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

The Canadian Standard CAN/CSA 086-09 Engineering Design in Wood [1] provides the most
comprehensive set of wood design requirements for Canadian conditions, and is referenced
by building codes across the country. This Standard employs the limit states design method.
With the RFEM add-on module RF-TIMBER CSA from the company DLugAL all users obtain a
powerful tool for the design of timber structures modeled with member elements according
to this Standard.

RF-TIMBER CSA 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 analyses require the definition of im-
perfections in RFEM. The design is performed with unit stability factors for compression with
buckling.

In timber construction, the serviceability limit state is an important design. In this connection,
you can assign load cases, load combinations, and result combinations individually to various
design situations. 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 variants.

RF-TIMBER CSA 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 CSA.

Your DLUBAL Team

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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1.2 RF-TIMBER CSA - Team

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

Program coordination

Georg Dlubal Younes El Frem
Myroslava Petronyuk

Programming

Tomas Drtina Jifi Patrak
Darya Shatalova

Cross-section and material database

Jan Rybin Jifi Kubicek
Petr Oulehle Peter Roth

Program design, dialog figures, and icons

Georg Dlubal Jan Miléf
Robert Kolouch

Program supervision
Jiti Hanzalek Ondrej Svorc
Gerhard Rehm Bastian Kuhn

Localization, manual

Fabio Borriello José Martinez
Dmitry Bystrov Myroslava Petronyuk
Rafael Duarte Jagoda Podgoérna
Lara Freyer Chelsea Prokop
Ladislav Kabrt Marcela Svitakova
Nilton Lopes Robert Vogl

Technical support and quality management

Cosme Asseya Bastian Kuhn
Markus Baumgartel Ulrich Lex

Sonja von Bloh Andreas Niemeier
Frank Faulstich Gerhard Rehm
René Flori Walter Rustler
Walter Frohlich Frank Sonntag

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 CSA 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 the DLUBAL blogs at https://www.dlubal.de/blog/en where you can
search the articles by specific terms.
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Menu
To start the program in the RFEM menu bar, click
Add-on Modules — Design - Timber — RF-TIMBER CSA.

VANSS

Dlubal

1 1.4 Open the Add-on Module RF-TIMBER CSA

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

Figure 1.1: Menu: Add-on Modules — Design - Timber — RF-TIMBER CSA

Navigator

Add-on Modules — RF-TIMBER CSA.

Project Navigator - Data

-] Loads

-] Results

-.|_] Sections

-..|_] Average Regions

---| ] Printout Reports

B+ Guide Objects

=y Add-on Modules

EHJ Favorites

. RF-STABILITY - Stability analysis

ST | RF-TIMBER CSA - Design of timber members according to C5A
E RF-STEEL Surfaces - General stress analysis of steel surfaces
RF-5STEEL Members - General stress analysis of steel members

|E RF-STEEL EC3 - Design of steel members according to Eurocode 3

(53}

E RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)

<
ﬂData gDisplay _ﬁ\-fiews

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

| Add-on Modules | Window _Help

‘ PP AN YRR HEEERERF SOon 0B
Design - Steel VA RIAEER-B- &-ir7= P& =-2
Design - Concrete 4
Design - Timber 4 ED RF-TIMBER Design of timber members
Design - Aluminium 4 RF-TIMEER Pro Design of timber members
Dynamic 4 m RF-TIMBER AWC Design of timber members according to AWC (LRFD or ASD)
Connections L4 m RF-TIMBER C54 Design of timber members according to C5A
Foundations .4
Stability 3
Towers 4
Others 3
External Modules 4
Stand-Alone Programs 3

As an alternative, you can start the add-on module in the Data navigator by clicking

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH




.1 Introduction _I_/ AN

Dlubal
RF-TIMBER CSA CA1 - Beams - Panel
If results from RF-TIMBER CSA are already available in the RFEM model, you can also open the
LC3 - Wind design module in the panel:
LC4 - Snow
ECF?HMBEH CSACAT - Beams Set the relevant RF-TIMBER CSA design case in the load case list of the RFEM toolbar. Then click
RF-TIMBER CSA CAZ - Columns the [Show results] button to graphically display the design criterion on the members.
| -@'| | :-J-'x| When the results display is activated, the panel is available, too. Now you can click the button
T [RF-TIMBER CSA] in the panel to open the module.
Panel X
Max
Dresign Ratia [-]
1.00
0.90
0.80
0.70
0.50
0.50
0.40
0.30
0.20
0.10
0.00
Max : 0.86
Min . 0.00
RF-TIMBER CSA RF-TIMBER CSA
3
BE® 4=

Figure 1.3: Panel button [RF-TIMBER CSA]
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2. InputData

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 57).

The design relevant data is defined in several input windows. When you start RF-TIMBER CSA
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

¢ 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 CSA 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 CSA - [Timber Beams]
File Edit Settings Help
CA2 - Columns v 1.1 General Data
ot Dela Design of
[ General Dat | =
.- Materials Members: 135 S| X [ A1
}- Cross-Sections - 2
g Sets 3 G| X Al
‘.- Load Duration : =
1+ Service Conditions and Treatm|
- Service Conditions and Treatmy | 1imete Limit State | Seniosabity Limt State
: Ex["“e LE”QT 'ME'"t'Ef’S Existing Load Cases / Combinations Selected for Design <
e e e c2 |uve ~ EMRC1 | COT/porto COT0 v
Additional Design Parameters I LC3 Wind U
SH LC4 | Snow
[ imp Bl E
E@COl | 141C1 (17}
C02 |1251C1+151C2 )
€03 [1251C1+151C2+ 05104 Lad
CO4 |1251C1+151C2+04°C3
ETEICO5 | 125°C1 + 0.51C2+ 151C4
ETEICOB | 12571C1+15°1C4 —
ETEI CO7 | 125°LC1 + 0.4°LC3 + 154C4 =
B CO8 | 125°C1 +0.5°LC2+ 1.4LC3 1
ETECOS | 125°C1 +1.4°C3 + 054C4 « Ll
EWE COT0 | 12571C1 +1.4°LC3
sed CO11 [LC1 :

SEf CO12 | LCT+LC2

S8@ CO13 | LC1 +LC2+08°LC4

IS8l CO14 | LCT+LC2+0.75°LC3 + 0.9°LC4
BEfl CO15 | LC1+LC2+0757C3

S8l CO16 | LC1+0.9°L.C4

BS&fl CO17 | LC1+075°LC3+09°.C4

Timber design of members

Senl C018 and sets of members
Serl RC2 [ Limit Siate of Senvicembity Tw according to CSA 086-09
Al 24) v| & |88 FLES]
o
< >
2 EE Calcuiation | | 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 B (X [CJan
Sets: 1-4 4 K || A

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.

Comment

Comment
The limit states design method

Figure 2.3: User-defined comment

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

2.1.1 Ultimate Limit State

Uttimate Limit State | Serviceability Limit State

Existing Load Cases / Combinations Selected for Design
LC1 Dead ~ IET RC1 CO1/p orta CO10
Lcz2 Live
T LC3 Wind
Sl LC4 Snow
[imp Jle
[Str.1J el 14°LC1
Co2 |1257C1+151C2 Lad

Cco3 1.25°LC1 + 1.5°LC2 + 0.5°LC4

Co4 1.25°LC1 + 1.5°1C2 + 0.4°1LC3

BT CO5 1.25°LC7 + 0.5°LC2 + 1.5°1L.C4

BT CO6 1.25°LC1 + 1.5°1.C4

BT CO7 1.25°LCT + 0.4°LC3 + 1.5°LC4 :
BT Coa 1.25°LC1 + 0.5°LC2 + 1.4°1LC3 v
BT Co9 1.25°LCT + 1.4°LC3 + D.5°LC4

B CO10 | 1.25°LC1+ 1.4°LC3

BEl CO11 L1

S8@ CO12 |LC1+LC2

SEfl CO13 | LC1+LC2+0971C4

SEfl CO14 | LC1+LC2+075°LC3 +0.9°LC4

Sem CO15 | LC1+LC2+0.75°LC3

Sefl CO16 | LC1+097LC4

Sem CO17 | LC1+0.75°1C3 + 0.9°LC4

SEf CO18 | LC1+0.75°LC3 v

All (24) v||[av| |88 av | |88
Figure 2.4: 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.

Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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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 5 in Figure 2.4, 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.

Al (24) Y]
~ At the end of the list, several filter options are available. They will help you assign the entries
LC  Load Cases (5) . . . .
€0 Load Combinations (18) sorted by load case, load combination, or action category. The buttons have the following
€0 Load Combinations - Generated (18) f . .
RC Result Combinations (1) unctions:
RC Resuft Combinations - Generated (1)
Load and Result Combinations (15)
Load and Result Combinations - Generated ( ag‘ Selects all load cases in the list
Dead (1) =
Live (1)
RC Limit State of Strength (0) .
CO Limit State of Strength, (1) (1) Inverts the selection of load cases
CO Limit State of Strength, (2) (3)
CO Limit State of Strength. (3) (3)
Eg mﬁ gzﬂ gz':i’;'b'ﬁt};,"fé) Table 2.1: Buttons in the tab Ultimate Limit State
Ser] RC Limit State of Serviceability {1)
Il Wind (1) .
S Snow. cs and rain (1) v 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 [€«].
g The design of an enveloping max/min result combination is performed faster than the design

of all contained load cases and load combinations.

However, the analysis of a result combination has also disadvantages: First, the influence of the
contained actions is difficult to discern. Second, for the determination of the size factor for
bending (Kzg) for glued-laminated timber, the envelope of the moment distributions is ana-
lyzed. From that, the most unfavorable distribution (max or min) is applied. However, this dis-
tribution only rarely reflects the moment distribution in the individual load combinations.
Thus, in the case of RC design, more unfavorable values of the factor Kzug are to be expected,
leading to higher ratios.

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

1 o I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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2.1.2 Serviceability Limit State

Ultimate Limit State | Serviceability Limit State

Existing Load Cases / Combinations Selected for Design
LC1 Dead Ser. CO11 | LC

1 Live
C2 e
B0l LC3 | Wind
Sl LC4 Snow Pemanent
T LC5 > Total

co1 14711

Co2 [1257C1+151C2 Lad
Cco3 1.25°LC1 + 1.5°LC2 + 0.5°LC4
Co4 1.25°LC1 + 1.5°LC2 + 0.4°LC3
B Co5 1.25°LC1 + 0.5°LC2 + 1.5°LC4
06 1.25%LC1 + 1.5°L.C4

Co7 1.25°LC1 + 0.4°LC3 + 1.5°LC4
cos 1.25°LC1 + 0.5°LC2 + 1.4°LC3 )
COo% 1.25°LC1 + 1.4*LC3 + 0.5°LC4

CO10 | 1.25°LCT + 1.4°LC3

Serd CO13 :LC1+1C2+05°C4

Sem CO14 | LC1+LC2+075°LC3 +0.9°LC4

Serl CO15 | LC1+LC2+0.75°LC3

Sen CO16 | LC1+09°LC4

S8f CO17 | LC1+075°LC3 +0.9°LC4

S8l CO18 | LC1+075°LC3

RC1 CO1/p orta CO10

Ser) RC2 Limit State of Serviceability

[y

Al(23) v (24| (Ra CET
Figure 2.5: 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).

It is possible to assign different limit values for deflection to the individual load cases, load
combinations, and result combinations. The following design situations are available for
selection:

e Live
e Permanent
e Total

You can change the design situation by using the drop-down list that you can open by clicking
[v] at the end of the box (see Figure 2.5).

The limit values of the deformations are specified in the Standard dialog box (see Figure 2.8,
page 14) which you can call up by clicking the [Standard] button.

In the 1.12 Serviceability Data window, the reference lengths decisive for the deformation
check are managed (see Chapter 2.12, page 61).

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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2.1.3 Standard

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

Standard 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 four tabs.

General Factors

Standard - CSA 086-09:2009-05

General Factors | Service and Treatment Factors | Deflection Limits | Used Standards

Resistance Factor Acc. to 4.1.4 Load Duration Factor Acc. to Table 43.2.2
Property: Load Duration:
fb &: Dgks - Short term Kp: 1215
fu ®: 09:% - Standard term Ko: 105
fe & 08 - Long term KpD: 07k
fep ®: 08
fi ®: 09

System Factor Acc. to 4.3.5

Property: Sawn lumber Glulam
Case 1: Case 2: Case 2 Built-up beams:
- Visually graded -MSR
o KH 113 14135 125 113 115
fu KH LI 1415 1215 115 115
fe KH 115 1145 115 1045 115
ft KH 115 105 1.0 105 1015
fep, fp K 1.0 105 10 101 115
D E@J 3 (0B T—E Cancel

Figure 2.6: Dialog box Standard, tab General Factors

In the dialog box sections, you can check or, if necessary, modify the Resistance Factors, the
Load Duration Factors or the System Factors.

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

Function

Resets the program's default settings

Imports user-defined standard settings

Saves the current settings as default

SENEIEIE:

Deletes a user-defined Standard

Table 2.2: Buttons in the Standard dialog box

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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In the second tab of the Standard dialog box, you find Service Condition Factors and the Treat-
ment Factors. These can be also modified, if necessary.

Wet - Glulam :

0.8H
055
0.8F
07k
0.8
0.5
09t

Sawn lumber ¢hick > 83 mm)
& glulam

Dry / Wet

Standard - CSA 086-09:2009-05
General Factors | Service and Treatment Factors | Deflection Limits | Used Standards
Service Condition Factor Acc. to Table 5.4.2. and Table 6.4.2
Property: Diry Wet - Lumber :
min(b;d) < 89 mm minfb;d) > 89 mm
o Ksp: 105 0315 1.0
fu Ksy: 1.0 10 1015
fe Kse: 10 071 0915
fep Ksep : 105 0715 0.7
ft Kst: 1.0 0855 1015
Tt Kstp : 105 1015 1.0
Eos KsE: 105 0915 1.0
Treatment Factor Acc. to 5.4.3 and6.4.4
Treatment: Sawn lumber (thick = 89 mm)
Service: Dy Wet
None or i - -
Preservative {not incised) Kr: 1085 106
Preservative (incised) - Eos KT: G 1.0
- Other KT: 0.8l 03
Fire-retardant KT: 10 1.0k
D] (@] ] [0B][08

Cancel

Figure 2.7: Dialog box Standard, tab Service and Treatment Factors

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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In the third tab, you can define the Limit Values of Deflection for the SLS design, depending

Cancel

Standard - CSA 086-09:2009-05
General Factors | Service and Treatment Factors | Deflection Limits | Used Standards
Limit Values of Deflection Acc. to 4.5
Design Situation:
Live sLt 360 S
Pemmanent ZL4 3605
Total sLt 1805
?| @] 3] ][0
Figure 2.8: Dialog box Standard, tab Deflection Limits
Used Standards
The last tab informs you about the Standards according to which the design is performed.
Standard - CSA 086-09:2009-05
General Factors | Service and Treatment Factors | Deflection Limits | Used Standards
Mo. Standard Standard Description
N C54 086-09:2009-05 Engineering Design in Wood
[2] | Wood Design Manual 2010 The complete reference for wood design in Canada
[31 | NEC 2010 Mational Building Code of Canada
?| @] 3] ][0

Figure 2.9: Dialog box Standard, tab Used Standards

14
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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
No. Description Comment

[ Douglas Fir-Larch 20f-E | CAN/CSA-O26-09.2005-05
2 | DF-L S5 (Struct. Jaist, Plank, Light Framing, Stud) | CAN/CSA086-09:2003-05
Ell |
4 [ Steel 260V (Plates. Sheets. Floor PI.. Bars. Welded Shapes) | CAM/CSA-516.1-

[ 1} EYETRERE
Material Properties
il Main Properties e
Modulus of Elasticity E 1240.00 | kN/cm2
Shear Modulus G 80.60 | kN/cm?2
Specfic Weight T 490 | kN/m*
Coefficient of Thermal Expansion o 4 0D00E-D6 | 1/°C
Partial Safety Factor ™ 1.00
[ Additional Properties - -
Modulus of Elasticity for Design of Compression Members Eos 1078.80 | kN/em2 _EIE iz
Modulus of Elasticity (%«al Loading) Ex 1240.00 | kN/em2 Cross-sections No.
Shear Modulus {#dal Loading) Gx 80.60 | kN/em?2 26
Modulus of Blasticity (Loading Perpendicularto Wide Faces of La | Ey 1240.00 | kN/em?2
Shear Modulus {Loading Perpendicularto Wide Faces of Lams) | Gy 20.60 | kN/em2
Modulus of Biasticity (Loading Parallel to Wide Faces of Lams) | Ex 1100.00 | kN/em? Members No.:
Shear Modulus {Loading Parallel to Wide Faces of Lams) Gz 71.50 | kN/em2 357
Strength for Compression Parallel fe 30.200 | MPa
Strength for Bending Moment {Bending Perpendicular to Wide Fan | Fiy,pos 25600 | MPa Sets of members No.:
Strength for Bending Moment {Bending Perpendicular to Wide Fa | Fiy,neg 19.200 | MPa 14
Strength for Bending Moment {Bending Parallel to VWide Faces of |frz 10.000 | MPa
Strength for Longitudinal Shear fvz 2,000 | MPa
Strength for Longitudinal Shear Fry 1.500 | MPa T Length: T Weight:
Strength for Compression Parallel Combin. with Bending fos 30.200 | MPa 870/ Im] 0.096| ]
Strength for Compression Perpendicular {Compr. Face Bearing) | fepc 7.000 | MPa
Strength for Compression Perpendicular {Tens. Face Bearing) Fep.t 7.000 | MPa
Strength for Tension Net Section ftn 20400 | MPa
Strength for Tension Gross Section fig 15.300 | MPa w

Figure 2.10: 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 61).

