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1. Introduction
1.1 Add-on Module TIMBER AWC
Diesign According to The National Design Specification for Wood Construction (ANSI/AWC NDS-2012) incorporates

E=ASD t] |§| design provisions for both allowable stress design (ASD) and load and resistance factor design
545D _Allowable Stiess Design _ (LRFD). This specification is adopted in all model building codes in the United States and is
<R L] Al e Ao D used to design wood structures worldwide. With the RSTAB add-on module TIMBER AWC from

the company DLUBAL all users obtain a powerful tool for the design of timber structures accord-
ing to this standard.

TIMBER AWC performs all cross-section resistance designs, stability analyses, and deformation
analyses provided by the standard. The stability analysis is carried out according to the equiva-
lent 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 effec-
tive lengths for lateral buckling. Second order analysis requires definition of imperfections in
RSTAB and calculates with unit stability factors for compression with buckling. In addition to
this, the fire resistance design for allowable stress design (ASD) is possible.

In timber construction, the serviceability limit state represents an important design. In this
connection, chosen load cases, load combinations, and result combinations can be checked
for limit deflection. The conservative limit deformation is preset, but can be modified, if neces-
sary. In addition to this, it is possible to specify reference lengths and precambers that will be
considered accordingly in the design.

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

TIMBER AWC is one of the add-on modules integrated in the RSTAB environment. Thus, the de-
sign-relevant input data is preset when you open the module. Subsequent to the design, you
can use the graphical RSTAB 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 TIMBER AWC.

Your DLUBAL Team

4 I Program TIMBER AWC © 2014 Dlubal Software GmbH
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1.2  TIMBER AWC-Team

The following people were involved in the development of TIMBER AWC:

Program coordination

Dipl.-Ing. Georg Dlubal
Ing. Ondkej Svorc

Programming

Ing. Tomas Drtina
Dipl.-Ing. Georg Dlubal

Dipl.-Ing. (FH) Bastian Kuhn

Ing. Jiti Patrak

Cross-section and material database

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

Ing. Jifi Kubi¢ek

Program design, dialog figures, icons

Dipl.-Ing. Georg Dlubal
MgA. Robert Kolouch

Program supervision

Ing. Jiti Hanzalek
Dipl.-Ing. (FH) Gerhard Rehm

Localization, manual

Ing. Fabio Borriello

Ing. Dmitry Bystrov

Eng.° Rafael Duarte

Ing. Lara Caballero Freyer
Ing. Alessandra Grosso, Ph.D.
Ing. Ladislav Kabrt

Ing. Aleksandra Kociotek
Eng.c Nilton Lopes Fernandes

Ing. Jan Miléf

Ing. Ondiej Svorc
Ing. Myroslava Petronyuk

Mgr. Ing. Hana Mackova

Ing. Téc. José Martinez Hernandez
Dipl.-U. Gundel Pietzcker

Mgr. Jagoda Podgérna

BSc Eng Chelsea Prokop

Dipl.-Ing. Jing Sun

Ing. Marcela Svitdkova

Dipl.-Ing. (FH) Robert Vogl|

Technical support and quality management

M.Eng. Cosme Asseya

Dipl.-Ing. (BA) Markus Baumgartel
Dipl.-Ing. Moritz Bertram

M.Sc. Sonja von Bloh

Dipl.-Ing. (FH) Steffen Clauf3
Dipl.-Ing. Frank Faulstich
Dipl.-Ing. (FH) René Flori
Dipl.-Ing. (FH) Stefan Frenzel
Dipl.-Ing. (FH) Walter Frohlich
Dipl.-Ing. (FH) Paul Kieloch

Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (FH) Ulrich Lex

Dipl.-Ing. (BA) Sandy Matula

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

M.Eng. Dipl.-Ing. (FH) Walter Rustler
M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Lukas Sthnel

Dipl.-Ing. (FH) Robert Vogl
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1.3  Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described
in detail in the manual of the main program RSTAB. The present manual focuses on typical fea-
tures of the TIMBER AWC 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 shown 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.

14  Open the Add-on Module TIMBER AWC

RSTAB provides the following options to start the add-on module TIMBER AWC.

Menu
To start the program in the RSTAB menu bar, click
Add-on Modules — Design - Timber — TIMBER AWC.

[Add-on Modules | Window Help

>R wER HERRREF LOAXT

Design - Steel A BT L My M e Pz =

Design - Concrete 4

Design - Timber 4 ED TIMEER Design of timber members
Design - Aluminium 4 Eg TIMEER Pro Design of timber members
Dynamic 4 m TIMEER AWC I} Design of timber members according to AWC [LRFD or ASD)
Connections 4

Foundations 4

Stability 3

Towers 4

Others 4

Stand-Alone Pragrams 3

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

Project Mavigator - Data x
EEY RSTAR [«
- £E| Long Span Truss* [2013] T
- Model Data

- Load Cases and Combinations

-] Loads

----- _J Results

----- | Printout Reports

-1 Guide Objects

=i Add-on Modules

E|\_‘] Favorites

[&] STEEL AISC - Design of steel members according to AISC (LRFD or ASD)

= CONCRETE - Design of concrete members

| IMBER AWC - Design o timber members accoring to AWC LRFD or ASD).
..JE] STEEL - General stress analysis of steel members

{2 STEEL EC3 - Design of steel members according to Eurocode 3

STEEL IS - Design of steel members according to IS

-2 STEEL SIA - Design of steel members according to SIA

-.|8a| STEEL BS - Design of steel members according to BS

{2 STEEL GB - Design of steel members according to GB

-|#a| STEEL C5 - Design of steel members according to C5

-{%g] STEEL AS - Design of steel members according to AS

STEEL NTC-DF - Design of steel members according to NTC-DF -

[yData [ Display 4 Views

m

Figure 1.2: Data navigator: Add-on Modules — TIMBER AWC

Panel
TIMBER. AWC CAL - Beams < If results from TIMBER AWC are already available in the RSTAB model, you can also open the
LCT - Dead L design module in the panel:
LC2 - Live

CO1-LCT

T Set the relevant TIMBER AWC design case in the load case list of the RSTAB toolbar. Then click
TIMBER &Ww/C CAZ2 - Columns the [Show results] button to graphically display the design criterion on the members.

| _@_| | :_J___rt| When the results display is activated, the panel is available, too. Now you can click the button
— [TIMBER AWC] in the panel to open the module.

Panel X

I ax
Design R atio [-]

1.00
0.90
0.80
0.70
050
050
0.40
0.30
020
010
0.00

Max : 0.88
Min : 0.00

TIMBER AWC

Ea 4

Figure 1.3: Panel button [TIMBER AWC]
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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 61).

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

e Members and sets of members

e Load cases, load combinations, result combinations, and super combinations

e Materials

e (Cross-sections

o Effective lengths

o Internal forces (in background, if calculated)

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

oK I I Cancel I To save the results, click [OK]. Thus, you exit TIMBER AWC 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 and result combinations for
the different designs.

TIMBER AWC - [Long Span Truss] ]
File Edit Settings Help
CcAl ~| 1.1 General Data
nout Data Design of Design Accarding fo
i Materials Members: ~|1-24 L =l =1 - (=
;- Cross-Sections | (3 | (o]
: Sets 1 & Al
[ Loed Do &E o

- In-Senvice Condtions - Member
‘- In-Sarvice Conditans - Set of | Utmate Limi State | Serviosabity Limt Stete | Fire Resistance |
.- Effective Lengths - Members

=" Length - Sets of I Existing Load Cases / Combinations Selected for Design

i~ Efective Lengths - Sets of Mem | ooy 01 [ Dead a RC2 | Section 2.4 (ASD)-
.. Addtional Design Parameters = =

- Senviceabity Data == |==

" Fire Resitance - Members — e |

= Fire: Resistance - Sets of Memb| = Co1 1.4°.01

FE CO2  |121C1+161C2

I CO3 | 121C1+16°1C2+D51C3
IEEN CO4 | 12°1C1+LC2+161C3

IEEN CO5 | 121C1+16°1C3

IFEN CO6 | 1.ZLC1+167LC3+D.8°LC4

IFRE CO7 |121C1+1C2+051C3+ 16°C |=

IEEI CO8 | 1271CT1+LC2+161C4 .

IFEE COS | 1271CT1+05LC3+161C4 %)
IFE3 CO10 | 121C1+ 1.6°LC4
[EDE COT1 | 0.9°LCT + 1.6°L.C4

cot2 |Let

CO13 [LC1+1C2

cot4 |LC1+LC3

CO15 |LC1+0751C2+0.751C3

CO16 |LC1+LCA

FEXE COT7 | LC1 +0.75°LC2+ 0.75°LC3 +0.75

Load and Resistance Factor Design (LFRD)

TIMBER awc
Allowable Stress Design (ASD)

Timber design of members

CO1E |LC1+0751C2+0751CA and sete of members
: . . 3 according
[P CO19 | L1+ 0.75°LC3 + 0.757LC4 e P
) - [av] (58] 5] 28]
< nr. 4
Caloulation | | _Detaiis.. | [ Standar Graphics

Figure 2.1: Window 1.1 General Data
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Design of
Design of
Members:  174,176,177.186-196,198-206,351-362 (&)%) [ a
Sets: 118 5] (X [Em] @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 RSTAB work window after clicking [\].

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 RSTAB
appears where you can specify the parameters of set of members.

Design according to

Design According to

EgASD [zl =]

ESASD Allowable Stress Design

E= |RFD Load and R e Factor Design

Figure 2.3: Design according to ASD or LRFD

The options of the list box control whether the analysis is carried out according to the pro-
visions of the Allowable Stress Design (ASD) or the Load and Resistance Factor Design (LRFD).

Comment

Comment
Design according to Allowable Stress Design [A50) -

Figure 2.4: User-defined comment

In this text box, you can enter user-defined notes describing, for example, the current design
method.

I Program TIMBER AWC © 2014 Dlubal Software GmbH
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2.1.1 Ultimate Limit State

Existing Load Cases / Combinations Selected for Design

LCA Self-weight - 23 RC1 Section 2.3 [LRFD)
SN LC2 Show

Il LC3 Wwind

LC4 Live load

EE LC5 Seizmic -

| Imp e Imperfection —

231 CO1 1.4%C1 \3’

232 Co2 1.2°LCT +1.67LC4

232 Coz2 1.2°L01 + 0.5"LC2 + 1.6°LC4

233 Co4 1.2°LCT +1.67LC2 + LC4

233 CO5 1.2°LCT +1.6"LC2

233 CO6 1.2°LCT +1.67LC2 + 0L.E°LC3

234 CO7 | 1.2°L01 + 0.5LC2 + 1 E°LC3 + LT @

234 COo2 1.2°LCT +1.67LC3 + LC4

234 CO9 1.2°LCT + 0.57LC2 + 1.6°LC3

234 COM0 | 1.2°LCT +1.6°LC3

235 CO1 | 1.2°LCT +LCS

235 C012 | 1.2°LC1 +LC4 + LCE

235 C0O13 | 1.2°LC1 +0.2"LC2 + LC4 + LCH

235 C014 | 1.2°LC1 +0.2°LC2 + LCH

236 CO15 | 0.9°LCT +1.6"LC3

237 COME | 0.9°LCT +LCS

PN CO17 [LCT +075LC2 + 0.75C4 + 0.52] ~

&II[27) - (8] [Ea)

m

g
#|

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

Existing Load Cases and Combinations

This column lists all load cases, load combinations, result combinations, and super combina-
tions created in RSTAB.

T 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 6 in Figure 2.5, cannot be designed: This happens when
the load cases are defined without any load data or the load cases contain only imperfections.
When you transfer the load cases, a corresponding warning appears.

2l [5) -J[2/] 33 At the end of the list, several filter options are available. They will help you assign the entries
T sorted by load case, load combination, or action category. The buttons have the following
LC  Load Cazes

€0 Load Combinations (2] fU nctions:
€0 Load Combinations - Generated (2]
RC Result Combinations [1] —
RC Result Combinations - Generated (1) atr?l Selects all load cases in the list
Load and Result Combinations [3] 2
Load and Result Combinations - Generated (3]

Dead[1] e .

S5 Snow (1] gf:; Inverts the selection of load cases
23 RC Section 2 3[LRFD) (1]
231 CO Section 23 [LRFD), 1. [1]

2373 CO Section 2.3 (LRFD]. 3. (1) Table 2.1: Buttons in the tab Ultimate Limit State

Selected for Design

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

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

lmm

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 volume factor Cv

1 o I Program TIMBER AWC © 2014 Dlubal Software GmbH
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for structural glued laminated timber, the envelope of the moment distributions is analyzed.
From that, the most unfavorable distribution (max or min) is applied. However, this distribu-
tion only rarely reflects the moment distribution in the individual load combinations. Thus, in
the case of RC design, more unfavorable values of the factor Cy 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.

2.1.2 Serviceability Limit State

U ltimate Lirnit State | Serviceability Limit State | Fire Resistance

Existing Load Cazes F Combinstions Selected for Design
LC1 Dead co1 18D +L
LC2  [Live ]

5>

g
)

A(3) ~ (@] (28
Figure 2.6: Window 1.1 General Data, tab Serviceability Limit State

Existing Load Cases and Combinations

This section lists all load cases, load combinations, result combinations, and super combina-
tions created in RSTAB.

Selected for Design

Load cases, load combinations, result combinations, and super combinations can be added or
removed (see Chapter 2.1.1).

The limit value of the deformation is controlled by the settings in the Details dialog box (see
Figure 3.3, page 39) which you can call up by clicking the [Details] button.

In the 1.10 Serviceability Data window, the reference lengths decisive for the deformation
check are managed (see Chapter 2.10, page 32).

® 2 Input Data 4&
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This tab is only available when the ASD design method has been set.

Fire Resistance

[ Utimats: Limit Stats | Serviceabilty Limit State | Firs Resistancs |

Existing Load Cases FCombinstions Selected for Design
LC1 Dead RC1 CO1/p orto CO9
Lcz Live
5 LC3 Show
Tl LC4 Wind
Cco1 LC1 =
coz LCT +LC2
coz LET +LE3
co4 LCT + 0.75°LC2 + 0.75°LC3
CO5 | LC1+LC4
Coe LCT + 0.75°LC2 + 0.75°LC3 + 0.75°LC
caz LE1 +0.75"LC2 + 0.75°LC4 =
cog LCT1 +0.75"LC3 + 0.75°LC4 -

0.6"LCT +LC4

All[14] - EMIER

Figure 2.7: Window 1.1 General Data, tab Fire Resistance

Existing Load Cases and Combinations

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

Selected for Design
Load cases, load and result combinations can be added or removed (see Chapter 2.1.1).
The fire resistance design is performed by means of a reduced cross-section. The general speci-

fications for the fire resistance design are managed in the dialog boxes Standard (see Figure 2.9,
page 13) and Details, tab Fire Resistance (see Figure 3.4, page 40).

2.1.4 Standard

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

De=ign According to

E5ASD ~
E= ASD Allowable Stress Design
= LRFD Load and Resistance Factor Design

Figure 2.8: Design method

To check and, if necessary, adjust the preset parameters, click [Edit] (see the following figure).

Alternatively you can use the [Standard] button in all input windows in order to open the
Standard dialog box consisting of three tabs. The content of the dialog box depends on the
selected design method.

12
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Standard - ANSI/AWC NDS-2012:2012

General | Others I Used Standards

Load Duration Factor Acc. to Table 2.3.2 Temperature Factor Acc. to Table 2.3.3
Load Duration: Ref. Design In-Service T<100°F 100°F<TE125F  125°F<T<150°F
R < WValues Moisture
- Permanent Co: [Em}: Condtions
- Ten years Co: 1000/
- Two morths Co: 11501 F1, Emmin Wet/Dry Ct: 1000 050012 0900
- Seven days Co: 1250Q
- Ten minutes Co: 1600k
Dry Ct: 10000 0.8001% 0700
- Impact Co: 2000f% Fb, Fv, Fe, and Fep
Wet Ct: 10001 07001 0,500
et Service Factors Acc. to NDS Supplement Data for Fire Design Acc. to 16.2.1, and Table 16.2.2
Property: Dimension Lumber Timbers: Glulam Design Stress to Member Strength Factor
and Decking:
Property:
Fp CM:  0850f 1.000 0.800 % Fb 285045
Fi CM: 1000/ 1.000 0.800 % Emin 2030
Fy Cu:  ps70)s 1.000 0.875 % Fi 285015
Fep Cu: 06701 0.670 0.530 % Fe 25801
Fe Cu: 0800k 0.510 0.730 % Nominal char rate:
Emin CM: D300k 1.000 0.833 = Bn: 1.500=
Figure 2.9: Dialog box Standard, tab General for ASD design method
Standard - ANSI/AWC NDS-2012:2012 [0
General | Others | Used Standards
Time Effect Factor Temperature Factor Acc. to Table 2.3.3
Load Duration: Ref. Design In-Service T<100°F 100°F<TSI25F  125°F<T<I50°F
X - Values Maisture:
- Pemanent LENIN0 600 Condttions
- Ten years A D700
~WBILE ho08m0f Ft, Emin Wet/Dy — Ct: 1000 0900 0.900%
- Seven days L 0S00
- Ten minutes A 1.000R
Dry Ct: 1000 0.8001= 0.700 =
- Impact A q25pke Fi, Fy, Fe, and Fep
Wet Ct: 10002 07001 050012
Wet Service Factors Acc. to NDS Supplement Format Conv. and Resist. Factors Acc. to 2.3.5 and 2.3.6
Property: Dimension Lumber Timbers: Glulam Property:
and Decking:
Fo CM: 085015 1.000 0.800 Fb KF: 2540KH  ®b: pas0is
F CM: 1000 1.000 0.800 Ft Ke: 27008 Bt D.300E
Fy CM: 05702 1.000 0.875 % Fv,Frt Kr: 23302 By D750[E
Fep CM: 06701 0.670 0,530 Fo Ke: 24001  ®e: ps00fs
Fe CM: 0800k 0910 0.730 % Fep KF: 16705 ®ol D900}
Emin Cu: 0900 1.000 0.83315 Emin  KF: 1760[%| Bs: 085015

(@) [

Figure 2.10: Dialog box Standard, tab General for LRFD design method

I Program TIMBER AWC © 2014 Dlubal Software GmbH
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In the dialog box sections, you can check or, if necessary, modify, the Wet Service Factors and
the Temperature Factor (prescribed for both ASD and LRFD method), the Load Duration or Time
Effect Factor (different for ASD and LRFD method), and the Format Conversion and Resistance
Factors (LRFD only).

The Data for Fire Design section manages the parameters Design Stress to Member Strength Fac-
tor and Nominal charring rate .. The fire design is applied only for the ASD design method.

The buttons in the Standard dialog box have the following functions:

Button Function

Resets the program's default settings
Imports user-defined standard settings
Saves the current settings as default
@ Deletes a user-defined Standard

Table 2.2: Buttons in dialog box Standard

Others

In the second tab of the Standard dialog box, you find several factors significant for the design.
These factors are prescribed for both ASD and LRFD methods and can be also modified, if nec-

essary.
Standard - ANS/AWC NDS-2012:2012 S5
| General | Others ‘ Used Standards
Repetitive Member Factor Acc. to 43.9 Inciging Factor Acc. to 4.3.8
Property: Property:
Fb Cr:  [EEN Emin Ci: p9s0f=
Fb, Ft, Fe, Fy Ci: 08005
Fep Ci:  1.000(%
Shear Reduction Factor Acc. to 5.3.10
Property:
Fy Cur D720 =
Condition Treatment Factor Acc. to 6.3.5 Load Sharing Factor Acc. to 6.3.11
Condition Treatment: Property: Mo. of piles in group:
Air Dried Cet: 1000/ 2 Ci:  1050k2
Kin Dried Cet: 030002 Fio 3 Ce: 10702
Boulton Drying Cot: 095012 dormore  Ci: 1080}
Steaming (Normal) Cet:  0.800}2
2 Cis: =
Steaming (Marine) Cet:  074D/= 1.060 =
Fe 3 Ck: 1090}
4 or more Cie: {110k
e

Figure 2.11: Dialog box Standard, tab Others
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Used Standards
The third tab of the Standard Settings dialog box informs you about the Standards according to
which the design will be performed.

