1.16)

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

e Extreme values of internal forces

4.6  Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B [ C 1 D ] € [ F [ & [ H ] [ a
Member | Location Load Forces [<N] Moments [lkm]
No % [m] Case N Wy Vz Mr My Mz Design According to Formula

Cross-section No_1 - SA Pine Stocklam 140433 | SANS 10163

(| 0oo0] co4 12,00 p00] | .13 0.00 0.00 0.00 | 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
0.000| Co2 -13.48 309 204 0.00 0.00 0.00 | 102) Cross-section resistance - Compression parallel to grain acc. to 7.4.1
0.000 CO1 0.00 0.00 203 0.00 0.00 0.00 | 111) Cross-section resistance - Shear due to shear force Vz acc.to 724,
1600 CO5 255 0.42 003 0.00 012 -2.00 | 112) Cross-section resistance - Shear due to shear force Vy acc.to 7.2.4,
0.000 | Co2 -1348 309 204 0.00 0.00 0.00 | 113) Cross-section resistance - Shear due to shear force under biaxial ber
2000 CO1 0.00 0.00 0.00 0.00 203 0.00 | 131) Cross-section resistance - Bending about y-=ds acc. to 7.2.1
2000, CO4 12.00 0.00 0.00 0.00 013 0.00 | 141) Cross-section resistance - Bending about y-sxds and tension acc. to
2000 CO5 255 0.00 0.00 0.00 0.13 -2.02 | 143) Cross-section resistance - Bianial bending and tension acc.to 7.5
2000, co2 -13.50 0.00 0.00 0.00 204 -3.12 | 153) Cross-section resistance - Biaxial bending and compression acc. to 7
2000, co2 -1350 0.00 0.00 0.00 204 -3.12 | 302) Stability - Compression parallel to grain with buckling about z-axis act
2000, co2 -13.50 0.00 0.00 0.00 204 -3.12 | 303) Stability - Compression parallel to grain with buckling about both axe:
2000 CO1 0.00 0.00 0.00 0.00 203 0.00 | 311) Stability - Bending about y-axds with LTB acc. to 7.2.1
2000 cCo4 12.00 0.00 0.00 0.00 013 0.00 | 321) Stahility - Bending about y-axis with LTB and tension acc.to 7
2000 CO5 255 0.00 0.00 0.00 013 -2.08 | 323) Stability - Bizxial bending with LTB and tension acc. to 7.5
2000 coO2 -1350 0.00 0.00 0.00 204 -3.12 | 392) Stability - Bizxial Bending with LTE and compression with buckling al
2000 co2 -13.50 0.00 0.00 0.00 204 -3.12 | 393) Stability - Bizxial bending with LTE and compression with buckling at
0.000 | CO4 12.00 0.00 013 0.00 0.00 0.00 | 601) Fire resistance - Tension parallel to grain ace. to 7.3.1
0.000, CcO2 -13.48 3.09 204 0.00 0.00 0.00 | 602) Fire resistance - Compression parallel to grain acc. to 7.4.1
4000, CO4 0.00 0.00 0.13 0.00 0.00 0.00 | 611) Fire resistance - Shear due to shearforce Vz acc. to 7.2.4.1
0.000, Co2 -1348 309 204 0.00 0.00 0.00 | §13) Fire resistance - Shear due to shear force under bizial bending acc
2000 CO4 12.00 0.00 0.00 0.00 £0.13 0.00 | 641) Fire resistance - Bending about y-axis and tension acc.to 7.5
2000, Co2 -13.50 0.00 0.00 0.00 204 -3.12 | 653) Fire resistance - Biaxial bending and compression acc. to 7.
2000, CcO2 =13.50 0.00 0.00 0.00 204 -3.12 | B02) Fire resistance - Stability - Compression parallel to grain with buckling
2000 CO4 12.00 0.00 0.00 0.00 013 0.00 | 821) Fire resistance - Stability - Bending about y-ads with LTB and tensior
2000, CO2 -1350 0.00 0.00 0.00 204 -3.12 | 892) Fire resistance - Stability - Biadal Bending with LTE and compressior

2 | Cross-section No. 1 - SA Pine Stocklam 140433 | SANS 10163

0.000 CO1 0.00 0.00 241 0.00 0.00 0.00 | 111) Cross-section resistance - Shear due to shear force Vz acc.to 724,
0.000, cCo02 0.03 3.60 24 0.00 0.00 0.00 | 113) Cross-section resistance - Shear due to shear force under biaxial ber
2000 CO1 0.00 0.00 0.00 0.00 241 0.00 | 131) Cross-section resistance - Bending about y-ais acc. to 7.2.1
2000 co2 0.03 0.00 0.00 0.00 241 -3.60 | 133) Cross-section resistance - Biaxial bending acc. to 7.
2000 CO1 0.00 0.00 0.00 0.00 241 0.00 | 311) Stabilty - Bending about y-axds with LTE acc. to 7.2.1
2000 co2 0.03 0.00 0.00 0.00 24 -3.60 | 313) Stahility - Bizdal bending with LTB acc.to 7.5 Y]

E® & & [e

Figure 4.7: Window 3.1 Governing Internal Forces by Member

For each member, this window displays the governing internal forces, that is, those internal
forces that result in the maximum utilization in each design.

Location x

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

Load Case

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

Forces / Moments

For each member, these columns displays the axial and shear forces as well as the torsional
and bending moments producing maximum design ratios in the respective cross-section, sta-
bility, serviceability limit state and fire resistance designs.

Design According to Formula

The final column provides information on the types of design and the equations by which the
designs according to [1] or [2] have been performed.
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4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members
B | D | E F [ G | H | ~
Location Load Forces [<M] Moments [kNm]
x[m] Case N | Vy | Vz Mt ‘ My ‘ Mz Design According to Formula
2 (Member No. 2)
0.000| CO1 0.00 0.00 241 0.00 0.00 0.00 | 111) Cross-section resistance - Shear due to shearforce Vz acc.to 7.2 4.
0.000, CO2 0.03 360 241 0.00 0.00 0.00 | 113) Cross-section resistance - Shear due to shear force under bizdal ber
2000, CO1 0.00 0.00 0.00 0.00 24 0.00 | 131) Cross-section resistance - Bending about y-ads acc.to 7.2.1
2000 CO2 0.03 0.00 0.00 0.00 241 -3.60 | 133) Cross-section resistance - Biaial bending acc.to 7.5
2000 CO1 0.00 0.00 0.00 0.00 241 0.00 | 311) Stability - Bending about y-ads with LTB acc. to 7.2.1
2000 Co2 0.03 0.00 0.00 0.00 241 -3.60 | 313) Stahility - Biaxial bending with LTB acc. to 7.5
0.000| Co8 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Ser bility - Negligible def ¢
2.000, CO8 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Design deflection acc. to 6.4.1 - Inner span, y-directic
2000 CO14 0.00 0.00 0.00 0.00 0.00 0.00 | 402) Serviceability - Design deflection acc. to 6.4.1 - Inner span, z-directic
0.000| CO4 0.00 0.00 0.61 0.00 0.00 0.00 | 617} Fire resistance - Shear due to shearforce Vz acc.to 7.24.1
0.000| CO2 0.03 3.60 241 0.00 0.00 0.00 | 613) Fire resistance - Shear due to shear force under biaxial bending ace:
2.000, CO4 0.00 0.00 0.00 0.00 0.61 0.00 | 631) Fire resistance - Bending about y-axis acc. to 7.2.1
2000, Co2 0.03 0.00 0.00 0.00 24 -3.60 | 633) Fire resistance - Biaial bending acc. to 7.5
2000 CO4 0.00 0.00 0.00 0.00 061 0.00 | 811) Fire resistance - Stability - Bending about y-adis with LTE acc.to 7.2
2.000| CO2 0.03 0.00 0.00 0.00 24 -3.60 | 813) Fire resistance - Stability - Biadal bending with LTB acc. to 7.5
4 1 (Member No. 1)
0.000, Co4 12.00 0.00 H0.13 0.00 0.00 0.00 | 101) Cross-section resistance - Tension parallel to grain acc. to 7.3.1
0.000| CO2 -13.48 309 20 0.00 0.00 0.00 | 102) Cross-section resistance - Compression parallel to grain acc. to 7.4.1
0.000, CO1 0.00 0.00 203 0.00 0.00 0.00 | 117) Cross-section resistance - Shear due to shear force Vz acc. 10 7.2.4.
1.600 CO5 255 0.42 H0.03 0.00 012 -2.00 | 112) Cross-section resistance - Shear due to shear force Vy acc. 10 7.2.4.
0.000, CO2 <1348 309 2 0.00 0.00 0.00 | 113) Cross-section resistance - Shear due to shear force under bizdal ber
2.000, CO1 0.00 0.00 0.00 0.00 203 0.00 | 131) Cross-section resistance - Bending about y-ads acc. to 7.2.1
2000 CO4 12.00 0.00 0.00 0.00 013 0.00 | 141) Cross-section resistance - Bending about y-axis and tension acc. to |
2.000| CO5 255 0.00 0.00 0.00 013 -2.08 | 143) Cross-section resistance - Biaxal bending and tension acc. to 7.5
2.000, CO2 =13.50 0.00 0.00 0.00 204 -3.12 | 153) Cross-section resistance - Biaial bending and compression acc. to 7
2.000) CO2 -13.50 0.00 0.00 0.00 204 -3.12 | 302) Stability - Compression parallel to grain with buckling about z-axis act
2000, Co2 =13.50 0.00 0.00 0.00 204 -3.12 | 303) Stability - Compression parallel to grain with buckling about both axe:
2000 Coi 0.00 0.00 0.00 0.00 203 0.00 | 311) Stability - Bending about y-ads with LTB acc. to 7.2.1
2.000| CO4 12.00 0.00 0.00 0.00 013 0.00 | 321) Stability - Bending about y-axis with LTE and tension acc.to 7.5
2000, CO5 255 0.00 0.00 0.00 013 -2.08 | 323) Stahility - Biaxial bending with LTE and tension acc. ta 7.5
2000 CO2 -13.50 0.00 0.00 0.00 204 -3.12 | 352) Stability - Biaxial Bending with LTE and compression with buckling al
2000, Co2 -13.50 0.00 0.00 0.00 204 -3.12 | 393) Stability - Bizxial bending with LTE and compression with buckling at | v
Y

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
design for each set of members.