Material Description

The materials defined in RFEM are already 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 ma-
terial list.

|E={ Douglas Fir-Larch 20f-E | CAN/CSA-086-09:2005-05 ]
DF-L 55 (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-086-05:2003-05 A

DF-L Mo.1/MNo.2 (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-OBE-09:2005-05
DF-L No.3/Stud (Struct. Joist, Plank, Light Framing, Stud) CAN/C5A-086-09:2003-05
H-F 55 (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-OBE-09:2005-05
H-F No.1/No.2 (Struct. Joist, Plank, Light Framing, Stud) CAN/C5A-086-09:2003-05
H-F Mo.3/5tud (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-OBE-09:2005-05
5-P-F 55 (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-OBE-09:2005-05
S5-P-F No.1/Mo.2 (Struct. Joist, Plank, Light Framing, Stud)  CAMN/CSA-D86-05:2005-05
S-P-F No.3/5tud (Struct. Joist, Plank, Light Framing, Stud) ~ CAN/CSA-086-09:2005-05
Morth 55 (Struct. Joist, Plank, Light Framing, Stud) CAN/CSA-OB6-059:2009-05 «

Figure 2.11: List of materials

According to the design concept of CAN/CSA-086-09:2009-05 [1], the list includes only materi-
als of the Canadian Standard.

Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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When you have imported a material, the design relevant Material Properties are updated.

If you change the material description manually and the entry is stored in the material library,
RF-TIMBER CSA will import the material properties, too.

Principally, it is not possible to edit the material properties in the RF-TIMBER CSA module.

Material Library

Numerous materials are already available in the library. To open the corresponding dialog box,
select

Edit —> Material Library

or click the button shown on the left.

Material Library “

Fitter Material to Select
Material category group: Material Description Standard
[E Timber Il (1 DF-L SS (Beam and Stringer Grades) 0 CAN/CSA-086-09:2005-05
) [E DF-L No.1 (Beam and Stringer Grades) 1#0 CAN/CSA-086-09:2005-05
Meterial category: I DF-L No.2 (Beam and Stringer Grades) 1+ CAN/CSA-0B6-09:2009-05
W Wood {Notth America) ¥ || | B HF S5 (Beam and Stringer Grades) [+l CAN/CSA-086-09:2008-05
Standard group: [ H-F No.1 (Beam and Stringer Grades) ?"l CAN/CSA-OBE-09:2005-05
I*ICAN/CSA [H H-F No.2 (Beam and Stringer Grades) 1+0 CAN/CSA-O86-09:2009-05
v N
[ S-P-F 55 (Beam and Stringer Grades) 1+l CAN/CSA-086-09:2003-05
Standard: [ 5-P-F No.1 {Beam and Stringer Grades) 1+l CAN/CSA-086-09:2003-05
I+ICAN/CSADRE09:200505 v [ 5-P-F No.2 (Beam and Stringer Grades) 1+l CAN/CSA-086-09:2003-05
[ Morth 55 (Beam and Stringer Grades) 1#0 CAN/CSA-086-09:2005-05
Special application: [H Morth Mo.1 (Beam and Stringer Grades) 1+l CAN/CSA-086-09:2003-05
Table 5.3.1C - Beam and String v || | [ North Mo 2 (Beam and Stringer Grades) 1#0 CAN/CSA-086-09:2005-05
[ Include invalid... =
[] Favorites only... = | K

Material Properties.
E Main Properties

DF-L S5 (Beam and Stringer Grades) | CAN/CSA-085-09:2009-05

Modulus of Elasticity E 1200.00 | kN/em2
Shear Modulus G 78.00 | kN/em2
Specific Weight T 490 | kN/m?
Coefficient of Thermal Expansion o 4.0000E-06 | 1/C

[ Additional Properties
Modulus of Blasticity for Design of Compression Members Eos 800.00 | kN/cm2
Modulus of Elasticity E 1200.00 | kN/em2
Shear Modulus G 78.00 | kN/em2
Strength for Bending fo 1.55 | kN/cm2
Strength for Longitudinal Shear fy 0.15 | kNjem2
Strength for Tension Parallel ft 1.00 | kNem2
Strength for Compression Parallel fe 1.32 | kN/em?2
Strength for Compression Perpendicular fep 0.70 | kN/em2
Rolling Shear Strength frx 0.10 | kNjem2
Species D Fir-L
Grade 55

?) @ Gares

Figure 2.12: Dialog box Material Library

In the Filter section, CAN/CSA 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
CSA.

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

The lower section of window 1.2 contains the specified strength values for bending fy, tension
parallel f;, tension perpendicular f «,, shear f,, compression parallel f,, compression perpendicu-
lar o, as well as modulus of elasticity for design of compression members Eos.

The specified bending and shear strength values and modulus of elasticity for glued-laminated
timber (material of [1] Table 6.3 special application) are extended for cases of bending per-
pendicular and parallel to the wide faces of laminations and bending to fwy and f.. If the narrow
faces of laminations are normal to the direction of load, the bending resistance and stiffness
for glulam are based on No. 2 grade lumber properties. When structural laminated timber ma-
terial stressed primarily in bending is selected, the value fi, is doubled for the case of positive
foy.pos and negative fuyneg bending. In addition, the value f, is doubled for compression fe,c and
tension f., face of cross-section.

For beams of [1] Table 5.3.1C with special application materials loaded to the wide face, the
specified strengths for bending and the specified modulus of elasticity are automatically mul-
tiplied by the relevant wide face factor. Please note that this multiplication is used only in the
add-on module. The internal forces are not recalculated in RFEM.

The design values of the material strengths are to be determined with the modification factors.
Those factors can be modified in the Standard Settings dialog box (see Figure 2.6 and Figure 2.7,
pages 12 and 13).

I Program RF-TIMBER CSA © 2014 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 [ = [ D | E & - T-Rectangle 180/260

Section | Material Cross-Section Opti-

No. Mo. Description mize Mote Comment

1 [0 Sawn Lumber B3<184 | CAN/CSA-O86- No

2 1 @0 T-Rectangle 160/240 From Curent Row 2

3 1 [ TH 480/320/120/120 No ]

4 1 e No ]

5 4 |WI PE2W No - .
[ 5 NN No -

Cross-section No. 6 used in

Members Mo.:
Sets of members No -

T Length: T Weight:
0.00| Im] 0.000| B

Material:
1 - Douglas Fir-Larch 20F-E

8) The cross-section is not assigned to any member,

L EYEIRRIRED

Figure 2.13: Window 1.3 Cross-Sections

Cross-Section Description

The cross-sections defined in RFEM are preset together with the assigned material numbers.

The design is possible for the parametric timber rectangular and circular cross-section and for

standardized timber rectangular cross-section according to the Canadian Standard CAN/CSA
086-09.

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.

18
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1 - T-Rectangle 140/280
RF-TIMBER CSA

1 - Sawwn Lumber §9:x114 | CANICEA-OF..

RFEM
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Timber Cross-Sections - Rectangle
Cross-Section Type Parameters
(n][@] ® m|s [ 10oERm
h o]
o o
T T A A
T T T B
y— =
O B M m
B E X |V
B | E
9% a
2
Favorites Group
F= IR T-Rectangle 140/291 ENE
2| i@ ENE] Cancel

Figure 2.14: Parametric timber cross-sections of the library

Standardized Timber Cross-Sections - Rectangles “
Cross-Section Type To Select To Select Sawn Timbers 191x191 | CANICSA-086-09
EI Table Manufacturer/Standard | | Cross-Section
[ Sawn Lumber 1+0 CAN/CSADB6-09 Sawn Timbers 140¢140
[ Machine Stress-Rated Lu| [+] CAN/CSA-086-03 Sawn Timbers 140151 T
Sawn Timbers ' CAN/CSA-D86-09 Sawn Timbers 140¢241
[ Glulam 1+ CAN/CSADBE-0S Sawn Timbers 140252
Sawn Timbers 140343
Sawn Timbers 140394
Sawn Timbers 191x151
Sawn Timbers 191x241
= Sawn Timbers 191x292 =
& *
Fiter Sawn Timbers 191x343 = v
Sawn Timbers 191x354
Manufacturer./Standard group Sawn Timbers 24 1241
[+ CAN/CSA v Sawn Timbers 2415292
T S Sawn Timbers 241x343
enlacuEEante Sawn Timbers 241394
[I+0 CAN/CSA-O86-09 W Sawn Timbers 292292
Cross-section shape Sawn Timbers 252¢343
M Sawn Timbers 292¢394
Sawn Timbers 343343
Cross-section note: Sawn Timbers 342334 ]
" Sawn Timbers 394x394
e EFE &
[ include invaid... =
[] Favorites group
=t| = Sawn Timbers 191191 | CAN/CSAO26-09
DE e BE Tt

Figure 2.15: 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 CSA imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

If cross-sections specified in RF-TIMBER CSA 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 CSA.
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Max. Design Ratio

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.

Optimize

You can optimize all rectangular and circular cross-sections: For the RFEM internal forces, the
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,
(see Figure 3.4, page 37).

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 58.

Remark

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

Info About Cross-Section

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

] Info About Cross-Section T-Rectangle 140/280 “
Cross-Section Property Symbol Value Unit T-Rectangle 1401250
e o
Depth d 2800 | mm
Cross-ssctional area A 0.039 m2
Moment of inertia ly 0.000 m#
Moment of inertia Iz 0.000 (m*
Goveming radius of gyration ry B80.8 | mm
Goveming radius of gyration rz 404 [ mm
Weight wt 152  kg/m
Surface Asuri 0.840 | mZ/m
Torsional constant J 0.000 (m* -
Elastic section modulus Sy max 0.002 |m? 2 N
Blastic section modulus Sy miin 0002 [m? o § ¥
Elastic section modulus Szmax 0.001 m?
Elastic section modulus Sz,min -0.001 |m?
Statical moment of area Qumax 0.001 (m?
Statical moment of area Qv,max 0.001 m3
|
v
z
[mim]

T e §=aa Stress points &

T om & cAPats %
D Li Close

Figure 2.16: Dialog box Info About Cross-Section

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

20
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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 2.17)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

DEEE

Resets the full view of the cross-section graphic

o

=]

Prints the cross-section values and cross-section graphic

Table 2.3: Buttons of cross-section graphic

Click [Details] to call up specific information on the stress points (distances to center of gravity,
statical moments of area, etc.).

=

Stress Points of T-Rectangle 140/280

D

E__|

F

[ G

A B [
StressP Coordinates
No y [mm] 2 [mm]
1400
2 -70.0 140.0
3 -70.0 -140.0
4 70.0 -140.0
5 0.0 00
5 0.0 00
2|5

Statical Moments of Area

Qz[m?]

Thickness
t [mm]

140.0
140.0
140.0
140.0
140.0
280.0

Warping
Wno [m?] Swm4]
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

T-Rectangls 1400280

&[]

Close

RFEM.

Figure 2.17: Dialog box Stress Points

Member with tapered cross-section

For tapered members with different cross-sections at both member ends, the module displays
the two cross-sections numbers in separate table rows, in accordance with the definition in

RF-TIMBER CSA is also able to design glued-laminated tapered members if the same cross-
section type is defined for the start and the end cross-section. Additional specifications are
required in Window 1.10 (see Chapter 2.10, page 31).
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24 Load Duration

In window 1.4, you define the load duration to consider factors reflecting the different load du-
ration for all chosen load cases, load combinations, result combination, and dynamic combina-
tions.

1.4 Load Duration

(Y E | C | D [ E Load Duration - Explanatory Notes
Load- Load Factor
ing Description Type Load Duration Ko Comments Short term:

Dead H Dead Long term 08 means the condition of loading where
LC2 | Live Live Standard tem 10 the duration of the specified loads is
LC3 | Wind Wind Short term 11 not expected to last more than 7
LC4 | Snow Snow, ice and rain Standard tem 1.0 days connnuous!y or cumulatively

o1 |141ct - g Tt 0§ throughout the life of the structure
CO2 | 1.25°LC1 + 1.5°1LC2 o Standard term 1.0
CO3 | 1.25°LC1 + 1.5°LC2 + D.5°LC4 o Standard tem 1.0
CO4 |1.25°LC1 +1.5°1C2+0.41C3 - Short term 11 Standard term:

CO5 |1.251C1+0.5°C2+1.5°L.C4 o Standard term 1.0 :

CO6 | 1.25"LC1 + 1.5°L.C4 - Standard tem 10 means the condition of loading where
CO7 |1.25%C1+0.4°1C3+157.C4 = Short term 11 the duration of specified loads
COB_|1.257LC1 = 0.57LC2+1.47LC3 - Short tem 11 exceeds that of short term loading,
€09 [1251C1 = 14163+ 05104 - Shorttem 11 Bl L ety
CO10 | 1.25°LC1 + 1.41C3 ° Short term 11

co1l | LCt - Long term 08

€012 | LC1+1LC2 - Standard tem 10

CO13 [LC1+(C2+0971CA - Standard tem 10 Long term:

CO14 | LT+ LC2+0.75°LC3 + 0.9°LCA - Short term 11 mezns the condition of loading under
CO15 |LC1 +LC2+0.75°C3 > Short term 11 which @ member is subjected to more
CO16 | LC1+0.9°LC4 o Standard tem 1.0 or less continuous spedified load
CO17 | LC1 + 0.75°LC3 + 0.9°L.C4 - Short term 1.1

CO18 | LC1 + 0.75°LC3 2 Short term 11

Apply load duration (®) Shortest load duration in a combination
factor Kp according to:
() User-defined setting

Figure 2.18: Window 1.4 Load Duration

Loading

All actions selected in the 1.1 General Data window are listed here. For combinations, included
load cases are listed, too.

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 Duration

Loads and their superpositions must be assigned to classes of load duration. The classification
of actions is specified in [1] Table 2.3.2, for example.

For load cases and variable result combinations, the load duration can be changed by using
the list shown on the left: Click the cell in column C, thus selecting the field. The [¥] button be-
comes available. For load combinations and Or result combinations, RF-TIMBER CSA performs
the classification automatically taking into account the shortest load duration action of includ-
ed load cases. When the bottom-side button is switched to User-defined settings, load combi-
nations and Or result combinations are user-changeable as well.

The class of the load duration is required for the determination of the load duration factor, Ko.
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Condition

Treatment

MNone or Preservative {not incised) v|
Preservative (incised)
Fire-retardant

Standard...
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Factor Kp
The impact of the load duration on the material strengths is taken into account by means of
the load duration factor (see [1] Table 4.3.2.2).

The default values of the factors Ko can be checked and, if necessary, adjusted in the Standard
dialog box (see Figure 2.6, page 12).

Loading Distribution

This column will be added when a radial stress design is to be carried out for tapered or curved
members. Those settings can be made in Window 1.10 or 1.11 (see Chapters 2.10 and 2.11).

For the design of tension perpendicular to grain, the distribution of the loading has to be as-
signed so that the size factor, Kz, can be determined (see [1] Table 6.5.6.6.1).

2.5 Service Conditions and Treatment - Members

The determination of moisture and wood treatment makes it possible to assign the service
condition factors, Ks, and the treatment factors, Kr, to each member. The moisture service con-
ditions can be specified individually for sawn lumber or glued-laminated timber according to
[1] Table 5.4.2 and Table 6.4.2, the treatment factor according to [1] Table 5.4.3 and Chapter
6.44.

1.5 Service Conditions and Treatment - Members

[ A [ B I I 1oisture Service Condition
Member Moisture Service
No Condition Treatment Comments Dry service conditions:
1| Dy None or Preservative (ot ncised) ¢ 2 cimatic. condiion in which the average
2 Wt Preservative {incised) equilibrium moisture content of solid wood
E] Dry Fire-retardant overayearis 15% orless and does not
5 Wet Mone or Preservative {not incised) exceed 19%
[ Wet Preservative {incised)
7 Dry Fire-retardant

Wet service conditions:

all service condttions other than dry

Treatment Factor
Where wood is impregnated with
fire-retardant or other strength-reducing
chemicals, KT shall be determined in
accordance with the results of appropriate
tests or shall not exceed the tabulated
value of KT

[1Set input for members No.:
] Al EVRLIRED

Figure 2.19: Window 1.5 Service Conditions and Treatment - Members

By default, RF-TIMBER CSA assigns Dry service conditions and None or Preservative (not incised)
treatment. If you want to define different moisture conditions or treatment to the selected
members, use the [¥] button.

The default values of the factors Ks and Kr can be checked and, if necessary, adjusted in the
Standard dialog box (see Figure 2.7, page 13).

ds
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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:

Function

Exports table into MS Excel or OpenOffice.org Calc

TE

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

Switches into RFEM work window

O

Table 2.4: Buttons in the window Service Conditions and Treatment - Members

2.6  Service Conditions and Treatment -
Set of Members

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

1.6 Service Conditions and Treatment - Sets of Members

A [ 8 C Moisture Service Condition
Set Moisture Service
He. Condition Treatment Comments Diry service conditions:
3 Dry None or Preservative not incised) a climatic condition in which the average
N Wet Fire-retardant equilibium moisturs content of solid wood
over a yearis 15% or less and does not
exceed 19%

Wet service conditions:

all service condttions other than dry

Treatment Factor
‘Where wood is impregnated with
fire-retardant or other strength-reducing
chemicals, KT shall be determined in
accordance with the results of appropriate
tests or shall not exceed the tabulated
value of KT

[1Set input for members Mo.:

Figure 2.20: Window 1.6 Service Conditions and Treatment - Sets of Members

The concept of this window is similar to the one in the previous window 1.5 Service Conditions
and Treatment - Members window. In this window, you can assign the moisture service condi-
tions and the treatment of the wood to each set of members.

24
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2.7  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 35). 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.