Standard - ANSUAWC NDS-2012:2012 [
Used Standards
No. Standard Standard Description
OB ANSI/AWC NDS-2012:2012 Mational Design Specification for Wood Construction
[2] | NDS-2012 Supplement Design Values for Wood Construction
[3] | ASCE/SEI 710 Minimum Design Loads for Buildings and Other Structures

Figure 2.12: Dialog box Standard, tab Used Standards

I Program TIMBER AWC © 2014 Dlubal Software GmbH
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2.2  Materials

The window consists of two parts. In the upper part, all materials created in RSTAB 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 Matenals
i | B Specisl Settings for
M:}E”a‘ Mal?"?' Special settings for glulsm acc. to
0, Description Comrment tfootnotes in Table 5B and Table S0
2 | Alaska Cedar, 24" Thick, 2 and \Wider, Select

3 (B Gtesl 36 | ANSI/AISE 36005 2005.03 ET:c:co:trIDUHSDEF fFD ‘:‘mb:mrg::ts"’;f;’ft;"
4 |Ml BeechBirch-Hickory, 5%5" and Larger, Beams a .
=

than 15 in. deep
[ 16F-1.3E, 16F V2, SP/SP, Loaded Perp. to'wi~]
(]

@

7 |E Pacitic Coast Douglas Fir [Treated Round Timbe

(@] EYEIENDY

Msterial Properties
:E Main Properties

Modulus of Elasticity E 1500.000 | ksi
Shear Modulus G 93.750 | ksi
Specific Weight 7 0.0 kip/ft¥
Coefficient of Thermal E xpansion o 2 F7I0E0R | 17°F
Partial 5 afety Factor “thd 1.00
[ Additional Properties
Reference Tension Design Yalue Parallel to Grain Ft 1.000 | ksi
Reference Compression D esiagn Walue Parallel ta Grain Fo 1.300 | ki Miaterial Mo, 5 uzed in
Reference Bending Design Value Fix* 1.600 | ksi
Reference Bending Design Yalue Fox- 1.400 | ksi Cross-sections No.:
Reference Bending Design Yalue (Bending Parallel to 'wide Faces | Foy 1.450 | ksi g
Reference Shear Design Value Parallel to Grain Fyx 0.300 | ksi
Reference Shear Design Value Parallel to Grain Fyy 0.260 | ksi Members Ma.
Reference Compression D esign Yalue Perpendicular to Grain Fopx ten face 0.740 | ksi 5
Reference Compression Design Y alue Perpendicular to Grain Fopx,comp.fac 0.650 | ksi
Reference Compression Design Yalue Perpendicular to Grain Fepy 0650 | ksi
Reference Modulus of Elasticity for Stability Calculations Ex min 790.000 | ksi Sets of members No.:
Reference Madulus of Elasticity for Stability Caleulations Ey min 740.000 | ksi
Type of Structural Glued Laminated Timber Softwoods
Combination Symbol 1BF2 T Length T Weight
Species Outer/Core SP/SP 13,000 [f] 0055 fton]

Figure 2.13: 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 4.2 of the RSTAB 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 from the

module's menu Settings — Units and Decimal Places (see Chapter 7.3, page 65).

Material Description

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

IAIaska Cedar, 24" Thick, 2 and Wider, Selec~]

Alaska Cedar, 247 Thick, 27 and “Wider, Select Structural AMSIAAWENDS-2012 -
Alaska Cedar, 247 Thick, 27 and Wider, No.1 ANSIAAWC NDS-22
Alaska Cedar, 24" Thick, 27 and “Wider, No.2 AMSIAAWC NDS-2012
&laska Cedar, 24" Thick, 27 and “Wider, No.3 ANSIAAWC NDS-2012
Alaska Cedar, 247 Thick, 278" Wide, Stud AMSIAAWC NDS-202
Alaska Cedar, 2747 Thick, 8 and “Wider, Stud ANSIAAWC NDS-22
Alazka Cedar, 274" Thick, 274" Wide, Construchion ARSAAWE NDS-2012
Alaska Cedar, 24" Thick, 24" \Wide, Standard AMSIAAWC NDS-2012
&laska Cedar, 247 Thick, 2™-4" wide, Utility AMSIAAWC NDS-2002
Alaska Hemlock, 274 Thick, 27 and “Wider, Select Stuctural AMSIAAWE NDS-2012 -

Figure 2.14: List of materials
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According to the design concept of ANSI/AWC NDS-2012 [1] and its Supplement [2], the list in-
cludes only materials of the U.S. standard. Visually graded decking (i.e. material according to
[2] "Table 4E") is not included in TIMBER AWC.

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,
TIMBER AWC will import the material properties, too.

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

Material Library

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

Edit —> Material Library

or click the button shown on the left.

(S5

Material Library
Fiter Material to Select
Material category group: Material Description Standard o
& Timber ~ | | @ Southem Pine, 55" and Larger, Dense Select Structural = ANSI/AWC NDS-2012

E= ANSI/AWC NDS-2012

Matenal category:
[ 'Wood (North America) -

[ Southem Pine, %5 and Larger, Mo.1 Dense = ANSIFAWC NDS-2012

Standard group:
ES ANSIFAWC

Standard:
E5 ANSI/AWC NDS-2012

Special application:

[ Include invalid...

Table 40 - Visually Graded Tim +

[ Southem Pine, 5%5 and Larger,
[H Southem Pine, 5%5 and Larger,
[H Southem Fine, 5%5” and Larger,
[H Southem Fine, 5%5” and Larger,
[H Southem Fine, 5%5” and Larger,
« | | H Southem Pine, 5%5” and Larger,
[ Spruce-Pine-Fir, 5%5” and Larger,
[ Spruce-Pine-Fir, 55" and Larger,
[E Spruce-Fine-Fir, 5%5” and Larger,
[H Spruce-Pine-Fir, 55" and Larger,
[H Spruce-Pine-Fir, 55" and Larger,

Mo 1

Mo.2 Dense

No.2

Dense Select Structural 86
Dense Select Structural 72
Dense Select Structural 65

, Beams and Stringers, Select 5
. Beams and Stringers, No.1

. Beams and Stringers, No 2

. Posts and Timbers, Select Stru
, Posts and Timbers, No.1

E= ANSI/AWC NDS-2012
E= ANSI/AWC NDS-2012
E=S ANSI/AWC NDS-2012
E=S ANSI/AWC NDS-2012
E=S ANSI/AWC NDS-2012
E5 ANSI/AWC NDS-2012
= ANSI/AWC NDS-2012
E= ANSI/AWC NDS-2012
E= ANSI/AWC NDS-2012
E=S ANSI/AWC NDS-2012
E=S ANSI/AWC NDS-2012

[ Favorites only...

) o

Material Properties. ANSFAWC NDS-2012

(] Main Properties

Southern Pine, 5°x5* and Larger, Select Structural

Modulus of Elasticity E 1500.000 | ksi
Shear Modulus G 93.750 | ksi
Specific Weight Vi 0.0 | kipAt?
Coefficiert of Themal Expansion o 2.7778E-06 | 1/°F

[ Addttional Properties

Reference Modulus of Blasticity for Stability Calculations Emin 550.000 | ksi
Reference Bending Design Value Fo 1.500 | ksi
Reference Tension Design Value Parallel to Grain Ft 1.000 | ksi
Reference Shear Design Value Parallel to Grain (Horizortal Shear) Fuv 0.165 | ksi
Reference Compression Design Value Perpendicular to Grain Fep 0.375 | ksi
Reference Compression Design Value Parallel to Grain Fe 0.950 | ksi
Type of Wood Product Visually Graded Timbers
Species Southem Pine

Commercial Grade
Cross-Section Classffication

Select Structural
5%5" and Larger

Figure 2.15: Dialog box Material Library

In the Filter section, ANSI/AWC s 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 TIMBER AWC.

Chapter 4.2 of the RSTAB manual describes in detail how materials can be filtered, added, or
rearranged.

Program TIMBER AWC © 2014 Dlubal Software GmbH
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Material Properties

The lower section of Window 1.2 contains the reference design values for bending Fs, tension
parallel Fy, shear F,, compression parallel F, compression perpendicular F, as well as modulus
of elasticity for stability calculations Emin.

The reference bending, shear and compression perpendicular design values and reference
modulus of elasticity for stability calculations for structural glued laminated timber are ex-
tended for cases of bending perpendicular and parallel to wide faces of laminations and bend-
ing to Fux and Fuy. When structural laminated timber material stressed primarily in bending (i.e.
material of "Table 5A" and "Table 5C" special application) is chosen, value Fux is doubled for the
case of positive Fn" and negative Fux bending. In addition, for such a softwood timber (i.e. ma-
terial of "Table 5A" special application), value F, is doubled for tension Fepxtenface and compres-
sion Fepxcompface face of cross-section.

tandard. 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 2.9 and Figure
2.10, page 13).

Special Settings

Special Settings for For cross-sections greater than 15 in. deep, where structural glued laminated timber stressed
Speecial seftings for glulam acc. to primarily in axial tension or compression (i.e. material of "Table 5B" and "Table 5D" special ap-
footnotes in Takle 56 and Table S0: . . . . . .
_ o plication) is used, the reference bending design value Fy, can be considered to be reduced by
Reduction of Fex by multipliyng by . K
a factor 0.5 for members areater multlplylng by afactor of 0.88.

than 15 in. deep
If you select this option, the program reduces the mentioned bending design value automati-
cally.

2.3  Cross-Sections

This window manages the cross-sections used for design. You can also specify parameters for
the optimization here.

1.3 Cross-Sections

[ B C E | «| [17 - Dimension Lumber 3x8| ANSIAWG .
Section | Material Cross-Section Opti-
. Mo, D ezcription mize: MNate Comment
10 7 |BWE T-Rectange 10.25/6.35 Na )
11 7 |H© TCicles Na
12 3 |[MT IFE120 No g !
13 2 | IUH 24/18/4/412/4 No 9) L
14 2 |E0 TFRectangls 4412 Mo 1]
15 2 |EO Post and Timber 12x14 | ANSI/&WC No
[ No g
2 [0 Dimension Lumber 358 | ANSI&WE | From Current Row -
2] The cross-section wil be optimized. Therefore, the optimal section from the i
5| |table will be used, i=Rli-nBExEre ¥
| K} EVNESRIRES
Crogs-Section Properties
[ Size Factor
Bending Design Yalue Adjustment Cr (Fs) standard-defined acc. to 436 | g ] ] =4
Tension Diesign Value Adjustment CF [Ft) standard-defined acc. to 436 IQI \:I Ill @I
Compression Parallel to Grain Design Value Adjustrent Cr (Fs) standard-defined acc. to 436 e M, (E ey
I Flat Use Factor
Bending Design Yalue Adjustment Ctu standard-defined acc. o437 | Members No

13

Sets of members Mo

I Length: I ‘Wweight
13.000 [/ 0.023 [ton]
Material

2 - Alaska Cedar, 24" Thick, 2” and 'w/id

Figure 2.16: Window 1.3 Cross-Sections
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Axis System

In TIMBER AWC, the cross-sectional axis system is applied according to [1]. That system is dif-
ferent to the one used in RSTAB: The module’s axis x corresponds to axis y of RSTAB, and axis y
to axis z accordingly. Sometimes the axis’ symbols y/x and z/y are used in TIMBER AWC.

AXIS SYSTEM - RSTAB AXIS SYSTEM - TIMBER AWC
¥ b
] \
——— ——
T %
v v
= K

Figure 2.17: Axis systems used in RSTAB and TIMBER AWC

Cross-Section Description
The cross-sections defined in RSTAB 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 ANSI/AWC NDS-2012 [1].

The table Cross-Section Properties below displays the size factors Cr and flat use factors Cr, of
each cross-section. For standardized timber cross-sections (see Figure 2.19), you can define the
values automatically or manually by using the [¥] button.

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 this 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 4.3 of the RSTAB manual describes how cross-sections can be selected from the li-
brary.

.2 Input Data _I_/ AN
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& - Glulam (WS) 8.76x21 | ANSUAWC ND
TIMBER AWC

5- Glulam (W3) 8.75x30 | ANSIVAWGC ND
RSTAB

Dlubal

Timber Cross-Sections -

Rectangle

Cross-Section Type

(]

Favorites Group

Parameters

=
-

@ =

T-Rectangle 5.5/9.5

Figure 2.18: Parametric timber cross-sections of the cross-section library

Standardized Timber Cross-Sections - Rectangles

Cross-Section Type

(o]

Fitter

Manufacturer/Standard group

E= ANSI/AWC -
Manufacturer/Standard

ES ANSVAWC NDS2012
Cross-section shape

Al

Cross-section note:
Al

[ include invalid

o]
To Select To Select Post aned Timber 10210 | ANSEAWT NDS-2012
Table Manufacturer/Standard | | Cross-Section
[ Boards 5 ANSI/AWC NDS-2012 | | Post and Timber 55
[ Dimension Lumber | 5 ANSVAWC NDS-2012 | | Post and Timber &6
Post and Timber = ANSIAWE NDS2012 [RIETRCR 23

[ Beams and Stringers
[ Westem Species Glulam
[ Southem Pine Glulam

E5 ANSI/AWC NDS-2012
5 ANSI/AWC NDS-2012
5 ANSI/AWC NDS-2012

Paost and Timber &8

Post and Timber &10
Post and Timber 10«12
Post and Timber 12x12
Post and Timber 12¢14
Post and Timber 14x14
Past and Timber 1416
Post and Timber 16x16
Post and Timber 1618
Post and Timber 18x18
Post and Timber 18x20
Post and Timber 20x20
Past and Timber 20x22
Post and Timber 22x22
Post and Timber 2224
Post and Timber 24x24

Il
&EE

2 - Ponderosa Pine, 5%5” and Larger, Beams and Stringers ~

nEE

[ Favorites group:
= Fost and Timber 10¢10] ANS/AWC NDS-2012
=

Figure 2.19: Standardized timber cross-sections of the cross-section library

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

A modified cross-section will be highlighted in blue.

If cross-sections specified in TIMBER AWC are different from the ones used in RSTAB, both
cross-sections are displayed in the graphic on the right. The designs will be performed with the
internal forces of RSTAB for the cross-section selected in TIMBER AWC.

20
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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 RSTAB 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 3.5, page 41).

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 62.

Remark

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

A warning might appear before the calculation: Cross-section does not have a valid material!
This means that this cross-section is not allowed to be used in combination with the defined
material. In TIMBER AWC, it is not possible to use rectangular cross-sections with structural
round timber poles and piles material (i.e. material of [2] Table 6A and Table 6B), and circular
cross-sections with dimensional lumber or structural glued laminated timber (i.e. material of
[2] Table 4A, Table 4B, Table 4C, Table 4D, Table 4F, Table 5A, Table 5B, Table 5C and Table 5D).

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 Post and Timber 8x10 | ANSI/AWC ND5-2012 ﬂ
Cross-Section Property Symbol Value Unit  ~ |Postand Timber 8x10 | ANSIAINC NDS-2012
Width b | 73 |in
Depth d 53 (in
Cross-sectional area A 671 |inZ
Shear arsa Ay 55.9 |in?
Shear area Az 559 [in2
Plastic shear area Az 67.1|inZ
Moment of inertia ly 4782 in4
Momert of inertia Iz 2937 |in4
Goveming radius of gyration ry 27 [in
Goveming radius of gyration rz 21 [in
Polar radius of gyration fo 34 |in
Radius of gyration for lateraltorsional buckl | im 41 |in =
Volume v 804.8 | in¥A
Weight wt 136 | bt
Suface Asurt 275 | k24
Section factor An/V 19.373 | 1/m
Torsional constant J 6125 |in4 ¥
Elastic section modulus Sy 1034 |in3 v
Elastic section modulus 5z 81.0|in? “
Statical moment of area Qymax 775 |in3
Statical momert of area Gz max 60.8 [in3
Plastic section modulus Z, 1851 |in3 finl
Plastic section modulus Zz 1216 |in?
Plastic shape factor Zy/Sy 1.500 — ¥ SRR
i 7205 ! — — Al -
e o = L1 Vi

Figure 2.20: Dialog box Info About Cross-Section

The right part of the dialog box shows the currently selected cross-section.
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The buttons below the graphic have the following functions:

Function

Displays or hides the stress points

Displays or hides the numbers of stress points

Shows the details of the stress points (see Figure 2.21)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

NEECEEE

Prints the cross-section values and cross-section graphic

W

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, etc.).

Stress Paints of Post and Timber 8510 | ANS/AWC NDS-2012 =
B | [ [ D [ & 1 F [ G Post and Timker 8x10
StressP Coordinates Statical Moments of Area Thickness Warping
No. y [in] z [in] Qy [in?] Qz[in?] t in] Wne in2] Swln*]

[ 1 | 48 0.0 0.0 73 00 00
2 36 48 0.0 0.0 73 00 00
3 38 45 0.0 0.0 73 00 00
4 16 45 0.0 0.0 73 00 0.0 . :
5 0.0 0.0 75 0.0 73 00 0.0 =
6 0.0 00 0.0 60.8 93 00 0.0 \

X

Figure 2.21: 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
RSTAB.

TIMBER AWC is also able to design tapered members if the same cross-section type is defined
for the start and the end cross-section. Additional specifications are required in Window 1.14
(see Chapter 2.13, page 35).

22
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Load Duration

Permanent il
Fermanent

Ten'Vears

Two Months
Seven Days
Ten Minutes
Irmpact

Dlubal

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 and result combinations as well as dynamic combinations.

1.4 Load Duration

r. A | B [ ¢ [ D [ E [ F

Load- Load Factor Loading Condition

ing Description Type Load Duration i (Radial Stress Design) Commerts

| Pemanent | Dead Pemanent 0.6000 Cther Types of Loading

LC2 Live Live Ten Years 0.7000 Other Types of Loading

LC3 Snow Snow Two Months 0.2000 Other Types of Loading

LC4 Wind Wind Ten Minutes 1.0000 | Wind or Earthquake Loading

COo1 14°1.C1 - Permanent 0.6000 Other Types of Loading

co2 1.2°LC1 = 1.6°LC2 - Ten Years 0.7000 Other Types of Loading

o3 1.Z21C1 + 1.6°1L.C2 + 0.5°1C3 o Two Months 0.8000 Cther Types of Loading

Co4 1.2°LC1 +05°LC3 - Two Months 0.8000 Other Types of Loading

o5 1.21C1 + LC2 + 1.6°LC3 o Two Months 0.2000 Cther Types of Loading

(] 1.2°LC1 +1.6°LC3 = Two Months 0.2000 Other Types of Loading

Co7 1.2°LC1 + 16°LC3 + 0.8°LC4 - Ten Minutes 1.0000 | Wind or Earthquake Loading

o8 1.2LC1 + 0.8°LC4 o Ten Minutes 1.0000 | Wind or Earthquake Loading

C03 1.2°LC1+ LC2 + 0.5°LC3 + 1.6°L.C4 = Ten Minutes 1.0000 | Wind or Earthquake Loading
Co10 1.2°1C1 + LC2 + 1.6°LC4 - Ten Minutes 1.0000 | Wind or Eathquake Loading
Co11 12001 + 05103 + 1.6°L.C4 o Ten Minutes 1.0000 | Wind or Earthquake Loading
C012 1.2°LC1 + 1.6°LC4 = Ten Minutes 1.0000 | Wind or Earthquake Loading
CO13 0.9°LCT1 + 1.6°LC4 - Ten Minutes 1.0000 | Wind or Eathquake Loading

Apply time effect
factor . according to:

@) Shortest load duration in a combination

Userdefined settings

Figure 2.22: 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
RSTAB. They are the basis for the presetting in the subsequent table column.