4.8 Member Slendernesses

3.3 Member Slendernesses
E_[ C D | E F | & H | | | J | K |
Loss of Stability Buckling About Axis ¥ | Buckling About Axis Z Lateral Buckling Tension
No. Under Stress Ley/ry[] Rato |Lez/rz[| Ratio CzH Ratio LiryH Ratio L/rz[] Ratio
Compression / Bending / Tension 32913 018 59.385 033 9.400 0.18 32913 013 58.974 0.40
2 Bending / Tension - - - - 9.400 018 32913 0.13 98.974 0.40
3 Tension - - - - - - 50.509 0.36 50.909 0.36
4 Bending / Tension - - - - 9.400 018 32913 0.13 98.974 0.40
Compression members: Bending members: Tension members:
Max Lay /Ty : 32913 (<180 @ Wax Cs 9.400 |52 a Wax L/ ry 90,909 | < 250 (-]
MaxLezirz: | 59.385|<ia0 @ MaxLirz:| 98.974 (<250 @ Y

Figure 4.9: Window 3.3 Member Slendernesses
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This results window is displayed when you have selected the respective check box in the Other
tab of the Details dialog box (see Figure 3.5, page 44).

The table lists all effective slendernesses ratios of the designed members for both principal ax-
es directions. They are determined depending on the load type. At the end of the list, you find
a comparison with the limit values that have been defined in the Details dialog box, tab Other

(see Figure 3.5, page 44).

This window is displayed only for information. No design of the slendernesses is carried out.

4.9 Parts List by Member

RF-TIMBER SANS provides a summary of all cross-sections that are included in the design case.

4.1 Parts List by Member

I B c D | = [ F [ G H | 1
Part Cross-Section Number of Length Total Length | Surface Area Volume Unit Weight Weight Total Weight

HNo Description Members [m] Im] [mZ] [m?] [ka/m] kal il
I G - T-Rectangle 1607420 H 1 4.00 4.00 4564 027 3192 12768 0.128
2 | 2-T-Rectangle 160,240 1 400 400 320 0.15 13.44 53.76 0.054
3 | 4-TCicle 200 2 400 8.00 503 025 11.00 4398 0.088
4 | 7-T-Rectangle 114/260 1 4.00 4.00 239 0.12 11.41 4565 0.046
5 |6-TCicle 220 1 4.00 4.00 276 0.15 17.49 65.94 0.070
6 | 1-5A Pine Stocklam 140433 | SANS 10163 1 400 4.00 458 024 2122 8487 0.085
Sum 7 28.00 2321 115 0.470
E A L] e

Figure 4.10: Window 4.1 Parts List by Member

By default, the list contains only the designed members. If you need a parts list for all members
of the model, select the corresponding option in the Details dialog box, tab Other (see Figure 3.5,
page 44).

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

This column shows how many similar members are used for each part.

Length

This column displays the respective length of an individual member.

Total Length

This column shows the product determined from the two previous columns.
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Surface Area

For each part, the program indicates the surface area relative to the total length. The surface
area is determined from the Surface Area of the cross-sections that can be seen in Windows 1.3
and 2.1 through 2.5 (see Figure 2.20, page 22).

Volume

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

Unit Weight
The Unit Weight of the cross-section is relative to the length of one meter.
Weight

The values of this column are determined from the respective product of the entries in column
Cand G.

Total Weight

The final column indicates the total weight of each part.

Su

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

3

4.10 Parts List by Set of Members

4.2 Parts List by Set of Members

.. A | B [ c [ D E | F G H | |
Part Set of Members Number Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
No Description of Set [m] Im] [m2] [m2] [kg/m] Jkal |
[ 1§ i 3 4.00 12.00 1375 073 2122 8487 0.255
2 |2 2 400 8.00 9.17 0.48 2122 84.87 0170
3 |7 1 8.00 8.00 5.03 0.25 11.00 87.96 0.088
Sum 6 28.00 2795 1.46 0512
ElE (% e

Figure 4.11: Window 4.2 Parts List by Set of Members

The last results window is displayed if you have selected at least one set of members for de-
sign. It summarizes an entire structural group (for example a chord) in a parts list.

Details on the various columns can be found in the previous chapter. 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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Evaluation of Results

You can evaluate the design results in different ways.

2.2 Design by Cross-Section

[ D [E

[ AT B [ C
Section | Member | Location | Load-
No No. % [m] ing

4 | TCrcle 200

7 4000, CO1

3 4000 CO1

3 4000 LC2

3 4000 CO2
I B 1.600 CO2
3 0.000 CO8

3 2000, CO8

3 2000 CO4

3 4000 CO4

Max:

Details - Member 3 - x: 1600 m- CO2

Design

0.00
0.16
0.07
0.16

F ~

Design According to Formula

<1 | 100) Negligible intemal forces

21| 111} Cross-section resistance -
< 1| 112) Cross-section resistance -
%1 | 113) Cross-gection resistance -

Shear due to shear force Vz acc to 7.2.4.1
Shear due to shearforce Vy acc.to 7.24.1
Shear due to shear force under bizdal bending acc.to 7.2.4.1

024

=1 [133) Cross-section resistance -

Biaxial bending acc.to 7.5

0.00 | =1 | 400) Serviceabilty - Negligible deformations

012 | <1 401) Serviceability - Desian deflection acc. to 6.4.1 - Inner span. y-direction

0.13 | =1 | 402) Serviceability - Design deflection acc. to 6.4.7 - Inner span, z-direction

0.03 | <1| 611} Fire resistance - Shear due to shear force Vz acc.to 7.2.4.1 ]
N 9 *

oz 18 | ®IE b - [+ &&][%[e

i[+] Material Data - SA Hound Poles 457 - Pine

Cross-section Data - T-Circle 200
[ Design Intemal Forces
Tensile Force
Shear Force
Shear Force
Torsional Moment
Bending Momert
Bending Momert
Load Duration Factor
[ Design Ratio
Bending Momenrt
Reduced Section Modulus
Calculated Bending Stress
Grade Bending Stress

Modfication Factor for the Load Duration (Bending)

Modffication Factor for Load Sharing

Modffication Factor for Type of Structure
Modffication Factor for Quality of Fabrication

Allowable Bending Stress
Design Ratio

Figure 5.1: Buttons for evaluation of results

4 - T-Circle 200
0.01 kN
0.13 kN
0.14 kN
0.00 | kNm
1.65 | kNm -
-1.37 | kNm El —»
G ¥
214 | kNm
785.40 | cm?
0.27 | kN/em?2 721
1.06 | kN/cm2 Table 5
1114 633
1.000 6.34
0.950 6.3.5
1.000 6.3.6
1.12 [kN/em? 6.3.1 j—
024 £1 75
e &

The buttons below the upper results tables are very useful for the evaluation of the results.

Button

Description

Function

[

Ultimate Limit State
Designs

Shows or hides the results of the ultimate limit
state design

Serviceability Limit
State Designs

Shows or hides the results of the serviceability
limit state design

Fire Resistance De-
sign

Shows or hides the results of the fire resistance
design

=

Show Color Bars

Shows or hides the colored relation scales in the
results windows

1,

=
£

h's

7

Filter Options

Displays only rows with ratios greater than the
filter criterion set in text box: design ratios > 1,
maximum or user-defined limit

Result Diagrams

Opens the Window Result Diagram on Member
— Chapter 5.2, page 58

Excel Export

Exports the table to MS Excel / OpenOffice
— Chapter 7.4.3, page 68

Member Selection

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

View Mode

Jumps to the RFEM work window to change the
view

Table 5.1: Buttons in Windows 2.1 through 2.5
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@ Information

T

ou are in the view mode.

Back
Graphics

& || mxx

r_d r_d
RF-TIMBER. SANS CA1 E|
C2
c3
CO1-1.35°LC1

CO2-1.35°LC1 +1.5°LC2
C0O3-1.35°LC1 + 1.5°LC2 + 0.9°LC3
RF-TIMBER SANS CA1

Dlubal

5.1 Results in RFEM Model

To evaluate the design results, you can also use the RFEM work window.

RFEM background graphic and view mode

The RFEM work window in the background is useful for finding the position of a particular
member in the model: The member selected in the RF-TIMBER SANS results window is high-
lighted in the selection color in the background graphic. Furthermore, an arrow indicates the
member's x-location that is displayed in the selected window row.