1.7 Effective Lengths - Members

[ A [ C [ D [ E T F [ @ [ H I [ ] [ K
Member|  Buckling Buckling About Axis y Buckling About Axis z Lateral-Torsional Buckling
Ne. i Possible Key Ley [m] Possible Kez Lez [m] Possible Define Le Le [m] Comment
10 2400 1.0 2400 as member length
2 10 2.400 10 2400 as member length
3 10 2.400 1.0 2400 as member length
5 10 1.800 10 1.800 as member length
6 10 0.9500 1.0 0.900 as member length
7 1.0 3.600 1.0 3.600 as member length
SIRENEREIRE
Settings for member No. 1 1 - Sawvn Lumber 89:x114 | CARICSA-086-09
Cross-section
Length L m
Buckling Possible
[ Buckling About Auxis y Possible
Effective Length Factor Key 1.0
Effective Length Ley m
[ Buckling About Axis z Possible
Effective Length Factor Kez 1.0
Effective Length Lez 2400m RSN S
[ Lateral-Torsional Buckling Possible r "y
Le manually O 3
Comment )
i
1
v
=
[] Set input for members Na
74 a = |7 |

Figure 2.21: Window 1.7 Effective Lengths - Members 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).
The Settings tree manages the following parameters:

e  Cross-section

e lLength (actual length of the member)

e Buckling Possible (corresponds to column A)

e Buckling About Axis y Possible (corresponds to columns B to D)

e Buckling About Axis z Possible (corresponds to columns E to G)

e Lateral-Torsional Buckling Possible (corresponds to columns H to J)

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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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.

Select Effective Length Factor = IEH|
Buckling About y- Axis Buckling About z- Axis
LKy =0.65 X — [_JKz=0.65 X
gy
OKky=0.8 (Dkz=08 s i
— — y
Oy =12 (OKz=12 -
Ky =15 OKz=15
®kz=1.0
Z Y
Oky =20 t Ty | Okz=20 ! T,
z Y
OKy=20 Ty | Okz=20 B
Z y
= 1 = L =
() User-defined 3 ) User-defined Y
Ky = +ve Kz=... y
O Import from add-on module RF-STABILITY @] Import from add-on module RF-STABILITY
(Eigenvalue Analysis) (Eigenvalue Analysis)
CA1 - Stability analysis CA1 - Stability analysis
1 1
Export effective length - Export effective length -
factor Ky - 1000 - factor Kz: 1000 -
1) OK Cancel

Figure 2.22: Dialog box Select Effective Length Factor

For each direction, you can select one of the buckling modes (recommended and theoretical
values of buckling length factors as specified in [1] Table A.5.5.6.1) or enter a User-defined ef-
fective length coefficient K.

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 factor.

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 de-
sign according to [1].
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Buckling About Axis y or 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 K for buckling about the major or the minor axis can be selected freely.

You can check the position of the member axes in the cross-section graphic in window 1.3
Cross-Sections (see Figure 2.13, page 18). 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 context
menu or the Display navigator.

Project Navigator - Display x
= [ Model -

+E|& Nodes

+E|& Lines

[ Surfaces

- Solids

----- [#]& Solid Orthotropies

..... & Openings

+-[¥] 5 Nodal Supports

+E|& Line Supports

..... [¥]%/ Surface Supports

_E& Members

----- E& Member Elastic Foundations

oI Vs s Sy

[#]5 Indexes

o185 Member Axis Systems u,v,w

[#]5 Indexes

-] Member Orientations

i-[2]8 Member End Releases -

] . b

ﬁData EDisplay A views

Figure 2.23: 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.

To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a L. text box (see Figure 2.21).

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

Lateral-Torsional Buckling

Table column H controls for which members a lateral-torsional buckling analysis is to be carried
out.

Define L.

The member lengths are preset in column | as equivalent member lengths relevant for lateral-
torsional buckling. When you set the option manually in the list box, you can specify the length
for lateral-torsional buckling Le in column J. You can also define it graphically after clicking [...]
as the distance of the lateral supports. Thus, you can adjust the boundary conditions of a struc-
tural component if it consists of several members between the supports.

When the option acc. to Table 6.5.6.4.3 is selected, you can determine the lateral-torsional buck-
ling length in accordance with [1] Table 6.5.6.4.3. A new dialog box is opened in which you can
select the effective length according to the loading conditions (see figure below).

.2 Input Data _I_/ AN
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Unsupperted Length

@y = 5.000 lﬁl [m] - unsupported length

QOa = = | [m] - maximum purlin spacing

Effective Length, Le
Intermediate support:

Yes
Beam:

(®) any loading Le=192Iu
@] Uniformly distributed load Le=192ly
() Concentrated load at center Le= 1611y

Concentrated load at 1/3 points

Concentrated load at 174 points

Concentrated load at 15 points

Concentrated load at 16 points

Concentrated load at 17 points

Concentrated load at 1/8 points
Cantilever:
() Any loading Le=1921y
( Uniformly distributed load Le=1231y

() Concentrated load at free end Le=18691y

Figure 2.24: Dialog box Effective Length for Bending Members acc. to Table 6.5.6.4.3

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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2.8 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 35).

1.8 Effective Lengths - Sets of Members

[ A I [0 [ D [ E 1 F [ G [ H ] I [ J [ K
Set Buckling Buckling About Axis y Buckling About Axis z Lateral-Torsional Buckling
No Possible Possible Key Ley [m] Possible Kez Lez [m] Passible Define Le Le [m] Comment
e 1.000 £.300 1,000 £.300 as member lsngth
2 1.000 6.300 1.000 6.300 as member length
B 8 % % e
Settings for set of members No. 1 1 - Glulam 130x228 | CAMNICEA-056-09
i Cross-section 1 - Glulam 130228 | CAN/CSA-086-09
Length L 6.300 m
Buckling Possible
[ Buckling About Axis y Possible 130.0
Hifective Length Factor Key 1.000
Hfective Length Ley £.300 [m
[ Buckling About fudis z Possible
Hfective Length Factor Kez 1.000
Hifective Length Lez 6300 | m -
[ Lateral-Torsional Buckling Possible ® + ———mp
Define Le as member length o | v
Comment i
|
i

[]setinput for members Mo.: [mim]

7l a | |7 |4

Figure 2.25: Window 1.8 Effective Lengths - Sets of Members

The concept of this window is similar to the one in the previous window 1.7 Effective Lengths -

Memobers. In this window, you can enter the effective lengths for buckling as well as for lateral-
torsional buckling as described in Chapter 2.7. They determine the boundary conditions of the
entire set of members which is to be treated as an equivalent member.

Please note that curved sets of members are excluded from the stability analysis.
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2.9 Additional Design Parameters

This window allows you to allocate the system factor, Ky, for each member. This factor depends
on the interaction between members in the model and on the material. By clicking the [¥] but-
ton in column B, the Case according to [1] Chapter 5.4.4 can be selected.

By default, the program assigns None/No system factor. The factor can be checked and, if nec-
essary, adjusted in the Standard dialog box (see Figure 2.6, page 12).

1.9 Additional Design Parameters

A [ ] [ c r.. o |
Member System Factor Kn
No. Material Category Load Sharing According to Comment
1 Sawn Lumber None =
2 Sawn Lumber Case 1 5441
3 Sawn Lumber Case 2 5442
5 Glulam Mo =
6 Glulam Yes 643
Glulam “es 643
[1Set input for members No.: Material Description:
~ Ml |Douglas Fir-Larch 20F-E | CAN/CSA-086-09:2009-05 gl (S e

Figure 2.26: 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 2.5 and Chapter 2.7).

The Material Description (also below the table) informs you which material is used for the cur-
rent member. The buttons to the right of this text box are described in Table 2.4 on page 24.
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2.10 Tapered Members

This window is only available when you have selected at least one member with different
cross-sections at both member ends for the design in Window 1.1 General Data. This window
manages criteria such as the angle of taper of variable cross-sections, for example.

The design of tapered members is only possible for rectangular cross-sections whose material
is glued-laminated timber according to [1] Table 6.3.

1.10 Tapered Members

LA | B [ c [ D [ E T F [ & | H
Member Cross-Section Length Angle of Radial Stress Design Note
No Member End L [m] Taper o ['] with Apex Commert

[ 1 e lulam 13(0e418 | CAN/CSAO8E 2400 453 <3000 ]

2 Glulam 130228 | CAN/CSA-086 | Glulam 130¢418 | CAN/CSA-O86 2400 453 <30.00 ]

3 | Glulam 130228 | CAN/CSA-086 | Glulam 130418 | CAN/CSA-OBE 2400 453 <3000 O

4 | Glulam 130x228 | CAN/CSA-086 | Glulam 130¢418 | CAN/CSA-O86 1.800 603 <3000 O

5 Glulam 130228 | CAN/CSA-086 | Glulam 130418 | CAN/CSA-086 0.900 11.92 <3000 [m]

6 | Glulam 130228 | CAN/CSA-086 | Glulam 130418 | CAN/CSA-OBE 3.600 302 <3000 ]
[[]setinput for members Mo.:

] Al EUESRIRES

Figure 2.27: Window 1.10 Tapered Members

Cross-Section

The first two columns list the sections that are defined at the Member Start and Member End.

Length L

In this column, you can check the length of each tapered member.

Angle of Taper a
RF-TIMBER CSA determines the inclination of the taper on the basis of geometric conditions.
That angle is displayed for your information.

The maximum angle of taper can be defined in the Details dialog box, tab Other (see Figure 3.4,
page 37).

Radial Stress Design with Apex

If this check box has been ticked, RF-TIMBER CSA performs the design for the maximum tension
stresses perpendicular to the grain in the ridge cross-section according to [1] Clause 6.5.6.6.2.

If this design is activated, it will be necessary to check the Loading Distribution in Window 1.4
Load Duration (see Chapter 2.4, page 22). The distribution of the loading has an effect on the
size factor for tension perpendicular to grain, Kz.

Dlubal
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2.11 Curved Members

This window is available when at least one member with a curved shape has been selected for
design in Window 1.1 General Data. Curved members can be defined, for example, by using the
line types "arc" or "circle", i.e. lines with constant radius of curvature along the entire length.

The design of curved members is only possible for rectangular cross-sections whose material
is glued-laminated timber according to [1] Table 6.3.

1.11 Curved Members

B [ ¢ [ D [ E [ F [ G | H
Member Lamination Thickness Minimum Inner Radius of Curvature Radial Stress Note:
No t [mm] Type of End Ri [mm] Limit Criterion Design Comment
“E Standard i a8 Curved end 10953 > 10800 12

[[]setinput for members No. :

| all 12) For radial stress design chedk also Loading Distribution settings in L'i L.ﬂ
window 1.4,

Figure 2.28: Window 1.11 Curved Members

Lamination Thickness

In those two columns, you can specify the type and the thickness t of the lamellas. The various
Standard and Non-standard lamination thicknesses are listed in [1] Table A.6.5.5.

Minimum Inner Radius of Curvature

The program checks the inner radius of curvature. The design is only allowed for members
whose inner radius, R, meets the limit criterion as described in [1] Table A.6.5.5. For that, the
Type of End can be selected in the list box.

The Limit Criterion is displayed in column E. This value depends on the lamination thickness
and the end type of the member.

Radial Stress Design

Optionally RF-TIMBER CSA performs a check of the tension stresses perpendicular to the grain
in each location of the member where the bending moment tends to decrease the curvature
(increase the radius) of the member.

If this design is activated, it will be necessary to check the Loading Distribution in Window 1.4
Load Duration (see Chapter 2.4, page 22). The distribution of the loading has an effect on the
size factor for tension perpendicular to grain, Kz.

The enclosed angle, 3, can be determined only for members that are located on an undivided
curved line, i.e. a line without additional nodes. Thus, the radial stress design is not possible for
sets of members either.
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Beam Type

Beam -]
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2.12 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).

1.12 Serviceability Data

[ B [ ¢ [ o [ e F [ G [ H [ I
Member Reference Length Direc- Precamber
No. Reference to No. Manually L [m] tion Wy [nm] we,z [mm] Beam Type Comment
[ 1 ] 1 [} 2400 0.0 Beam
2 Member 2 O 2400 ¥ 0.0 Beam
3 Member 3 O 2400 ¥ 0.0 Beam
4 Member 5 O 1.800 z 20 Beam
5 Member 6 O 0500 vy.z 0.0 0.0 Cantilever End Free
3 Member 7 O 3.600 z 00 Beam
7 Set of Members 3 O 6.300 z 0.0 Beam
8 List of Members 1367 O 9300| vy.z 00 0.0 Beam
9
10
11
12
13
14
15
16
17
18
iE]
20
2
22
23
24
25
26
27
28
25
30
3
32
33

Figure 2.29: Window 1.12 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.

Column E controls the governing Direction for the deformation analysis. You can select the di-
rections of the local member axes x and y and the resultant direction R.

In columns F and G, you can allow for some Precamber wcy and wc..

The Beam Type is important to correctly determine the limit deformations. Column H controls
whether there is a beam or a cantilever and which end 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 36).

ds
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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 Other

3.1.1 Resistance

Details = Bl

Resistance | Stabilty | Serviceability | Other

Consideration of Connections

Reduction of limit tension stresses

At nodes No.:
Connection length: 0.800 = [m]
Stress ratio inside <] e
connections: 60.005] []
Stress ratio outside 100.00 5| [%]
connections:

Positive or Negative Bending About y-Axis

(®) Bottom of members is considered in local +z-axis

__) Bottom of members is considered in local -z-ads

Limit Value for Special Cases

Torsion

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

Mtor/ Stor = 0051 -Fv
() Ignore torsion
D| [tm| || 05|08 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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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.

Positive or Negative Bending About y-Axis

Structural glued laminated timber members stressed in bending have different reference
bending design values for positive bending (bottom of beam is stressed in tension) and nega-
tive bending (top of beam is stressed in tension), see [4] Table 5A and Table 5C.

For RF-TIMBER CSA to apply the correct bending design value, you have to specify whether the
bottom side of members is located in the direction of the local z-axis or opposite.

Limit Value for Special Cases

Torsion design is not specified in CAN/CSA 086-009. It is possible to ignore shear stresses due to
torsion 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]. Changing the limit is the responsibility of the user.

Itis also possible to completely Ignore torsion.

3.1.2 Stability
Details

Resistance | Stabilty | Serviceabilty | Other
Stability Analysis
[#] Check stability

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

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

oy | |y 0B f_E Cancel

[~

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.

Dlubal
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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

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.

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).

. oge
3.1.3 Serviceability
Details

Resistance | Stabilty | Serviceabilty | Other

Deformation Relative to

(®) Shifted members ends / set of members

ends
() Undeformed system
D 5-‘@1 g} F'I'_‘ T_E Cancel

Figure 3.3: Dialog box Details, tab Serviceability

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.
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3.1.4 Other

Details

Resistance | Stabilty | Serviceability | Cther

Cross-Section Optimization Dizplay Result Tables

Max allowable design ratio: 100k 2.1 Design by Load Case

2.2 Design by Cross-Section
Check of Member Slenderness Ratio 2.3 Design by Set of Members
Bend 2.4 Design by Member
- Bendin Ce = 5015
¢ 2.5 Design by x-Location
- Compression Cc = 50

3.1 Goveming Intemal Forces by Member

¥[32G ing Intemal F Set of Memb
Maximum Angle of Taper B as=hy SMOErs

[13.3 Member Slendemesses
Used limitation o £ 30005 1
4.1 Parts List by Member
4.2 Parts List by Set of Members
8 Only for members / sets to be designed
() Of all members / sats of members
D 5-‘@1 g F'I'_‘ T_E Cancel

Figure 3.4: Dialog box Details, tab Other

Cross-Section Optimization

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

Check of Member Slenderness Ratio

In the two text boxes, you can specify the limit values of the member slendernesses. You can
define the ratios separately for members with bending, Cs, and for members with compres-
sion, Cec.

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

Maximum Angle of Taper

The taper angle a.is described in [1] Figure 6.5.6.6.3. According [1] Table 6.5.6.6.3, the maximum
value of that angle is 30°. The Used limitation can be set to a smaller angle, if necessary.

Display Result Tables

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

Window 3.3 Member Slendernesses 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 CSA add-on module.

RF-TIMBER CSA 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 determine
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
Not Calculated Selected for Calculation

No. Description @D No. Description -
LC1 Dead CAl RF-TIMBER CSA - Timber design acc. to CSA 086-09
L2 |Lve
W LC3 | Wind

S0 LC4 Snow
MET LC5

col |14

Co2  [125°C1 +15°1C2
C03  |1251C1+151C2+051C4 >
CO4  [125°C1 +151C2 +04°LC3
€05  |125°LCT +0.5°LC2+ 1.5°LC4
CO6  [1.25°LCT +1.5°LC4

CO7  |1.257C1 +0.4°LC3 + 1.57LC4 <
€08 |125°LCT +0.5°LC2 + 1.4°LC3
€09 |125°C1 +1.4°LC3 = 0.5°LC4
CO10 [1.25°1C1 + 1.4°LC3

S&r CO11 | LC

SErl CO12 |LC1+1C2

S8Rl CO13 | LC1+1C2+0.8°C4

SEFI CO14 |LC1+1C2+ 07503 +0.9°1C4
S8l CO15 |LC1+1C2+0.757C3

SEFI CO16 | LC1+0.971C4

S&rl CO17 | LC1+0.75°LC3 + 0.9°1C4

S8l CO18 |LC1+0.75°LC3
=T R i artn COAN

Al v

L<|

P

L Care

Figure 3.5: Dialog box To Calculate

If the RF-TIMBER CSA cases are missing in the Not Calculated section, select All or Add-on Mod-
ules in the drop-down list below the section.

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

|E]| “a RF-TIMBER C5A CA1 - Beams T Q> PO S| ey R e ||
- L‘? -l k- mmE % - % @ %Eﬁ I'_ll-‘P Show Results -3 G N

Figure 3.6: Direct calculation of a RF-TIMBER CSA design case in RFEM

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

38

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH



4 Results

Ok

4. Results

Window 2.1 Design by Load Case is displayed immediately after the calculation.