Load Duration

Loads and their superpositions must be assigned to the load duration for the design. The clas-
sification of actions is specified for example in [1] Table 2.3.2.

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, TIMBER AWC performs the
classification automatically taking into account the shortest load duration action of included
load cases. When the bottom-side button is switched to User-defined settings, load combina-
tions 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 Coin
the ASD method and time effect factor A in the LRFD method.
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Standard...

Loading Condition
(Radial Stress Design)
Cther Types of Loading =]
Cther Types of Loading

Moisture Service

Condition Temperature
[ Dry 1 T2 1007 -1
D Temp. up to 100°F
wet | Temp. between 100°F and 125"

°F and 150

Dlubal

FactorCp/ A

The impact of the load duration on the strength properties is taken into account by means of
the load duration factor Cp (ASD) or the time effect factor A (LRFD) (see [1] Table 2.3.2 and N3).

The factors can be checked and, if necessary, adjusted in the Standard Settings dialog box (see
Figure 2.9 and Figure 2.10, page 13).

Loading Condition (Radial Stress Design)

In the table, column E is activated only when at least one tapered member is selected for the
design. In this case, the loading conditions must be assigned so that the radial tension stress,
Fr, can be determined (see [1] Table 5.2.8).

2.5

The determination of moisture and temperature service conditions makes it possible to assign
the temperature factors Crand wet service factors Cu to each member. The moisture service
conditions can be specified individually for each material according to [2], the temperature
conditions according to [1] Table 2.3.3.

In-Service Conditions - Members

L5 In-Service Conditions - Members

[ A [ B R N, wisture Service Condtion
tember Moisture Service
Ho Condition Temperature Comments Dy Service Conditions:

Dy T<100F [ ] Maisture contert in service is less

2 et 100°F < T= 125°F than 13% for lumber (less than

3 Wet 125°F < T < 160°F 16% for glulam)

4 Dy T=100°F

5 et 100°F « T2 125°F

5 Dy 100°F < T < 125°F Wet Service Conditions:

7 Dy T<100°F Moisture content in service is 19%

g et 125°F < T < 150°F or greater for lumber [16% and

greater for glulam]

Temperature Effects:

Structural members experience sustained
exposure to elevated temperatures up to

Structural members experience sustained
exposure o elevated temperatures
between 100°F and 125°F

Structural members experience sustained
exposure to elevated temperatures
between 125°F and 150°F

Set input for members No.:

L EEI)
Figure 2.23: Window 1.5 In-Service Conditions - Members

By default, the program assigns dry service conditions and temperatures below 100 °F. If you
want to allocate different moisture or temperature conditions to specific members, use the [¥]
button to open the lists.

Below the Settings table, you find the Set inputs for members No. check box. If it is selected, the
settings entered afterward will be applied to the selected or to All members. Members can be
selected by entering their numbers or by selecting them graphically using the [\] button. That
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 this function.
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The other buttons below the table have the following functions:

Button Function

-

Export of table to MS Excel or OpenOffice.org Calc

Option to select member graphically in RSTAB window and set its row in table

O

View mode for switching to RSTAB work window

Table 2.4: Buttons in Window 1.5 In-Service Conditions - Members

2.6

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

In-Service Conditions - Set of Members

L6 In-Service Conditions - Set of Members

& [ B
Muoisture Service
Condition

hoisture Service Condition

Set
No.

Temperature Comments Dy Service Conditions;

2
3

Dy
Wet
Dy

T 100°F [ |
T< 100°F
100°F < T4 125°F

Moisture content in service is less
than 192 for lumber (less than
16% far glulam]

‘wiet Service Conditions:

Muaigture content in service iz 19%
or greater for lumber [16% and
greater far glulam)

Temperature Effects:

Structural members experience sustained
expozue to elevated temperatures up ta

Structural members experience sustained
erxposuie (o elevaled lemperatures
between 100°F and 125°F

Structural members experience sustained
exposue to elevated temperatures
between 125°F and 160°F

Set input for members No.

Al

Figure 2.24: Window 1.6 In-Service Conditions - Sets of Members

The set-up of this window is similar to the one of the previous Window 1.5 In-Service Conditions
- Members. Here you can assign temperature and moisture service conditions to each set of
members.
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2.7  Effective Lengths - Members

The appearance of the window depends on whether the stability analysis is carried out 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 38). The follow-
ing description refers to the equivalent member default method. For that, the parameters of
buckling and lateral-torsional buckling must be defined.

g 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 lists the factors for the lengths of
buckling and lateral-torsional buckling as well as the equivalent member lengths of the mem-
bers selected for design. The effective lengths defined in RSTAB are preset. In the Settings sec-
tion, you can see further information on the member whose row is selected in the upper table.

EI:'J Click [~N] to select a member graphically and to show its row.
1.7 Effective Lengths - Members
[ A [ B [ Cc wewwes E [ F [ G [ H I | [ o K
Member|  Buckling Buckling About Axis x Buckling About Axis y Lateral-Torsional Buckling
No Possible Possible Kex lex in] Possible Kay lay [in] Possible Define = le[in] Commert
[ 1 ] 0.700 1.000 2400 as member length
3 1.000 2400 1.000 2400 manually 240.0
7 2.000 480.0 2.000 4800 ace. to Table 3.3.3
B 1.000 2400 1.000 2400 ace.to Table 3.3.3
3 0.500 1200 0.500 1200 acc. to Table 3.3.3
10 1.000 2400 1.000 2400 ace. to Table 3.3.3
11 1.000 2400 1.000 2400 acc. to Table 3.3.3
12 1.000 2400 1.000 2400 acc. to Table 3.3.3
Settings for member No. 1 3 - T-Rectangle 11416
Cross-section 3- T-Rectangle 11/16
Length 5 2400 |in
Buckling Possible
[ Buckling About fuds x Possible
Hffective Length Coefficient Kex 0.700
Effective Length lex 168.0 |in
[ Buckling About Axis y Possible
Hffective Length Coefficient Key 1.000
Hffective Length ley 2400 |in -
[ Lateral-Torsional Buckling Possible 2
Define |= as member length i
Comment
i
v
¥
[] setinput for members No.: [in]
u

Figure 2.25: Window 1.7 Effective Lengths - Members for equivalent member method

Bl 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 available as soon as you have
clicked in the text box (see Figure above).

The Settings tree manages the following parameters:

e Cross-Section

o Member Length

o Buckling Possible (corresponds to column A)

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

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

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

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
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Coefficient for the respective directions. When a coefficient is modified, the equivalent member
length is adjusted automatically, and vice versa.

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

r ~
Select Effective Length Factor l&
Type of K Value
@ Theoretical
Recommended
Buckling About Axis y / x Buckling About Axis z [y
Cross-sectional axis system in this page is different
Ky=0.5 X — Kz=0.5 % = = than in the module.
P’" Z A Y Note that Ky = Kex and Kz = K.
Ky =0.7 ! _ Kz=0.7 —a yo e T
Z y
Ky =10 Kz=1.0 a0
z y i
Ky =10 — — @kz=10 L/
Z y
- — - ———
Ky =2.0 !_""_‘ . Kz=2.0 ! —
e y
- 1
Ky =2.0 S Kz=2.0 | AT
b4 v i
— E—n
@ User-defined User-defined v
Ky = ... z Kz=... y
l— Rotation fixed and translation fixed
I=  Rotation free and translation fixed
O—  Rotation fixed and translation free
— Rotation free and translation free
0 0
Export effective length - Export effective length :
factor Ky: 0,800 = factor Kz: 1.000
? ==

Figure 2.26: Dialog box Select Effective Length Factor

For each direction, you can select one of the buckling modes (theoretical and recommended
values of buckling length factors according to [1] Table G1) or enter a User-defined effective
length coefficient K.

If an eigenvalue analysis was carried out in the add-on module RSBUCK, you can also select a
Buckling mode to determine the factor.

Buckling Possible

The 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 members as compression members or to exclude them from the stability analysis.
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Buckling About Axis x / Buckling About Axis y

With the check boxes in the Possible table columns, you decide whether a member is suscepti-
ble to buckling about the x-axis and/or y-axis (see Chapter 2.3, page 19 for the axis systems).
Those axes represent the local member axes, with the x-axis as the "major" and the y-axis the
"minor" member axis. The buckling length coefficients Kex and Key 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 2.16, page 18).

To access the RSTAB work window, click the [View Mode] button. In the work window, you can
display the local member axes by using the member's context menu or the Display navigator.

Project Mavigator - Display x

—E‘& Model -

—E‘& Members i
----- [#]5% Member Elastic Foundations <
M Ve o5 e
L [Z Indexes z
+|:|¥ Member Axis Systemns u,v,w
----- [ Member Orientations

..... [#]5% Member End Releases

----- 1% Material Descriptions e
..... 1% Bottom Fibers *

..... 1% Cross-Section Outlines /‘/< /\
----- [ Cross-Section Descriptions //

----- & Line Mode at Member Ends z

..... [#]5 Eccentricities

----- 1% Front Areas Distinguished by - e
4 10 2

ﬁData EDisplay A views

Figure 2.27: Selecting the member axis systems in the Display navigator of RSTAB

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

To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a /. text box (see Figure 2.25).

When you specify the buckling length coefficient K, the program determines the effective
length l. by multiplying the member length L by that buckling length coefficient. The text
boxes for K. and . are interactive.

Lateral-Torsional Buckling Possible

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

Definel.

The member lengths are preset in column | as equivalent member lengths relevant for lateral-
torsional buckling. When you activate the check box in column |, you can specify the length for
lateral-torsional buckling /. 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 structur-
al component if it consists of several members between the supports.

When the option acc. to Table 3.3.3 is selected, you can determine the lateral-torsional buckling
length in accordance with [1] Table 3.3.3. A new dialog box is opened in which you can select
the relevant loading conditions (see figure below).

28
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Effective Length for Bending Members acc. to Table 3.3.3 l&

Unsupported Length, |_u
[l manually

lu= = [m]

Effective Length, | e

Cantilever: where lu/d<7: where lu/d27:
_) Uniformly distributed load le=1331u le=0.90lu+3d
_) Concentrated load at unsupported end le=187lu la=1.44lu+3d

where luy/d<7 where lu/d=T7
. le=2.061y le=1.631y+3d
_) Concentrated load at center with no intermediate lateral support le=1.801y le=1.37 ly+3d
") Concentrated load at center with lateral support at center le=1.111u
_) Two equal concentrated loads at 1/3 points with lateral support at 1/3 points le=1681
_) Three equal concentrated loads at 1/4 points with lateral support at 1/4 points le=1541y
_) Four equal concentrated loads at 1/5 points with lateral support at 1/5 points le=168lu
_! Five equal concentrated loads at 1/6 points with lateral support at 1/6 points le=1731u
_) Six equal concentrated loads at 1/7 points with lateral support at 1/7 points le=1781u
_) Seven or more equal concentrated loads, evenly spaced, le=1841u
with lateral support at points of load application
_) Equal end moment le=1.841y

Single Span Beam or Cantilever: where lu/d<T: where 7 £lu/d £143: where lu/d>14.3:

_ Other loading conditions le=2.06 1y le=1.631y+3d le=1.841y

@0 =

L

Figure 2.28: Dialog box Effective Length for Bending Members acc. to Table 3.3.3

Below the Settings table, you find the Set inputs for members No. check box. If it is selected, the
settings entered afterward will be applied to the selected or to All members. Members can be
selected by entering their numbers or by selecting them graphically using the [\] button. That
option is useful when you want to assign identical conditions to several members. Please note

Comment

In the last table column, you can enter your own comments for each member to describe, for
example, the defined equivalent member lengths.

that settings that have been already defined cannot be changed subsequently by this function.
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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
box Details, tab Stability (see Figure 3.2, page 38).

1.8 Effective Lengths - Sets of Members

[ A [ B | E [ D [ E 1 F [ G [ H [ J [ K

Set Buckling Buckling About Axis x Buckling About Axis y Lateral-Torsional Buckling
No Possible Possible Kex lex [in] Possible Key ley [in] Possible le fin] Comment
[T ] 2100 504.0 1.000 2400
2 1.000 240.0 0.800 152.0 as member length
B 1.200 288.0 1.000 2400 acc.to Table 3.3.3

Figure 2.29: Window 1.8 Effective Lengths - Sets of Members

Settings for set of members No. 1 7 - T-Rectangle 5.5/33
Cross-section 7 - TRectangle 5.5/33
Length L 2400 |in
Buckling Possible
[ Buckling About Axis x Possible Be0,
Hfective Length Coefficiert Kex 2100
Effective Length lex 504.0 |in =
[ Buckling About Axis y Possible | —
Effective Length Cosfliciert Key 1.000 =
Effective Length ley 2400 |in - |
[ Lateral-Torsional Buckling Possible 2 E ___________
Define le as member length - B *
Comment |
==
==
i
v
ki
Set input for members Mo.: [in]
o 5] &

The set-up of this window is similar to the one of the previous Window 1.7 Effective Lengths -
Members. Here you can enter the effective lengths for buckling as well as for lateral-torsional
buckling about the two principal axes of the set of members 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.

30
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This window allows you to assign the adjustment factors which depend on the material of

each member. The factors can be modified by clicking the [¥] button in column B.

1.9 Additional Design Parameters

A [ B D E F
Member Adjustment Factors
M. Description Definition Symbol Yalue [] acc. to Comment
Condtion Treatment Factor Air Dried ] Ca 1.000 635
Load Sharing Factor Single Pile Cis 1.000, 1.000 E311
2 | Incising Factor Hat Incised Ci ° 438
Repetitive Factor Mat Repetitive Cr 439
3 | Shear Reduction Factar Ha Shear Reduction Cur 5310
Shear Edge-Bonded Factar Edge-Bonded ° ° MDS Suppl.
4 Shear Reduction Factor Shear Reduction Cur 0.720 5.3.10
Shear Edge-Bonded Factar Mot Edge-Bonded [odd number of lams) - 0.400 MDS Suppl.
5 Shear Reduction Factor No Shear Reduction Cur - 5.3.10
Shear Edge-Bonded Factar Mot Edge-Bonded [even number of lams) - 0.500 MDS Suppl.
3 Shear Reduction Factor Mo Shear Reduction Cur ° 5.3.10
Shear Edoge-Bonded Factor Edge-Bonded > MDS Suppl
7 Incising Factor Mot Incised Ci - 438
Riepetitive Factor Fiepetitive Cr 1.150 439
[E] Incising Factar Inciged Ci 0.950, 0.800, 1.000 438
Fiepetitive Factor Mot Repetitive Cr - 4389
Setinput for members Ma.: Material Category:
Al (e - H] %] [=)

Figure 2.30: Window 1.9 Additional Design Parameters

For sawn lumber members, you can determine whether the Repetitive Factor C; and the Incising
Factor C; are to be applied in the calculation or not.

When a structural glued laminated timber member is used, you can specify the type of edge
joint bonding and decide whether the Shear Reduction Factor C. is to be used.

For round timber poles and piles, it is necessary to specify the treatment condition (air-drying,
kiln-drying, steam-conditioning, or boultonizing) and the load sharing condition (single pile or

pile in group) so that the appropriate Condition Treatment Factor C. and Load Sharing Factor Cis
are applied.

The members can be filtered by Material Category via the list box below the table.

The other buttons have the following functions:

Button Function
E Export of table to MS Excel or OpenOffice.org Calc
‘:1 Option to select member graphically in RSTAB window and set its row in table

View mode for switching to RSTAB work window

Table 2.5: Buttons in Window 1.9 Additional Design Parameters

If the Set inputs for members No. check box has been activated, the settings entered afterward
will be applied to the selected or to All members. Members can be selected by entering their
numbers or by selecting them graphically using the [\] button. That option is useful when you
want to assign identical conditions to several members.
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Member
List of Members
Set of Members

|

Direc-
tion

S
- 7
4

Beam Type

Beam -]

Cartilever Start Free
Cantilever End Free

Detai

2.10 Serviceability Data

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

1.11 Serviceability Data

Dlubal

B [ c 1 D [ E | F [ G [ H [ |
Member Reference Length Direc- Precamber
No Reference to No Manually L ft] tion wo,x [in] wey [n] Beam Type Comment
[ 1 ] 1 a 550 xy 0.0 0.0 Cantilever End Free
2 | Member 2 a 14.00 ¥ 0.0 Beam
3 Member 3 ] 2.00 ¥ 0.0 Beam
4| Member 4 ] 800y 0.0 Beam
5 Member 5 4 8.00 R 0.0 0.0 Cantilever End Free
6 Member 6 ] .00 ¥ 0.0 Beam
7 | Member 7 ] 500y 10 Beam
8 Member 3 4 550 xy 0.0 10 Beam
E] Set of Members 1 ] 32.00 x 0.0 Beam
10 | Set of Members 2 a 16.00 x 0.0 Beam
11 Set of Members 3 4 14.00 R 0.0 0.0 Beam
12| List of Members 102121 3z2.00 ¥ 00 Beam
13 | List of Members 285,826 16.00 ¥ 0.0 Beam

14
15
16

3

&)

2

B

21

B‘Rﬁ

[
i~

E‘E

na
]

=)
=)

‘S‘E‘S

=

e
<]

s

Figure 2.31: Window 1.11 Serviceability Data

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

design. You can also click [...] to select them graphically in the RSTAB 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 (see Chapter 2.3, page 19 for the axis systems) and
the resultant direction R.

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

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.

bers (see Figure 3.3, page 39).
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In table column B, you enter the numbers of the members or sets of members that you want to

The settings in the Serviceability tab of the Details dialog box control whether the deformations
are related to the undeformed initial model or to the shifted ends of members or sets of mem-
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2.11 Fire Resistance - Members

This window manages the different fire resistance parameters. It is only available if you have
set relevant entries in the Fire Resistance tab of Window 1.1 General Data (see Chapter 2.1.3,
page 12).

1.12 Fire Resistance - Members

T B C [ ] [ E [ F [ G
Exp. ta Fire Exp. ta Fire
Ne. Members Mo, Four Sides Top Bottom Left Right Comment
1 |38 a ]
2 |27 a | a
[ & N | 5] 5] 5] ]
4

o

@

~

@

w

=

11
12
13
14
15
16
17

@

raf =
=17

21
22
23
24

o
o

26
27
28
29
30
3
32
33

Figure 2.32: Window 1.12 Fire Resistance - Members

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

In column B you specify if there is an Exposure to Fire on Four Sides. If the cross-section is not ex-
posed to fire on all sides, clear the selection of the check box. Thus, the following columns be-

come available in which you can specify the sides that are exposed to fire. The ideal remaining
cross-section is then computed with those assumptions.