File Edit S5ettings Help Developers

cal v| 2.1 Design by Load Case
Input Data E C D [E F
- General Data Load- Member | Location
- Materials ing Description Mo. x [m] Design | Design According
-~ Cross-Sections Ultimate Limit State Design
- Load Duration ﬁﬁgﬂ_ﬁ 5 2,000 0.33 | = 1[311) Stability - Bending about y-=ds with LTE &
Moisture Content and Fabricati COZ |1.35°LCT1+157C2 2 2,000 .82 | =1 | 313) Stability - Biaxial bending with LTE acc. to
~-Moisture Content and Fabricati ["C03 [1.35°C1+151C2+09L | 6 2.000 0.78 | =1 | 313) Stability - Biaial bending with LTE acc. to
- Effective Lengths - Members CD4 |135°C1+15°C3 5 2.000 0.33 | =1 311) Stability - Bending about y-zds with LTE a
- Effective Lengths - Sets of Mer CO5 |135°LC1+105LC2+15" [ 2,000 0.62 | = 1|313) Stahbility - Biaxial bending with LTB acc to
Additional Design Parameters -
- Additional Design Parameters - Fer jity Limit State Design
- Serviceability Data CO8 |LC1+LCZ+061C3 2 | 2.000 | 0.51] <1 401) Serviceabilty - Design deflection acc. to 6
- Fire Resistance - MEITIbiFS i COS |LC1+LC3 4 | 2.000 | 0.38 | <1 411) Serviceabilty - Design deflection acc. to 6
Fire Resistance - Sets of Mem|
Results Maze: 082 '? e Iz

Figure 5.2: Indication of the member and the current Location x in the RFEM model

If you cannot improve the display by moving the RF-TIMBER SANS module window, click
[Jump to Graphic] to activate the View Mode: Thus, you hide the module window so that you
can modify the display in the RFEM user interface. In the view mode, you can use the functions
of the View menu, for example zooming, moving, or rotating the display. The pointer remains
visible.

Click [Back] to return to the add-on module RF-TIMBER SANS.

RFEM work window

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

To turn the display of design results on or off, use the [Show Results] button known from the
display of internal forces in RFEM. To display the result values, click the [Show Values] toolbar
button to the right.

The RFEM tables are of no relevance for the evaluation of design results.

The design cases can be set by means of the list in the RFEM menu bar.
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The graphical representation of the results can be set in the Display navigator by clicking
Results — Members. The ratios are shown Two-Colored by default.

Project Mavigator - Display x
ElE‘E Results ~
[ E Result Values
----- VI Title Info

..... [ Max/Min Info

[-[B] [ Deformation

=T

..... ® [ Two-Colored

..... (O with Diagram

----- O[S Without Diagram

----- O[S Cross-Sections

----- OJF Cross-Section Heads

----- [ Result Diagrams Filled

..... [#][F Hatching

..... I Al values

..... [ Extreme Values

----- [1[F Display Hidden Result Diagram
----- [JJFS Reverse Results V-y and V-z

----- [1[F Results on Couplings v

ﬁData ﬂDisplay AViews  Results

Figure 5.3: Display navigator: Results — Members

detail in the RFEM manual, Chapter 3.4.6.

When you select a multicolor representation (options With/Without Diagram or Cross-Sections),
the color panel becomes available. It provides common control functions that are described in

“og 0.6 .83 - ik
R ~gq0, 0101 "on
P 21 e 1 1 o107 :'u*:;n-" iy Panel X
(] — l1|1| 0212 m 710 i (1 e
-0z 00 e e 12 g O g o Max
0.12 052 012 iz, Design Ratio [-]
1.03
055
’ " 055 061 AL 1.00
na i | ‘ ynm 030
[ [ l ‘ 034 0.80
061 057
1 01 063 07s 03 0
0.50
l 050
- M, a L " ;’u 045 r \; 0.40
e, L |13:i - !
0 i e SV 0100 0. 02,05 'A-ll:ﬁ- 0.30
—3 M‘%-'ﬂw" = 0.3 020
RN uu - B "
-03 0527 o s 03— 010
- 035 03 e 0.00
Project Navigator - Display s
VI Model 7 Max : 1.03
2 E Rets I ‘ Min : 0.00
- [ Result Values 52 059 059
..... [#1[ Title Info 063 032 RF-TIMBER SANS
----- VI Max/Min Info . 07
- [B] [ Deformation I 0.8
=-EE = 076
----- O Two-Colored 077 (%] 077 026 =
..... O with Diagram , ‘ =

..... @ [ without Diagram

..... (O Cross-Sections

..... (O Cross-Section Heads

----- [ Result Diagrams Filled

..... [#][F Hatching

..... I Al values

..... [ Extreme Values v
>

ﬂDisplay AViews  Results

~

<
ﬁData

Figure 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 61).

To return to the add-on module, click the [RF-TIMBER SANS] panel button.
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5.2  Result Diagrams
You can also evaluate the member results graphically in the result diagram.
To do this, select the member (or set of members) in the RF-TIMBER SANS results window by

clicking in the table row of the member. Then open the Result Diagram on Member dialog box
by clicking the button shown on the left. The button is located below the upper results table
(see Figure 5.1, page 55).
To display the result diagrams, select the command from the RFEM menu

Results — Result Diagrams for Selected Members
|& or use the button in the RFEM toolbar shown on the left.

A window opens, graphically showing the distribution of the maximum design values on the
member or set of members.

] Result Diagram on Member - b
Members No.: 1 M- i B R E [ I woE o e A A
|E)|5 | rRFTMBERSANSCAT - @
2 x 0.000 | oz | o | e | 2000 | 2;:}:.\.“ - 19905 m  [lFoed
i alits
ED Ultimate Limit State Design [-] Design -
:..[] Cross-Section Design x Design
L..[[] Stability Design [m] 1
- 0.000 014 ~
0.343 0.20
0.686 0.26
1.029 0.32
1371 0.39
1714 0.45
2.057 0.51
" 2400 0.57
- 2,400 0.55
v

Results 4 b I Max/Min Only ] Edges Only

Location x: 1.994 m Beginning X,Y,Z: 0.0, 0.0, 0.0 m End X¥Z 0.0,00 -24m Order: 1 .:

v

Figure 5.5: Dialog box Result Diagram on Member

RF_TIMBER SANS CA1 - Use the list in the toolbar above to select the relevant RF-TIMBER SANS design case.

Lc2 This dialog box Result Diagram on Member is described in the RFEM manual, Chapter 9.5.

LC3

CO1-1.35°L1

CO2-1.35°LC1 + 1.57°LC2
C0O3-135°LC1 + 1.5°LC2 + 0.5°LC3
RF-TIMBER SANS CA1
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5.3  Filter for Results

The RF-TIMBER SANS results windows allow you to sort the results by various criteria. In addi-
tion, you can use the filter options for graphical evaluation of the results as described in Chap-
ter 9.9 of the RFEM manual.

You can use the Visibility option also for RF-TIMBER SANS (see RFEM manual, Chapter 9.9.1) to
filter the members in order to evaluate them.

Filtering designs

The design ratios can easily be used as filter criteria in the RFEM work window, which you can
open 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 manual, Chapter 3.4.6. The filter settings for the results
must be defined in the first panel tab (Color spectrum). As this register is not available for the

two-colored results display, you have to use the Display navigator and set the display options
Colored With/Without Diagram or Cross-Sections first.

Panel

ds

Max

097 Dresign Ratio [-]
1.02
1.00
087 0.35
0.30
Project Navigator - Display 0.85
=M Model BED
BEE Results g
- [ Result Values Do
----- [ Title Info 0.5
----- [ Max/Min Info 322
- [E] [ Deformation DISD

- [E [ Members
..... CE T\.T.'o-C.olored Max : 1.02
..... @ [ with Diagram Min : 0.00
..... O without Diagram

..... O Cross-Sections

..... (O Cross-Section Heads
----- [ Result Diagrams Filled
..... [#][F Hatching

..... LI Al values

..... [ Extreme Values v

ﬁData €Display ,Zj\-’iews  Results g: & ﬁ

RF-TIMBER SANS

mn

Figure 5.6: Filtering design ratios with adjusted color spectrum

As the figure above shows, the color spectrum can be set in such a way that only ratios higher
than 0.50 are shown in a color range between blue and red.

If you select the Display Hidden Result Diagram option in the Display navigator (Results — Mem-
bers), you can display all design ratio diagrams that are not covered by the color spectrum.
Those diagrams are represented by dotted lines.
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Filtering members

In the Filter tab of the control panel, you can specify the numbers of particular members to
display their results exclusively, that is, filtered. The function is described in detail in the RFEM
manual, Chapter 9.9.3.

Panel x
J i - Di x
Project Navigator - Display e ep—
-5 Model ~ members Mo.:
c- [ Results =
[ E Result Values
----- V[ Title Info

----- VI Max/Min Info

[]---IEE Deformation

[—]IEE Members

O Two-Colored

O with Diagram

O without Diagram
@[ Cross-Sections
(O Cross-Section Heads
[I[F Result Diagrams Filled
I Hatching & [ X
= DE All Values W

>

<
ﬁData @Display Aviews D Results

=
=
I
mn

Figure 5.7: Member filter for ratios of diagonals

Unlike the partial view function (Visibilities), the graphic displays the entire model. The figure
above shows the ratios in the diagonals of a truss girder. The remaining members are displayed
in the model but are shown without design ratios.
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6. Printout

6.1  Printout Report

Similar to RFEM, the program generates a printout report for the RF-TIMBER SANS results, to
which you can add graphics and descriptions. The selection in the printout report determines
what data from the design module will be included in the printout.