VAN

Dlubal

RF-TIMBER CSA - [Timber Beams]
File Edit Settings Help

Parts List by Member
Details - Member 2 - x: 2.400 m - CO1
Waterial Data - DF-L 55 (Struct. Joist, Plark, Light Framing, Stud)
Bl Cross-section Data - Sawn Lumber 8%:184 | CAN/CSA-086-09
Design Intemal Forces
Factored Strength

1 Design Ratio
Factored Axial Load in Compression Pr 358
Factored Bending Momert My 251
Factored Strength in Compression Parallel to Grain Fe 12.350
Resistance Factor Y7 ]
Cross-Sectional Area A 0.016
Size Factor for Compression Kzoy 12
Size Factor for Compression Kzo: 13
Factored Strength in Bending Fo 10725
Resistance Factor @) 03
Section Modulus Sy 0.001
Size Factor for Bending Kzo 13
Member Length L 2400
Effeclive Length Loy 2400
Siendemess Ratio for Compression Members Coy 1304
Womert of inertia Iy 0.000
Effective Length Le 2400
Slendemess Ratio for Compression Members Cex 2687
< >
wJIRE==Y Calaulatio Details... Standard. .. Graphics

kN
kchim
MPa

55623

55623
55623

5541

Table 5.4

5561
55622

5561
565622 |wv

a

CA2 - Columns +| 2.1 Design by Load Case

pputats E [ ¢ | D [E] [ G |a
Genaral Data - Member | Location Tt
Materials Descrption Mo x[m] Design Design According to Formula Duration
Erisis Utimate Limt State Design
Load Duration T 2 2400 0.47 <1 373) - Stabilty - Bending about y-2xs with LTB and compression with buckling about bo | Long tem
Service Conditions and Treatm 5 0.000 0.62 | £1393) - Stabilty - Bizxial bending with LTE and compression with buckling about bath 2 | Standard te
Effective Lengths - Members 5 0.000 0.67 | <1 393) - Stabilty - Bidal bending with LTB and compression with buckling about both axi: | Standard te
Additional Design Parameters 7 0.000 0.54 | £1393) - Stabilty - Bizxial bending with LTE and compression with buckling about bath axi: | Short term

Results 1 2400 0.50 | <1 333) - Stabilty - Bixal bending with LTB and compression with buckiing about both axi | Standard te
Design by Load Case 1 2400 0.36 | £1| 373) - Stability - Bending about y-2xds with LTE and compression with buckling about bo | Standard te
Design by Cross-Section 1 2400 0.25 | €1 | 373) - Stabilty - Bending about y-axis with LTE and compression with buckling about bo | Short term
Design by Member 2 2400 0.27 | 21| 373) - Stability - Bending about y-axis with LTB and compression with buckling about ba | Short tem
Design by x-Location 1 1.029 0.19 | €1 | 373) - Stabilty - Bending about y-axis with LTE and compression with buckling about bo | Shorttermm | v
Governing Intermal Forces by b
Member Slendernesses M 167[<1@ 210 v [v][@ ]S ][=

1 - Sawn Lumber 89x184 | CAN/CSA-08

1840

[mim]

[ [a

Cancel

Figure 4.1: Results window with designs and intermediate values

member and set of members.

tion keys to select the next [F2] or previous [F3] window.

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

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-

To save the results, click [OK]. You exit RF-TIMBER CSA 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 49.
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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 and Serviceability Limit State 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

[NV B | C | D JEJ F [ &
Load- Member| Location Load
ing Description Mo. x[m] | Design Design According to Formula Duration
Ultimate Limit State Design
[ coz | 5 0.000 0.62 | =1 | 393) - Stability - Biawial bending with LTB and compression with buckling about both axis ace. to [Z | Standard te
CO6& 1 2400 0.41|£1 | 373) - Stability - Bending about y-=xis with LTE and compression with buckling about both axes ac | Standard te
Co8 7 0.000 026 (=

=1 | 353) - Stability - Bizial bending with LTB and compression with buckling about both ads acc. to [¢ | Short term

Serviceability Limit State Design

cot 3 2.400 0.52 | =1 | 403) - Serviceability - Total Design Stuation acc. to 4.5 - Inner span, z-direction Long term
Co14 7 1.800 0.31 [ £1| 408) - Serviceability - Total Design Situation acc. to 4.5 - Inner span, y-direction Short term
Co16 3 2400 0.49 | =1 | 408) - Serviceability - Total Design Stuation acc. to 4.5 - Inner span. y-direction Standard te
Max 06221 @ |2 E] [>10 v [v]|[®]E] & [®
Details - Member 5 - x: 0.000 m- COZ 2 - Glulam 80x304 | CANICEA-OB6-09
Material Data - Douglas Fir-Larch 20F-E -
[# Cross-section Data - Glulam 8304 | CAN/CSA-086-09
Design Intemal Forces
Factored Strength i
[l Design Ratio T 1
Factored Axial Load in Compression P 2.08 kN
Factored Bending Moment Mry 7.07 | kNm |
Factored Bending Moment Mz 1.38 | kNm I
Factored Strength in Compression Parallel to Grain Fc 30.200 | MPa - R
Resistance Factor & o 0.8 65842 = |
Cross-Sectional Area A 0.024 | m2 7= e
Beam Volume Zz 0.04 | m? E——
Size Factor for Compression Kzeg 10 65842 RS
Factored Strength in Bending Fey 19.200 | MPa )
Resistance Factor S e} 09 65651 ‘Ir
Section Modulus Sy 0.001 | m3 =
Length of Beam Segment Between Poirts of Zero Moments Lzy 1201 |m
Beam Width EB 20.0 | mm
Curvature Factor Kix 10 65652
Size Factor for Bending Kzog.y 10 65651 [
Factored Strength in Bending Fez 10.000 | MPa
Section Modulus Sz 0.000 | m? vl O & (T |

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
e 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 CAN/CSA 086-09.

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 (see Chapter 2.4,
page 22).

4.2  Design by Cross-Section

2.2 Design by Cross-Section

B_[ C [ D TEJ F -
Section | Member | Location | Load-
Na No. x [m] ing Desian Design According to Formula
Sawn Lumber 8%¢184 | CAN/CSA-O86-09
0000 CO2 0.08 | = 1| 102) - Cross-section resistance - Compression parallel to grain acc.to 5.5.6.2.30r 6.5.8
2 0.000, co2 0.02 | £7 | 117} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5.50r 6.5.7
2 2400 CO2 0.13| <1 | 151) - Cross-section resistance - Bending about y-axis and compression ace. to 5.5.10 or 6.5.12
2 0.000, CO2 0.20 | =1 | 303) - Stability - Compression parallel to grain with buckling about both axes acc.to 5.56.230r 65842
2 2400 CO2 0.35 [ £ 1| 373} - Stability - Bending about y-axis with LTB and compression with buckling about both axes acc. 1o 5.5.100r 65.12
2 | Glulam 80304 | CAN/CSA-Q86-09
5 0720 CO2 0.18| = 1| 111} - Cross-section resistance - Shear due to shear force Vz acc.to 55.50r 6.5.7
5 0.000, co2 0.36 | £ 7| 113} - Cross-section resistance - Shear due to shear force under bizxial bending acc.to 5.5.50r 6.5.7 Y]
Maxc 062[>1 @ FHIEE >0 v| v |[E]E][%][e
Details - Member 2 - x: 0.000 m- CO2 1 - Sawn Lumber 89x184 | CANICSA-0S ...
Material Data - DF-L 55 (Struct. Joist. Plank, Light Framing, Stud)
[# Cross-section Data - Sawn Lumber 8%«184 | CAN/CSA-086-09
Design Intemal Forces
Factored Strength
[ Design Ratio
Factored Axial Load in Compression Ps 25.00 kN
Factored Strength in Compression Parallel to Grain Fe 15.000 | MPa
Resistance Factor 2 fo 0.3 55623
Cross-Sectional Area A 0.016 | m2 -
Size Factor for Compression Kze 13 55623 = e
Factored Compressive Resistance Pr 32355 kN 55623 - &
Design Ratio n 0.08 £1 55623
[mim]

a B[] &

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, and servicea-
bility limit state design.

For tapered members, both cross-section descriptions are displayed in the table row next to
the cross-section number.

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH
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4.3 Design by Set of Members

2.3 Design by Set of Members

B [ Cc [ b TE] F "
Set | Member | location | Load-
Ne. No. x[m] ing Design Design According to Formula
4 (Member No. 5.6)
0000 CO1 0.00 | = 1| 100) - Cross-section resistance - Nedligible intemal forces
0000 COS 0.01 | £1 | 102) - Cross-section resistance - Compression parallel to grain acc.to 5.5.6 2.3 0r 65.8
0.000| CO5 0.24 | = 1| 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5550r 6.5.7
l:[ 0.000| CO3 0.43 | £ 1| 113} - Cross-section resistance - Shear due to shear force under bizxal bending acc. to 5.5.50r 65.7
0.900| CO6 0.08 | = 1| 131} - Cross-section resistance - Bending about y-axis acc.to 5.5.4.1or6.56.5.1
0500 CO3 0.22 | £ 1 133} - Cross-section resistance - Biaxial bending acc. to [2] 2.7
0.000| CO& 0.22 | =1 | 151) - Cross-section resistance - Bending about y-axis and compression acc. to 5.5.10 or 6.5.12
1.800 0 CO2 0.10 | £ 1| 152} - Cross-section resistance - Bending about z-axs and compression acc. to 5.5 10 or 6.5.12
0.000| CO3 0.66 | = 1| 153) - Cross-section resistance - Biaxial bending and compression acc. to [2] CL 5.5.10 v
Max 81 @ FHIEE >0 v v | [&E]E][%][e
Details - Member 5 - x: 0.000 m- CO3 2 - Glulam 80x304 | CANICSA-OEE-09
Material Data - Douglas Fir-Larch 20f-E
[@ Cross-section Data - Glulam 80304 | CAN/CSA-086-05
Design Intemal Forces
Factored Strength i
[ Design Ratio T 1
Factored Shear Force Viz 12,05 [kMN
Factored Shear Force Vi 1.57 | kN I
Factored Strength in Shear Fuy 1.900 | MPa I
Factored Strength in Shear Fuz 1.900 | MPa - R
Resistance Factor 2 0.500 65721 2 . »
Cross-Sectional Area A 24320 |cm? Tl e 7
Beam Volume z 0.04 [m? g
Size Factor for Shear Kzy 1.000 Table 545 [
Factored Compressive Resistance Pr 58757 | kN 65842 !
Factored Shear Resistance Vey 4713 | kN 5551 ‘Ir
Factored Shear Resistance Viz 2772 | kN 65721 z
Diesign Ratio 1 m 043 21 5551
Design Ratio 2 nz 0.03 <1 65721p)
[rmim]

a &
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 de-
sign. 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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44  Design by Member

2.4 Design by Member

B cC_[D E A
Member | Location | Load
No x[m] Case Design | Design Acc. to Formula

1 | Cross-section Mo. 1- Sawn Lumber 83184 | CAN/CSA-086-09
0.000; C09 0.01 | =1 102) - Cross-section resistance - Compression parallel to grain acc.to 5.56.230r 658

2400| CO9 015 | €1 111) - Cross-section resistance - Shear due to shearforce Vz acc. to 5.5 or 657
1.023| CoO3 0.18 | £1| 157) - Cross-section resistance - Bending about y-aods and compression acc.to 5.5.10 0r 6.5.12
0.000| CO9 0.03 | =1 303) - Stability - Compression parallel to grain with buclding about both axes acc.to 5.56.230r 65.8.4.2
1029 €09 0.19 | £ 1| 373) - Stability - Bending about y-ads with LTB and compression with buckling about both axes acc.to 5.5.10or 6.5.12
2 | Crosssection No. 1- Sawn Lumber 83¢184 | CAN/CSA-0B6-09
0.000 | [ael:] | 001 | £1 | 102) - Cr ction resistance - C ion parallel to grain acc. to 5.56.230r6.5.8
0.000 | Co9 | 0.03 | <1 | 111) - Cross-section resistance - Shear due to shearforce Vz acc.to 55.50r 657 v
e | O]<T0 B
Details - Member 1 -3 0.000 m- CO9 1 - Sawn Lumber 89x184 | CANICSA-OS...
Material Data - DF-L 55 (Struct. Joist, Plank. Light Framing, Stud)
Cross-section Data - Sawn Lumber 8%¢184 | CAN/CSA-O86-09
Design Intemal Forces
[ Factored Strength
[ Strength in Compression
Strength in Compression Parallel to Grain fe 19.000 | MPa Table 5.3.1A
Load Duration Factor Ko 1.150 4322
System Factor K o) 1.000 Table 5.4 4
Service Condition Factor Kz 1.000 Table 5.4.2 -
Treatment Factor K1 fo) 1.000 Table 5.4.3 = »
Factored Strength in Compression Parallel to Grain Fe 21.850 | MPa - ¥
[ Desian Ratio
Factored Awial Load in Compression Pt 449 | kN
Factored Strength in Compression Parallel to Grain Fc 21.850 | MPa
Resistance Factor &) 0.300 55623 &
Cross-Sectional Area A 0.016 |mZ z
Size: Factor for Compression Kze 1.300 55623
Factored Compressive Resistance P 37213 kN 55623
Design Ratio n 0.01 £1 55623
[mm]

Figure 4.5: Window 2.4 Design by Member

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 40.

4.5 Design by x-Location

2.5 Design by x-Location

A B cC_[D ~
Member| Location | Load
No x [m] Case Design | Design Acc. to Formula
1 Cross-gection Mo. 1 - Sawn Lumber 83184 | CAN/CSA-086-09
0.000| CO13 0.04 | =1 102) - Cross-section resistance - Compression parallel to grain acc.to 5.56.230r 658
0.000| CO18 0.06 | £1| 111) - Cross-section resistance - Shear due to shearforce Vz acc to 5.5.50r 85.7
0.000| CO13 0.11 | £ 1| 303) - Stability - Compression parallel to grain with buckling about both axes acc.to 5.56.230r6.5.84.2
- 0343| CO13 0.06 | =1 | 111) - Cross-section resistance - Shear due to shearforce Vz acc. to 55.50r 657
0343| Co13 0.05 | £1 151) - Cross-section resistance - Bending about y-axis and compression acc. to 5.5.100r 6.5.12
0.343| Co13 0.11 | = 1| 303) - Stability - Compression parallel to grain with buclkding about both axes acc.to 5.56.230r65.8.4.2
0.343| CO13 016 | £ 1| 373) - Stability - Bending about y-2ds with LTE and compression with buckling about both axes acc.to 5.5.100r 6.5.12
0686 CO13 0.06 | £1| 117) - Cross-section resistance - Shear due to shearforce Vz acc.to 55.50r 6.5.7
0686| CO13 0.10 | = 1| 151) - Cross-section resistance - Bending about y-ads and compression acc. to 5.5.100r 6.5.12 v
e [ 07121 @ [®]
Details - Member 1-x: 0.343 m- C013 1 - Sawn Lumber 89184 | CANICSA-OS...
aterial Data - DF-L S5 (Struct. Joist, Plank, Light Framing, Stud)
Cross-section Data - Sawn Lumber 85184 | CAN/CSA-086-09
= Design Intemal Forces
Factored Awial Load in Compression P 1299 [kN .
Factored Shear Force Viy 0.01 [kN T—T
Factored Shear Force Viz 145 kN
Factored Torsional Moment Mtor 0.00 | kNm
Factored Bending Moment Mty 0.50 | kNm
Factored Bending Moment Miz 0.00 | kNm -
Factored Strength E Iy D >
B Design Ratio - g
Factored Shear Force Viz 1.45 |kN
Factored Strength in Shear Fu 1.500 | MPa
Resistance Factor E ) L] 5551
Cross-Sectional Aree A 0.076 |m? .
Size Factor for Shear Kzy 13 Table 5.4 z
Factored Compressive Resistance Pr 32359 [kN 55623
Factored Shear Resistance Vrz 2427 |kN 55581
Design Ratio bl 0.06 =1 BE5E1
[mm]