The general parameters of the fire resistance analysis are managed in the Details dialog box,
tab Fire Resistance Design (see Figure 3.4, page 40).

® 2 Input Data 4&
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2.12 Fire Resistance - Sets of Members

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

1.13 Fire Resistance - Sets of Members

T B C [ ] [ E [ F [ G
Exp. ta Fire Exp. ta Fire
Ne. Sets of Members Mo, Four Sides Top Bottom Left Right Comment
[ =] =]
2 |2 a | a
[ & H | 5] 5] 5] ]
4

o

@

~

@

w

=

11
12
13
14
15
16
17

@

raf =
=17

21
22
23
24

o
o

26
27
28
29
30
3
32
33

Figure 2.33: Window 1.13 Fire Resistance - Sets of Members

The set-up of this window is similar to the one of the previous Window 1.12 Fire Resistance -
Members. Here you can define the sides of the cross-section that are exposed to fire for the rel-
evant set of members (see Chapter 2.11).

34
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2.13 Tapered Members

This window is only available when you have selected at least one member with different
cross-sections on 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.

1.14 Tapered Members

A [ B [ [¢ [ D [ = I
Member Cross-Section Length Angle of Taper Grain Parallel
No Member Start Member End L ft] o[] to Edge Commertt
B T-Rectangle 7/40 T-Rectangls 7/20 15.00 £.34 <2/ - axis
10| T-Rectangle 7/20 T-Rectangle 7/40 15.00 6.34 +2/+y - Edis

Al

=
&
B
[e]

Figure 2.34: Window 1.14 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 0

TIMBER AWC determines the inclination of the taper on the basis of geometric conditions.
This angle is displayed for your information.

Grain Parallel to Edge

In column E, you specify the side of the member to which the direction of the grain is parallel.
The "top" and "bottom" edges are clearly determined by the orientation of the local member
axes zandy (see Figure 2.27, page 28).

In most cases, the grain runs parallel to the edge that is located in the direction of the positive
axis +z/+y ("bottom"). This means that the beam is cut at its top side (see figure below).

® 2 Input Data 4&
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Figure 2.35: Grain parallel to edge in direction +z/+y

If the grain is parallel to the negative axis -z/-y ("top"), then the tapered member is cut at the
bottom side. This case is an exception because taper cuts on the tension face of beams are not
recommended according to [1] Chapter 5.3.9.

s

Figure 2.36: Grain parallel to edge in direction -z/-y
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3. Calculation

3.1  Detail Settings

Before you start the calculation, you should check the design details. You can open the corre-
sponding dialog box in all windows of the add-on module by clicking [Details].
The Details dialog box contains the following tabs:

e Resistance

o Stability

o Serviceability

e Fire Resistance (ASD only)

e Other

3.1.1 Resistance

( Details &J

Resistance | Stability | Serviceabiity | Fire Resistance | Other |

Consideration of Connections

Reduction of limit tension stresses

At nodes No.:

1.36.8-10
Connection length: 0.80 5| HI
Stress ratio inside =7
connections: 60.00 = [%]
Stress ratio outside 100,002 )
connections:

Positive or Negative Bending About yix-Axis
@) Bottom of members is considered in local +z/y-ads

_ Bottom of members is considered in local -z/y-ads

Limit Load for Special Cases

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

Torsion ftordFv' 2 0.051%
oK | [ Cancel

Figure 3.1: Dialog box Details, tab Resistance

Consideration of Connections
Often zones near member connections imply some weakening of the cross-section. It is possi-
ble 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 [\] 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 neces-
sary, you can define the maximum design ratio for Outside connections of the connection zone.

Positive or Negative Bending About y/x-Axis

Structural glued laminated timber members stressed in bending about the y/x-axis have dif-
ferent reference bending design values for positive bending (bottom of beam stressed in ten-
sion) and negative bending (top of beam stressed in tension), see [2] Table 5A and Table 5C.

For TIMBER AWC to apply the correct bending design value, you have to specify where the

bottom side of members is located in the positive direction of the local z/y-axis or opposite.

Limit Value for Special Cases

Torsion design is not specified in ANSI/AWC NDS-2012. 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 Design Specification [1]. Changing the limit is the responsibility of the user.

Itis also possible to completely Ignore torsion.

3.1.2  Stability
rDetaiIs &J‘

| Resistance | Stability |Ser\-'iceabil'rt).r I Fire Resistance I Cther |

Stability Analysis
/| Perform stability analysis

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

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

(2] (] () (08) (o) oK | [ Cancel

L% A

Figure 3.2: Dialog box Details, tab Stability

Stability Analysis
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.
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@ Geometrically inear static analysis
Second-order analysis (P-Dela)
Large deformation analysis

Postonitical analysis

Equivalent member method:
Setting method of analysis in RSTAB

=
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The equivalent member method uses the internal forces determined in RSTAB. In this method,
make sure that the Geometrically linear static analysis has been set (the default setting for
load combinations 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 compression 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 RSTAB and their consideration for the load combina-

tions. The flexural buckling analysis is carried out during the calculation of the load combina-
tions in RSTAB.

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 must be specified
in windows 1.7 and 1.8 Effective Lengths manually. This provision ensures that the lateral-tor-
sional buckling analysis is performed with the appropriate factors (for example 1.0).

3.1.3 Serviceability

Details &J
_ Stahility | Serviceabilty | Fire Resistance | Other

Servicability (Deflections)

Limiting deflection: L/ 3605

Deformation relative to:
@ Shifted members ends / set of member ends
Undeformed system

(2] (@) (] (o8] (o) oK | [ Cancel

Figure 3.3: Dialog box Details, tab Serviceability

In this tab, it is possible to change the allowable deflection for the serviceability limit state
design if the default value L/360 is not appropriate.

With the options, you can decide whether the deformation is to be related to the Shifted ends
of members or sets of members (i.e. connection line between start and end nodes of the de-
formed system) or to the initial Undeformed system. As a rule, the deformations have to be
checked relative to the displacements in the entire structural system.
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This tab manages the detailed settings for the fire resistance design (ASD only).

Details

S

| Resistance | Stabiliy | Serviceabiity | Fire Resistance | Other |

Required Fire Resistance

Exposure time:

@ 1-hour
1 1/2-hour
() 2-hour

aF L=

OK

] [ Cancel

of the fire.

Figure 3.4: Dialog box Details, tab Fire Resistance

The Exposure time can be selected directly or defined individually by specifying the duration

Additionally, some standard-specific parameters significant for the fire resistance design can
be set in the Standard dialog box (see Figure 2.9, page 13).
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3.1.5 Other
rDetaiIs &11

Resistance I Stability I Serviceability I Fire Resistance | Other |

Cross-Section Optimization Dizplay Result Windows
Max allowable design ratio: 1002 2.1 Design by Load Case
2.2 Design by Cross-Section
Check of Member Slendernesses 2.3 Design by Set of Members
A 2.4 Design by Member

- Flesaure Re <« b

S0 2.5 Design by x-Location
- Compression leifdi < 502

3.1 Goveming Intemal Forces by Member
3.2 Goveming Intemal Forces by Set of Members
[7]3.3 Member Slendemesses

4.1 Parts List by Member

4.2 Parts List by Set of Members
@ Only for members / sets to be designed
_) Of all members / sets of members

oK | [ Cancel

L S

Figure 3.5: Dialog box Details, tab Other

Cross-Section Optimization

The optimization is targeted at the maximum design ratio of 1.00. If necessary, you can specify
a different limit value in this text box.

Check of Member Slendernesses

In the two text boxes, you can specify the limit values of the member slenderness. You can de-
fine the rations separately for members with bending, Rs, and for members with compression,
le/di.

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 50) when the corresponding check box
is selected in the Display Result Windows section of this dialog box.

Display Result Windows

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

The 3.3 Member Slendernesses window is deactivated 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 TIMBER AWC add-on module.

TIMBER AWC searches for the results of the load cases, load combinations, and result combina-
tions to be designed. If these cannot be found, the program starts the RSTAB calculation to de-
termine the design relevant internal forces.

You can also start the calculation in the user interface of RSTAB: 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 léj

Load Cases / Combinations / Module Cases | Result Tables

Mot Calculated Selected for Calculation

No = Description ol No = Description -
[ L Jlwd Live

SN LC3 Snow

T L4 Wind

FEE CO1 [14°1C1

FEEICO2  |1.27.C1 +16°LC2
FEEICO3  |1.21C1+161C2+051C3
FEEICO4  |1.27LC1 +LC2+167LC3
FEEICO5 12701 +16°.C3
FEEICO6  |1.2°1C1+16°C3+0810C4
FEEICO7 127101+ LC2+ 05103« 167104
FEEICO8  |12°LC1 +LC2+167LC4
FEECOS  |12°1C1+051C3+1610C4
FEEI CO10 |1.2°LC1 + 1.6°LC4

FEE CO11 | 0.97LCT + 1.6°LC4

otz Lt

Co13 [LC1+1Cc2

CO14 |LC1+1C3

CO15 [LC1+0.75°.C2 + 0.75°LC3
CO16 |LC1+1C4

CO17 [LC1+0.75°.C2 + 0.75°LC3 = 0.75°LC4
CO18 |LC1+0.75"C2+075°LC4
CO19 [LC1+0.757C3 + 0.75°LC4
[ 2 2 Naav )] NRIC1 214

Al -

m

Figure 3.6: Dialog box To Calculate

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

To transfer the selected TIMBER AWC 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 TIMBER AWC case in
the toolbar list, and then click [Show Results].

Tools Table Options Add-on Modules Window Help
QLT ||EE | #a mmeerawccat T Q> P e R e R B S
e ok - ﬁ @ Q TIU IjP i N 7 ‘-E_t - % - | @& 'Ag"ﬂ_‘_‘—‘ T e e T e o e

Show Results 1

Figure 3.7: Direct calculation of a TIMBER AWC design case in RSTAB

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

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

TIMBER AWC - [Long Span Truss] ]
File Edit Settings Help
C41 - Design Accardingte ANS ~ | 2.1 Design by Load Case
i E [ C [ D TF] F I PN
General Data Load- Member | Location Load
Materiak: ing Description Mo, ®[f] Design Design Accarding to Farmula Duratian
BroSdim [ | Uktimate Limit State Design
roadDuraiion T3 an 015 1 131) - Cross-section resistance - Stvength in bending about y/x-asis ace. to 3.3 Permanent
InService Conditians - Member 7 250 095 <1 311)- Stabilty - Bending about y/x-asis with LTE acc. to 2.3 Ten Years |2
In-Service Conditions - Set of M 7 250 084 <1 311)- Stabilty - Bending about y/x-axis with LTE acc. to 3.3 Twa Manth
e et e bers 3 800 065 <1 131)- Cross-section resistance - Stvength in bending about y/asis ace. to 3.3 Two Month
Effective Lengths - Sets of Men) 3 200 066 | €1 131)- Cross-section resistance - Strength in bending about y/s-axis aco. 1o 3.3 Two Manth
Additional Design Parameters 3 800 053 %1 131)- Cioss-section resistance - Strength in bending abaut p/s-ais acc. o 3.3 Ten Minute
Resuks 7 250 04351 311)- Slabilty - Bending about p/x-avis with LTB acc. to 3.3 Ten Minute
Design by Load Cave 7 250 0.43 = 1] 311)- Stabilty - Bending about y/x-avis with LTE acc. to 3.3 Ten Minute
EES‘E” ‘;!’ g'ﬂssf'aaﬂ“ﬂb" 3 800 0.22 1| 131]- Cross-section resistance - Suength in bending about y/sssis ace. to 3.3 TenMinute |
esigh by Set of Members p———— ——
Design by Member Ma: %<1 @ &) &) (5] (=)
Design by #Location
Gaverning Intemal Forces by M| - Details - Memiaer 3 - .00 ft - CON 1-TReclangle 5125125
Gavering Intemal Forces by S| | B Material Data - 24F-1.7E, 28F V1, SP/SP, Loaded Perp. o Wide Faces of Lams, 4 or More Lams
Parts List by Member Crosssection Data - T-Rectangle 6/26.125
Paits List by Get of Members Desigr Intemal Forces
B Adjustment Factars -
[ Design Ratio T—T
Bending Moment Mx 224001 | Ibih
Seclion Modulus Sx 568.8 | in®
Actual Bending Stress foe 47261 | psi
Pantiall Adjusted Bending Design Value Pt J108.55 | psi
Cross-Seclion Breadth b 50|0n s - >
Tioss Gection Depth d 61| n ; *
Length Between Paints of Zeta Moments L EA
Constant I n
Volume Factor Cv 0543 Eq 531 :
Adyusted Bending Design Value Fo 299164 | psi H
Design Ralio n 016 =1 Eq (331 &
{inl
T ; )] (@]
2 EE Caleuation | [ Betais.. | [ Stendard.. Graphics Cancel

Figure 4.1: Results window with designs and intermediate values

The designs are shown in the results windows 2.1 through 2.5, sorted by different criteria.

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

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

To save the results, click [OK]. You exit TIMBER AWC 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 53.

As there are different axis systems in RSTAB and TIMBER AWC (see Chapter 2.3, page 18), there
are also different names of the internal forces, deformations and cross-section values.

INTERNAL FORCES DEFORMATIONS cross section characteristic value
RSTAB TIMBER AWC RSTAB TIMBER AWC RSTAB| AWC
N P (compression); T (tension) Uy u, Moment of inertia ly %
Vy Vy Uy Uy Moment of inertia I, ly
V, Vy U, Uy Elastic section modulus Sy Sy
M Mor fix fi, Elastic section modulus S, S,
M, M, fiy fiy Statical moment of area Qy Qy
M, M, fi, fiiy Statical moment of area Q, Q

Section modulus for torsion St Stor

Figure 4.2: Comparison between RSTAB and TIMBER AWC internal forces, deformations and cross-section values
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4.1  Design by Load Case

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

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

2.1 Design by Load Case
T e | C | D [E] F | &
Load- Member | Location Load

ng Description MNa. w[f] Design Design According ta Formula Duration
Ultimate Limit State Design

[ 7 250 0.92| £ 1| 311] - Stability - Bending about pe-axis with LTE acc. ta 3.3 Ten'Years
co14 3 8.00 0.65 | £ 1| 131]- Cross-section resistance - Strength in bending about y/k-aris ace. to 3.3 Two Month
Serviceability Limit State Design
coz 3 .00 0.36| = 1| 401]- Serviceability - Deflection in z/y-direction [Beam) Pemaneznt
Fire Resistance Design
co12 3 8.00 0.87 | = 1| 811] - Fire resistance - Bending about y/s-ariz with LT ace. to 3.3 Pemmanent
v | 0%[c18 B EE @
Details - Member T -2 250 ft - CC13 2 - T-Rectangle 514
Material Data - Ponderoza Pine, 575" and Larger, Beams and Stingers, No.1
Cross-section Data - T-Rectangle 5/14
Design Intemal Forces
Adjustment Factors .
[ Design Ratio
Bending Moment My 11319.9] Ibfft
Section Modulus 5x 163.3 | in®
Actual Bending Stress fox 83167 | psi
Partially Adiuzted Bending Design Value F= 909.29 | psi
Effective Span Length le 500 ft g PR - — == b
Slendemess Ratio Re 580 Eq. [3.3E ) #
Adjusted Modulus of Elasticity for Stability Calculations Emin' 400000.00 | psi X
Critical buckling design walue for bending members Fbe 14285.70 | psi 3338 }
Bieam Stability Factor CL 0937 Eq. [3.3E .
Adjusted Bending Design Yalue Fox' 806.22 | psi ‘IV
Design Ratio M 0.92 =1 331 -
[in]
) (@

Figure 4.3: Window 2.1 Design by Load Case

Description

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

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 x-locations:

e Startand end node

¢ Division points according to possibly defined member division (see RSTAB table 1.6)

e Member division according to specification for member results (RSTAB 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 ANSI/AWC NDS-2012 [1].
Manc: 085 =1 @

The lengths of the colored scales represent the respective utilizations.
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Design According to Formula

This column lists the equations of the Design Specification by which the designs have been
performed.

Load Duration

In table column G, the load duration classes defined in Window 1.4 are listed (see Chapter 2.4,
page 23).

4.2  Design by Cross-Section

2.2 Design by Cross-Section

B [ & [ o [E] F -
Section | Member | Location | Load-
. No, = [ft] ing Diesign Design According ta Formula
T-Rectangle 5/14
650 CO13 0.34 |21 111] - Cross-section registance - Strength in shear dug to shear force VaAds acc. to 3.4
7 280 CO13 0.91 | £ 1| 131] - Cross-section resistance - Strength in bending about y/x-axis acc. to 3.3
7 280 CO13 0.92 |21 311] - Stability - Bending about y/s-avis with LTE acc. to 3.3
2 550 CO12 0.02 | £ 1| B11] - Fire resistance - Strength in shear due ta shear force Wz/Afr ace. to 3.4
7 280 CO12 0.02 | £ 1| B31] - Fire resistance - Strength in bending about »/x-axis acc. to 3.3 E
7 250 CO12 0.02| = 1| 811] - Fire resistance - Bending about v/w-axis with LTE ace. to 3.3
g T-Circle 12
1 14.00| CO14 0.07 | £ 1| 102] - Cross-section resistance - Strength in compression parallel to grain acc. to 26 -
Mac [ 0%2[<1@ (&) @] (&) (@]
Details - bember 2 - 550 ft - CC13 2 - T-Rectangle Sr14

Material Data - Ponderosa Pine, 545" and Larger, Beams and Stingers, No.1
Cross-section Data - T-Rectangle 5/14

Design Intemal Forces

Adjustment Factors

[ Design R atio i
Shear Foice W 2073.8 | bk
Cross-Sectional Area A 700 in?
Actual Shear Stress Parallel ta Grain by 4457 | psi
Adjusted Shear Design Yalue Parallel to Grain Fy 130,00 | psi
Diesign Fatio 034 =1 Eq. (341 ; P —- —-——
; x
¢
1
it
1
¥
ks

[in]

@] () B (@

Figure 4.4: 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 issued by cross-section design, stability analysis, serviceability
limit state designs, and fire resistance design.