The printout report is described in the RFEM manual. In particular, Chapter 10.1.3.5 Selecting
Data of Add-on Modules describes how to select input and output data from add-on modules
for the printout report.

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

6.2  Graphic Printout

In RFEM, you can add every picture that is displayed in the work window to the printout report
or send it directly to a printer. In this way, you can prepare the design ratios displayed on the
RFEM model for the printout, too.

Printing of graphics is described in the RFEM manual, Chapter 10.2.

Designs in the RFEM model
To print the currently displayed design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

&P

E File Edit View Insert Calculate Results Tools
DZ99=BgE o=/ FRQM
¥ #- 8| W rimcepnic)- | B

Figure 6.1: Button Print in RFEM toolbar

Result diagrams

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

9
Members Mo 1 - > N I3?I B g =,
|[E]| % | RF-TIMBERSANS CA1  * @ -

Figure 6.2: Button Print in the Result Diagram on Member

The Graphic Printout dialog box appears (see figure on next page).
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Remove from Printout Report

Start with New Page

Selection...

Properties... L\\)

Graphic Printout

General | Options

Graphic Picture Window To Print Graphic Size

diagram
Use whole page height
(@) Height: 100 3 [% of page]

[] Lock graphic picture {without update)

| Show printout report on [OK]

Header of Graphic Picture

Result diagrams in Member - M&

?

() Directly to a printer. . &) ®) Cument only () As screen view
To a printout report: PR1 w More... indow filling
() To the Clipboard Mass print... (O Toscale 1: (100w
(OTe 3D PDF
Graphic Picture Size and Rotation Options
Use whole page width [] Show resutts for selected xJocation in result

Cancel

Figure 6.3: Dialog box Graphic Printout, tab General

dialog box.

function.

Printout dialog box, offering various possibilities for adjustment.

Graphic Printout

General | Options

Script Symbolz Frame

() Proportional (®) Proportional

(@) Constant () Constant (®) Framed
Factor: 15 Factor: 15 [ Title b
Print Quality Color

(®) Standard (max 1000 x 1000 Pixels) (_) Grayscale

Mazdmum ({max 5000 x 5000 Pixels)
) User-defined

exts and lines in black

All colored

1000 -5

?

Cancel

Figure 6.4: Dialog box Graphic Printout, tab Options

VANSS

Dlubal

This dialog box is described in the RFEM manual, Chapter 10.2, including the other tabs of this

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

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the
navigator of the printout report. The Properties option in the shortcut menu opens the Graphic
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CO1-1.35LC1
CO2-1.35°LC1 +1.5°LC2
CO3-1.35°LC1 +1.5°LC2 + 0.9°LC3

RF-TIMBER SANS CA1
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7. General Functions

This chapter describes useful menu functions as well as export options for the designs.

7.1 Design Cases

Design cases allow you to group members for the design: In this way, you can combine groups
of structural components or analyze members with particular design specifications (for exam-
ple changed materials, load duration or system factors, optimization).

It is no problem to analyze the same member or set of members in different design cases.
To calculate a RF-TIMBER SANS design case, you can also use the load case list in the RFEM

toolbar.

Create new design case
To create a new design case, use the RF-TIMBER SANS menu and click

File —> New Case.

The following dialog box appears:

New RF-TIMBER SANS Case E
Ho. Description
2 Horizortal members v
OK Cancsl

Figure 7.1: Dialog box New RF-TIMBER SANS Case
In this dialog box, enter a No. (one that is still available) for the new design case. The corre-
sponding Description will make the selection in the load case list easier.

Click [OK] to open the RF-TIMBER SANS Window 1.1 General Data where you can enter the
design data.

Rename design case
To change the description of a design case, use the RF-TIMBER SANS menu and click

File »> Rename Case.

The following dialog box appears:

Rename RF-TIMBER SANS Case H
Ho. Description
2 Horizortal members v

oK Cancel

Figure 7.2: Dialog box Rename RF-TIMBER SANS Case

In this dialog box, you can enter a different Description and also a different No. of the design
case.

ds
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Copy design case
To copy the input data of the current design case, use the RF-TIMBER SANS menu
File — Copy Case

The following dialog box appears:

Copy from Case

CAZ2 - Horizontal members

New Case

Description:

| |\|"ertica| members

Figure 7.3: Dialog box Copy RF-TIMBER SANS-Case
Define the No. and, if necessary, a Description for the new case.

Delete design case
To delete design cases, use the RF-TIMBER SANS menu

File — Delete Case

The following dialog box appears:

Available Cases

I Description
Design acc. to SANS 10163-2
Horizontal members

Vertical members

Figure 7.4: Dialog box Delete Cases

The design case can be selected in the list Available Cases. To delete the selected case,
click [OK].
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| 7.2 Cross-Section Optimization

To do this, select in the column D or E of the relevant cross-sections in the 1.3 Cross-Section
Window the option Yes (for parametric rectangular and circular sections) or From current row
(for standardized sections according to [1], see Figure 2.19 on page 21).

You can also start the cross-section optimization in the results windows by using the shortcut
menu.

2.2 Design by Cross-Section

A B c b TE h
Section | Member | Location | Load-

No. MNo. x [m] ing Design Design According to Formula
2 0.000| CO2 0.27 | =1 113) Cross-section resistance - Shear due to shear force under biaxial bending acc.to 7.2.4.1
2 2000 CO1 0.34 | £1|131) Cross-gection resistance - Bending about y-axis acc. to 7.2.1
2 2000 LC2 045 | =1 132) Cross-section resistance - Bending about z-ads acc. to 7.2.1
2 2000, Co2 1.01 | = 1| 133) Cross-section resistance - Biaial bending acc.to 7.5
2 2000 CO1 045 | =1 311) Stabilty - Bending about y-axis with LTB acc.to 7.2.1

I 2000 Co2 135 | = 1 [313) Stabihe- Bimvial hendine wih | THace fn 75
2 0000 CO8 0.00 [ <1|400) 5¢ Go to Cross-Section Doubleclick
2 2000| Cos 063 | =1 401) 5¢ Info About Cross-Section... direction
2 2000| CO14 0.17 1] 402) S¢ _p-direction
2 0000] co4 0.02=1[611)Fn|  Optimize Cross-Section | v
Max: W’j a Cross-Section Optimization Parameters... E 510 v 7 g a m &

Figure 7.5: Shortcut menu for cross-section optimization

During the optimization process, the module determines the cross-section that fulfills the anal-
ysis requirements in the most optimal way, that is, comes as close as possible to the maximum
allowable design ratio specified in the Details dialog box (see Figure 3.5, page 44). The required
cross-section properties are determined with the internal forces from RFEM. If another cross-
section proves to be more favorable, this cross-section is used for the design. Then, the graphic
in Window 1.3 shows two cross-sections: the original cross-section from RFEM and the opti-
mized one (see Figure 7.7).

For a parameterized 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 Maximum
[Cb: 160,02+ =T

Vlh: B 1000

T-Rectangle 160/240

Figure 7.6: Dialog box Timber Cross-Sections - Rectangle : Optimize

The design module offers you the option to optimize overloaded or little utilized cross-sections.
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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 process.

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

Please note that the internal forces are not automatically recalculated with the changed cross-
sections during the optimization: It is up to you to decide which cross-sections should be
transferred to RFEM for recalculation. As a result of optimized cross-sections, internal forces
may vary considerably because of the changed stiffnesses in the structural system. Therefore, it
is recommended to recalculate the internal forces of the modified cross-section data after the
first optimization, and then to optimize the cross-sections once again.

You can export the modified cross-sections to RFEM: Go to the 1.3 Cross-Sections Window, and
then click

Edit — Export All Cross-Sections to RFEM

Alternatively, you can use the shortcut menu in Window 1.3 to export optimized cross-sections
to RFEM.

1.3 Cross-Sections

[ A [ - D c [ D 1 E 7 - T-Rectangle 114/360
Section | Material Cross-Section Opti- RF-TIMBER SanNS
No No. Description mize Note Comment ]
1 1 [E0 SA Pine Stocklam 140:433 1 SANS 101 No
2 1 |EO T-Rectangle 1607240 No
3 3 [MI IPE180 No 8)
4 2  |H® TCicle 200 No i
5 5 |[H0 T-Rectangle 160/420 No .
3 7 » Tircle 220 No
6 |[HO[T-Rectangle 114/360 1 - 7 - T-Rectangle 1147260
Info About Cross-section... RFEM

Cross-Section Library...

Edit List 'Design of Members' in Window 1.1 ¥

Optimize Cross-Section

Cross-Section Optimization Parameters..,

Export Cross-Section to RFEM §

Export All Cross-Sections te RFEM e = I @
Import Cross-Section from RFEM Cross-section No. 7 used in

Import All Cress-Sections from RFEM Members No -

4
Sets of members No.:
T Length T Weight
4.00| [m] 0.063| k1

Material:
6-5APine 6

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

L 1] EVNEIRIRES

Figure 7.7: Shortcut menu in Window 1.3 Cross-Sections

Before the changed materials are transferred to RFEM, a security query appears as to whether
the RFEM results should be deleted.