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
e 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 [ ¢ [ o [ E T F [ 6 | H ] I -
Member | Location Load Forces kN] Moments [lkm]
No. x [m] Case N Vy Wz Mt My Mz Design According to Formula
Cross-section No. 1- Sawn Lumber B3¢184 | CAN/CSA-O86-09
(M| 0000] cos 449 0.00 [ 1-3.60 0.00 0.00 0.00 | 102) - Cross-section resistance - Compression parallel 1o grain acc. 1o 5.5.
2400 CO3 427 0.00 415 0.00 067 0.00 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5
1.025| CO5 441 0.00 0.28 0.00 200 0.00 | 151} - Cross-section resistance - Bending about y-axis and compression &
0.000 CO3 -4.43 0.00 -3.60 0.00 0.00 0.00 | 303} - Stability - Compression paraliel to grain with buckling about both a
1.023| CO9 441 0.00 0.28 0.00 -2.00 0.00 | 373) - Stability - Bending about y-axis with LTB and compression with buc
E Cross-section No. 1 - Sawn Lumber B%¢184 | CAN/CSA-O86-09
0.000, CO9 -5.31 0.00 -0.80 0.00 0.00 0.00 | 102) - Cross-section resistance - Compression parallel to grain acc. to 5.5.
0.000| CO§ 5.31 0.00 -0.80 0.00 0.00 0.00 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5
2400 CO9 -5.07 0.00 0.78 0.00 -1.8% 0.00 | 151) - Cross-section resistance - Bending about y-axis and compression &
0.000 | CO§ -5.31 0.00 -0.80 0.00 0.00 0.00 | 303} - Stability - Compression parallel to grain with buckling about both ax
2400 Co9 -5.07 0.00 078 0.00 -1.89 0.00 | 373) - Stability - Bending about y-axis with LTB and compression with buc
3 Cross-section No. 1 - Sawn Lumber 8%3¢184 | CAN/CSA-O86-09
0.000, COS -6.02 0.00 065 0.00 0.00 0.00 | 102) - Cross-section resistance - Compression parallel to grain acc. to 5.5.
0.000| CO§ £.02 0.00 .65 0.00 0.00 0.00 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5
2400 CO09 -5.79 0.00 -0.63 0.00 <153 0.00 | 151) - Cross-section resistance - Bending about y-axis and compression &
0.000 | CO§ £.02 0.00 .65 0.00 0.00 0.00 | 303} - Stability - Compression parallel to grain with buckling about both ax
2400 co9 579 0.00 0.63 0.00 -1.53 0.00 | 373) - Stability - Bending about y-axis with LTB and compression with buc
5 Crosssection No. 2 - Glulam 8304 | CAN/C5A-086-09
0.000, CO9 -337 0.00 013 0.00 0.01 0.00 | 102) - Cross-section resistance - Compression parallel to grain acc. to 5.5.
1.800| CO§ -3.37 0.00 -248 0.00 21 0.00 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5
1.800| CO9 -3.37 0.00 -2.48 0.00 211 0.00 | 151) - Cross-section resistance - Bending about y-axis and compression a
1.800 | CO§ -3.37 0.00 -2.48 0.00 21 0.00 | 303} - Stability - Compression parallel to grain with buckling about both ax
1.800| CO3 337 0.00 -248 0.00 2.1 0.00 | 373) - Stability - Bending about y-ais with LTB and compression with buc
[ Cross-section No. 2 - Glulam 8304 | CAN/CSA-086-09
0.000, CO9 0.00 0.00 0.00 0.00 0.00 0.00 | 100 - Cross-section resistance - Negligible intemal forces
0.500 | CO§ 275 0.00 -1.30 0.00 059 0.00 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5
0.900, CO09 0.00 0.00 -1.30 0.00 059 0.00 | 131) - Cross-section resistance - Bending about y-axis acc.to 5.5.4.1or 6
0.500 CO9 -275 0.00 -1.30 0.00 D59 0.00 | 151) - Cross-section resistance - Bending about y-ads and compression &
0.500| CO9 275 0.00 -1.30 0.00 059 0.00 | 303) - Stability - Compression parallel to grain with buckling about bath axe | v

El& 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, this column displays the axial and shear forces as well as the torsional and
bending moments producing maximum design ratios in the respective cross-section, stability
and serviceability limit state 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] 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 [ ¢ [ o [ E [ F [ 6 [ H ] |
Set Location Load Forces [kN] Moments [lkMm]
Ne. x [m] Case N Vy Wz Mt My Mz Design According to Formula
beam 1.1 (Member No. 5-7)
i coz2 0.00 0.00 0.00 0.00 0.00 0.00 | 100) - Cross-section resistance - Negligible intemal forces

Co3 -1.53 0.7 5.83 0.00 -1.73 -0.56 | 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5.5or

co3 -1.56 255 14.85 .03 20 1.38 | 113} - Cross-section resistance - Shear due to shear force under bizxial bendi
3600 Co2 -1.44 1.7 a1.02 0.04 -366 0.00 | 131) - Cross-section resistance - Bending about y-ads acc.to 5.5.4.10r6.56
0.000, co2 -145 255 1223 -0.02 -5.80 1.38 | 133) - Cross-section resistance - Biaxial bending acc. to [2] 2.7
3600 CO3 -155 17 113.06 004 -398 0.00 | 151) - Cross-section resistance - Bending about y-axis and compression acc.
1.800| C02 -1.52 0.58 -267 0.00 0.06 -0.49 | 152) - Cross-section resistance - Bending about z-axis and compression acc.
0.000, CO3 -1.94 157 12.06 0.03 817 -1.38 | 153} - Cross-section resistance - Biaxial bending and compression acc. to [2]
0900, co2 275 -1.09 -4.45 0.01 -2/00 10.49 | 303) - Stability - Compression parellel to grain with buckling about both axes a
3600 CO2 -1.44 1.7 -11.02 0.04 -3.66 0.00 | 317} - Stability - Bending about y-axis with LTB acc.to 5.5.4 or 6.5.6.5.1
0.000| CO2 -145 255 1221 0.02 580 1.38 | 313) - Stability - Biaxdal bending with LTE acc. to [2] 2.7
1.800 CO2 -1.52 D.58 -267 0.00 D.06 -0.45 | 343} - Stability - Bending about z-axis without LTB and compression with buck
3600 CO3 -1.55 1.7 13.06 0.04 398 0.00 | 373) - Stability - Bending about y-axis with LTB and compression with bucklin
0.000, cCO3 -1.94 -1.57 12.06 -0.03 817 -1.38 | 393) - Stability - Biaxdal bending with LTE and compression with buckling abo
1.800 | CO12 0.00 0.00 0.00 0.00 0.00 0.00 | 403} - Serviceability - Total Design Situation acc. to 4.5 - Inner span, z-directi
1.800 CD12 0.00 0.00 0.00 0.00 0.00 0.00 | 408) - Serviceability - Total Design Situation acc. to 4.5 - Inner span, y-directi
0.180 CO12 0.00 0.00 0.00 0.00 0.00 0.00 | 413} - Serviceability - Total Design Situation acc. to 4.5 - Cantilever, z-directic
0500 CO12 0.00 0.00 0.00 0.00 0.00 0.00 | 418) - Serviceability - Total Design Situation acc. to 4.5 - Cantilever, y-directic

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.

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH




4 Results

VANSS

Details. ..

Details, ..

4.8

3.3 Member Slendernesses

Member Slendernesses
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B [ ¢ [ b [ E [ F [ &6 [ H [ 1T [ 4 [ ¥ [ L [ ™ [ N
Member Loss of Stability Buckling About Axis y Buckling About Axis z Lateral Buckling
o Under Stress Leym] | dimm] | Ccy [l Ratio Lez [m] b[mm] | CczH Ratio Le [m] b [mm] d [mm] Call Ratio
2400 1840 13.0 0.26 2.400 29.0 270 0.54 2400 89.0 184.0 75 0.15
2 q 2400 1840 13.0 0.26 2400 89.0 270 0.54 2400 83.0 1840 75 0.15
3 Compression / Bending 2400 160.0 15.0 0.30 2400 100.0 240 048 2400 100.0 160.0 62 0,12
5 Compression / Bending 1.800 304.0 59 0.12 1.800 80.0 225 0.45 1.800 80.0 304.0 9.2 0.18
[ Compression / Bending 0.500 3040 30 0.06 0.500 80.0 1nz 0.22 0.500 80.0 3040 6.5 0.13
7 Compression / Bending 3.600 4.0 11.8 0.24 3.600 80.0 45.0 0.90 3.600 80.0 4.0 13.1 0.26
Compression members: Bending members:
Max CG,y : 15.0 <50 ] Max Cs 131250 <]
Max CCz: 450(s50 @ = & %] [e

Figure 4.9: Window 3.3 Member Slendernesses

This results window is shown only when you have selected the respective check box in the

Other tab of the Details dialog box (see Figure 3.4, page 37).

The table lists the effective slendernesses of the designed members which can lose their stabil-
ity as compression members, bending members or combinations of both. They were deter-

mined depending on the type of load and occurrence of buckling or lateral-torsional buckling.
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 3.4, page 37).

This window is displayed only for information. No design of the slendernesses is carried out.
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4.9 Parts List by Member

Finally, RE-TIMBER CSA provides a summary of all cross-sections that are included in the design
case.

4.1 Parts List by Member

[ S— B c D [ H | F [ G H | |
Part Cross-Section Number of Length Total Length | Suface Area Volume Unit Weight Weight Total Weight
No. Description Members [ml Im] mZ] [m3] [ka/m] [kal [}
1 - Sawn Lumber 8%¢184 | CAN/CSA-O86-09 | 3 240 7.20 393 0.12 8.02 15.26 0.058
2-Glulam 80304 | CAN/CSA-086-09 1 1.80 1.80 138 0.04 11.92 21.45 0.021
3 |2-Glulam 80x3D4 | CAN/CSA-O86-09 1 0.50 0.50 0.69 0.02 1192 1073 0.011
4 | 2-Glulam 80304 | CAN/CSA-OB6-09 1 360 3.60 276 0.0% 1182 4250 0.043
Sum 6 13.50 877 0.27 0.133
E|E 4 [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
3.4, page 37).

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.

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 2.16, page 20).
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Volume

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

Unit Weight

The Unit 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.

Sum

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.

4,10 Parts List by Set of Members

4.2 Parts List by Set of Members

B C = F G H
Part Set of Members Number l Length Total Length ‘ Surface Arsa l Volume l Unit Weight l Weight l Total Weight
e Description of Set Im] Im] [m?] [m?) fka/m] Ikal 4l
B Cortinuous beam 1.1 1 630 6.30 484 015 1192 75.08 0.075
2 | Continuous beam 1.2 1 270 270 207 0.07 11.92 3218 0.032
Sum 2 5.00 6.91 0.22 0.107
= 5 [%] 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. For this, the buttons located below the

B_[ C [ D TEJ F A
Section | Member | Location | Load-
Na No. x [m] ing Desian Design According to Formula
Sawn Lumber 8%¢184 | CAN/CSA-O26-09
0.000| CO3 0.09 | =1 102) - Cross-section resistance - Compression parallel to grain ace. to 5.5.6.230r6.5.8
1 0.000 CO3 0.07 [ £ 1| 111} - Cross-section resistance - Shear due to shear force Vz acc.to 5.5.50r 6.5.7
3 2400 CO2 0.21| <1 151) - Cross-section resistance - Bending about y-axis and compression ace. to 5.5.10 or 6.5.12
1 2400 co3 0.46 | =1 | 153) - Cross-section resistance - Biaxial bending and compression acc. to [2] CL 5.5.10
2 0.000 | CO3 0.24 | =1 303) - Stability - Compression parallel to grain with buckling about both axes acc.to 5.5.6.2.30r 6.5.842
2 2400 CO3 0.36 | = 1| 373) - Stability - Bending about y-axis with LTB and compression with buckling about both axes acc.to 5.5.100r 6.5.12
1 2400 cC03 0.55 | £ 1 | 393} - Stability - Bizdal bending with LTE and compression with buckling about both axis acc. to [2] CL 5.5.10
1 0.000 | CO12 0.00 | =1 400) - Serviceabilty - Negligble deformations
1 2160 CO12 0.47 | <7 | 403} - Serviceability - Total Design Situation acc.to 4.5 - Innsr span, z-direction W
Max > @ I >10 | [v][®] &[]

Details - Member 2 - x: 0.000 m- CO3 1 - Sawn Lumber 89x184 | CANICSA-0S ...
Material Data - DF-L S5 (Struct. Joist, Plank, Light Framing, Stud)
[# Cross-section Data - Sawn Lumber 8%¢184 | CAN/CSA-O86-05
iesign Intemal Forces
actored Strength e
[ Design Ratio T—T
Factored Axial Load in Compression Ps 2914 kN -
Factored Strength in Compression Parallel to Grain Fe 19.000 | MPa §
Resistance Factor &) 08 55623
Cross-Sectional Area A 0.016 [ m? - \
Size Factor for Compression Kze 13 55623 - \ e
Factored Compressive Resistance Pr 32359 kN 55623 ) \\\\ &
Design Ratio n 0.09 <1 55623 \\
Q\
1
v
[mim]
o &
Figure 5.1: Buttons for evaluation of results
The buttons have the following functions:
Button Description Function
. Shows or hides the results of the ultimate limit
ULS Design .
state design
@, . Shows or hides the results of the serviceability
SLS Design

limit state design

Show Color Bars

Shows or hides the colored relation scales in
the results windows

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 52

Excel Export

Exports the table to MS Excel / OpenOffice
— Chapter 7.4.3, page 62

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 results windows 2.1 through 2.5
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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 CSA results window is highlight-
ed in the selection color in the background graphic. Furthermore, an arrow indicates the mem-
ber's x-location that is displayed in the selected window row.

RF-TIMBER CSA - [Timber Beams]
File Edit Settings Help
CAZ - Columns v| 2.1 Design by Load Case
Input Data B [ ¢ [ D [E] 3
- Genaral Data Load- Member | Location
- Materials ing Description No. x [m] Design Design According
~Cross-Sections [ [ Utimate Limit State Design
- Load Duration 2 2400 0.47 | £1 | 373) - Stability - Bending about y-axis with LTE
Service Conditions and Treatme o2 5 0.000 0.62 | = 1| 393) - Stability - Bizdal bending with LTE and ¢
- Effective Lengths - Members Co3 5 0.000 0.67 | 21| 393) - Stability - Bizxial bending with LTE and ¢
- Additional Design Parameters Co4 7 0.000 0.54 | 1| 393) - Stability - Bizwial bending with LTB and ¢
Results (s3] 1 2 400 0.50 | £ 1 | 393) - Stahility - Biaxial bending with LTB and ¢
Design by Load Case Co6 1 2.400 0.36 | = 1| 373) - Stability - Bending about y-axis with LTB
-~ Design by Cross-Section Co7 1 2.400 0.25 | £1 | 373) - Stability - Bending about y-axs with LTE
- Design by Member cog 2 2,400 0.27 | 21| 373) - Stability - Bending about y-zds with LTE
- Design by x-Location [WL] 1 1.029 0.15 | £ 1| 373) - Stability - Bending about y-ads with LTE
Governing Internal Forces by My =
- Member Slendernesses WMk 06711 @ =

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 CSA 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 CSA.

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
- [7I[ Results .
w-[v] E Result Values
----- [ Title Info

..... EE Max/Min Info

@-[E][§ Deformation

- i

..... ® [ Two-Colored

..... O[F With Diagram

..... O[F without Diagram

..... O Cross-Sections

..... O[] Cross-Section Heads

..... [} Result Diagrams Filled

..... [Vl Hatching

..... [I[E Al Values

..... [ Extreme Values

----- [ Display Hidden Result Diagram
----- [JJF] Reverse Results V-y and V-z

..... [ Results on Couplings v

EiData @Display _ﬂ\c‘iews © 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

. 0 0.5 0.3 .
ulrnﬂ.."'.."uai w210, 04 . '”“F-&i' 0e = Panel X
] e ). 0.10‘—-' ﬂn.ln_(n_uz 02 0212 o 1“-_'-3-1?2?— M
- "'12_— 0.11 anf o G0y TR 02 o -
T o 052 012 iz, Design Ratio [-]
’ 1.03
' e O 055 LEL . Al 1.00
nas [ ' , | ‘ j 7 030
[ [ l ‘ 0_31 0.80
050
- m L '1.3’ ,- + 045 A w - 0.40
ok -s::==::.a:$-‘"“ﬁm ‘:[:l:- o
i T T . ’
—om=le N 0 ke w. Yo W 03— 0.10
- 035 03 |13:i e 0.00
Project Navigator - Display X
- Model ~ Max 103
2 I R I ‘ Mn : 0.00
-] [ R.esult Values 052 059 059
----- [#1[ Title Info 0.63 032 RF-TIMBER CSA
..... [ Max/Min Info xt
[-[B] [ Deformation I $;
=-E[E '”6\
..... O Two-Colored i 077 07 077 016 =
----- O with Diagram , ‘ L
----- ® [ Without Diagram BEla 4=
..... (O Cross-Sections \ \
----- OJF Cross-Section Heads
----- [ Result Diagrams Filled
..... [#][F Hatching
..... I Al values E ‘
..... [ Extreme Values v I
>
ﬁData Dlsplay ,é\c'lews  Results L~

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 55).

To return to the add-on module, click the [RF-TIMBER CSA] 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 CSA 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 49).
To display the result diagrams, select the command from the RFEM menu

Results — Result Diagrams for Selected Members
|°Ib 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 L i | B G & 2 E M= 2 E o e e | AN o
|[E) % | RE-TIMBER C5ACA2-Co = <
0.000 0.500 1.000 1.500 2400 2.400
S , f , 1 , f L LT [ e e DR
] M1
=[] Utimate Limit State Design [-] Design =
[[] Cross-Section Design x Design
L..[[] Stability Design m] H
- 0.000 014 ~
0.343 020
0.686 026
1.029 032
1371 039
1714 045
2,057 0.51
"R 2,400 0.57
- 2400 0.55
v
CrrTii I [ Max/Min Only ] Edges Orly | ,
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 .:

Figure 5.5: Dialog box Result Diagram on Member

RE-TIMBER CSA CA1 - Beams - Use the list in the toolbar above to select the relevant RF-TIMBER CSA design case.

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

RF-TIMBER CSA CAT - Beams
RF-TIMEER CSA CAZ - Columns
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5.3  Filter for Results

The RF-TIMBER CSA results windows allow you to sort the results by various criteria. In addition,
you can use the filter options for graphical evaluation of the results as described in Chapter 9.9
of the RFEM manual.

You can use the Visibility option also for RF-TIMBER CSA (see RFEM manual, Chapter 9.9.1) to fil-
ter 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
Max
- Dresign Ratio [-]
1.02
1.00
s 0.95
0.90
Project Navigator - Display 0.85
5 Model i
EIE‘E Results =
(- [V Result Values s
..... V[ Title Info is
..... [ Max/Min Info 322
- [E] [ Deformation DISD
- [E [ Members .
..... O Two-Colored Max : 1.02
..... @ [ with Diagram Min D:DD
..... O without Diagram
..... O Cross-Sections
..... (O Cross-Section Heads RETIMBERCSA
----- [ Result Diagrams Filled
..... [#][F Hatching
..... LI Al values
..... [ Extreme Values v
ﬁData €D|splay Aviews © Results gg sy ﬁ §

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 No.:
c- [ Results =
[ z Result Values
----- M Title Info

----- VI Max/Min Info
[]---IEE Deformation
[—]IEE Members

O[S With Diagram

O without Diagram
@[ Cross-Sections
(O Cross-Section Heads
[I[F Result Diagrams Filled
I Hatching & [ X
LI Al Values v
>

<
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 CSA 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 10.1.3.4 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-TIMBER CSACA2-Co ™ <€ -

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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Selection...