For tapered members, both cross-section descriptions are displayed in the table row next to
the cross-section number.
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4.3 Design by Set of Members

2.3 Design by Set of Members

B [ C [ Db TEJ F B
Set | Member| Location | Load-
Mo, No =[f] ing Design Design According to Formula
1 [Member Mo. 3-6] E
5 800 CO14 0.42 |51 111] - Cross-section resistance - Strength in shear due to shear force Va/\s acc. to 3.4
3 800 Co14 065 = 1|131] - Cross-section resistance - Strength in bending about y/s-axis acc. to 3.3
3 800 Co14 0.65| 21| 311] - Stability - Bending about y/x-axiz with LTB acc. ta 3.3
5 800 CO1Z2 0.00 | =1 400] - Serviceability - Megligible deformations
[T §.00] COiz2 0.38| £ 1| 401]- Serviceabilty - Deflection in z/p-direction [Beam]
5 800 CO1z2 0.37 | £ 1| B11] - Fire resistance - Stength in shear due to shear force Wz/\Ve ace. to 3.4
3 800 CO12 0.22 | £ 1| B31] - Fire resistance - Strength in bending about w/s-axis acc. to 3.3
3 800 CO1z2 0.87 | = 1| 811] - Fire resistance - Bending about y/<-axis with LTE acc. to 3.3
Ma | 03251@ ) (&) @) (B (@
Details - Member 3 - 5 500 ft - CCA2 1 - T-Rectangle S/26.125

Material Data - 24F-1.7E., 24F %1, SP/SP, Loaded Perp. toWide Faces of Lams. 4 or More Lams
Cross-gection Data - T-Rectangle 5/26.125
i Detormations

Deflection 2 e 0.0 in .
Deflection » i 0.0 in
Deflection y iy 0.4 in T—T
[ Design Ratio
Deflection Ay 0.4 in
Camber in the Middle Span Acamp, 152y 0.0 in
Camber at x-Lacation Acamp, .y 0.0 in & Eeecemomo »
Talal Deflection Atat.y 04 in ' #
Reference Span L 3200
Limiting Dreflection [Relative) L 4 Alim,y 360.000
Limiting Dreflection [Absalute] Alimyy 11 in ]
Design Ratio 1 0.36 =1 v
¥

{in]

@] (@
Figure 4.5: Window 2.3 Design by Set of Members
This results window is displayed if you have selected at least one set of members for the design.
The window lists the maximum utilization 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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A E C_[D -
Member| Location | Load
Ho. w[f] Case Design | Design Acc. ta Formula
1 Cross-section Mo. 3 - T-Circle 12
Iﬁ 1400 C0O14 0.07 [ £ 1} 102] - Cross-zechon resistance - Strength n compreszion parallel to gran acc. to 36
1400 CO14 0.09|= 1| 303] - Stability - Compression parallel ta grain with buckling about both axes ace. to 3.6 and 3.7
000| cotz 0.01 [ £ 1| BOZ] - Fire resistance - Striength in compression parallel to grain acc. to 3.6
000 Coiz 0.02| £ 1| 803 - Fire resistance - Compression parallel to grain with buckling about both axes acc. to 3.6 and 3.7
2 Crogs-section Ma. 2 - T-Rectangle 5/14
550 CO13 0.34|2 1 111] - Cross-section resistance - Strength in shear due to shear force YaA/x acc. lo 3.4
000 Cot3 0.91 | £ 1| 131] - Cross-section resistance - Strength in bending about y/v-axis acc. to 3.3
000 Colz 092 21| 311] - Stabilty - Bending about p/x-axis with LTE acc. to 3.3

Mar: 0%2[<1@

Details - Member 1 - x: 1400 ft - CO14

RO EEE =

3 - T-Circle 12

Matenal Data - Pacific Coast Douglas Fir [Treated Hound Timber Piles Graded per A5TM 025

Cross-gaction Data - T-Circle 12

Design Internal Forces

B Adjustment Factors

B Compression Stress

Reference Compiession [ esign Yalue Fe 130000 | psi Table BA
Temperature Factor Ct [Fe) 1.000 634
Condition Treatment Factor Cet [Fe) 1.000 B35
Critical Section Factor Ces [Fe) 1.000 £33 &
Load Sharing Factor Cis [Fs) 1.000 B311 =
Load Duration Factor CoFe) 1.150 632
Adjusted Compression Design Yalus Fer 1495.00 | psi
[ Design Ratio
Compreszive Force P 12580.0 | Ibf ;
Cross-Sectional Area A 1131 [ in? ¥
Actual Compressive Stess Parallel to Grain fe 111.23 | pai
Partially Adjusted Compressive Desion Value Parallel to Grain Fe= 1495.00 | psi
Diesign Ratio n 0.07 £1 Eg. [3EZ
[in]
=

Figure 4.6: Window 2.4 Design by Member

4.5

2.5 Design by x-Location

This results window presents the maximum ratios for the individual designs sorted by member
number. The columns are described in detail in Chapter 4.1 on page 44.

Design by x-Location

] (S ) £ -
Member| Location | Load
Mo, w[f] Case Design | Design Acc. ta Formula
2 Crogs-section Mo, 2 - T-Rectangle 5/14
000 coi2 0.00|= 1) 111] - Cross-section resistance - Strength in shear due to shear force YeAf ace. to 3.4
000 coiz 0.03| £ 7| 131] - Cross-section resistance - Strength in bending abot y/x-axis acc. to 3.3
0oo| coiz 0.03|= 1) 311] - Stability - Bending about p/w-axis with LTE acc. ta 3.3
000 coiz 0.00| £ 7| 111] - Cross-section resistance - Strength in shear due to shear force Wa/dx acc. to 3.4
ooo| colz 0.03| < 1| 131] - Cross-section resistance - Strength in bending about v/s-axis acc. to 3.3
000 coiz 0.03| £ 7| 311] - Stability - Bending about p/x-axis with LTE acc. to 2.3
1.38| CO12 0.01 |21 111] - Cross-section resistance - Strength in shear due to shear force YaAf ace. to 3.4
ﬁ 1.38: CO1z2 0.02| £ 7| 131] - Cross-section resistance - Strength in bending abot y/x-axis acc. to 3.3
1.38| CO12 0.02|= 1| 311] - Stability - Bending about p/w-axiz with LT acc. ta 3.3

Mar 1@

(CAEIRIN S IEACIREVILINEY

Details - Member 2 - x: 1.38 ft - CO12 2 - T-Rectangle 54
Matenal Data - Ponderoza Pine, 545 and Larger, Beams and Stingers, No. 1
Cross-section Data - T-Rectangle 5/14
&l Design Internal Foices
Normal Farce Ndg 0.0 Ibf
Shear Force Wy d -38.8 | Ibf
Shear Force Yy d 0.0 Ibf
Torsional Moment Td 0.0 Ibfft
Biending Moment b 244.9 | Ibfft
Bending Moment by 4 0.0 Ibfft
Adjustment Factors 3 R »
[ Design Ratio *
Brending Moment b 244.9 | Ibfft
Section Madulus Sx 1633 in®
Actual Bending Stress Fhe 17.99 | psi
Partially &djusted Bending Design ¥ alue Fp= 818.36 | psi
Adjusted Bending Design Value Fhx' 818,36 | psi
Design Ratio L] 0.02 =1 Eq. [3.31
[in]
=

Figure 4.7: 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

division points in RSTAB:
e Startand end node
¢ Division points according to possibly defined member division (see RSTAB table 1.6)

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

e Extreme values of internal forces

4.6

3.1 Governing Internal Forces by Member

Governing Internal Forces by Member

B [ C [ © [ € [ F [ & J H T | | ~
Member| Location | Load Forces [Ibf] Moments [Ibfit]
Mo, x [ft] Case N Yy Wz M bty Iz Design According to Formula
Cross-section Mo, 3 - T-Circle 12
1400 CO14 -12520.0 00 0o on oa 0.0 102] - Croze-gection resistance - Strength in compression parallel to arain
000 COle -2580.0 140.0 00 1] 0.0 327.0 | 112] - Cross-section resistance - Strength in shear due to shear force Yy
1400 CO16 -2520.0 1400 0o on oa 3270 152] - Cross-section resistance - Strength in bending about z/y-awis and o
1400 CO14 -12580.0 0.0 00 1] 0.0 0.0 303] - Stahility - Compression parallel to grain with buckling about bath ax
1400, CO16 -2520.0 1400 0o on oa 327.0| 343) - Stability - Bending about 2/y-axiz without LTE and compression witl
2 Crogs-section Mo, 2 - T-Rectangle 5/14
5.50| CO12 0.0 0.0 -80.0 0.0 0o 0.0 111) - Cross-section resistance - Strength in shear due ta shear force Wz,
000 Ccotz 0.0 0.0 250 00 2887 0.0 131) - Cross-section resistance - Stiength in bending about w#x-axis acc. t
000 Coz 0o 0o -25.0 0o 288.7 0.0 311] - Stahility - Bending about y/=-axis with LTB acc. to 3.3
3 Crogs-gection Mo. 1 - T-Hectangle 5/26.125 E
000 Co14 15.9 0o 7500.0 0.0 B0000.0 0.0 111] - Cross-section resistance - Strength in shear due to shear force Ve
8.00| CO4 0.1 0.0 2500.0 0.0/ Bo000.0 0.0 131] - Cross-section resistance - Strength in bending about y/x-axis acc. t
800 CO14 a1 0o 2600.0 0.0 | B0000.O 0.0 311] - Stability - Bending about y/s-avis with LTE acc. to 3.3
4 Crogs-section Ma. 1 - T-Rectangle 5/26.125
000 CO14 0.1 0.0 25000 0.0/ | B80000.0 0.0 111) - Cross-section resistance - Strength in shear due ta shear force Wz
000 Co14 01 0.0 2500.0 0.0 80000.0 0.0/ 131] - Crozz-gection resigtance - Stiength in bending about y/x-axis acc. t
000 Cov4 0.1 0o 2500.0 0.0 Bo000.0 0.0 311] - Stahility - Bending about yfe-awis with LTB acc. to 3.3
& Cross-section Mo. 1 - T-Rectangle 5/26.125
800 CO14 E3.E 0.0 1245938 1] 0.0 0.0 111] - Cross-section resistance - Strength in shear due to shear force Wz
000| Co14 481 0n -2499.8 00| 600000 0.0 131] - Cross-section resistance - Stiength in bending about v/4-axis acc. t
000 Co14 481 0n -2499.8 0.0/ | 80000.0 0.0 311) - Stability - Bending about y/«-axis with LTE acc. to 3.3
6 | Cross-section No. 1- T-Rectandls 5/26.125
noo| col4 68.2 00| 124398 0.0 oo 0.0 111] - Cross-section resistance - Stiength in shear due to shear foree Ve
800 CO14 477 0.0 7493.8 0.0 g0000.0 0.0 131] - Cross-section resistance - Strength in bending about y/x-axis acc. t
00| CO14 477 0o 745938 0.0 800000 0.0 311] - Stability - Bending about w/s-avis with LTE acc. to 3.3
7 Cross-section Mo. 2 - T-Rectangle 5414
000 Coiz 0.0 0n 250 0n 288.7 0.0 111) - Cross-section resistance - Strength in shear due to shear force Yz |

& E &=

Figure 4.8: 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 ratios in the respective cross-section designs, stability
analyses, serviceability limit state designs, and fire resistance designs.

Design According to Formula

The final column provides information on the type 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 Gaverning Internal Forces by Set of Members

e 8 [ c [ o [ [ F | & | H | !
Set Location | Load Forces [Ibf] Moments [Ibfft]
Mo =[f] Case N Wy Wa (5 by Iz Diesign According to Formula
1 (Member Mo. 3-5]
Co14 ERE 00 -12499.8 0.0 0o 0.0 111] - Cross-section resistance - Strength in shear due to shear force Vz/Vx ¢
8.00| CO14 a1 oa 2500.0 00| &000o.0 0.0 1311 - Cross-section resistance - Strength in bending about v/x-axis ace. to 3.
800, Co14 0.1 0.0 2500.0 00| 800000 0.0 211] - Stability - Bending about p/x-axis with LTB acc. to 3.3
2 [Member Mo. 2,7.8]
5.50| CO12 00 0.0 800 00 oo 0.0 111] - Cross-section resistance - Strength in shear due to shear force Va/Vx ¢
2580 CO12 oo oa on oo 3200 0.0 1311 - Cross-section resistance - Strength in bending abaut v/x-axis ace. to 3.
260 CO12 00 0.0 1] 00 3200 0.0 311] - Stability - Bending about p/x-axis with LTB acc. to 3.3
[Member Mo. 1]
14.00| CO14 125800 0.0 1] 00 k1] 0.0 | 102] - Crogs-section resistance - Strength in compression parallel to grain acc
000 Cole -2R20.0 14000 on oo on 3270 112] - Cross-gection resistance - Strength in shear dus to shear force Vil ¢
14.00| CO18 -2580.0 -140.0 oo 00 oo 327.0 | 152 - Crozs-section resistance - Strength in bending abaut z/y-axis and canmg
14.00| CO14 125800 0a 00 0.0 0a 0.0/ 303] - Stability - Compression parallel to grain with buckling about both axes =
14.00| CO16 -2580.0 1400 on oo on 327.0 343] - Stability - Bending about 2/y-axis without LTE and compression with by

2
Q

Figure 4.9: 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.
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4.8 Member Slendernesses

3.3 Member Slendernesses

B [ c [ b [ E [ F [ &6 [ H [ ¢ [+ [ k [ L [ M [ N
Member Loss of Stability Buckling About Axis Buckling About Axis g Lateral Buckling
Ho Under Stress lex [ft] dfin] | lex/d[]| Ratio ey [ft] bl |y /b[]| Ratio le [ft] b {in] d [in] Re [] Ratio

14.00 143 11.748 0.23 14.00 w0 24.000 0.48

16.00 143 13427 027 550 o 9429 013 5.50 7.0 143 4.389 0.03

Compression # Flexure
Compressian / Flexure 3z.00 26.0] 14783 0.30 8.00 5.0 13200 0.38 8.00 5.0 260 9932 0.20
Flexure ° o o o o o o ° 8.00 5.0 260 9.932 0.20
Compressian / Flesure 3z.00 26.0] 14783 0.30 8.00 5.0 13200 0.38 .00 5.0 2.0 9932 0.z20
Flexure ° o o o o o o ° 8.00 5.0 260 9.932 0.20
Compressian / Flesure 16.00 143 13427 0.27 5.00 w0 8.671 017 5.00 7.0 14.3 4185 0.08
Flexure ° o o o o o o ° 5.50 w0 143 4.389 0.09
Compression Members: Bending Members:
Mot les S : 14765 £ 50 e M R : 2392 (5 50 3
M Ly db 2 24.000 | < 50 =] & & (&

Figure 4.10: 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 3.5, page 41).

The table lists the effective slendernesses of the designed members which can lose their sta-
bility 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 3.5, page 41).

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

4.1 Parts List by Member

r. A | ] [ [ [ ] [ E [ F [ G [ H [ |

Part Cross-Section Mumber of Length Total Length | Surface Area Wolume Unit ‘/eight ‘wieight Total ‘wWeight

o D escription Members [it] [ft] [f2] [ft3] [Ib#ft] [Ib] [ton]
I 2-T-Rectangle 7/14.3 ] 1 14.00 14.00 48.70 973 2025 28343 0127
2 2-T-Rectangle 7/14.3 4 5.50 22.00 7810 1529 20.25 111.35 013
El 1-T-Rectangle 5/26 g 8.00 64.00 33067 57.78 3267 261.33 0933
4 2-T-Rectangle 7/14.3 2 5.00 10.00 36.60 E.95 2025 101.23 0.030
5 3-T-Cicle 2.4 2 14.00 28.00 17.89 0.as 1.08 1475 0013
5 6 - Beams and Shingers 6410 | ANSI/AWC NDS-20 2 5.50 11.00 27.04 3.8 1278 703 0.063
7 5 - Glularn [w5] 2. 516 | ANSIAAWE NDS-2012 4 2.00 32.00 46.33 333 aT7 3015 0.054
8 6 - Beams and Stringers Bx10 | ANSI/AWC NDS-20 1 5.00 5.00 1229 1.77 1278 B3.92 0.023
Sum 24 186.00 596.23 99.62 1.607
&) & (@

Figure 4.11: Window 4.1 Parts List by Member

By default, the list contains only the designed members. If you need a parts list of all members
of the model, select the corresponding option in the Details dialog box, tab Other (see Figure
3.5, page 41).

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 to 2.5 (see Figure 2.20, page 21).
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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

. a | E [ C [ D [ E [ F [ G [ H [ |

Part Set of Members MNumber Length Total Length | Surface Area Yolume Unit ‘weight ‘Weight Total weight

No Description of Set [ft] [ft] [f2] [ft3] (IbAft] Ib] [tan]
I Continuous beam 1.1 ] 1 2200 32.00 166.33 2889 3267 1045.32 0,467
2 Continuous beam 2.1 1 16.00 16.00 56.80 11.12 20.25 32392 0.145
3| Column 11 1 14.00 14.00 43.70 473 2025 283.43 0127
4 Continuous beam 1.2 1 32.00 3200 4533 333 377 12061 0.054
5 Continuous beam 2.2 1 16.00 16.00 39.33 5.65 1278 204.54 0.07
& | Column1.2 1 14.00 14.00 .80 0.44 1.08 1475 0.007
v Continuous beam 1.3 1 3200 32.00 165.33 28.89 3267 1045.32 0.467
8 | Continuous beam 2.3 1 16.00 16.00 5680 112 20.25 jeick: ) 0145
] Colurn 1.3 1 14.00 14.00 8.80 0.44 1.058 1475 0.007
Sum g 186.00 536.23 93.62 1.507
& & (&

Figure 4.12: 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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5. Evaluation of Results

You can evaluate the design results in different ways. For this, the buttons located below the
upper results tables are very useful.

2.2 Design by Cross-Section

E_ [ C [ D TEJ 3 -
Section | Member | Location | Load-
Ha Na, = [f] ing Design Design According ta Formula
- Glulam [SF) 6.75:24.75 | ANSI/AWC NDS-2012 E
I 200 Ccolz 0.08 |51 111] - Cross-section resistance - Strength in shear due to shear force VaAdw ace. to 3.4
3 800 Cco12 013|271 | 131] - Cross-section resistance - Strength in bending about y/x-axis acc. to 3.3
3 200 Col2 013|271 | 311] - Stability - Bending about y/=-axis with LTE acc. ta 3.3
3 000 colz 0.00| = 1| 400] - Serviceability - Megligible defarmations
4 400 Coi2 0.05(£ 1 401] - Serviceability - Deflection in z/y-direction [Beam)
5 800 CO12 0.89| = 1| 403 - Serviceability - Deflection in z/y-direction [Cantilever)
5] 800 Co12 0.17 | £ 1| B11] - Fire resistance - Strength in shear due to shear force Wz/Vk acc. to 3.4
3 go0 Colz2 0.10|£ 1| B31] - Fire resistance - Strength in bending about w#s-axis ace. to 3.3
3 800 Co12 0.11| = 1| 811] - Fire resistance - Bending about y/x-axis with LTB ace to 3.3 -
_____ |
wor [ 1510 (eS8 JVEanE]
|
Details - Membet 5 - 800 ft - CC12 1 - Glulam (SP) 6.75x24.75 | AMSIAINMC
Material Data - 24F-1.7E, 24F1, SP/SP, Loaded Perp. toWide Faces of Lame, 4 or More Lams
Crozs-gection Data - Glulam [SP) 6. 7Bx24. 75 | AMS]/8WC MDS-2012
Design Intemal Forces
Adiustment Factors o
[ Design Ratio T_T
Shear Force W 2500.0 | 16
Cross-Sectional Area A 167.1 | in?
Actual Shear Stress Parallel ta Grain by 22.45 | psi
Adjusted Shear Design Yalue Parallel to Grain Fx 270,00 psi
Design Ratio 1 0os =1 Eq. [3.41 g Somememnl
1
i
¥

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 state
ULS Design .
design
SLS Design Shows or hides the results of the serviceability limit

state design

Shows or hides the results of the fire resistance

Fire Resistance Design .
design

Shows or hides the colored relation scales in the
results windows

¥ | | [ |

Show Color Bars

i
-l
=
4

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

Opens the window Result Diagram on Member

Result Diagrams
utiag — Chapter 5.2, page 56

Exports the table to MS Excel / OpenOffice
— Chapter 7.4.3, page 66

o | [® |[<]

Excel Export

Allows you to graphically select a member to

Member Selection
display its results in the table

Jumps to the RSTAB work window to change the

View Mode .
view

O

Table 5.1: Buttons in results windows 2.1 through 2.5
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Information

o are in the view mode.