RF-TIMBER SANS
I, Information No. 32820

Do you wart to transfer the chanaged cross-sections to RFEM?
i 50, the results of RFEM and RF-TIMBER SAMS will be deleted.

Figure 7.8: Query before transfer of modified cross-sections to RFEM
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By confirming the query and then starting the [Calculation] in the RF-TIMBER SANS module,
the RFEM internal forces as well as the designs will be determined in one single calculation
run.

If the changed cross-sections have not been exported to RFEM yet, you can reimport the origi-
nal cross-sections in the design module by using the options shown in Figure 7.7. Please note
that this option is only available in the 1.3 Cross-Sections Window.

7.3  Units and Decimal Places

Units and decimal places for RFEM and the add-on modules are managed in one dialog box.
To define the units in RF-TIMBER SANS, select menu

Settings — Units and Decimal Places.

The following dialog box appears that is familiar from RFEM. RF-TIMBER SANS is preset in the
Program/Module list.

Units and Decimal Places

Program / Module

- RF-PUNCH Pro ~
. RF-TIMEER Pro Input/Output Data

- RF-TIMBER AWC Unit
- RF-TIMBER CSA KN/om™2 2
- RF-TIMBER NER

- RF-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- R¥-TIMBER

- RF-DYNAM

- RF-DYNAM Pro

- RF-JOINTS

- RF-END-PLATE

- RF-CONNECT

- RF-FRAME-JOINT Pro

- RF-DSTV

- RF-DOWEL

- RF-HSS

- RF-FOUNDATION

- RF-FOUNDATION Pro

- RF-STABILITY

- RF-DEFORM

- RF-MOVE

- RF-MOVE-Sufaces ¥

RF-TIMBER SANS

Parts List
Dec. places Linit Dec. places

Stresses: Lengths: m W 2

A (4
A (4

Design ratios: - 2 Total lengths: m W

A

Dimensionless: - 3 Surface areas: m"2 Y]
Volumes: m”™3 v
Weights per length: kag/m W

Weights: kg Y]

Wk R R R R
A

A 4

Total weights: t Y]

VIREARGCIEEIRLEE

o

Figure 7.9: Dialog box Units and Decimal Places

You can save the settings as a user profile to reuse them in other models. These functions are
described in the RFEM manual, Chapter 11.1.3.
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7.4  Data Transfer
7.4.1 Export Material to RFEM

If you have modified the materials in RF-TIMBER SANS for design, you can export the modified
materials to RFEM in a similar way as you export cross-sections: Open the 1.2 Materials Window,
and then click

Edit — Export All Materials to RFEM.

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

Material Library...

| Export Material to RFEM
Export All Materials to RFEM

Import Material frorm RFEM
Import All Materials from RFEM

Figure 7.10: Shortcut menu of Window 1.2 Materials

Before the changed materials are transferred to RFEM, a security query appears as to whether
the results of RFEM should be deleted. When you have confirmed the query and then start the
[Calculation] in RF-TIMBER SANS, the RFEM internal forces and designs are determined in one
single calculation run.

If the modified materials have not been exported to RFEM yet, you can transfer the original
materials to the design module, using the options shown in Figure 7.10. Please note, however,
that this option is only available in the 1.2 Materials Window.

7.4.2 Export Effective Lengths to RFEM

If you have adjusted the materials in RF-TIMBER SANS for design, you can export the modified
materials to RFEM in a similar way as you export cross-sections: Open the 1.7 Effective Lengths -
Members Window, and then select

Edit — Export All Effective Lengths to RFEM

or 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 All Effective Lengths to RFEM l} |

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

Before the modified materials are transferred to RFEM, a security query appears as to whether
the results of RFEM should be deleted.

If the modified effective lengths have not been exported to RFEM yet, you can reimport the
original effective lengths to the design module by using the options shown in Figure 7.11.
Please note, however, that this option is only available in the Windows 1.7 Effective Lengths -
Members and 1.8 Effective Lengths - Sets of Members.

7.4.3 Export Results

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

Clipboard

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

You can print the data of the RF-TIMBER SANS add-on module into the global printout report
(see Chapter 6.1, page 61) for export. Then, in the printout report, click

File > Export to RTF

The function is described in the RFEM manual, Chapter 10.1.11.

Excel / OpenOffice

RF-TIMBER SANS provides a function for the direct data export to MS Excel, OpenOffice Calc, or
the file format CSV. To open the corresponding dialog box, click

File »> Export Tables

The following export dialog box appears.

Export - MS Excel “

Table Parameters Application

With table header (®) Microsoft Excel

[ Only marked rows OpenCffice org Calc
(O CSVfile format

Transfer Parameters

[] Export table to active workboak
Export table to active workshest
Rewrite existing worksheet

Selected Tables
Active table [ Export tables with details
(_) All tables

| Input tables
Result tables

® Carc

Figure 7.12: Dialog box Export - MS Excel

When you have selected the relevant options, you can start the export by clicking [OK].
Excel or OpenOffice will be started automatically, that is, the programs do not have to be
opened first.

E™ R e Sheet1 - Microsoft Excel —
Home Insert Page Layout Formulas Data Review View ) e o Bl OE3
= % Calibri = Text ~ [ conditional Formatting *  S=Insert =~ X ~ (W \?a
2 g, -] =~ % » | B FormatasTable - FDelete - | [+ 2
et B I U- »e | u o 155 Cel tyes = EFomat = | 2+ fiters serect-
Clipboard 1 Font | Alignment | Number & Styles Cells Editing
- Ji | SA Pine Stocklam 140x367 | SANS 10163 <
A B c D E | F G 3
1  Section Member| Location = Load- %
2 | Ho. No. x[m] ing Design Design According to Formula
3 1 | sAPineStocklam 140x367 | SANS 10163
4 2 0,000 O3 0,08|£1 | 102)Cross-section resistance - Comprassion parlisl to grain acc. 10 7.4.1
5 1 2,400 COB 0,15|£1 | 111) Cross-section resistance- Shear dus to shear force Ve scc. t07.2.4.1
6 1 2,400 CO18 0,06/£1 | 131) Cross-s=ction resistance - Bending about y-axis acc. ta 7.2.1
7 2 2,200 CO10 0,16(%1 | 141)Cross-section resistance - Bending abouty-axis and t2nsion 2¢c. 10 7.5
8 2 3,400 CO1 0,46(%1 | 153) Cross-section resistance - Biaxis| bending and compression scc. ta 7.5
9 1 2,200, O3 0,48(<1 |302)Stability - Compression parallel to grain with buckling about z-axis acc. ta 7.4
10 2 0,000 €03 0,24(<1 |303)Stability - Compression parallel to grain with buckling about both axes acc. to 7.4
11 1 2,200 CO18 0,06/%1 |311)-Stability - Bending about y-axis with LTB scc. t07.2.1
12 2 2,400 CO10 0,16|£1 |321)-Stability - Bending about y-axis with LTB snd tension ace. t57.5
13 2 2,400, co1 0,47|£1 | 373)-Stability - Bending about y-axis with LT snd compression with buckling sbout both sxes scc. t0 7.5
14 1 2,200 cO3 0,57|£1 |393)-Stability - Biaxial bending with LTB and compression with buckling about both axis acc. to 7.5 -
R 2.1 Design by Load Case | 2.2 Design by Cross-Section 2.3 Design by Set of Members 1] « [in] » 1
Ready | |[EEEm 100 (=) v, {+)

Figure 7.13: Results in Excel
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8. Examples

8.1 Beam Column (ASD Solution)

We perform the design according to SANS 10163-2 ASD [2] for wood column that is subjected
to compression and bending. At its base, it provides a non-movable hinged support. At the
top, there is a hinged support which is movable along the local x-axis. The column is braced at
the mid-height in the narrow dimension. The material is a SA Pine 4 and moisture content will
not exceed 170 g/kg.

8.1.1 System and Loads

8 kN Imposed Load
6.0 kN Permanent
=
>
e 7 100
> =
= g
0 —= o
— o
T — (]
c o Y
= = o
-
>
Z
L PR |
PaN
Figure 8.1: System and loads
Model
Cross-section: b =100 mm
d=220mm
Material: SA Pine 4
Moisture Content: <170 9/kg
Load
LC 1 Permanent: 6.0 kN
LC 2 Wind: 1.6 kKN/m
LC 3 Imposed Load: 8.0kN
Load combinations
ULS: 1.35LCT + 1.5LC2 + 1.05LC3
SLS: LC1 +LC2+0.7LC3
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The system as well as the loads in all load cases is modeled in RFEM as a 3D model. We deacti-
vate the automatic consideration of the self-weight when we create LC1.

We create the load combinations for ULS and SLS with the relevant factors for the defined load
cases. Then we calculate the model according to the linear static analysis.

4+ Example_SANS*

[E=8 EoR> R Example_SANS*

oo ] | =

Example_SANS*

[E=8E=R X3

Internal Forces M [kM]
CO3:135°LCT +1.5°LC2 + 1.05°LC3

-,

Internal Forces W-z [kiN]
CO3:1.35"LC1 + 1.5°LC2 + 1.05°LC3

-3.68

-16.50

o —

z H

Mape Mz -16.50, Min N -16.50 ki hax V-z. 3.68, Min V-2 -3.68 kN

Internal Forces -y [kNm]
CO3:1.35°LC1 + 1.5°LC2 + 1.05"LC3

{

2.70

3.68 X

R

Ielax by 2.70, Min ey 0.00 khm

Figure 8.2: Internal forces N, V; and M, (ULS)

8.1.3

8.1.3.1 Ultimate Limit State Design

1.1 General Data

Figure 8.3: Window 1.1 General Data

Design with RF-TIMBER SANS

In window 1.1 General Data, we select combination CO3 for the Ultimate Limit State design.