Properties... L\\)
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Graphic Printout “

General | Options

Graphic Picture Window To Print Graphic Size
(") Directly to a printer... &) ®) Current 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

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&

? o

Figure 6.3: Dialog box Graphic Printout, tab General

This dialog box is described in the RFEM manual, Chapter 10.2. The RFEM manual also
describes the Options and Color Spectrum tab.

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

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 context menu opens the Graphic
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

? Gares

Figure 6.4: Dialog box Graphic Printout, tab Options
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RF-TIMBER CSA CA1 - Beams -

LC2 - Live

LC3 - Wind

LC4 - Snow

LC5

RF-TIMBER CSA CA1 - Beams
RF-TIMEER CSA CAZ - Columns

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 CSA 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 CSA menu and click

File > New Case.

The following dialog box appears:

New RF-TIMBER CSA Case
No. Description
2 Columns v

Figure 7.1: Dialog box New RF-TIMBER CSA-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 CSA 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 CSA menu and click

File - Rename Case.

The following dialog box appears:

Rename RF-TIMBER CSA Case
No. Description
2 Columns v

Figure 7.2: Dialog box Rename RF-TIMBER CSA-Case

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

Dlubal
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Copy design case

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

The following dialog box appears:

Copy RF-TIMBER. CSA Case “
Copy from Case
CAZ2 - Columns W
New Case
MNo.: Description:
3 Frame v
? Gar

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

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

File — Delete Case

The following dialog box appears:

Delete Cases “

Available Cases
F

No. Description -
1 Beams
2 Columns

[«|

? o

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

The design module offers you the option to optimize overloaded or little utilized cross-sections.
To do this, select in the column D or E of the relevant cross-sections in the 1.3 Cross-Section win-
dow the option Yes (for parametric rectangular and circular sections) or From current row (for
standardized sections according to [1], see Figure 2.15 on page 19).

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

2.2 Design by Cross-Section

CA T B [ ¢ EJ 3 A
Section | Member | Location | Load-

0. Na. x [m] ing Design Design According to Formula

1 Sawn Lumber 8%c184 | CAN/CSA-Q86-09
2 0.000( LC1 0.01 [ £ 1| 102) - Cross-section resistance - Compression parallel to grain acc.to 5.5.6.230r 6.5.8
2 0.000| 1C1 0.05 | =1 111) - Cross-section resistance - Shear due to shearforce Vz acc.to 5.5.50r6.5.7
3 2400 LC1 0.28 | =1 131) - Cross-section resistance - Bending about y-axis acc.to 5.54.10r6.5.6.5.1

I:l 3 2400 el [T Go to Cross-Section Doubleclick ulyax?s and tension ac.:c.to 5.5.100r6.5.12

2 2400 LC1 ut y-ads and compression acc. to 5.5.100r 6.5.12
2 0.000| LC1 Infe About Cross-Section... with buckling about both axes acc.to 5.5.6.2.3 or 6.5.8.4.2
3 2400 LC1 | Optimize Cross-Section B acc.to 5.54an5551
3 2400| LC1 B and tension acc. to 5.5.10 or 6.5.12
2 2400| LC1 Cross-Section Optimization Parameters.. g and compression with buckling about both axes ace.to 55.100r 6512 | v

[ES 0311 @

E] >0~ v [®E]E][S][e®

Figure 7.5: Context-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 3.4, page 37). 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).

Details...

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

Timber Cross-Sections - Rectangle : Optimize “

Cross-Section Optimization Parameters
Opti-
mize Cument Minimum Maxdmum Increment
Cb: 100.05]r b = 2 | fmm]
[#Ih: = 100015 300.005 20.085 /| [mm]

b

IZ

¥ / my £

[N
[ Keep cument side proportions T-Rectangle 100/1280
?| (@ Carc

Figure 7.6: Dialog box Timber Cross-Sections - Rectangle : Optimize
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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 context menu in window 1.3 to export optimized cross-sections
to RFEM.

1.3 Cross-Sections

A C [ D 1 E 6 - T-Rectangle 1004180
Section | Material Cross-Section Opti- RF-TIMBER: CS&
Na No. Description mize Note Comment
1 [0 Sawn Lumber 8%¢184 | CAN/CSA-O86- No =
E 1 [0 Glulam 80x304 | CAN/CSAOB6-09 Mo - "y
3 1 [B¥ TH 480/320/120/120 No 8 i
4 1 @ No 8 g
5] 4 [T FE200 No 8 ‘5
BN 1 [E0[TRectangle 100/180,

Info About Cross-section... & - T-Rectangle 100460

Cross-Section Library... FFEM

Edit List 'Design of Members' in Table 1.1

-
Optimize Cross-Section : v

Cross-5ection Optimization Parameters...

‘ Export Cross-Section to RFEM [ "

Export All Cross-Sections to RFEM
i) & |7 [L =] &

Import All Cross-Sections fram RFEM Cross-section No. 6 used in

Import Cross-Section from RFEM

Members No.:
3

Sets of members No
I Length: I Weight:
240/ m] 0.021| &1

Material:
1 - Douglas Fir-Larch 20F-E

12} The cross-section will be optimized. Therefore, the optimal section from the

) table will be used '—i I_% \:! ®

Figure 7.7: Context 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 CSA
I Information No. 31210

Do you want to transfer the changed cross-sections to RFEM?

f so. the results of RFEM and RF-TIMBER CSA 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 CSA modaule, 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 CSA, select menu

Settings — Units and Decimal Places.

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

Units and Decimal Places

Program / Module RF-TIMBER CSA

- PLATE-BUCKLING & )

- RF-CONCRETE Surfac Culpot ot Parts List

- RF-CONCRETE Membs Lnit Dec. places Linit Dec. places

- RF-CONCRETE Colum Stresses: MPa v 3 Lengths: m © 2

- RF-PUNCH

. RF-TIMBER Pro Design ratios: - 2 2

- RF-TIMBER AWC 2

RF-TIMEER NER WVolumes: m"™3 W 2
2
2
3

A4
A4

Total lengths: m W

A

Dimensionless: - 1 Surface areas: m"2 W

- RF-TIMBER SANS

- RF-TIMBER

. RX-TIMBER Weights: kg W

- R¥-TIMBER

- RX-TIMBER

- RX-TIMBER

- RX-TIMBER

- RX-TIMBER

- RX-TIMBER

- RF-DYNAM

- RF-JOINTS

- RF-END-PLATE

- RF-CONNECT

- RF-FRAME-JOINT Pro
RF-DSTV

- RF-DOWEL

- RF-HSS

- RF-FOUNDATION

- RF-FOUNDATION Pro

- RF-STABILITY v

D DG (0B Cancel

A [ ] |

Weights perlength: kag/m W

A4

Total weights: t Y]

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 CSA for design, you can export the modified
materials to RFEM in a similar way as you export cross-sections: Open the 1.2 Materials win-
dow, and then click

Edit — Export All Materials to RFEM.

You can also export the modified materials to RFEM using the context 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: Context 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 CSA, 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 CSA 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 context 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: Context 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 CSA 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 CSA add-on module into the global printout report
(see Chapter 6.1, page 55) 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 CSA provides a function for the direct data export to MS Excel, OpenOffice.org 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
- Jx | Sawn Lumber 89x184 | CAN/CSA-086-09 w7
A B c D E | F G 3
1  Section Member| Location = Load- %
2 | N No. x[m] ing Design Design According to Formula
3 1 [sswn Lumbergsxi1a4 | canjcsa-0ss-08
4 2 0,000 O3 0,08|£1 | 102)-Cross-saction resistance - Comprassion parallel to srain acc. 10 5.5.6.2.3 or 6.5.8
5 1 2,200 cos 0,15|£1 | 111)-Cross-saction resistance - Shear dus toshearforce Vzace. 1o 5.5.50r 6.5.7
6 1 2,200 cO18 0,06/£1 |131)-Cross-section resistance - Bending sbout y-axis scc. t0 5.5.4.1 ar 6.5.6.5.1
7 2 2,200 CO10 0,16|%1 |141)-Cross-saction resistance - Bending sbout y-axis and tension acc. t0 5.5.100r £.5.12
8 2 2,200, co1 0,46|51 | 151)-Cross-saction resistance - Bending s bout y-axis and compressien acc. 1o 5.5.10 or £.5.12
9 1 2,200, O3 0,48|£1 | 153)-Cross-saction resistance - Bizxial bending and compression acc. to [2] €L 5.5.10
10 2 0,000 €03 0,24|£1 | 303)-Stability - Compression parallel to srin with buckling sbout both axes acc. t05.5.6.2.30r 6.5.8.4.2
11 1 2,200 CO18 0,06/%1 |311)-Stability - Bending about y-axis with LTB scc. t0 5.5 40r 6.5.6.5.1
12 2 2,400 CO10 0,16|£1 |321)-Stability - Bending about y-sxis with LTB snd tension ace. 0 5.5.100r 6.5.12
13 2 2,400, co1 0,47|£1 | 373)-Stability - Bending about y-axis with LTB snd compression with buckling sbout both sxes scc. t0.5.5.100r 6.5.12
14 1 2,200 €03 0,57|€£1 | 393)-Stability - Bisxial bending with LTB and compraszion with buckling about both sxis acc. to [2] €L 5.5.10 =
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 Glulam Column

We perform the design according to CAN/CSA 086-09 for a glulam 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 material is a Spruce-
Lodgepole Pine-Jack Pine 20f-EX glulam in dry service conditions.

That example is described in [2].

8.1.1 System and Loads

Model
10 kN Dead Cross-section: b=130 mm
40 kN Snow d=228 mm
3@‘—— Material: Spruce-Lodgepole
Pine-Jack Pine 20f-EX
c Glulam
©
o T Moisture Condition: Dry
10 kN Wind
0]
/, 1 § Load
o z J LC 1 Dead: 10kN
restrained in
weak direction E LC 2 Snow: 40 kN
S Lol LC 3 Wind: 10 kN
T—»z Load combinations ULS: 1.25D + 0.5S + 1.4W

Y e

- 1.25D + 1.5S + 0.4W
Load combination SLS: 0.75W

Figure 8.1: System and loads according to [2]

If beams are divided by nodes, it is necessary to verify them as a set of members. In this exam-
ple, the beam is not divided because the wind load is defined as a Concentrated Member Load.
If a nodal load was used, we would have to design a set of members instead of a member (see
chapter 2.1).
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The system as well as the loads in all load cases is modeled in RFEM as a 2D-XZ model. We de-
activate 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.

Wlae N: -32 50, bin b -32.50 kb e -z: 7.00, Min V-z: -7.00 kb

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

8.1.3
8.1.3.1

Design with RF-TIMBER CSA
Ultimate Limit State Design

1.1 General Data

Design of
Members: 1 K Al
Sets: L Mk =] Al

Uttimate Limit State | Serviceabilty Limit State

Existing Load Cases / Combinations.

Selected for Design
=N LC1 dead load IHE Co1 125LC1 + D.5*1C2 + 1.4°1LC3
@s LC2 snow
I LC3 | wind
LULS Jeer] 1.25°1C17 + 1.5°1C2 + 0.4°1LC3
SIS Co3 0.75*LC3
==
*
Al (5)

a a.
v | o8

4 CSA Example 1 o|[m3]=]|m CSA Example 1 o |[[@ 4+ CSA Example 1 o (==
Internal Forces N k] Internal Farces v-z k] Internal Forces M-y [ihim]
CO1:1.250C1 + D5LC2 41 47LC3 CO1:1.25LC1 + 05102 + 1.4L.C3 CO1:1.25°LC1 + D5LC2 +1.4°LC3
SF00r
-32.50+ S7.00-

1750

z

e Moy 17 50, Min b-y: 0.00 khim

Figure 8.3: Window 1.1 General Data

In window 1.1 General Data, we select combination CO1 for the Ultimate Limit State design.
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The 1.2 Materials window presents the characteristic strengths of the selected material.

1.2 Materials
B
Material
Description Comment
ole Pine-Jack Pine 20f-EX | CAN/CSA-Q86-09:2003-05
(3] 5% % e

Material Properties

[ Main Properties -
Modulus of Blasticity E 10300.0 | N/mm2
Shear Modulus G 669.5 | N/mm2
Specific Weight T 4,40 | kN/m?
Coefficient of Themal Expansion [ 4 0D0DE-06 | 1/°C
Partial Safety Factor M 1.00

[ Additional Properties - -
Modulus of Elasticity for Design of Compression Members Eos 8961.0 | N/mm?2 Moy e
Modulus of Blasticity (Adal Loading) Ex 10300.0 | N/mm2 Cross-sections No.
Shear Modulus (fdal Loading) Gix 6695 | N/mm2 1
Madulus of Blasticity (Loading Pempendicular to Wide Faces of La | Ey 10300.0 | N/mm2
Shear Modulus (Loading Perpendicularto Wide Faces of Lams) | Gy 669.5 | N/mm 2
Modulus of Basticity (Loading Parallel to Wide Faces of Lams) | Ex 9500.0 | N/mm?2 Members No.:
Shear Modulus {Loading Parallel to Wide Faces of Lams) Gz 617.5 | N/mm2 1
Strength for Compression Parallel fe 25.200 | N/mm2
Strength for Bending Moment (Bending Pemendicular to Wide Fa | foy pos 25.600 | N/mm?2 Sets of members No.;
Strength for Bending Moment (Bending Perpendicular to Wide Fai | Fry neg 25.600 | N/mm 2
Strength for Bending Moment (Bending Parzllel to Wide Faces of |frz 11.800 | N/mm2
Strength for Longitudinal Shear Fuz 1.750 | N/mm2
Strength for Longitudinal Shear Fuy 1.500 | N/mm2 T Length: T Weight:
Strength for Compression Parallel Combin. with Bending feb 25.200 | N/mm?2 5.00| Im] 0.065| i1
Strength for Compression Perpendicular {Compr. Face Bearing) | fep.e 5.800 | N/mm2
Strength for Compression Perpendicular (Tens. Face Bearing) Fep.t 5.800 | N/mm?2
Strength for Tension Met Section Fin 17.000 | N/mm2
Strength for Tension Gross Section fig 12.700 | N/mm2 v

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 - Glulam 130x228 | CANICSA-O86-09
Section | Material Cross-Section Opti-
Na Description mize MNote Commert
[E0 Glulam 130228 | CAN/CSA-O26-09 No
Ld
¥
[tmim]
o] =X
Cross-section No. 1 used in
Members No.:
1
Sets of members No
I Length: T Weight:
5.00| [m] 0.065| B
Material:
1 - Spruce-Lodgepole Pine-Jack Pine 20f-
a B® % e

Figure 8.5: Window 1.3 Cross-Sections
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In window 1.4 Load Duration, we define the load duration. For the dead load, we leave Long
term, for snow we change it to Standard term and for wind to Short term. According to [1]
Chapter 4.3.2.4, we choose Shortest load duration in a combination so the load duration
factor Kp of the shortest duration will be considered for the load combination.

1.4 Load Duration

[ A | B | C | D [ E Load Duration - Explanatory Notes
Load- Load Factor
ing Description Type Load Duration Ko Comments Short term:
dead load femEd Long term 0.650 means the condition of loading where
LC2 | snow Snow /ice Standard tem 1.000 the duration of the spedfied loads i
LC3 | wind Wind Short term 1.150 not expected to last more than 7
C01_| 125101 +051C - Short tem 1.150 days continuously or cumulatively
C03 |0751C3 - Short tem 1150 throughout the life of the structure
Standard term:
means the condition of loading where
the duration of specified loads
exceeds that of short-term loading,
butis less than long-term loading
Long term:
means the condition of loading under
which @ member is subjected to more
or less continuous specified load
< >
Apply load duration (®) shortest load duration in @ combination

factor Ko according to:
() User-defined setting

Figure 8.6: Window 1.4 Load Duration

In window 1.5 Service Conditions and Treatment - Members, we define the moisture and the
treatment parameters. The treatment factor Kr will be taken as unity in this case.

1.5 Service Conditions and Treatment - Members

B [ C Moisture Service Condition
Member Moisture Service
o Condtion Treatment Comments Dry service conditions:
DW Mone or Preservative not incised) a climatic condition in which the average

equilibrium maisture contert of solid wood
over a yearis 15% or less and does not
exceed 19%

Wet service conditions:

all service conditions other than dry

Treatment Factor

Where wood is impregnated with
fire-retardant or other strength-reducing
chemicals, KT shall be determined in
accordance with the results of appropriate
tests or shall not exceed the tabulated
value of KT

[ Set input for members Mo
] Al g % e

Figure 8.7: Window 1.5 Service Conditions and Treatment - Members
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In the 1.7 Effective Lengths - Members window we specify the buckling lengths of the column.

About the main axis (Buckling About Axis y), we can leave the default value of 5.00 m (see [1]
Table A.5.5.6.1). For the minor axis (Buckling About Axis z), however, we define the buckling
length Lez = 2.50 m as the column is restrained in the middle of the member (see Figure 8.1).
In this case, we can deactivate Lateral-Torsional Buckling because the slenderness ratio Cs does
not exceed 10 (see [1] Chapter 6.5.6.4.4) so that we get the lateral stability factor K. = 1.0.

1.7 Effective Lengths - Members

v B8 [ ¢ [ 0 [ E [ _F 1 & [ H ] ! [ J [ K
Member|  Buckling Buckling About Auxis y Buckling About Axis z Lateral-Torsional Buckling
No Paossible Paossible Key L=y [m] Possible Kez Lez [m] Paossible Define Le Le [m] Comment
1000 5.000 050 2500 O
= E (%] (5] (e

Figure 8.8: Window 1.7 Effective Lengths — Members

In window 1.9 Additional Design Parameters, the use of the system factor Ky is not required.