Back

) | | XXX
| | | g
TIMEER AWC CAL - BEeams %
LCT -Dead

LCZ - Live

Co1
TIMBE ! - Beams
TIMBER 2WC CAZ - Colurnns

Dlubal

5.1 Results in the RSTAB Model

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

RSTAB background graphic and view mode

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

TIMBER AWC - [Tower Jung]

File Edit Settings Help

CAT - Design According to ANS v] 2.1 Design by Load Case

Input D ata B | C | 5] | E | F
- General Data Load- Member | Location
- b aterials ing Description| Mo #[f] Diesign Design According t
- Cross-Sections Co3 7 250 0.80| 2 1| 311] - Stability - Bending about yfe-axis with LTE acc. to
- Load Duration Co4 ] 2.00 0.84 |2 1[131) - Cross-section resistance - Strength in bending abo
- In-Service Canditions - Member| [~ g5 3 .00 0.84 | £ 1| 131) - Cross-section resistance - Strength in bending abor
- In-Service Conditions - Set of M 5 0.00 0,70 1/ 333) - Stability - Biavial bending with LTB and compressio
- Effective Lengths - Members Co7 ] 5.50 0.82 | £ 1| 143) - Cross-section resistance - Strength in biawial bendir
- Effective Lengths - Sets of Men ™ rpg [ 5.50 0.82 | £ 1| 143) - Cross-section resistance - Strength in biawial bendit
- Additianal Design Parameters Co9 ] 0.00 0.76 | £ 1| 142) - Cross-section resistance - Strength in bending abor

Results co10 8 0.00 0.76 | £ 1| 142] - Cross-section resistance - Strength in bending abo
- Design by Load Case Co11 ] 0.00 0.76 | £ 1| 142] - Cross-section resistance - Strength in bending abor
- Design by Crass-Section coiz 3 2.00 0.14 |2 1] 131] - Cross-section resistance - Strength in bending abo
- Dlesign by Set of Members
.. Design by Member Man: 09221 @

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

If you cannot improve the display by moving the TIMBER AWC 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 RSTAB 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 TIMBER AWC.

RSTAB work window

You can also graphically check the design ratios in the RSTAB model: Click [Graphics] to exit
the design modaule. In the RSTAB work window, the design ratios are now displayed like the in-
ternal 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 RSTAB. To display the result values, click the [Show Values] toolbar
button to the right.

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

The design cases can be set by means of the list in the RSTAB menu bar.

54
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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

E-[¥]5 Model

- [} Results

- [ Result Values

..... [ Title Info

..... [ Max/Min Info

- [B] [ Deformation

- i

..... @ [ Two-Colored

..... O with Diagram

----- O[S Without Diagram

..... (O Cross-Sections

----- [ Result Diagrams Filled

..... [#][F Hatching

..... I Al values

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

----- [JJF Results on Couplings -

ﬁData ﬂDisplay ,ﬂ\c’iews

| »

m

Figure 5.3: Display navigator: Results — Members

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
detail in the RSTAB manual, Chapter 3.4.6.

nas

0.5k
. " 082, [ETIE i 2 ol
P s 1 1 |11n o 08T Panel x
o )] e . := um 3] : 10_
g 010720 Dl 000202 -ETE'“ “"--_mz 012 Max
012 On_ nn| 0n 012 a Design Ratia [-]
e 012 012 012 -1\
1.03
| oA 0.60 0.3 055 1.00
07
s l n n 0.90
o || ' , l ‘ 080
LU 070
1 0.65 l 0.50
l 0.50
03 !
'-lm. L l]..:ﬁ L 1144+ L r I|Im:i-- o
3 e -n.u - nzmummaozm .A-ll:ﬁ- 0.30
031 = u:aﬁ-'“llﬂz'r D 0 3 020
-3 — 052 ‘o 1114 ﬁ 0 010
- 035 0.00
Project Mavigator - Display X
E-[¥]5 Model - Max : 1.03
= [I[ Results I ‘ Min : 0.00
-[] E Result Values

m
=
e
=]
=
b
=
=
by
=

----- V[ TitleInfo 063 052 TIMBER AWC

----- VI Max/Min Info 0.61

[]---IEE Deformation B I

[—]IEE Members

----- O Two-Colored 71
077 077 5

----- O with Diagram , 'V

..... [O] -] Without Diagram

..... O[S Cross-Sections \
----- [ Result Diagrams Filled \

..... [#][F Hatching

..... IS AllValues

----- [JJF Display Hidden Result D

----- [ Reverse Results V-y and ~ F
4 [l | +

ﬁData ﬂDisplay ,ﬂ\c’iews . -z

—

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 59).

To return to the add-on module, click the [TIMBER AWC] panel button.
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5.2  Result Diagrams

You can also graphically evaluate the member results in the result diagram.

To d.o this, select the member (or set of members) in the TIMBER AWC results wirndow by click-
ing 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 53).
To display the result diagrams, select the command from the RSTAB menu
Results — Result Diagrams for Selected Members
|& or use the button in the RSTAB 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 = | E |t
Members No.: 1 MR- - i B & =G EE M
| B 5 | TMBER AWC CAL -4
Navigator o x {).;‘:)I L I].IE\4I L IS.]ZB y I4.':C'ft « 3465 i) Fixed
----- [¥] Design Ratio =M1z
ety Design Ratio i
x Design Ratio
fit] H
- 0.00 024 =
0.40 0.27
0.80 031
1.20 0.34
160 037 || |5
2.00 041
240 0.45
2.80 0.49
320 0.54
3.60 058 -

[7] Max/Min Only [ Edges Only

Results 4 -

Location x 3.46 [ft] (locked) Beginning X,¥,Z: 0.0, 0.0, 4.0 ft End X,Y,Z 0.0,0.0, 0.0 ft Order: 1| .3

Figure 5.5: Dialog box Result Diagram on Member

TIMBER AWC CAL - Beams Use the list in the toolbar above to select the relevant TIMBER AWC design case.

LCT - Dead
EB% - T\E - This dialog box Result Diagram on Member is described in the RSTAB manual, Chapter 9.5.
] A1 -

S0

TIMBER AT CA2 - Colmns
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5.3  Filter for Results

The TIMBER AWC 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 9.7
of the RSTAB manual.

You can use the Visibility option also for TIMBER AWC (see RSTAB manual, Chapter 9.7.1) to fil-
ter the members in order to evaluate them.

Filtering designs

The design ratios can easily be used as filter criteria in the RSTAB 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 RSTAB 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.

Dresign Ratio []
1.02
1.00

v 0.95

. 0.50

Project Navigator - Display x o

w3 Model e Efg

=[] [} Results D.;D

- [ Result Values D.éS

..... [ TitleInfo r 060

..... [ Max/Min Info D.55

[-[B] [ Deformation 0.50
- [E [ Members

..... O Two-Colored Max : 1.02

----- ® [ With Diagram Min : 0.00

..... O without Diagram
..... (O Cross-Sections _
..... [#][F Result Diagrams Filled -

..... [#][F Hatching

..... I Al values
----- [1[F Display Hidden Result Diagram

----- I Reverse Results V-y and V-z -
ﬁData €Display ,ZjViews

=
Ise

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. That function is described in detail in the
RSTAB manual, Chapter 9.7.3.

Panel x
Project Mavigator - Display x Show diagrams for
Eg Model - members Mo.:
= [I[ Results 17-24
-] E Result Values = Al
----- [ Title Info

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

O Two-Colored
(O with Diagram
O without Diagram
@[ Cross-Sections
[1[F Result Diagrams Filled
[#][F Hatching

--[[E All Values 2 @

4 | i b

ﬁData @Display A views

Figure 5.7: Memboer filter for ratios of diagonals

Unlike the partial view function (Visibilities), the model is displayed in the graphic completely.
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 RSTAB, the program generates a printout report for the TIMBER AWC 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 RSTAB manual. In particular, Chapter 10.1.3.5 Selecting
Data of Add-on Modules describes how to select input and output data from add-on modules
for the printout report.

For complex models 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 RSTAB, you can add every picture that is displayed in the work window to the printout re-
port or send it directly to a printer. In this way, you can prepare the design ratios displayed on
the RSTAB model for the printout, too.

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

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

or use the toolbar button shown on the left.

& RSTAB 8.02.0015 (64bit) - [Long Span Truss*]

E File Edit View Insert Calculate Results Tools Table
D89 IeEeE x| 7RQEDT|E
1Y% X A AR Gl A

Figure 6.1: Button Print in RSTAB toolbar

Result diagrams

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

@ Result Diagram on Member

Members Mo.: 1 ™

-
2
»
W
o |18

| |55 | TIMBER AWC CAL

Mavigator o x .00 1.64

nnon onnnnll nn nond
----- Design Ratio ¢ sMis

Figure 6.2: Button Print in the Result Diagram on Member

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

.6 Printout _I_/ AN
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Remove from Printout Report

Start with Mew Page

Selection...

Properties... l}

Dlubal

Graphic Printout

General | Options

Graphic Picture
() Directly to a printer... )

@ To a printout report:

() Ta the Clipboard
() To 30 PDF

Graphic Picture Size and Rotation
Use whole page width

() Use whole page height
(@ Height: 495 [% of page]

Header of Graphic Picture

Window To Print
(@ Curment only
More...

Mass prirt...

Options

[ Show resutts for selected xJocation in result

diagram

[ Lock graphic picture {without update)

Show printout report on [OK]

Result diagrams ULS - Member M7

Graphic Size

() As screen view

@ Window filing

) Toscale 1: 20 -
oK | [ Cancel

L%

function.

Figure 6.3: Dialog box Graphic Printout, tab General

This dialog box is described in the RSTAB manual, Chapter 10.2. The RSTAB manual also de-
scribes the Options and Color Spectrum tab.

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

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the
navigator of the printout report. The Properties option in the context menu opens the Graphic
Printout dialog box, offering various options for adjustment.

Graphic Printout

(S

| Properties | Options |Co|or Scale I Factors I Border and Stretch Factors

100015

Color

() Grayscale

Frame
@ Mone

() Framed

[ Title bax...

(™) Texts and lines in black

Script Symbols

() Proportional @ Proportional

(@) Constant () Constant

Factor: 15 Factor: 15
Print Quality

(7) Standard (max 1000 x 1000 Pixels)

(@) Maxdmum (mase 5000 x 5000 Pixels)

() Userdefined

@ Al colored

J [ Cancel

L5

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

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

7.1 Design Cases

Design cases allow you to group members for the designs: In this way, you can combine
groups of structural components or analyze members with particular design specifications
(for example changed materials, partial safety factors, optimization).

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

To calculate a TIMBER AWC design case, you can also use the load case list in the RSTAB

TIMEBER AWC CA1 - BEeams %
LC1 - Dead toolbar.
LC2Z - Live
CO1-LCT +LE2
WBER AT CAT - Beams H
TIMBER AW/C CAZ - Columns Create new design case

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

File —> New Case.

The following dialog box appears:

New TIMBER AWC Case ==
No. Description
2 Design according to ASD -
@ ok | [ Cancel

Figure 7.1: Dialog box New TIMBER AWC 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 TIMBER AWC 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 AWC menu and click

File - Rename Case.

The following dialog box appears:

Rename TIMBER AWC Case [
No. Description
2 Mew description -
@ [ ok ][ cancel

Figure 7.2: Dialog box Rename TIMBER AWC Case

In this dialog box, you can specify a different Description as well as a different No. for the
design case.
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Copy design case
To copy the input data of the current design case, use the TIMBER AWC menu
File - Copy Case

The following dialog box appears:

Copy TIMBER AWC Case [

Copy from Case
CAZ - Design according to ASD v]

New Case

MNo.: Description:

3 Design according to LRFD -

[0k | [ caneel

L% A

Figure 7.3: Dialog box Copy TIMBER AWC Case

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

Delete design case
To delete design cases, use the TIMBER AWC menu

File — Delete Case

The following dialog box appears:

Delete Cases @

Available Cases

No. Description -
1 Design According to ASD
2 Mew Description

3 | Design According to LRFD

-

[ ok [ cancel

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 window the option Yes (for parametric rectangular or circular sections) or From current
row (for standardized sections, see Figure 2.19, page 20).

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

2.2 Design by Crass-Section

E_ [ C [ D TEI F
Section | Member | Location | Load-
Ho. Mo. # [f] ing Deszign Design According to Formula

T-Rectangle 5/26.125
19 000 COlz 0.00 | = 1| 100] - Cross-section resistance - Megligible internal force

I:| 5 - R R section resistance - Strength in shear due to shear force Yz acc. to 3.4
3 GojtolbiossgSeston EoLEleick section resistance - Strength in bending about p/«-axis acc. to 3.3
3 Info About Cross-Section... by - Bending about y/w-axis with LTB acc. to 3.3

5 T | Optimize Cross-Section %
13 Crass-Section Optimization Parameters section resistance - Megligible internal force
1 oo cova 0.04 = 1] T0:] - Cross-section resistance - Strength in compression parallel to grain acc. to 3.6
2 5.50| CO13 013 |£ 1| 111] - Cross-section resistance - Strength in shear due to shear force Yz acc. to 3.4
Max: 03321 @ e by

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 3.5, page 41). The required
cross-section properties are determined with the internal forces from RSTAB. 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 RSTAB and the opti-
mized one (see Figure 7.7).

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

Timber Cross-Sections - Rectangle : Optimize ﬁ
Cross-Section Optimization Parameters
Opti-
mize Cument Minimum Maximum Increment
[ 55015 2B > ) ind
#h: =l 6.005 36.005 15052 fin] .
L
y £&

| I
[~ Keep cument side propartions T-Rectangle 5.5/24
o] [ Gaes

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

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
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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 at least 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 RSTAB 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 RSTAB: Go to the 1.3 Cross-Sections window, and
then click
Edit — Export All Cross-Sections to RSTAB

The context menu available in Window 1.3 also provides options to export optimized cross-
sections to RSTAB.

1.3 Cross-Sections

& E [ | E & - Beams and Stringers G:10 | ANSIAWY..

Section | Material Cross-Section Opti- TIMBER AWC
Mo, Mo, Drescription mize Mote Comment
1 1 @0 T-Rectangle 5/26.125 Ho .
H 2 [0 TRectange 71143 Mo 1] "y
3 2 ) T-Circle 2.4 Ho 1]
1 4 [T AP 2a2E3 1815013 Mo g ;
G 1 |0 Glulam 5] 8 Mo "
1 E

Info About Cross-Section... E - Beams and Stringers B:12 | AMSKY

Cross-5ection Library... RSTAB

A . 1
1) The crosssection in ASTAB is d Edit List 'Design of Members' in Table 1.1

l£] Optimize Cross-Section @ @ @

Cross-section Optimization Parameters... ;
Cross-Section Propertiss

f Export Cross-Section to RSTAB =
il Size Factor E\%
Bending D esign Y alue Adjustment Export All Cross-Sections to RST. acc. 0436 | &= ] == =
Tenzion Design Yalue Adjustment ace. to4.3.6 @ M @ @ @J
- - Import Cross-5ection from RSTAB
Compression Parallel to Grain Design ¥ alue Adiustment acc. to 4.3.6 a R, BEEEl
[ Flat Use Factar Import All Cross-Sections from RSTAB r033-FEction No. B used in
Bending D esign 'V alue Adjustment Cf sandard-defined acc. (o 4.3.7 | Members Mo,

101816

Sets of members No.:
5

= Length: = "weight:
1600 [f] 0.062 [tan]

M aterial:

1 - Spruce-Pine-Fir [South), 525" and Larc

Figure 7.7: Context menu in Window 1.3 Cross-Sections

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

TIMBER AWC
., Information No. 28742

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

if 50, the results of RSTAB and TIMBER AWC will be deleted.

Figure 7.8: Query before transfer of modified cross-sections to RSTAB

By confirming the query, and then starting the [Calculation] in the TIMBER AWC module, the
RSTAB internal forces as well as the designs will be determined in one single calculation run.
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If the changed cross-sections have not been exported to RSTAB yet, you can reimport the orig-
inal 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 RSTAB and the add-on modules are managed in one dialog box.
To define the units in TIMBER AWC, select menu

Settings — Units and Decimal Places.

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

Units and Decimal Places &J
Program / Module TIMBER AWC

- RSTAB - )
. STEEL Output Data Parts List

.. STEEL EC3 Unit Dec. places Unit Dec. places

- STEEL AISC Stresses: 2 Lengths: 2

- STEELIS
.. STEEL 514 Design ratios : 2 Total lengths:

- STEELBS Dimensionless: - 3= Surface areas: 2
- STEEL GB
- STEELCS Volumes: [ -

STEEL AS Weights per length: b
- STEEL NTC-DF

.. STEEL SP Weights:

Ale| [l
Ale | (|l

m
= = =
I
(R, MR R ra
Ak Rl L3 Ll L

Ale | 4]

- ALUMINIUM Total weights:
. KAPPA

- LTE

- FE-LTB

. EL-PL

- C-TOT

- PLATE-BUCKLING

- CONCRETE

- CONCRETE Columns

- TIMBER Pro

= TIMBER AWC

- TIMBER

- DYNAM

- JOINTS

- END-PLATE

- CONNECT

- FRAME-JOINT Pro S

@) & @)= 8 oK

[ Cancel

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 RSTAB manual, Chapter 11.1.3.

L% 4
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7.4  Data Transfer
7.4.1 Material Export to RSTAB

If you have modified the materials in TIMBER AWC for design, you can export the modified
materials to RSTAB in a similar way as you export cross-sections: Open the 1.2 Materials win-
dow, and then click

Edit — Export All Materials to RSTAB.

You can also export the modified materials to RSTAB using the context menu of Window 1.2.

Material Library...

| Export Material to RSTAB
Export All Materials to RSTAB

Import Material from RSTAB
Import All Materials from RSTAB

Figure 7.10: Context menu of window 1.2 Materials

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

If the modified materials have not been exported to RSTAB 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 of Effective Length to RSTAB

If you have adjusted the materials in TIMBER AWC for design, you can export the modified
materials to RSTAB 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 RSTAB

or use the corresponding option on the context menu of Window 1.7.

Import Effective Length from RSTAB
Import All Effective Lengths from RSTAB

Export Effective Length to RSTAB
Export All Effective Lengths to RSTAB l} |

Figure 7.11: Context menu of window 1.7 Effective Lengths - Members

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

If the modified effective lengths have not been exported to RSTAB 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 of Results

The TIMBER AWC 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 TIMBER AWC add-on module into the global printout report (see
Chapter 6.1, page 59) for export. Then, in the printout report, click

File —» Export to RTF
The function is described in the RSTAB manual, Chapter 10.1.11.

Excel / OpenOffice

TIMBER AWC 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 table &J\

Tahle Parameters Application

@ Microsoft Excel
[ Only marked rows OpenDffice.org Calc
() LSV file format

Tranzfer Parameters
[ Export table to active workbook

Export table to active worksheet
Fiewrite existing workshest

Selected Tahles
@ pctive table [ Expart tables with details
() Alltables

Input tables

Fiesult tables

[ ok ][ cancel

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.