Design of Design According to
Members; 1 G K [+l E= asD v ||
Sets: 5 X |5 all

Uttimate Limit State | Serviceabity Limit State | Fire Resistance

Existing Lead Cases / Combinatiens Selected for Dezign

HEE LC1 Pemanent B Co3 1.35°1LC1 + 1.5°LC2 + 1.05°LC3

=T LC2 | Wind

[ i A iea Imposed load

[STR Jee)] 1.35C1

B co2 1.35C1 + 15°1.C2

B C04 [ 1.35°1C1 + 1.5°1C3

EEICO5  |1351C1 +0.9C2+ 151C3 B

SCh CO6 LC1

S€Ch CO7 LC1 +1LC2

SIChl CO8 | LC1+LC2+07LC3

SCh CO9 LC1+1LC3

SiChl CO10 [LC1+0.67LC2+1C3

Bl CO11 [ LCt 9

SIEd CO12 | LC1+02°1C2

SFrl CO13  |LC1+0.Z°LC2+0.3°LC3

SEf CO14 | LC1+0571C3

BIEE CO15 | Lcd

BiE CO16 | LC1+0.3°LC3

EE RC1 ULS (STR/GEQ) - Pemanent / transie

SCh RC2 5LS - Charactenstic

SFr RC3 SLS - Frequent

BB RC4 SLS - Quasi-permanent

Al (22) v |3y R IR
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The 1.2 Materials window presents the grade stresses of the selected material.

1.2 Materials
B
Material
Description Comment
SA Pine 4] SANS 10163.2:2001 =
(3] B & e
Material Properties
[ Main Properties
Modulus of Hlasticity E 600.00 | kN/em?
Shear Modulus G 37.50 | kN/em2
Specific Weight [ 350 | kN/m3
Coefficient of Thermal Expansion o 5.DDDDE-D6 | 1/°C
Partial Safety Factor ™ 1.00
[ Additional Properties .
Moduus of Hasticty Paraliel Eo.s 450.00 KN/em? Material o. 2 used in
Strength for Bending Pk 4.000 | MPa Cross-sections No.:
Strength for Tension Parallel pt 2200 MPa 1
Strength for Tension Perpendicular Pt 0.130 | MPa
Strength for Compression Paralle! Pey 7.000 | MPa
Strength for Compression Perpendicular Pop 1.600 | MPa Members No.:
Strength for Shear Parallel pv 0.400 | MPa 1
Species SA Pine
Grade 4 Sets of members No.
T Length: E Weight:
3.00| m] 0.023 K1

Figure 8.4: Window 1.2 Materials

In the 1.3 Cross-Sections window, the parameters of the cross-section can be checked.

1.3 Cross-Sections

B C D E | |1 -T-Rectangle 100r220
Section | Material Cross-Section Opti-
No Description mize Note Comment

B0 T-Rectangle 100/220 No 100.0

2200

[mm]
8 REFE a

Cross-section No. 1 used in

Members No :

1

Sets of members No.:

T Length T Weight

3.00| [m] 0.023| ]
Material:
3-5APine 4

1] g G (e

Figure 8.5: Window 1.3 Cross-Sections
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In window 1.4 Load Duration, we define the load effect and load duration. The load duration
factor, ki, is determined from the ratio of internal forces at the current location. It may cause
different values of the factor at each x-location.

1.4 Load Duration

A B | C | D E
Load-
ing Description Load Type Load Effect Load Duration Comment
Permanent Permanent Seff-weight Permanent
LC2 Wind Wind Wind Short Term
LC3 Imposed load Imposed - Category A: don Imposed Medium Tem

Figure 8.6: Window 1.4 Load Duration

In window 1.5 Moisture Content and Fabrication Quality - Members, we define the moisture con-
tent for ULS and SLS design. In our case the column fabrication does not comply with a SANS
standard, therefore the fabrication quality factor, ks, is taken as 1.0.

1.5 Moisture Content and Fabrication Quality - Members

B [ C [ D
Member Moisture Content [g/kg] Fabrication Quality
No. for Uttimate Limit State Design for Serviceabilty Limit State Design Complies with Standard Comment
[ 1] Allthe time = 170 -] MC =170 No

[ set input for members MNo.:
7al EYREIRE

Figure 8.7: Window 1.5 Moisture Content and Fabrication Quality - Members
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In the 1.7 Effective Lengths - Members window we specify the buckling lengths of the column.

As far as the main axis is concerned (Buckling About Axis y), we can leave the default value 3.0 m
(see [1] Table 15). For the minor axis (Buckling About Axis z), however, we can reduce the buck-
ling length to Le: = 1.50 m as the column is restrained in the middle of the member. We can al-
so deactivate Lateral-Torsional Buckling because the slenderness factor Cs does not exceed 10
(see [1] Chapter 7.2.3.2.3 a)).

1.7 Effective Lengths - Members

[ A | [ ¢ [ © T e [ F 1 6 [ H ] ] [ [ K
Member| Buckling Buckling About fudis y Buckling About fuis z Lateral-Torsional Buckling
No Possible Possible Key Ley m] Possible Kez Lez [m] Possible Define L= Le [m] Comment
[ 1. 1.000 3.000 0.500 150 0O
= &= % e

Figure 8.8: Window 1.7 Effective Lengths - Members

In window 1.9 Additional Design Parameters - Members, the use of the load sharing factor k: is
not required. The structure type of the column is a Beam.

1.9 Additional Design Parameters - Members

[ W B c
Member
Ne. Load Sharing Structure Type Comment
-E Na Beam

["]setinput for members No.:
Ja Bl & e

Figure 8.9: Window 1.9 Additional Design Parameters - Members

Calculation Then we start the [Calculation].
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Results

After the calculation, the governing design is presented in the 2.1 Design by Load Case Window.
All values you need to comprehend the calculation are listed in the lower part of this window.

2.1 Design by Load Case

B | ¢ | b JEJ F [ G
Load- Member | Location Load
oL Description Mo x [m] Design Design According to Formula Duration
Uttimate Limit State Design
T 1500 0,61 | =1 333) Stability - Bending about y-axis without LTB and compression with buckling about botr

Max: 0611 @ Elle BE] e v v [EE]S[®
Details - Member 1 - x: 1.500 m- CO3 1 - T-Rectangle 1007220
il Matenal Data - 5A Pine 4 HE
[# Cross-section Data - T-Rectangle 100/220
Design Intemal Forces
[ Load Duration Factor
B Compressive Design
Self-Weight Load Effect with Permanent Load Duration Wo £.00 | kN
Imposed Load Effect with Medium Temrm Load Duration Wi -B.00 | kN .
Self-Weight Load Coefficient for Permanent Load Duration Cro 1.000 Table 7 T—T
Imposed Load Coefficient for Medium Term Load Duration Csl 0.800 Table 7 0
Modffication Factor for the Load Duration {Compression) k1(Pe 1.12% 633
B Bending Design About y-Auxis
Wind Load Effect with Short Term Load Duration Ww 1.80 | kNm o
‘Wind Load Coefficient for Short Term Load Duration Caw 0.660 Table 7 e c————p
Modffication Factor for the Load Duration (Bending) ket (My) 1515 633 . ¥
[ Design Ratio
Compressive Force Pz 16.50 | kN
Bending Moment My 270 | lkNm &
Cross-Sectional Area A 220000 |mm2 :
Reduced Section Modulus Zy 806667.0 [mm*
Calculated Compressive Stress Parallel to Grain gz 0.750 | MPa
Calculated Bending Stress Ghby 3.347 | MPa 721
Grade Compressive Stress fora Short Stt Doy 7.000 | MPa Table 3
Modulus of Elasticity E 6000.000 | MPa Table 3
Cross-Section Width b 100.0 | mm
Cross-Section Height d 2200 | mm
Member Length L 3.000 (m ]
Effective Length Ley 3.000 |m

Efective Length Loz 1500 | m . (@ &

Figure 8.10: Window 2.1 Design by Load Case

Load Duration Factor

The table below shows the internal forces of the load cases, without partial safety factors, that
are included in combination CO3:

Loading Load Effect Load Duration Coefficients N [kN] | Vz[kN] | My[kNm]

LC1 Self-weight | Permanent Cio 1.00 -6.0 0 0

LC2 Wind Short Term Crw 0.66 0 2.40 1.8

LC3 Imposed Medium Term Ca 0.80 -8.0 0 0
W, +W, 6.0+8.0

ki(P.)