1.9 Additional Design Parameters

[ A [ B | = D
Member System Factor Kn
No. Material Category Load Sharing According to Comment
Glulam -
] Set input for members Mo : Material Description
¥ Al |Spruce-Lodgepole Pine-lack Pine 20F-EX | CAN/CSA-D86-09:2005-05 Q “, @&

Figure 8.9: Window 1.9 Additional Design Parameters

We start the calculation by clicking the [Calculation] button.
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Results
After the calculation, the governing design is presented in the 2.1 Design by Load Case window.

2.1 Design by Load Case

B C D [E F G ]
Load- Member | Location Load
ing Description No. x m] Design | Design According to Formula Duration
Ultimate Limit State Design
1 2500 0.64 | =1 333) Stability - Bending about y-=ds without LTE and compression with buckling about botk | Short term
e[ Osi[s1 ’
Details - Member 1 - = 2.500 m- CO1 1 - Glulam 130x228 | CAMICSA-086-09
Material Data - Spruce-Lodgepole Pine-Jack Fine 20f-EX ~
[ Cross-section Data - Glulam 130228 | CAN/CSA-086-09
Design Intemal Forces

Factored Strength
[ Design Ratio

Factored Axial Load in Compression Ps 3250 | kN

Factored Bending Moment My 17.50 | kNm

Factored Strength in Compression Parallel to Grain Fc 28.980 | N/mm?2

Resistance Factor & o) 0.800 65842

Cross-Sectional Area A 29640.0 | mm2

Beam Volume z 0.15 | m?

Size Factor for Compression Kzog 0.872 65842

Factored Strength in Bending Fry 29.440 | N/mm2

Resistance Factor & fe) 0.900 65651

Section Modulus Sy 1126320.0 | mm?

Length of Beam Segment Between Points of Zero Moments Ley 5.000 |m

Beam Width EB 130.0 | mm

Curvature Factor Kx 1.000 65652

Size Factor for Bending Kzogy 1.000 65651

Member Length L 5.000 | m [mm]

Effective Length Ley 5000 | m 6.5.81

Slendemess Ratio for Compression Members Ceoy 2193 6582 |wv

Figure 8.10: Window 2.1 Design by Load Case

The Details in the lower part of the window correspond to the design results in [2]. All values
you need to comprehend the calculation are listed there.

Details - Member 1 -x: 2.500 m- CO1

[l Factored Strength HE

[ Strength in Compression with Bending |
Strength in Compression Parallel to Grain Combined with Bending fet 25.200 | N/mm 2 Table 6.3
Load Duration Factor Ko 1.150 4322
System Factor Kh o) 1.000 643
Service Condition Factor Kse 1.000 Table 6.4
Treatment Factor Krffc) 1.000 644
Factored Strength in Compression Parallel to Grain Feb 28.580 | N/mm?2

[ Strength in Bending about y-ads
Strength in Bending Fiy 25.600 | N/mm 2 Table 6.3
Load Duration Factor Ko 1.150 4322
System Factor KH fir) 1.000 643
Service Condition Factor Ksn 1.000 Table 6.4
Treatment Factor K1) 1.000 644
Factored Strength in Bending Fy 29.440 | N/mm2

(= Strength in Tension Perpendicular to Grain
Strength in Tension Perpendicular to Grain ftp 0.510 | N/mm2 Table 6.3
Load Duration Factor Ko 1.150 4322
System Factor KH ) 1.000 643
Service Condition Factor Ksp 1.000 Table 6.4
Treatment Factor KT fp) 1.000 644
Factored Strength in Tension Pempedicular to Grain Fip 0.586 | N/mm2 Y]

Figure 8.11: Details - Factored Strength
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Factored Compressive Resistance
P, =®xF, X AxKzeqxKce
Fo=fp x(KD XKy xKsge ><KT)

F.=25.2x(1.15x1.0x1.0x1.0)
F.=28.98 N/mm?

Kzeg=068xZ ¥ <1.0

Kzeg=0.68x0.14827%* <1.0
Kzeq =0.872

-1
FoxK,..xC3
KC:[LOJF&}

35xE g5 xKgg xKy
ey 50 5103
“Y d 0228
| 25
Cop,=2t=""21923
“ d 013

Eqs =0.87x10300 =8961N/mm?

YT 35%8961x1.0%1.0

-1
3
K, = 1.0, 2898x0872x21.93 }
K, =0.541

35%x8961x1.0x1.0

- -1
28.98x0.872x19.233

=[1.0+

Kc,=0.636

P, =0.8x28.98x29640x0.872x0.541
P, =323.85kN

P, , =0.8x28.98x29640x0.872x0.636
P, =380.81kN

Combined Bending and Axial Load

Factored Bending Moment Resistance

M :(PXFbXSXKXXKZbg

M, Z(PXFbXSXKx

LTB is switched off in mask 1.7
—no factor K for M,,

Fb:fb,yX(KD XKH XKSb XKT)
F,=25.6x(1.15x1.0x1.0x1.0)
F, =29.44N/mm?

-0.18
Kzbgy =1.03x(bxLy, )~ <1.0
Kzbgy =1:03x(0.13x5.0)>® <1.0
KZbg,y = 1 O
M, =0.9%29.44x1126320x1.0x1.0
My, =29.84 kNm
My, =0.9%29.44x1126320x1.0
My, =29.84 kNm

Euler Buckling Load
_ n° xEg5 xKgp xKy x1
= B
_ m?x8961x1.0x1.0x1.284x10°

£y 50002
P, =454.24 kN

Pe

Buckling about axis y

2
(32.50) L1750 1 0645100
32385) 2984 |,_32.50
454.24
Buckling about axis z
2
[32‘5()) ;170 ! =0.64<1.00
380.81) 29.84 |,_32.50
454.24
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Factored Shear Resistance

V, = xF, x A

F, :fvx(KDxKHxKSVxKT)
F, =1.75x(1.15x1.0x1.0x1.0)
F, =2.01N/mm?

V., —0.9x2.01x 2229640

V, ,=3579 kN

Shear Design
V,
tz_ 799 4 50<1.00
V,, 3579

1.1 General Data
Design of
Members: 1

Sets:

Uttimate Limit State = Serviceability Limit State

Existing Load Cases / Combinations

EH L1 dead load
gs0 LC2 snow
= LC3 wind
N Co1 1.25"LC1 + 0.5°LC2 + 1.4°LC3
A co2 1.25"LC1 + 1.5°L.C2 + D.4°LC3
Al (B) v av||Ba

Dlubal

8.1.3.2 Serviceability Limit State Design

We check the deflection limit for the wind load.

In the Serviceability Limit State tab of the 1.1 General Data window, we select the load com-
bination CO3 for design and assign the design situation Total.

Selected for Design
SSI CO3 0.75°LC3

Figure 8.12: Window 1.1 General Data, tab Serviceability Limit State
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Then we enter member No. 1 in the 1.12 Serviceability Data window.

1.12 Serviceability Data

A B c_ | D F G H
Member Reference Length Direc- Precamber
Na Reference to No. Manually L [m] tion we [mm] Beam Type Comment
Member 1 ] 50001 2 0.000 Eeam

Figure 8.13: Window 1.12 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/180 according to the deflection limits in the Standard dialog box.

General Factors | Service and Treatment Factors | Deflection Limits | Used Standards

Limit Values of Deflection Acc. to 4.5

Design Situation:

Live <Lt 3603
Pemanent EN] 36015
Taa sl o

Figure 8.14: Dialog box Standard, 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 | Load Combinations I Resutt Combinations | Super Combinations | Global Calculation Parameters

Settings Options.

Maimum number of iterations: 'H)DEI t‘Activate shear stiffness of members
(cross-sectional areas Ay, Az

Number of load increments for - y
[] Activate member divisions for large deformation or

post-critical analysis

- Load cases: 1
- Load combinations: 1

7500
—

Modify stiffness (material, cross-sections, members,

Mumber of divisions of members for load cases and combinations)

- Result diagrams: [] Consider extra options
- Special types of members {load cases and combinations)
(elastic foundation, taper, nonlinearity): 1DDE|
[#] Check of critical forces of members
- Determination of max/min values: 100/

Figure 8.15: Dialog box Calculation Parameters in RFEM and deflection of CO3
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Deflection Design

Az
——-=<1.0
Amax,z
L 5000
Amax,z=——=——=27.78 mm
180
Az 14.77
———=——+-=053<1.0
Amax,z 27.78
2.1 Design by Load Case
B C D [E F G
Load- Member | Location Load
ing Description No. x [m] Design | Design According to Formula Duration
Serviceability Limit State Desian
1 2500 0.53 | = 1| 403) Serviceabilty - Total Design Situation acc. to 4.5 - Inner span. z-direction Short temm

we| 051 o v %

Details - Member 1 - x: 2.500 m- CO3

Material Data - Spruce-Lodgepole Fine-Jack Fine Z0f-EX
Cross-section Data - Glulam 130228 | CAN/CSA-Q26-09
Deformations

- Glulam 130x225 | CAMICSA-086-09

=1 Design Ratio e

Deflection Az 14.77 | mm T—T

Reference Span L 5.000 | m

Deflection Limitation L/ Amax, 180.000

Maximum Deflection Amaxz 27.78 ' mm

Design Ratio il 0.53 =1

—————— »>
¥
=
[tmim]

Figure 8.16: Window 2.1 Design by Load Case
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8.2 Double-Tapered Beam

This example presents the design of a double-tapered beam that is laterally supported over its
entire length.

8.2.1 System and Loads

Figure 8.17: System and loads

Model

Material: Douglas Fir-Larch 20f-E
Length: 24.0m

Cross-section 1: 180 x 750 mm
Cross-section 2: 180 x 1800 mm
Moisture Condition: Wet

Loads

LC1 Dead: 1.50 kN/m

LC2 Snow: 6.00 kN/m

Load Combination ULS: 1.25D + 1.5S
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8.2.2 Calculation with RFEM

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

We create the considered load combination with relevant factors from the defined load cases.

Then we calculate the model according to the linear static analysis. RFEM determines the dia-
grams of internal forces shown in the following figure.

Tapered_beam_TimberCSA E@

Internal Forces hd-y [kiNm]
CO1:1.25D+ 155

Max -y, 783,00, Min ey 0.00 kNm

m Tapered_beam_TimberCSA E@
Internal Forces W-z [kM]
Co1:1.25D+ 155 -130.49

130.49

Max Wz 13049, Min V-z -130.49 kN

Figure 8.18: Internal forces My and V.

8.2.3 Design with RF-TIMBER CSA
8.2.3.1 Ultimate Limit State Design

In Window 1.1 General Data, we select the result combination CO1 for the Ultimate Limit State

design.

1.1 General Data
Design of
Members B(X Can
Sets 1 B X | Oa
Utimate Limtt State | Serviceability Limit State
Existing Load Cases / Combinations Selected for Design
Lc1 Dead ET Co1 1.25D + 155

Bl L C2 Snow

Al2) v||av| B8

Figure 8.19: Window 1.1 General Data
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Window 1.2 Materials presents the characteristic strengths of the material.

.2 Materials
B
Material
Na Description Comment
Douglas Fir-Larch 24f-E | CAN/CSA-086-09:2003-05 E
[ 1] =% % e

Material Properties

[-] Main Properties ~
Modulus of Elasticity E 1280.00 | kN/em2
Shear Modulus G 8320 | kN/cm?
Specific Weight T 450 | kN/m?
Coefficient of Thermal Expansion o 4.DODOE-DG | 1/°C
Partial Safety Factor T 1.00

[ Addttional Properties -
Modulus of Elasticity for Design of Compression Members Eos 111360 | kN/ecm2 SIE Lo iz
Modulus of Blasticity (Al Loading) Ex 1280.00 | kN/om?2 Cross-sections No
Shear Modulus (Axal Loading) Gx 83.20 | kN/om2 45
Modulus of Blasticity (Loading Perpendicularto Wide Faces of Lam: | Ey 1280.00 | kN/em?2 .
Shear Modulus (Loading Perpendicular to Wide Faces of Lams) Gy 8320 | kN/cm?
Modulus of Biasticiy (Loading Parallel to Wide Faces of Lams) | Ex 1100.00 | kN/em?2 Members No.
Shear Modulus {Loading Parallel to Wide Faces of Lams) Gz 7150 | kN/cm?2 1.2
Strength for Compression Parallel fe 30.200 | MPa
Strength for Bending Moment (Bending Perpendicular to Wide Face | Fry,pos 30.600 | MPa Sets of members MNo.:
Strength for Bending Moment (Bending Perpendicular to Wide Face | Fry.neg 23.000 | MPa 1
Strength for Bending Moment {Bending Parallel to Wide Faces of Lz | Foz 10.000 | MPa
Strength for Longitudinal Shear Fuz 2.000 | MPa
Strength for Longitudinal Shear Fyy 1.900 | MPa T Length: T Weight
Strength for Compression Parallel Combin. with Bending Fep 30.200 | MPa 24.00{ [m] 2 il
Strength for Compression Perpendicular (Compr. Face Bearing) Fepe 7.000 | MPa
Strength for Compression Perpendicular (Tens. Face Bearing) Fep.t 7.000 | MPa
Strength for Tension Net Section Fin 20.400 | MPa
Strength for Tension Gross Section Fig 15.300 | MPa v

Figure 8.20: Window 1.2 Materials

In Window 1.3 Cross-Sections, the parameters of the two cross-sections can be checked.

1.3 Cross-Sections

B C D E | [4- T-Rectangle 120750
Section | Material Cross-Section Opti-
Ne. Description mize Mote Commert
[0 T-Rectangle 180/750 No TMT
5 1 [E0 T-Rectangle 180/1200 Mo

=e—e—ec)

750 0

Cross-section No. 4 used in

Members Mo.:
12

Sets of members No.
1

I Length: T Weight:
24.00| fm] 2699 1

Material:
1 - Douglas Fir-Larch 24f-E

11) The cross-section cannot be optimized, when it is combined with another
o ss-section on any other member.

BA® % |e

Figure 8.21: Window 1.3 Cross-Sections
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In Window 1.4 Load Duration, we define the load duration. The dead and snow loads are uni-
formly distributed. Therefore, the loading distribution to determine the size factor, Kz, for ten-
sion perpendicular to grain is to be set to Uniform.

1.4 Load Duration

A B [ C [ D [ E [ F Load Duration - Explanatory Notes
Load- Load Factor Loading
ing Description Type Load Duration Ko Distribution Comments Short term:

Dead ‘ Dead Long tem 0.650 uniform The condition of loading where the
Snow Snow Standard term 1.000 uniform duration of the spedfied loads is not
CO1 |D+5 - Standard term 1.000 uniform expected to last more than 7 days
continuously or cumulatively
throughout the life of the structure.

Standard term:

The condition of loading where the
duration of specified loads exceeds
that of short-term loading, but is less
than long-term loading.

Long term:

The condition of loading under which
a member is subjected to mare or
less continuous spedified load.

Apply load duration (@) Shortest load duration in a combination
factor Kp according to:

(_) User-defined setting
Figure 8.22: Window 1.4 Load Duration

In Window 1.6 Service Conditions and Treatment - Sets of Members, we define the moisture and
treatment parameters. The treatment factor, Kr, will be taken as unity in this case.

1.6 Service Conditions and Treatment - Sets of Members

B [ C Moisture Service Condition
Set Moisture Service
Ne. Condition Treatment Comments Dry service conditions:
[ 1 ] Nene er Freservative (ot incised) A dimatic condition in which the average

equilibrium moisture content of solid wood
over a year is 15% or less and does not
exceed 19%.

Wet service conditions:

All service conditions other than dry.

Treatment Factor

Where wood is impregnated with
fire-retardant or other strength-reducing
chemicals, KT shall be determined in
accordance with the results of appropriate
tests or shall not exceed the tabulated
wvalue of KT.

[[]5et input for members No. :
Al EYRLIE

Figure 8.23: Window 1.6 Service Condition and Treatment - Sets of Members
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In Window 1.8 Effective Lengths - Sets of Members we specify the buckling lengths. The set of
members is laterally supported over its entire length. Thus, there is no risk of instability. We
clear the two check boxes Buckling Possible and Lateral-Torsional Buckling Possible.

1.8 Effective Lengths - Sets of Members

B [ ¢ [ b [ E [ F [ & [ H I I [ 4 | K
Set Buclkding Buckling About fuds y Buclding About s z Lateral-Torsional Buckling
No Possible Possible Key Ley [m] Possible Kez Lez [m] Possible Define Lz Lz [m] Comment
[T I——— ] ] a
B E® (% e

Figure 8.24: Window 1.8 Effective Lengths - Sets of Members

In Window 1.9 Additional Design Parameters, the application of the system factor, Ky, is not re-
quired.

1.9 Additional Design Parameters

A ] [ < 1]
Member System Factor KH

Na Material Category Load Sharing According to Comment

[ 1 ] Glulam | Mo
Z Glulam No

[[]5et input for members No. : Material description:
VAl Douglas Fir-Larch 24FE | CAN/CSA-086-09: 2009-05 EYREIRES

Figure 8.25: Window 1.9 Additional Design Parameters
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In Window 1.10 Tapered Members, the two cross-sections are listed automatically, including the
preset angle of taper which is 5°. We activate the Radial Stress Design for both cross-sections.

1.10 Tapered Members

LA | B [ C [ D [ E T F [ 6 | H
Member Cross-Section Length Angle of Radial Stress Design Mote
Ne. Member Start Member End L [m] Taper . [] with Apex. Comment
IR T-F=ciangle 180,750 | T-Rectangle 180,180 12,00 500] <30.00 12
T-Rectangle 1804180 | T-Rectangle 180,750 12.00 500 <30.00 12)
[set input for members No.:
] Al 12) For radial stress design check alzo the loading distribution settings ,i j’ “’ @

in Window 1.4.
Figure 8.26: Window 1.10 Tapered Members

We then start the calculation by clicking the [Calculation] button.

After the calculation, the governing design ratios can be checked in Window 2.3 Design by Set
of Members.