@| =, |= Sheetl - Microsoft Excel = = b
Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat & e = e 2R
= & Calibri -8 - ; Text - _?ﬂ' Conditional Formatting - j‘ﬂlnsert' - W [?a
_j ErRg U- A A ras L'E' % + | [ Format as Table ~ & Delete + E' Z
Paste ) o Sort & Find &
SR 5 - A~ E 7 %8 [ Cell Styles ~ i Format v | 2~ Fiter~ Select~
Clipboard & Font E} gnment Fl Number = Styles Cells Editing
B3 - fx | Glulam (SP) 5x27.5 | ANSI/AWC ND5-2012 w
A B C D E F G i
1  section Member Location | Load-
2 No. No. x [fe] ing Design Design According to Formula
3 1 Glulam [SP) 5:x27.5 | ANSI/AWC NDS-2012 =
a 19 0,00 co1 0,00/£1 |100)- Cross-section resistance - Negligible internal force
5 3 0,00| co7 0,01|51 |101)- Cross-section resistance -Strength in tension parallel tograinacc. to 3.8
(] 5 8,00 CO& 0,60|£1 |111)- Cross-section resistance -Strength in shear due to shearforce Vz/Vx acc. to 3.4
7 3 0,00| CO6 0,43|51 |113)- Cross-section resistance -Strength in shear due to shear force under biaxizl bending acc. to 3.4
8 3 8,00 CO& 0,891 |131)- Cross-section resistance - Strength in bending about y/x-axis acc. to 3.3
9 5 0,00 cO7 0,811 |143)- Cross-section resistance -Strength in biaxial bending and tension acc. to 3.9.1
10 5 8,00/ €011 0,53|=1 |152)- Cross-section resistance - Strength in bending about z/y-axis and compression acc. to 3.9.2
11 5 0,00 cO7 0,80/ €1 |153)- Cross-section resistance -Strength in biaxial bending and compression acc. t0 3.9.2
12 5 8,00| CO11 0,14|=1  303)-Stability - Comprassion parallel to grain with buckling about both axes acc. to 3.6 and 3.7
13 3 8,00 co4 0,89 |21 |311)-Stability - Bending about y/x-axis with LTB acc. to 3.3
14 5 0,00| co7 0,81|51 |323)-Stability-Biaxial bending with LTB and tension acc. to 3.9.1 =
M4 FH 2.1 Design by Load Case 2.2 Design by Cross-Section 2.3 Design by Set of Members [l 4| [ | » [l
Ready | | @@ M 100% '%' L} ".:‘i‘."

Figure 7.13: Results in Excel
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8. Examples
8.1 Beam Column (LRFD Solution)

We perform the design according to ANSI/AWC NDS-2012 for a wood column that is restrained
and subjected to compression and bending. It is embedded at the base providing approximate
fixity, and it is free to undergo sidesway about the strong axis of bending at the top. There are
wet ground conditions. Lateral bracing about the weak direction of bending is provided every
4 ft by wall girts. In case of major axis bending, the concentrated force at the top represents the
spring force resulting from the approximate stiffness imparted by the building on a representa-
tive post.

The example is described in [4].

8.1.1 System and Loads

500 Ibf Dead
! Model
4200 Ibf Snow Cross-section: Nominal 4 in by 12iin
! (Standard Dressed 3-1/2 in
SRy | )
- | 300 Ibf by 11-1/4in)
B Wind = Material: Southern Pine, No. 1 Dense
- <
= Moisture Condition: Wet
£ T Temperature Condition: T< 100°F
2| |
O &
9 ] : 9\
ol ] - Load
= ] Y Load Combination: 1.2D + 1.6S + 0.8W
B ” LC 1 Dead: 500 Ibf
B ¥ LC 2 Snow: 4200 Ibf
“ w LC 3 Wind: 160 Ibf/ft and 300 Ibf
- b
X y

Figure 8.1: System and loads according to [4]

8.1.2 Calculation with RSTAB

The system as well as the loads in all load cases is modeled in RSTAB 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 defined load cases.
Then we calculate the model according to the linear static analysis.
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RSTAB determines the diagrams of internal forces shown in the following figure.

Prablem L13_Beam Column Check EI@ Problem 13_Beam Column Check EI@ FS prablem 13_Beam Calumn Check E@

Internal Forces M [ki] Internal Forces M-y [Ibfft] Internzl Forces %-z [laf]
COTIA2'LCT + 1 B LC2+ D BLCS CO1 124001 +1 BHLC2 + 08°LC3 CO1 20T + 1BLC2 + 080T

gf 73200 g 20 g

-224.0
|

840 !!| !!I’z 0

s )

e e R PP

z z

H

Max M: 0.0, Min M -7200.0 [ Max M-y 6336.0, Min M-y: -224 0 [bfft M -z 1296.0, Min & -z: -240.0 I

Figure 8.2: Internal forces N, My, and V,

8.1.3 Design with TIMBER AWC

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

We perform the design according to LRFD.

L.1 General Data

Design of Design According to

Members: ] &l S LAFD v
Sets: 1 & | [% ]

Ultimate Limit State | 5erviceabiity Limit State

Existing Load Cazes / Combinations Selected for Design

L1 Dead CO1  E1.2°LC1 +1.6°LC2 + 0.8"LC3
Sl LC2 Show

T LC3 wind

Al v

Figure 8.3: Window 1.1 General Data
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The 1.2 Materials window presents the characteristic strengths of the selected material.

1.2 Materials
r.. A | B Epecial Settings for
Material M aterial
0. Description Comment

[ Southern Fire, 24" Thick, 12 Wide, No.1 Dense | ANSIAAWE NDS-2012 ~]

(&)
Material Propetties
:E Main Froperhies

)
&
(]

4

Modulus of Elasticity E 1800000.0 | psi

Shear Modulus G 112800.0 | psi

S pecific \weight 13 0.0 | kip/fe

Coefficient of Thermal Expansion o 2.7778E-06 | 1/F

Partial 5 afety Factor Fhd 1.00

[ Additional Properties

Reference Modulus of Elasticity for Stability Calculations Emin EE0000.0 | psi

FReference Bending Design Value Fu 13800 | psi Material Mo. 1 used in

Reference Tension Design Yalue Parallel to Grain Fe 726.0 | psi X

Reference Shear Design Value Parallel to Grain (Horizontal Shear] | Fy 175.0 | psi Cross-sections No.

Reference Compression Design %alue Perpendicular ko Grain Fep B60.0 | psi 1

Reference Compression D esign ' alue Parallel ta Grain Fe 1700.0 | psi

Type of Wood Product Wigually Graded Southem Pine Dimersion Lumber | tembers No.:

Species Southem Pine 13

Commercial Grade No.1 Dense

Thickness Classification 24" Thick

Width Classification 12" wide SEb@mEmERilo:
1
E Lenath: I Weight:

12.00 [ 0.054 [ton]

Figure 8.4: Window 1.2 Materials

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

L3 Cross-Sections

B [ C [ D 1 E 1 - Dimension Lutmber 4512 | ANSIEWE .
Section | Material Cross-Section Opti-
Mo Mo, Description mize Mote Comment
E 0 Dimension Lumber 4112 | ANSLAAWE N No

@ ARE @

Cross-Section Properties

Size Factar [in]
Bending Design Yalue Adjustment CF [Fb] standard-defined acc. to 436 -y = a
Tengion Design Yalue Adiustment Cr [F) standard-defined acc. to 4. 36 lgl lll @ lﬁ/
Compression Parallel ko Grain Design Value Adjustment CF [Fel standard-defined acc. to 436 .

Crozs-zection Mo. 1 used in
I Flat Use Factor
Bending Design Yalue Adjustment Ctu standard-defined acc. to4.3.7 | Members Mo
13

Sets of members No.:

1

E Length: I ‘Weight
1200 [f] 0.054 [ten]

Material
1 - Southem Fine, 2747 Thick, 127 Wwide,

Figure 8.5: Window 1.3 Cross-Sections
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In Window 1.4 Load Duration, we define the load duration. For LRFD it is recommended to as-
sign a user-defined load duration also for a load combination because the choice according
to shortest load duration in a combination does not always reflect the appropriate value of
time effect factor A according to Table N3 of [1].

L4 Load Duration

.. & | B [ C [ ] [ £
Load- Load Factor
ing Description Type Load Duration A Comments

I Dlead ] Dead Fermanent 0,600

Lcz Snow Show Two Months 0.800

LC3 wind wind Ten Minutes 1.000

COo1 1.2°L01 +1.6"LC2 + 0.8°LC3 ° Two Months 0.800
Apply time etfect Shartest Inad duration in a combination

factor & according to:
@ User-defined seftings

Figure 8.6: Window 1.4 Load Duration

In Window 1.6 In-Service Conditions - Set of Members, we define the moisture and temperature
conditions. The factors Cu and Cr are determined as for wet service conditions and sustained
exposure to elevated temperatures up to 100°F.

L& In-Service Canditians - Set of Members

[ & [ B I N ticisture Service Condition
Set Maisture: Service
Ho. Condition Temperature Comments Dy Service Conditions:
1 | Wet T=100F \ |

Muoigture content in service is less
than 19% for lumber [less than
16% for glulam]

‘wet Service Conditions:

Moisture content in service is 19%
or greater for lumber [16% and
areater for glulam]

Tempersture Effects:

Structural members experience sustained
exposule to elevated temperatures up to
100°F

Structural members experience sustained
exposure to elevated temperatures
betwesn 100°F and 125°F

Structural members experience sustained
expozule to elevated temperatures
between 125°F and 150°F

Set input for members No.:

2 & & @

Figure 8.7: Window 1.6 In-Service Conditions - Set of Members
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In the 1.8 Effective Lengths - Sets of Members window we specify the buckling lengths of the
column. The recommended value of buckling length coefficient Kex = 2.1 is taken for the major
axis stability calculation.

For the minor axis stability calculation we define directly the buckling length I, = 4 ft as the
length between lateral bracing girts multiplied by a factor of 1.0. The effective length for lat-
eral buckling is calculated as unbraced length 4 ft associated with major axis bending multi-
plied by factor 2.06, this equation is defined in footnote 1 in Table 3.3.3in [1].

1.5 Effective Lengths - Sets of Members

[ & [ B | [ [ ] [ E | F [ G [ H | | [ J .k |
Set Buckling Buckling About Auis » Buckling About Axis v Lateral Buckling
Na Possible Possible Keax lex [ft] Possible Fay ey [ft] Paossible | leManually le [ft] Comment
2100 %20 033 400 24|

=) &) @]

Figure 8.8: Window 1.8 Effective Lengths — Set of Members

In Window 1.9 Additional Design Parameters, the use of further adjustment factors is not re-
quired. No member is incised according to 4.3.8 or acts as repetitive according to 4.3.9in [1] .

L9 Additional Design Parameters

B [ c 1 D [ E [ F
Member Adjustment Factors
0. Description Definition Symbol WValue [] ace. to Comment
| Incising Factor ] Nat Incized Ci - 438
Repetitive Factor Mot Repetitive Cr ° 439
2 Incising Factor Mot Incised Ci - 438
Fepetitive Factar Mot Repetitive Cr - 4349
3| Incising Factor Nat Incised Ci ° 438
Repetitive Factar Mot Repetiive Cr - 4349
Set input for members Mo.: I aterial Categony:
Al Savwn Lumber Iil "! \i‘

Figure 8.9: Window 1.9 Additional Design Parameters

Calculation We start the calculation by clicking the [Calculation] button.
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2.1 Design by Load Case

(eweem E [ C [ b JEJ E [ G
Load- tember | Location Load
"3 | Description | No. w[ft] | Design Deesign According to Formula Duration

Ultimate Limit State Design
1 4.00 0,63 21| 373) - Stability - Bending about y/x-axis with LTE and compression with buckling about both axes acc. to3.9.2 | Two Manth

Max | 063[21@ 2 (- w (&) & (5] (=]

Details - Member 1 - 4.00 1 - CO1 1 - Dimension Lumber 4x12 | ANSAWNC |
Adjustment Factars -
[ Design Ratio
Compressive Force F 7320/ Ibf
Cross-Sectional Area A 3338 inf e
Actual Compressive Shiess Parallel ta Grain fo 185.90 | psi .
Partially Adjusted Compressive Design Yalue Parallel to Grain Fe~ 2350.08 | psi
Bending koment [5Fs E336 | Ibfft
Section Modulus Sx 73083 ind
Actual Bending Stress Fox 1029.85 | psi E -
Partially Adjusted Bending D esign alue Fu= 218016 | psi & - ry
Eftective Length lex 2520 It . 3 *
Effective Length ley 4,00 ft i
Slenderness Ratio lex / d 26.88 3713 g
Slendemess Fiatio ley /b 1371 3713 :
Adjusted Modulus of Elasticity for Stability Calculations Ermin 888624.00 | psi &b
Critical buckling design value for compression members (=" 1011.53 | psi 3715 ¥
Critical buckling design walue for compression members FeEy 3885.89 | psi 3715
Factor c 080 37158
Column Stability Factor Cpyx 033 Eq. [3.7-1)
Colurmn Stability Factor Cpy 0.83 Eq. [3.7-1) finl
Effective Span Length le 824

Slenderness Rafio G ag G - (@) (&)

Figure 8.10: Window 2.1 Design by Load Case

The Details displayed in the lower part of the window correspond to the designs in [4].

The column capacities, which are modified by adjustment factors, are calculated without con-
sideration of stability factors. This calculation is done before the calculation of the design ratio.

Partially Adjusted Compression Design Value

Fo*=AxKpg x®xF xCyxC; xC
F.*=0.8%x24x0.9x1700x0.8x1.0x1.0
F.*=2350.08 psi

Partially Adjusted Bending Design Value

Fo * =AxKg x D xFy xCy xC, xCg
Fp*=0.8x2.54x0.85x1350x0.85x1.0x1.1
F,*=2180.16 psi

Adjusted Modulus of Elasticity for Stability Calculations

Emin'=Kg XD xEin X Cpy xC;
E,n'=1.76x0.85x660000x 0.9x1.0
Ein = 888624 psi

Adjusted Shear Design Value

F'=AxKp x D xF, xCy xC,
F,'=0.8x2.88x0.75x175x0.97x1.0
F,'=293.33psi

After the calculation, the governing design is presented in the 2.1 Design by Load Case window.
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The stress analysis is performed as follows.

Actual Compressive Stress Parallel to Grain

f :EzLOlb];ﬂSS.SS psi
A 3938in

Actual Bending Stress

M, 6336x12Ibfin

S YT =1029.83 psi
X 83i

fbx =

Actual Shear Stress Parallel to Grain

£ _VxQ, _ 12961bf x55.37in?
Y kxb  41528in*x3.5in

= 49.37 psi

The compressive design stress must be adjusted also by the column stability factor Cp. This factor
depends on the critical buckling stress for compression which reflects the member slenderness
of compression members.

The total axial capacity for the major axis is calculated as follows.

Slenderness Ratio

lo _ 30240in

= =26.88<50
d 11.25in

Critical Buckling Design Value for Compression Members

Fgy =0.822 xEm—‘“z -0.822x 8886224 =1010.95 psi
lo 26.88

d

Column Stability Factor

CPX = 1+(FCEX/FC *)_\/ |:1+(FcEx/Fc *):|2 _FcEx/Fc *

2xcC 2xcC C

Cox =

1+(1010.95/2350.08) | [1+(1010.95/2350.08)]* 1010.95/2350.08
2x0.8 2x0.8 0.8

Cp, =0.383

Adjusted Compressive Design Value Parallel to Grain

Foy'=F. *x Cp, =2350.08 x0.383 = 900.08 psi
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The total axial capacity for the minor axis is calculated in the same way.

Slenderness Ratio

| .
ﬂ:mzm,ﬂgso
b 3.5in

Critical Buckling Design Value for Compression Members

Fery =0.822 x% ~0.822x 88861224
ley

b

=3886.11psi

Column Stability Factor

_ 1+ (Feey /Fe *)_ \/ {H(FcEy JF. *)T Fagy R

2XcC 2XxcC C

Py

y 2x0.8 2x0.8 0.8
Cpy =0.832

c _ 1+(3886.11/2350.08) J {1+(3886.11/2350.08)T 3886.11/2350.08
o = _ _

Adjusted Compressive Design Value Parallel to Grain

F

cy =

Fo *x Cgy =2350.08x0.832=1955.27 psi

The bending design stress must also be adjusted by the beam stability factor C.. This factor
depends on the critical buckling stress for bending which reflects the member slenderness
of bending members.

The total flexural capacity is calculated as follows.
Slenderness Ratio

RB:\/ Ie><2d :\/ (8.24x12)2x11.25 053
b 3.50

Critical Buckling Design Value for Bending Members

1.20xE,.'  1.20x888624
Rg’ 9.532

For = =11741.23 psi

Beam Stability Factor

C = 1+ (Fog /R *)_\/ |:1+(FbE/Fb *)T _FRe/R*

1.9 1.9 0.95

CL:

1+(11741.23/2180.16) | [1+(11741.23/2180.16)° _ 11741.23/2180.16
1.9 1.9 0.95
C_ =0.989

Adjusted Bending Design Value:

Fox'=Fp *xC =2180.16x0.989 =2156.18 psi
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Critical Design Values Check

Before combined bending and axial compression proportions are verified, critical design
stresses must be compared according to Equation (3.9-4) and the next formulas mentioned in
[1], Clause 3.9.2.

fe 18588 . 18<1.00

Fe 101095

fe 18588 ) h5<1.00

Fe, 3886.11

fi 1029.
o 102983 _09<1.00

Fe 1174123

f £ ) 18588 (102983

el e +( ' j ~0.06<1.00
Fey \Foe) 3886.11 (11741.23

Combined Bending and Axial Compression Design
Design of combined bending and axial compression according to [1], Equation (3.9-3):

Design 1 (buckling about x-x axis)

2
fc :| fb><
| B <100
|:ch' FbxI X [1 - (fc /FcEx )]
{ 185.88 T N 1029.83
900.08 |  2156.18 x[1-(185.88/1010.95)]

=0.63<1.00

Design 2 (buckling about y-y axis)

2
fc fbx

— | +——F—<1.00
|Jiy£| Fbx'x[1_(fc/FcEx )]

185.88 |° 1029.83
195527 | 2156.18 x[1-(185.88/1010.95)|

=0.59<1.00

Shear Design
The shear design is performed according to [1], Clause 3.4.1:
Design

f, 4937
F,' 29333

=0.17<1.00
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8.2  Glued Laminated Beam (ASD Solution)

We perform the design according to ANSI/AWC NDS-2012 for a structural glued laminated roof
purlin that is restrained and subjected to biaxial bending. The beam is laterally supported at its
ends only, and there are no intermediate lateral supports.

The example is described in [4].

8.2.1 System and Loads

Dead 264 Ibf/ft
LTI TP TP PP PP I T TTITIT]IT]

Roof Live 1053 Ibf/ft
LIT T  PPP P P P L PPT I T I

2 2

Dead 14 |bf/ft
T T T T P P P T I T

Roof Live 52 Ibf/ft
LI T ITPTPPTT I

Y‘E‘EIZ@ VAN

X

{ 24 ft |
Figure 8.11: System and loads according to [4]
Model Loads
Cross-section: 6-3/4in by 24 in Load Combination: D + L
Material: Douglas-fir 24F-V10 LC1 Deadx 264 |bf/ft
Moisture Condition: Dry LC1 Deady: 14 Ibf/ft
Temperature Condition: T< 100°F LC2 RooflLive: 1053 Ibf/ft

LC2 RoofLivey: 52 Ibf/ft

8.2.2 Calculation with RSTAB

The system as well as the loads in all load cases is modeled in RSTAB 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 defined load cases.
Then we calculate the model according to the linear static analysis.
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E Prablem 07_Structural Glued Laminated Timber Beam Check™

(=[O el

Internal Forces M-y [lbfin]
o1 DL (ASD)

b it

137910

¥
Mz M-y: 1137909, Min M-y O bfin

E Prablem 07_Structural Glued Laminated Timber Beam Check™

(=[O el

Internal Forces M-z [lbfin]
o1 DL (ASD)

Y
Mz M-z: 0, Min M-z -57024 Ibfin

AN

Dlubal

RSTAB determines the diagrams of internal forces shown in the following figure.