C

T CpxW, +C,xW, 1.0x6.0+08x80
k,(P.)=1.129

W, 180
Coy xW,, 0.66x1.80
kiM,)=1.515

ki(M,)=

W, 240
Cay xW,, 0.66x2.40
k,(V,)=1.515

k,(V,) =
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Allowable Compressive Stress
f, =p.xk,(P.)xk, xkyxk, xks

Euler Stress

2 = 2 Lt
2.22 2.22
Pey A, 2 Pe; = e
2 5 6000 25, 8000
Pey = 47.22432 Pez = 51.926%2
pe, =11.954MPa p., =9.879MPa

Grade Compressive Stress

py +(N+Nxp, py +(N+Nxp, 2
p.= > - > Py XPe

_7.0+(0.09+1)x11.954 _\/[7.0+(0.09+1)x1 1.954}2

Pe, > > ~7.0x11.954
2
b, - 7.O+(0.102+1)><9.879 _\/[7.0+(0.102+1)><9.879} 7.0%9.879

p., =5.900MPa
p., =5.636 MPa

f.,, =5.900x1.129x1.0x1.10x1.0x1.0
f.,=5636x1.129x1.0x1.10x1.0x1.0
f., =7.327MPa
f., =7.000MPa

Allowable Bending Stress
fo.y =Pp Xk (M, )xk, xky xk,
fb,y =4.0%x1.515x1.0x1.1x1.0
fb,y =6.667 MPa
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Allowable Shear Stress

f,,=p, <k (V,)xk, xk;xk,
f,, =0.4x1515x1.0x1.1x1.0
f, , =0.667MPa

Combined Bending and Axial Load

Bucklingaboutaxisy

o
by , Oc 3347 0750 _,coa<10

f,, f., 6667 7.327

Buckling about axis z
Opy 0. 3347 0.750

oy =——+——=0.609<1.0
fb’y f., 6.667 7.000
Shear Design
o
v.2 :ﬁ =0.367<1.0
f 0.667

v,z

8.1.3.2 Serviceability Limit State Design

In the Serviceability Limit State tab of the 1.1 General Data Window, we select the load com-
bination CO8 for design.

1.1 General Data

Design of Design According to
Members: 1 b | K =] v =
Sets: S | X ||t

Uttimate: Limit State | Serviceability Limit State | Fire Resistance

Existing Load Cases / Combinations Selected for Design

=l LC1 Permanent SCh COB8 LC1+LC2+0.7LC3

I LC2 Wind

[ Qi A Biee] Imposed load

E Co1 1.35°1LC1

End Co2 1.35*LC1 + 1.5°1C2

B Co3 1.35°LCT + 1.5°LC2 + 1.05°LC3

EfiCO4 | 135101+ 151C3 (i

Er Co5 1.35°LCT + 0.9°LC2 = 1.5°LC3

SCh CO6 LCT

Sichl CO7 LC1+LC2

SCh CO3 LC1+LC3

SChl CO10 | LC1+06°LC2+1C3

BE CO11 | LCT &4

SEl CO12 | LCT1+0.2°LC2

Sl CO13 |LC1+0.2°1C2+0.3°LC3

SEl CO14 | LC1+0.57C3

S@E Co1s | L&

88 CO16 | LC1+0.3°LC3

B RC1 ULS (STRAGEQ) - Pemanent / transie

SCh RC2 SLS - Characteristic

SFrl RC3 SLS - Frequent

S8 RC4 5L - Quasi-permanent

Al (22) MIEAIES] av | a2

Figure 8.11: Window 1.1 General Data, tab Serviceability Limit State
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Then we enter member No. 1 in the 1.1 Serviceability Data Window.

1.11 Serviceability Data

B c | © E F | G H I I
Member Reference Length Direc- Precamber
No. Reference to No. Manualy L [m] tion we,y [mm] we.z [mm] Beam Type Comment
Member 1 [m] 3000 yz 0.0 0.0 Beam

Figure 8.12: Window 1.11 Serviceability Data

We do not modify the Reference Length but we restrict the Direction to z (in this case we could
leave y,zas well). As it is a simple span beam, we select the Beam in the Beam Type list.

The limiting deflection is L/300 according to the deflection limits in the Details dialog box.

[ Resistance | Stabilty | Serviceabiity | Fire Resistance | Other

Deformations Related to
(@) Shifted members ends | set of member ends
() Undeformed system

Serviceability Limits (Deflections)

Cantilevers

VN1

Figure 8.13: Dialog box Details, tab Serviceability

In this example, we do not consider the deflection due to shear. Therefore, we deactivate the
shear stiffness in the Calculation Parameters dialog box of RFEM.

| Load Cases I Load Combinations I Result Combinations I Super Combinations | Global Calculation Parameters | Calculation

Settings Options

[[] Activate shear stifiness of members
(cross-sectional areas Ay. Az)

Number of load increments for Activate member divisions for large deformation or
- Load cases: post-critical analysis

Modify stiffness {material, cross-sections, members,
load cases and combinations)

MNumber of divisions of members for Consider extra options
" 5 {load cases and combinations)
- Besult diagrams: 10

- Special types of members [] lgnere rotational degrees of freedom
(cable, elastic foundation, taper, Check of critical forces of members

: 10
LT T [] Stress on beams
- Detemination of max/min values: 10

Maximum number of iterations:

(<[] [

- Load combinations:

g

[l [

Figure 8.14: Dialog box Calculation Parameters in RFEM and deflection of CO8
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Deflection Design

Bz g9

lim,z

AIim,z=L=@=10.0mm
300 300

Ay, =A,xd;xd, =3.17x1.0x1.0=3.17mm

A
i=£=0317g1,0
A 0

lim,z .

2.1 Design by Load Case

A B c D |E G
Load- Member | Location Load
ing Description No. x [m] Design | Design According to Formula Duration
Serviceability Limit State Design
ﬁ LC1 +LC2 + 0.7°LC3 1 1500 0.317 | £ 1} 402) Serviceability - Design deflection acc. to &.4.1 - Inner span. z-direction

e | 03/510 4 E y 5

Details - Member 1 -3 1.500 m- CO8 1 - T-Rectangle 100/220
Material Data - SA Pine 4
[H Cross-section Data - T-Rectangle 100/220
Deformations
[ Load Duration Factor .
[ Deflection in z-Direction T—T
Wind Load Effect with Short Term Load Duration W 3.172 | mm
Wind Load Coefficient for Short Term Load Duration Caw 1.000 642
Material Factor for Load Duration di 1.000 642
[ Design Ratio -
Calculated Deflaction Az 3.172 | mm s ———
Factor for Load Duration dq 1.000 642 - v
Factor for Moisture Content dz 1.000 643
Design Deflection Mgz 3172 | mm
Reference Span L 3.000 | m -
Deflection Limitation LA Amax 300.000 v
Allowable Deflection Alim z 10.000 | mm z
Design Ratio M 0317 <1 641
[tmim]
&)

Figure 8.15: Window 2.1 Design by Load Case
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8.2 Timber Beam (LSD Solution)

We perform the design according to SANS 10163-1 LSD [1] for timber roof purlin that is re-
strained and subjected to biaxial bending. The beam is laterally supported at this ends only,
and there are no intermediate lateral supports. The material is a SA Pine 7.

Imposed Load 1.26 kN/m 120
(T LI L L 1T -
3 Permanent 0.87 kN/m 1 3 v
LL Ll L)1 ©
PN 2\
) 50m ) ‘
Imposed Load 0,43 kN/m
(L 11 L 11111 ] -
3 Permanent 0.16 kN/m 3
0 e e 8]
A N
—_— Y
L 50m \,

Figure 8.16: System and loads

Model

Cross-section: b =100 mm
d=220mm

Material: SA Pine 7

Load

LC 1 Permanent: 1.3 kN/m

LC 2 Imposed Load: 2.1 kN/m

Load combination ULS: 1.35LC1 + 1.5LC3

8.2.1 Calculation with RFEM

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

We create the load combinations for ULS design with the relevant factors for the defined load
cases. Then we calculate the model according to the linear static analysis.

RFEM determines the diagrams of internal forces shown in the following figure.
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™ Example_SANS*

Yisibility mode

VAN

Dlubal

Internal Forces M-y [kNm)
G040 1,35 LCT +1.57LC3

(=) 5 )

I—> kS
ha Myz 9.58, Min M-y: 0.00 kMm

E™ Example_SAMS*

Yisibility mode

9.58

Internal Forces Wz [kNrm]
CO4: 1.35%LC1 +1.5%LC3

]—‘ ®
Ma M-2- 0.00, Min k-z: -2.69 khm

E™ Example_SAMS*

Yisibility mode

Intermal Forces V-z [kN]
CO4: 1.35%LC1 +1.6%LC3

766
]—» %
Max \-F 766, Min -z -7.B6 kM

E™ Example_SANS*

Y isibility mode

Internal Forces We-y [kN]
C0O4: 1.35%LC1 +1.5%LC3

2,15

—

Mane -y 218, Min Voy: -2.15 kN

Figure 8.17: Internal forces My, M,, V; and V,

-2.15
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8.2.2 Design with RF-TIMBER SANS
8.2.2.1 Ultimate Limit State Design

In Window 1.1 General Data, we select combination CO4 for the Ultimate Limit State design.