2.3 Design by Set of Members

e B | C | D [E]J 3
Set | Member | Location | Load-
No. Na. x [m] ing Design Design According to Formula
1 |1 (Member No_ 1.2)
[ - 0.00| CO1 0.93 | = 1| 1111) Cross-section resistance - Tapered Member - Shear due to shearforce Vz acc to 657
1 480 CO1 0.87 | = 1| 1131) Cross-section resistance - Tapered Member - Bending about y-exis acc. to £.5.6.5.1
1 1200 CO1 0.40 | £ 1| 1221) Cross-section resistance - Tapered Member - Radial tension perpendicular to grain acc. to 6.5.6.6.2
Max 1B[z1@ e & E| 10 v v EE e
Details - Member 1 - x: 0.00 m- CO1 4 - 5 T-Rectangle 1800750 - T-Rectanle...
Material Data - Douglas Fir-Larch 24f-E
Cross-section Data - T-Rectangle 180,750
Design Intemal Forces
i[] Factored Strength e
B Strength in Shear due to Shear Force Vz — 1
Strength in Shear Fuz 2.000 | MPa Table 6.3
Load Duration Factor Ko 1.000 4322 o
System Factor Kn v 1.000 643 —
Service Condition Factar Ksu 0.870 Table 6.4 A —
Treatment Factor KT#y) 1.000 644 2 .-
Factored Strength in Shear Fuz 1.740 | MPa N ¥
1 Design Ratio e
Factored Shear Force Viz 130.45 | kN —
Factored Strength in Shear Fy 1.740 | MPa ==
Resistance Factor 2. 0.500 §5721 ‘
Cross-Sectional Area A 1350.00 | cm? =
Beam Volume Fd 551 |m?
Factored Shear Resistance Viz 140.54 | kN 65721
Design Ratio n 0.93 =1 65721
[mim]
) &[F] &

Figure 8.27: Window 2.3 Design by Set of Members
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Factored Shear Resistance
V, = pxF,x % xA

F, =fv><(KD><KH><KSV><KT)
F, =2.0x(1.0x1.0x0.87x1.0)
F, =1.74MPa

2
V,z = 0.9x1.74x 135000

V, , =140.94kN

Factored Bending Moment Resistance

1

M, =pxF,x SxKyxK}, X ———
r =P XTRZb9™ 1 0 7tana

Fo :fb,yx(KDXKHX Kgpx KT)
F, =30.6%(1.0x1.0x0.8x1.0)
F, = 24.48 MPa

Kzbgy =1:03x[BxLy, 18 <1.0

Kzbgy =1.03x(0.18x24.00) *'® <1.0
K zbgy =0.791

1 1

= =0.809
1+27tana 1+2.7tan5°

M, , =0.9x24.48x 41067000 x1.0x0.791x 0.809
M,, =579.28kNm

Factored Bending Moment Resistance in Tension Perpendicular to Grain

My = @xF x SxKzpx K

Fip = fipx (KDX KpxKggpx KT)
Fp =0.83%(1.0x1.0x0.85x1.0)
Fp =0.706 MPa

36 36

Koo = - ~0.636
2P (Axd)®2 (324000 x1800)°2

d a2 ]
Kq :{AJFBX(E)JFCX(EJ } =[0.02+0+0]" =50

Mrt,y =0.9x0.706 x 97200000 x 0.636 x 50

Mrt,y =1960.92kNm
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Shear Design

Vi, 13049

= =093<1.0
V,, 14094

Bending Design

Mgy 501.12
M,, 579.28

=0.87<1.0
Ly

Radial Stress Design

M¢y, 7830
My, 1960.92

=040<1.0
ity

VAN

Dlubal
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8.3 Curved Beam

According to the current standard, the cross-section resistance design is performed also for
curved portions of bending members with constant cross-section. In the module, the member
of this type is not allowed for stability calculations.

8.3.1 System and Loads

7.50 kNfm

’075.60 m———

20.00 m

Figure 8.28: System and loads

Model

Material:

Length:

Radius of Curvature at Centerline

Cross-section:

Thickness of Lamination:

Moisture Condition:

Loads
LC 1 Dead:
LC 2 Snow:

Load Combination ULS:

Douglas Fir-Larch 20f-EX
20.0m
11.73m

b=215mm
d=1520mm

38 mm

Dry

1.96 kN/m
5.00 kN/m
1.25D +1.55
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8.3.2 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 considered load combination with relevant factors from 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.

= Curved_Beam_TIMBER CSA* o= =]

Internal Forces M [kN]
GOl 1250 + 155

-0.05

tlas M: -0.05, Min M -101.86 kM

= Curved_Beam_TIMBER CSA* o= =

Internal Forces -z [kMN]
CO1 1250 + 155

Max %-z. B5.41, Min %-z: -65.41 kM

= Curved_Beam_TIMBER CSA* E=n E=R

Internal Forces M-y [kMm]
CO1:1.25D +1.55

Max My 538.01, Min M-y: 0.00 kNm

Figure 8.29: Internal forces N, V2, My

I Program RF-TIMBER CSA © 2014 Dlubal Software GmbH

83

Dlubal



8 Examples

VANSS

design.

1.1 General Data
Design of
Members 1

Sets:

Uttimate Limit State | Serviceability Limit State

Existing Load Cases / Combinations
LC1 Dead
SN LC2 Snow

Selected for Design
El CO1 1.25D +1.55

8.3.3 Design with RF-TIMBER CSA
8.3.3.1 Ultimate Limit State Design

In Window 1.1 General Data, we select the result combination CO1 for the Ultimate Limit State

Dlubal

=

AlR) viav| |88 av | |23
Figure 8.30: Window 1.1 General Data

Window 1.2 Materials presents the characteristic strengths of the selected material.

1.2 Materials

. A | B
Material Material
o Description Comment

I Douglas Fir-Larch 20-E | CAN/C SADE6-09:7009-05

) g% |4 |e
Material Properties
:El Main Properties ~
Modulus of Blasticity E 1240.00 | kN/cm2
Shear Modulus G 80.60 | kN/cm2
Specific Weight ] 490 | kN/m?
Coefficient of Thermal Bxpansion [ 4.0D00E-06 | 1/°C
Partial Safety Factor ™ 1.00
Llidoton Ao cies 5 Material Mo. 2 used in
Modulus of Hlasticity for Design of Compression Members Eos 1078.80 | kN/em2 : :
Modulus of Hasticity {%«ial Loading} Ex 1240.00 | kN/cm?2 Cross-sections No.:
Shear Modulus {#al Loading) Gx 8060 | kN/ecm2 1
Madulus of Hasticity (Loading Perpendicular to Wide Faces of Lam: | Ey 1240.00 | kN/cm2
Shear Modulus {Loading Perpendicular to Wide Faces of Lams) Gy 2060 | kN/em2
Modulus of Elasticity {Loading Parallel to Wide Faces of Lams) E. 1100.00 | kN/em? Members No.:
Shear Modulus {Loading Parallel to Wide Faces of Lams) Gz 71.50 | kN/cm2 1
Strength for Compression Parallel fe 3.02 | kM/ecm2
Strength for Bending Moment {Bending Perpendicular to Wide Face | foy,pos 256 | kN/em? Sets of members No
Strength for Bending Moment {Bending Perpendicular to Wide Face | foy,neg 1.92 | kN/cm2
Strength for Bending Moment (Bending Parzllel to Wide Faces of Lz | fee 1.00 | kN/em2
Strength for Longitudinal Shear 0.20 | kMN/cm2
Strength for Longitudinal Shear 0.19 | kN/em?2 T Weight
Strength for Compression Parallel Combin. with Bending 3.02 | kN/em2 5| [m] 3.835 f]
Strength for Compression Perpendicular (Compr. Face Bearing) 0.70 | kMN/cm2
Strength for Compression Perpendicular {Tens. Face Bearing) 0.70 | kMsem2
Strength for Tension Net Section fn 204 | kN/em?
Strength for Tension Gross Section frg 1.53 | kN/cm2 v

Figure 8.31: Window 1.2 Materials
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In Window 1.4 Load Duration, we allocate Long term to the dead load and Standard term to
the snow load. Both loads have a uniform distribution.

1.4 Load Duration

B [ C [ D [ E [ E Load Duration - Explanatory Notes
Load- Load Factor Loading
ing Description Type Load Duration Kp Distribution Commerts Short term:
Dead ] Dead Long term 0.650 uniform The condition of loading where the
LC2 | Snow Snow., ice and rain Standard term 1.000 unifarm duration of the specified loads is not
CO1_|1.40D +1.505 = Standard term 1.000 uniform expected to last more than 7 days

continuously or cumulatively
throughout the life of the structure.

Standard term:

The condition of loading where the
duration of specified loads exceeds
that of short-term loading, but is less
than long-term loading.

Long term:

The condition of loading under which
a member is subjected to more or
less continuous specified load.

Apply load duration (®) Shortest load duration in a combination
factor Ko according to:

(_) User-defined setting
Figure 8.32: Window 1.4 Load Duration

In window 1.5 Service Conditions and Treatment - Members, we define the moisture and treat-
ment parameters. The treatment factor, Kr, will be taken as unity in this case.

1.5 Service Conditions and Treatment - Members

B [ C Woisture Service Condition
Member Maisture Service
No. Condtion Treatment Comments Dry service conditions:

Dry. i None or Preservative [net incised) A dimatic condition in which the average
equilibrium moisture content of solid wood
over a year is 15% or less and does not
exceed 19%.

‘Wet service conditions:

All service conditions other than dry.

Treatment Factor

Where wood is impregnated with
fire-retardant or other strength-reducing
chemicals, K1 shall be determined in
accordance with the results of appropriate
tests or shall not exceed the tabulated
value of KT.

& ] 8l EYRLIE)

Figure 8.33: Window 1.5 Service Conditions and Treatment - Members
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box.

| Resistance| Stability |Senriceabil'rty | Other |

O

Stability Analysis

Figure 8.34: Dialog box Details, tab Stability

®) 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)

VANSS

Dlubal

Since the beam is laterally supported, we deactivate the stability analysis in the Details dialog

In Window 1.9 Additional Design Parameters, the application of the system factor, K4, is not re-

quired.
1.9 Additional Design Parameters
A B C D
Member System Factor Kn
No Material Category Load Sharing According to Comment
Glulzm No =
[Isetinput far members No.: Material description:
% |2l Douglas Fir-Larch 20f-£ | CAN/CSA-086-03:2003-05 [&]

Figure 8.35: Window 1.9 Additional Design Parameters
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In Window 1.11 Curved Members, the Standard lamination thickness of 38 mm and the Curved
type of end are preset. These values are directly reflected in the check of the minimum inner
radius of curvature.

1.11 Curved Members

B [ c [ D [ E_ | F [ G | H
Member Lamination Thickness Minimum Inner Radius of Curvature Radial Stress Note
HNo 1 [mm] Type of End Ri [m] Limit Criterion Design Comment
[ 1 | 380| Curvedend 10.97 210.80 12)
] all 12) For radial stress design check also Loading Distribution settings in Q ﬂ 1:‘ @
window 1.4,

Figure 8.36: Window 1.11 Curved Members

To perform the Radial Stress Design, we check the corresponding check box in column F.
We start the calculation by clicking the [Calculation] button.
The governing design ratios can then be checked in Window 2.4 Design by Member.

2.4 Design by Member
[ A [ B [ € [0 S -

Member| Location | Load

Na % [mm] Case Desian Design Acc. to Formula
1 | Crosssedion No. 1 - Glulam 2151520 | CAN/CSA-O86-03
0 col 0.02 | £ 1| 2102) Cross-section resistance - Curved Member - Compression parallel to grain acc. to 6.5.8
1996 | CO1 0.17 [ =1 2111) Cross-section resistance - Curved Member - Shear due to shear force Vz acc.t0 65.7
11974 | CO1 0.38 | = 1| 2131) Cross-section resistance - Curved Member - Bending about y-axis acc. to 65.6.5.1
£385 CO1 0.29 | =1 | 2151) Cross-section resistance - Curved Member - Bending about y-axis and compression acc. to 6.5.12
[ ] 11574 | CO1 0.91 | = 1 [2221) Cross-section resistance - Curved Member - Radial tension perpendicular to grain acc. {o 6.5.6.6

Maxc 19l <1 @ SR AN

Details - Member 1 - x: 11574 mm - CO1 1 - Glulam 215x1520 | CANICEA-O86-08
[# Cross-section Data - Glulam 2151520 | CAN/CSA-0B6-09 -
Design Intemal Forces
Factored Strength
[ Design Ratio

Factored Bending Moment Mgy 538.0 | kNm

Factored strength in tension perpendicular o grain Fip 0.83 MPa

Factored Strength in Bending Fiy 2560 MPa

Resistance Factor o) 0.500 65651

Cross-Sectional Area A 326800.0 | mm?2 -

Section Modulus Sy 82789300.0 | mm 3 g

Radius of curvature at center line of member R 11728 | mm -

Radius of curvature of the innemost lamination Ri 10969 | mm

Enclosed Radius B 0.745 rad Table 6.5.6.6.1 (2}

Curvature Factor Kx 0.976 65652

Length of Beam Segment Between Points of Zero Moments Lzy 23347 | mm M

Beam Width B 215.0 | mm z

Size Factor for Bending Kzbg.y 0.767 65651

Size factor in tension perpendicular to grain Kzip 0.308 Table 6.56.6.1

Factored bending moment resistance based on bending Mrb,y 14277 | kNm 65651

Factored bending moment resistance based on radial tension Mty 588.6 | kNm 6.5.66.1 ]

Factored Bending Moment Resistance My 5886 kNm

Design Ratio n 0.1 <1 |65651 v @

Figure 8.37: Window 2.4 Design by Member
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Factored Compressive Resistance

P, = @xF.x Ax Kch

F =fc><(KD><KH><KSC><KT)
F. =30.2x(1.0x1.0x1.0x1.0)
F. =30.2MPa

Kz =0.68x(2)"* <1.0
Kzeg =0.68x(7.83) ¥ <1.0
K z¢q =0.520

P, = 0.8x30.2x 326800 x 0.520
P, = 4108.9kN

Factored Shear Resistance
V, = ¢pxF,x § xA

F, =fv><(KD><KH><KSV><KT)
F, =2.0x(1.0x1.0x1.0x1.0)
F, =2.0MPa

2
V, = 0.9%2.0x -x326800

V, , =392.2kN

Factored Bending Moment Resistance Based on Bending Strength

Myp, = @xFyx SxKyxKzpg

F, = fb’yx(KDx K> Kgpx KT)
F, =25.6%(1.0x1.0x1.0x1.0)
F, = 25.6MPa

2
t

Ky =1—2ooo[—]
R

2
38
Ky =1—2ooo( j

10969
Ky =0.976

Kzbgy =1.03x BxLy, J 18 <10

Kzbgy =1.03%(0.215%23.947) " <1.0
Kzbg,y =0.767

Mrb,y =0.9x25.6x82789300x0.976x0.767

My, =1427.7kNm
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Factored Bending Moment Resistance Based on Radial Tension Strength
2
M, = @x Ftpxgx AXRxKzp

Feo =ftp>< (KDx Ky KSthKT)
Fip =0.83x(1.0x1.0x1.0x1.0)

Fp, =0.83MPa
Koo = 24
Ztp ( A xR x B)O‘Z

The enclosed angle (3 is measured between those points where the factored bending moment
is 85% of the maximum factored bending moment.

If we define the angle 3 manually, we follow the next steps:

In our example, the angle is between the x-locations with the bending moment of
538.0kNm x 0.85=457.3kNm.

We can find those locations with the moment 457.3 kNm in the Result Diagram.

2 ex2LE 00000 - oom ot e oA | Ao B SR| conr2sp - 1ss
Q 5000 23947 mm
| | | | x| 78872 jmm] [V] Foeed
=-[®] Internal Forces %' #

Int: I Fi - My [kH
g N nternal Forces - My [kNm] Internal Forces M-y
vy x
V2 [mm] |

My
TeNm]

T T~
Om 5085 a9.7
[ My : : : : ] : : 5925 4197

Omz : : : 5 5 : 7484 3
=[] Igstic Hinges - f : : | | 7484 4413
el = # : !
= : : ] 1610
O ux 4573 i : Y 2510
Dy 2481 4787 v

1
[] Maoe/Min Only ] Edges Only

L B RKBLE 0 -9 ew e MBS om0
Mavigator 7 X g 0 P o i 239; T x [ 76055E] i (P
=-[H] Internal Forces ~ M1z
-ON Internal Forces - My [kNm] e — ~
-y x My
vz [mm] [Nm]
-~ Mt 13466 4787 ~
- [l My i i % : i 15965 461.0
- M=z : | 15965 461.0
=-[H] Plastic Hinges i H 16464 4413
-1 ) 16464 M3
- ux P 16963 197
Duy g B |7
M W 2 w 16963 HNGT w
< > [] Max/Min Only ] Edges Only
Results 4 b w
I I I I
! ! ! !

Figure 8.38: Result Diagram with internal force My

The two x-locations are

X;=7.89m
X, =16.06m

Thus, the arc length of the circular sector is

l=X,-X; =16.06—7.89 =8.17m
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Now we can define the enclosed angle in radians as follows.

I=Rxp
8.17

lez—:0.697rad
R 1173

In RFEM, the internal division for members is set to 10 by default. Therefore, the value of the
angle B is 0.745 rad in RF-TIMBER CSA. For more accurate results, it would be possible to in-
crease the number of division for members in the RFEM dialog box Calculation Parameters
(see RFEM manual, Chapter 7.3.3).

24
Kzep = —=0308
(215x1520x11729x0.745)*

M y = 0.9%x0.83 x%x 326800x11729x0.308

M, =588.6kNm

Combined Bending and Axial Load

2 2
M
{P_f} b :[ 205 } + AT h29<10

P, My, 41089 14277
Shear Design
\\;: =%:0.17s1.o
Radial Stress Design
M¢y 538.0 5380

=0.91<1.0

minMyyiMy,) min(1427.7,588.6) 5886
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