1.1 General Data

Design of Design According to
Members: | 2 ‘ N [X [Tan E=LsD v ||
Sets: s L E=] Al

Utimate Limit State ~ Serviceability Limit State  Fire Resistance

Existing Load Cases / Combinations Selected for Design
| c Q] Permanent 04 [1.35°C1+15C3

LC2 | Wind

[ Qi A iex] Imposed load

Co1 1.35°LCH

coz 1.35°LC1 + 1.5°LC2 >
Cco3 1.35°LC1 + 1.5°LC2 + 1.05°LC3

[ CO5 1.35°LC1 + 0.9°LC2 + 1.5°LC3 s
SiChl CO6 | LC1

ScCh CO7 LC1 + LC2

SCh CO8 LC1+LC2+0.7LC3

§Ch CO9 LC1+LC3

SiCh CO10 | LC1+0.6'1C2+LC3 -
SFf CO11 | LC1 s
SIEf CO12 |LC1+02°1C2

SIFf CO13 | LC1+0.2°LC2 +0.3°LC3

SIEA CO14 | LC1+05°C3

BiE CO15 | LC1

888 CO16 | LC1+0.3C3

@ RC1 ULS {STR/GEQD) - Permanent / transie

SCh RC2 | 5L5 - Characteristic

SFr RC3 5LS - Frequent

S8 RC4 | SLS - Quasipermanent

[ ae ~|[8v| (82 IE:

Figure 8.18: Window 1.1 General Data

The 1.2 Materials Window presents the grade stresses of the selected material.

1.2 Materials
B
Material Material
No

Description Comment

| 54 Pine 7| SANS 10163-1:2003

[ g% % e

Material Properties
:E] Main Properties

Modulus of Elasticity E 960.00 | kN/em2
Shear Modulus G 60.00 | kN/em?2
Specific Weight T 4.25 | kN/m?2
Coefficient of Themmal Expansion [ 5.0000E-D6 | 1/°C
Partial Safety Factor T™ 1.00
[ Addttional Properties 3 .
Modulus of Elasticty Paraliel Eos 720.00 | kN/om?2 hisiorial NoZtlueed ks
Strength for Bending i 15.800 | MPa Cross-sections No.:
Strength for Longitudinal Shear Fu 2.000 | MPa ‘4 |
Strength for Tension Parzllel Fy 10.000 | MPa
Strength for Compression Parallel fe 22.800 | MPa
Strength for Compression Pempendicular Fep 6.700 | MPa Members No
Strength for Tension Perpendicular Fip 0.510 | MPa ‘2 |
Species SA Pine
Grade 7

7 Sets of members Mo.:

Figure 8.19: Window 1.2 Materials
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In the 1.3 Cross-Sections Window, the parameters of the cross-section can be checked.

[ )]

Figure 8.20: Window 1.3 Cross-Sections

different values of the factor at each x-location.

1.4 Load Duraticn

B [ [ [ o | E 4 - T-Rectangle 120/300
Section | Material Cross-Section Opti-
Na No. Description [mm] mize Note Comment -
[ 2 B [0 T-Rectangle 120/300 No

i

3000

|

AN

[mm]
a E|[TE ag

Cross-section No. 4 used in

Members No

[2

Sets of members No.:

I Length T Weight:

m] 0.076| 1
Material:

[4-5APine 7

In Window 1.4 Load Duration, we define the load effect and load duration. The load duration
factor, Ym, is determined from the ratio of internal forces at the current location. It may cause

Figure 8.21: Window 1.4 Load Duration

B [ C [ D =
Load-
ing Description Load Type Load Effect Load Durstion Commertt
Pemanent ]  Pemanert Self-weight Pemanent
LC3 Imposed load Imposed - Category Imposed Medium Term
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In window 1.5 Moisture Content and Treatment - Members, we define the moisture content for
ULS design. In our case the roof purlin is not pressure treated, therefore the treatment factor,
Yms, is taken as 1.0.

1.3 Moisture Content and Treatment - Members

B [ C [ D
Member Moisture Content [g./kg]
No. for Uttimate Limit State Design for Serviceability Limit State Design Pressure Treatment Commert
[ 2 | Occasionally > 200 No

Al EALIREE
Figure 8.22: Window 1.5 Moisture Content and Treatment - Members

In the 1.7 Effective Lengths - Members Window we specify the buckling lengths of the purlin.
The beam is braced only at the ends. The effective buckling length for lateral-torsional buck-
ling is defined as member length.

1.7 Effective Lengths - Members

e B [ ¢ [ D [ E [ F | G [ H | I [ 4 [ kK 1 L
Member | Buckling Buckling About Axis y Buckling About Ads z Lateral-Torsional Buckling
No Possible | Possible | Key | Ley [m] | Possible | Kez Lez [m] | Possible Define L= Le [m] @2 Comment
1000 5000 1000] 5000 As member length 1000
B b1« % e

Figure 8.23: Window 1.7 Effective Lengths - Members
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In Window 1.9 Additional Design Parameters - Members, the use of the load sharing factor, Yma,
is not required. The structure type of the purlin is a Beam.

1.9 Additional Design Parameters - Members

L A B C
Member
No. Load Sharing Structure Type Comment
E No Beam

["]setinput for members No.:
7la1 &l [ e

Figure 8.24: Window 1.9 Additional Design Parameters - Members

Then we start the [Calculation].
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Results

After the calculation, the governing design is presented in the 2.1 Design by Load Case Window.
All values you need to comprehend the calculation are listed in the lower part of this window.

2.1 Design by Load Case

B | Cc [ D TJEJ F &
Load- Member | Location Load
ing Description Na. x [m] Design Design According to Formula Duration
Ultimate Limit State Design
lﬂ:.&w 35Ci+ 153 2 2500 0.80 | =1 313) Stabilty - Bizxdal bending with LTB ace_to 13

Max: 081 @ “ v g e

Details - Member 2 - x: 2.500 m- CO4 4 - T-Rectangle 1200300
Materal Data - SA Pine 7 H
[ Cross-section Data - T-Rectangle 1204300
Design Intemal Forces
Load Duration Factor
=] Design Ratio
Bending Moment My,y 9.58 | kNm
Bending Moment Myz 265 | kNm 120.0
Resistance Factor ) 0.680 1311
Section Modulus Zy 1800000.0 | mm#
Section Modulus Zz 720000.0 | mm
Cross-Section Width b 120.0 | mm
Cross-Section Height h 300.0 | mm =
Effective Length Le 5.000 |m =2 =%
Coefficiert for 3 Laterally Unsupported Beam 03 1.000 1361
Slendemess Factor Ce 10.83 1361
Coefficiert for 3 Latersly Unsupported Beam @2 1.000 1361
Modulus of Blasticity E 9600.000 | MPa Annex N - Table N.1 1
Characteristic Bending Stress fo 15.800 | MPa Annex N - Table N.1 A4
Material Constant Cx 2169 1361 =
Material Factor for Load Duration {Bending) 7 0.964 13121
Material Factor for Load Duration {Bending) Fmi ] 0.896 13121
Material Factor for Load Sharing Tm2 1.000 13122
Material Factor for Stressed Volume Tm3 1.000 13123
Material Factor for Pressure Treatment Fm5 1.000 13125
Moment Resistance Wiy 19.64 | kNm 136.1b ]
Moment Resistance Mz 8.64 | kNm 1351
Design Ratis n 08 1|1 i) &

Figure 8.25: Window 2.1 Design by Load Case

Load Duration Factor

The table below shows the internal forces of the load cases, without partial safety factors, that
are included in combination CO4:

M M, V, \%
Loading Load Effect Load Duration | Coefficients [kNryn (kNm] [kN] [klzl]
LC1 Self-weight Permanent Co | 1.26 2.72 -0.50 2.18 0.40
LC3 Imposed Medium Term Ca 0.76 3.94 -1.34 3.15 1.08

 Coy xWpy +Cy xW,,  1.26x2.72+0.76x3.94

Wp, +W,, 272+394
Ym(M,,)=0.964

ym1(Mu,y)

 Cpp xWpy +Cy x Wy, 1.26x(~0.50) +0.76 x (~1.34)

Wy, + W, ~0.50—1.34
Ym(M, ,)=0.896

Ym1 (Mu,z)

v =S X Woy +Cy x Wy _126x2.18+076x3.15
e Wy, +W,, 2.18+3.15
Yo(V, ,)=0.964

 Cop xWpy +Cy xW,,  126x0.40+0.76x1.08

v,,)= =
Vi uy W, + W, 0.40+1.08

YmV,,)=0.896
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Slenderness Factor

Moment resistance for laterally unsupported members

C,=10.83

c _ [0774xw, xE _\/0.774><1.0><96OO
‘ f, 15.80

C, =21.69

Moment Resistance My :
10<C, <C,

c - L, xh ~ 5.0%x0.30
© Y (1-0.1125xw, )xb> | (1-0.1125%1.0)x0.12°

4
C f
M., =pxZ, x 1—0.333>{—‘J x b
Ck Y XV m2 X Vm3 x ymS

4
10.
M,, =0.68x1.80x|1-0.333x 0.83 X
' 21.69

M,, =19.64kNm

MomentResistance M, :
A
Vm1 ><ymz ><Vm3 ><ymS
15.80
0.896x1.0x1.0x1.0

M,'z =pxZ,x

M, , =0.68x0.72x

M, , =8.64kNm

Shear resistance

f
V., =0.67x@pxAx v

le x YmZ x Ym3 x YmS

2.0
0.964%x1.0x1.0x1.0

V,, =0.67x0.68x36.00

2.0
0.896x1.0x1.0x1.0

V,, =0.67x0.68x36.00x

V,, =34.02kN
V,, =36.63kN

0.964x1.0x1.0x1.0

VAN

Dlubal
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Biaxial bending design

M,, M . .
v Mz 958 269 405 100
M, M,, 1964 864
Shear design
V
wz _ 706 _ 53 <100
V,, 3402
V
wy _ 215 406 <100
V,, 3663

VANSS

Dlubal
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