E Prablem 07_Structural Glued Laminated Timber Beam Check™

Internal Forces Y-z [Ibf]
o1 DL (ASD)

¥

| -15804
Wi W-z: 15804, Min v-z: -15804 lbf

E Prablem 07_Structural Glued Laminated Timber Beam Check™

Internal Forces -y [Ibf]
o1 DL (ASD)

o,

T

v T2
Mac Wy 792, Min Yoy -792 bt

Figure 8.12: Internal forces My, Mz, Vz, and V,
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8.2.3 Design with TIMBER AWC
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.

We perform the design according to ASD.

L1 General Data

De=ign of Design According ta
Members: 1 5 | | K 8l = - |§|
Seis &/(X[E o

Ultimate Limit State | 5 erviceabilty Limit State | Fire Resistance

Existing Load Cases / Combinstions Selected for Design
BN LC1  [Dead | ol [D+L
LCZ  |Live

B

All(2] -

[] ]
-] o

&)
S

(Oa|
]

Figure 8.13: Window 1.1 General Data

The 1.2 Materials window presents the characteristic strengths of the selected material.

1.2 Materials
B || special Settings tor
Material Material
o Description Comment
[ 24F1.7E. 24710, DF/HF ]
() B® & (=)
Material Properties
[ Main Properties
Modulus of Elasticity E 1800000.0 | psi
Shear b odulus G T12600.0 | psi
Specific Weight ¥ 29.3 | IbkeRe
Coefficient of Thermal Erpansion o 277TRE0E | 1/°F
Partial 5 afety Factar T 1.00
[ Additional Properties
Reference Tension Design Walue Parallel to Grain Fi 1150.0 | psi
Reference Compression Design % alue Parallel to Grain Fe 15600 | psi Material No. 1 used in
Reference Bending Design Value Fix* 2400.0 | psi .
Reference Bending Design ¥ alue Fi 2400.0 | psi Cross-sections No
Reference Bending Design Yalue (Bending Parallel to *wide Faces of Lams] | Foy 1450.0 | psi 1
Reference Shear Design Y alue Parallel to Grain Fux 216.0| psi
Referance Shear Design 'V alue Parallsl to Grain Fuy 2000 | psi Members Mo.:
Reference Compression Design Walue Perpendiculsr to Grain Feputen face E50.0 | psi ]
Reference Compression D esign ' alue Perpendicular to Grain Fepx.comp face BG0.0 | psi
Reference Compression Design Yalue Perpendicular to Grain Fepy 375.0 psi
Reference Modulus of Elasticity for Stability Calculations Ex min 950000.0 | psi Sets of members No.:
Reference Modulus of Elasticity for Stability Calculations Ey min 790000.0 | psi
Tupe of Structural Glued Laminated Timber Softwoods
Combination Symbol 24FA10 £ Length: T Weight
Species Duter/Core DF/HF 2400 [f] 0346 [ton]

Figure 8.14: Window 1.2 Materials
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In the 1.3 Cross-Sections window, the parameters of the cross-section can be checked.

1.3 Cross-Sections

[ & ] B C [ D | E 1 - T-Rectangle 6.75/24
Section | Material Cross-Section Opti-
Description mize Mote Comment -
[0 TRectangle 6. 75/24 Na ——

e P

24.0

™ AE & .

Crozs-Section Properties
:E1Flat Llse Factor [in]

Bending Design Yalue Adjustment Ciu standard-defined acc toB.37 @ III @ @

Cross-gection Ma. 1 used in

tdembers Ma.:
1

Sets of members No.:

E Lenath: I 'weight:
24.00 [f] (0.346 [tan]

Material
1-24F-1.7E, 24F4A10, DF/HF, Loaded P

Figure 8.15: Window 1.3 Cross-Sections

In Window 1.4 Load Duration, we define the load duration. For ASD, the load duration for load
combination is assigned according to the shortest load duration included in this combination.
The load duration of CO1 is preset as Seven Days.

L4 Load Duration

[ A B [ E [ 1}
Load- Load Factor
ing Description Type Load Diuration Cp Comments
Dead Dead Permanent 0.900 [ ]
LC2 Live Live Seven Days 1.250
Co1 D+Lr - Seven Days 1.250

Figure 8.16: Window 1.4 Load Duration
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In Window 1.5 In-Service Condition - Members, we define the moisture and temperature condi-
tions. The factors Cw and Cr are determined for dry service conditions and sustained exposure
to elevated temperatures up to 100°F.

L5 In-Service Conditions - Members

[ B [ | Moisture Service Condltion
Member Muoisture Service
0. Condition Temperature Commehts Dy Service Conditions:
Dy T£100°F [ | Maisture cantent in service is less

than 19% for lumber [less than
1E6% for glulam)

‘et Service Conditions:

Moisture content in service is 19%
or greater for lumber [16% and
greater for glulam]

Temperature Effects:

Structural members experience sustained
expozure to elevated temperatures up to
100°F

Structural members experience sustained
exposure to elevated temperatures
between 100°F and 125°F

Structural members experience sustained
exposure to elevated temperatures
bebween 125°F and 150°F

Set input for members No.:

Al

=
®

4
Figure 8.17: Window 1.5 In-Service Conditions - Members

In Window 1.7 Effective Lengths - Members we specify the buckling lengths. The beam is braced
only at the ends. The effective buckling length for lateral-torsional buckling is automatically
calculated according to [1] Table 3.3.3 for a single spam beam with uniformly distributed load
where ratio of the unbraced length and the depth of the cross-section is higher than seven:

le=1.63 x unbraced length + 3 x depth of cross-section = 45.12 ft.

1.7 Effective Lengths - Members

A [ B 1 C [ D = F @ | | [ J | K
Member|  Buckling Buckling About Auds x Buckling About Axis y Lateral-Torsional Buckling
No Possible Possible Kex lex [ft] Possible Key ley fit] Possible Define = l= fit] Comment
[ 1 1.000 2400 1.000 24.00 acc.to Table 333 [ 2517]

Single Span Beam - Uniformly distributed load \E‘ Ii/ Ii/ Iil Ii/

Figure 8.18: Window 1.7 Effective Lengths - Members
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In Window 1.9 Additional Design Parameters, the use of further adjustment factors is not re-
quired. There is no shear reduction to be applied.

1.9 Additional Design Parameters

[ 1 D [ E 1 F
Member Adjustment Factors
Q. Description Definition Symbol Value [] acc. to Comment
Shear Reduction Factor ] Na Shear Reduction Cur - 5.310
Shear Edge-Bonded Factar Edge-Bonded - ° NDS Suppl
Set input for members Mo, I aterial Category:
All Shructural Glued Laminated Timber E ‘:g (@ |

Figure 8.19: Window 1.9 Additional Design Parameters

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

2.1 Design by Laad Case

(e B [ C [ D [ET F [ G
Load- tember | Location Load
ihg Description Mo, w[ft] Design Design According ta Formula Duration

Ultimate Limit State Design
D+l [ASD 1 12.00 0.91 | = 1| 313]- Stability - Biaxial bending with LTE ace. to 3.9 Sewen Day

Ma 09121 @ ¥ AIEENEND
Details - Member 1 - 12.00 1 - CO1 1 - T-Rectangle 6.75i24
Adjustment Factors -
[ Design Ratio
Bending Moment My 1137910 | Ibfin
Bending Moment by 57024 | Ibfin
Section Madulus Sx E48.0 | in®
Section Modulus Sy 182.2 | in® 6.5
Actual Bending Stress fox 1756.03 | psi
Actual Bending Stress Ty 3289 psi
Partially Adjusted Bending Design Value Fh™ 3000.00 | psi
Partially Adjusted Bending Design Value Fby~ 181250 | psi —
Cross-Section Breadth b E75 in 2  —
Crass-Section Depth d 24.00 | in J [ [
Length Between Points of Zero Moments L 24.00 | it ——
Coristant ® o = ——
Volume Factor Cy 0.896 Eq. [B.3-1] —
Flat Use Factor Ciu 1.066 537 1
Effective Span Length le 4512 | it L4
Slendemess Ratio Fe 16.89 Eq. [3.3-5) g
Adjusted Modulus of Elasticity for Stability Calculations Eminy 790000.00 | psi
Critical buckling design value for bending members Fre 332395 | psi 3338
Beam Stability Factar CL 0.855 Eq. [3.3-6)
Adjusted Bending Design Yalue Fby' 2565.87 | psi
Adjusted Bending Desian Yalus Foy 193216 | psi finl
Design [Ciitical Bending Design Yalue Check] fbx / FoE 053 3492 —
Design Ralio N iE] €1 |EqE5¥ |- (@]

Figure 8.20: Window 2.1 Design by Load Case
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The Details displayed in the lower part of the window correspond to the designs in [4].

The beam capacities, which are modified by adjustment factors, are calculated without consid-
eration of stability factors. This calculation is done before the calculation of the design ratio.

Partially Adjusted Bending Design Values

FbX* :FbX XCM ><Ct XCD
Fox* = 2400x1.0x1.0x1.25
Fox * =3000.00 psi

Fby* :Fby xCyxC;xCp
Fby* =1450%x1.0x1.0x1.25
Foy * =1812.50 psi
Adjusted Modulus of Elasticity for Stability Calculations
Emin'=Emin X Cm xCy
Erin'=790000x1.0x1.0
Enin'= 790000 psi
Adjusted Shear Design Values

FVXI:FVX XCM th XCD
Fox'=215%x1.0x1.0x1.25
Fuy'=268.75 psi

Fvy': Fvy XCM ><Ct XCD
Fvy':200><1.0><1.0><1.25
F,y'=250.00 psi

The stress analysis is performed as follows.

Actual Bending Stresses

&_1137910|bf.in

S« 648.00in> =175603ps!

fbx =

My 57024 1bf.i
foy :_sto—b;n:_ﬂz,sgpsi
Sy, 18225in

Actual Shear Stress Parallel to Grain

_V,xQ, 15804 Ibfx486.00in’
Y kxb 7776.00in* x6.750n

=146.33 psi

~VyxQ,  792Ibfx136.69in>
7 yxb  615.09in* x24.00in

=7.33 psi

The bending design stress must be adjusted also by the lesser of the beam stability factor, Ci,
and volume factor, Cv.

The beam stability factor depends on the critical buckling stress for bending which reflects the
member slenderness of bending members.
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Slenderness Ratio

Ry :\/ lo xd :\/ (45.12><12)2><24.00 1689
6.75

Critical Buckling Design Value for Bending Members

1.20xE,'  1.20x790000 psi
Rg? 16.89°

R = =3323.93psi

Beam Stability Factor

2
CL=1+FbE _\/|:1+(FbE/Fb *)} Fee/Rp *

1.9 1.9 0.95

c ~ 1+(3323.93/3000.00) J {1+(3323.93/3ooo.oo)}2 3323.93/3000.00
= _ _

1.9 1.9 0.95

CL = 0.855

The volume factor depends on the cross-section dimensions [in] and the length of the bending
member between points of zero moment [ft].

Volume Factor

21 1/x 12 1/x 5125 1/x
Cy=|— x| — x| ———

L d b

1 1/10 12 1/10 5125 1710
Cy=|— x| — x| ———=

24 24 6.75
Cy =0.896

The total flexural capacity is calculated as follows.
Adjusted Bending Design Values:
Fox' = Fox *xmin(C, ;Cy )=3000.00 xmin(0.855;0.896 )= 2565.00 psi

Foy'=Foy *x Cg =1812.50x1.07 =1939.38 psi

Critical Design Values Check

Before biaxial bending proportions are verified, critical design stresses must be compared
according to formulas mentioned in [1] (Chapter 3.9.2).

fin _ 1756.03
Foe 3323.93

=0.53<1.00

Biaxial Bending Design
The design of biaxial bending according to [1], Equation (3.9-3) is as follows:

fox foy <1.00

Fbx‘ 2
Fby' x| 1= (beJ
FbE

1756.03 312.89

2565.00 ~7=0.91<1.00
' 1939.38x[1—(1756'03] ]

3323.93

I Program TIMBER AWC © 2014 Dlubal Software GmbH




Dlubal
Shear Design

The design of shear is performed according to [1], Clause 3.4.1:

Design 1 (Shear due to shear force V)

f, 14633

=0.54<1.00
F, 26875

Design 2 (Shear due to shear force Vy)

f
w _ 733 503<1.00
Fy' 250.00

8.2.3.2 Serviceability Limit State Design
We check the deflection limit for the unfactored live load.

In the Serviceability Limit State tab of the 1.1 General Data window, we select the load case
LC2 Live for the design.

1.1 General Data

Design of Dresign According to
Members: |1 Q|| X VAl =A5D - @
Sets & [X] (=] m
Ultirate Lirit State | Serviceability Limit State | Fire Resistance
Existing Load Cases f Combinstions: Selected for Design
N L0 Dead Lc2 Live
co1 D+L
[55]
(]
e - (8] B8] BB
Figure 8.21: Window 1.1 General Data, tab Serviceability Limit State
Then we enter member No. 1 in the 1.10 Serviceability Data window
110 Serviceability Data
[ A [ B [ c 1 D F [ G
tember Reference Length Direc- Precamber
Mo, Feference to Mo, 4 anually L[] tion we [in] Beam Type
Member 1 [m] am[y -] 0.00 Beam

r

w

S

w

@

~

@

w

10
11

Figure 8.22: Window 1.10 Serviceability Data

We do not modify the reference length but we restrict the Direction to y. As a simple span
beam, we select the Beam in the Beam Type list.
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In the dialog box Details, tab Serviceability, we change one setting: The deformation is to be

Details

S

[ Resistancs | Stabilty | Servicsabilty | Fire Resistance | Other

Servicability (Deflections)
Limiting deflection: L/ 3605

Deformation relative to:
() Shifted members ends / set of member ends
@ Undeformed system

OK

] [ Cancel

Figure 8.23: Dialog box Details, tab Serviceability

Deflection from moment

v E (dY . w
Ay =0.96x—x| — ><Ay =0.96 x
G \L

Final deflection

M % .
Aysz +Ay =0.56+0.6=0.62in

Design
A .
y _0€2n_, o6,
Ajimy  0.80in

AM_5 Wiye xL* 5 y 87.75x288*
Y 384 Exl, 384 1800000x7776

1800000
—x

112500

(

Deflection from shear force (approximate calculation)

24
288

The limiting deflection is L/360 according to Table 1604.3 in [6].

=0.56in

2
j x0.56 =0.06in

For the following equation, the modulus of elasticity of 1800000 psi is applied.
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" Caloulation The result of this deformation analysis is also displayed in the 2.1 Design by Load Case result
window under the table entry Serviceability Limit State Design.

2.1 Design by Load Case

s B | C [ Db [E] F | &
Load- tember | Location Load
ihg Description Mo, w[ft] Design Design According ta Formula Duration
Ultimate Limit State Design
CO1 |D+L 1 12.00 0.91 | = 1| 313] - Stability - Biaxial bending with LTB acc. to 3.9 Seven Day

Serviceability Limit State Design
1 12.00 0.78|£ 1 401]- Serviceability - Deflection in z/y-direction [Beam) Seven Day

Max 0N|1@

PV EWNEEEE

Details - bember 1 - 12,001 - LC2 1 - T-Rectangle 6.75/24
Material Data - 24F-1.7E. 24F10, DF/HF. Loaded Perp. to Wide Faces of Lams. 4 or More Lams
nsz-section Data - T-Rectangle 6.75/24

efarmations
[ Design Ratio
Deflection diy 062 |in
Camber in the Middle Span Acamp, 1f 000 in
Camber at #Location Lcamp, x, 0.00 | in
Total Deflection Loty 062 | in
Reference Span L 24.00 | ft -
Limiting Dreflection [Relative] L # Atim 360.000 g
Limiting Deflection [&bsolute) Llim,y 0.80 | in
['esign Ratio n 07a £1

[in]

Figure 8.24: Window 2.1 Design by Load Case
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8.3 Single Tapered Beam

According to the Design Specification [1], the strength of a tapered beam must be reduced
depending on the loading (tensile bending or compressive bending). This usually applies to
single tapered beams.

The single tapered beam of the following example is laterally supported over its entire length.

8.3.1 System and Loads

Figure 8.25: System and loads

Model

Material: Southern Pine 24F-V5
Length: 40 ft

Cross-section 1: 5-1/2in by 22 in (start)
Cross-section 2: 5-1/2in by 49-1/2 in (end)
Moisture Condition: Dry

Temperature Condition: T < 100°F

Loads

Load Combination: D+S

LC 1 Dead: Self-weight and 300 Ibf/ft
LC 2 Snow: 300 Ibf/ft

8.3.2 Calculation with RSTAB

The system as well as the loads in all load cases is modeled in RSTAB as a 3D model. We make
sure that the automatic self-weight is activated in LCT.

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.

RSTAB determines the diagrams of internal forces shown in the following figure.
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E Tapered_beam_TimberAWC*

Internal Forces M-y [bfft]
Co:D+5

130076

Mz M-y: 130076, Min M-y O lbfft

E Tapered_beam_TimberAWC*

(=[O el

Internal Forces Y-z [Ibf]
Co:D+5

-13135

12873
Mas: -z: 12679, Min -z: -13135 lot

Figure 8.26: Internal forces My and V.

8.3.3

Ultimate Limit State Design

design.
We perform the design according to ASD.

1.1 General Data

Design of

Members: |1 a || K

Sets: a || K

Uttimate Limit State |Senriceabil'rty Limit State I Fire: Resistance|

Design with TIMBER AWC

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

Design According to

ESASD

v

Selected for Design
co1 D+5§

Existing Load Cases / Combinations
Lc1  [Dead |
=l LC2 Snow

AR -

@ "]

Figure 8.27: Window 1.1 General Data
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The 1.2 Materials window presents the characteristic strengths of the selected material.

| Special Settings for

Material
Description

Comment

Special settings for glulam acc. to
faotnotes in Table 5B and Table S0

3 |: 24F-1.7E. 24F /5. SP/SP. 4 or More Lams | ANSI/AWC NDS-2012

Material Properties

Reduction of Fex by multipliyng by
& factor 0.88 for members areater

AE & (=

than 15 in. deep

[ Main Properties

Modulus of Elasticity E 1700.000 | ksi
Shear Modulus G 106.250 | ksi
Specific Weight b 0.0 | kip/At3
Coefficient of Themmal Expansion o 27778606 | 1/°F
Partial Safety Factor ™ 1.00
[ Additional Properties
Reference Modulus of Elasticity (4«al Loading) Ez 1680.000 | ksi
Reference Shear Modulus (Axial Loading) Gz 105.000 | ksi
Reference Modulus of Elasticity (Loading Perpendicular to Wide Faces of Lams) Ex 1700.000 | ksi
Reference Shear Modulus (Loading Perpendicularto Wide Faces of Lams) Gx 106.250 | ksi
Reference Modulus of Elasticity (Loading Parallel to Wide Faces of Lams) Ey 1600.000 | ksi
Reference Shear Modulus (Loading Parallel to Wide Faces of Lams) Gy 100.000 | ksi
Modulus of Blasticity Perpendicular Eso 56.667 | ksi Material Ho. 2 used in
Shear Modulus Pempendicular Gao 10625 | ksi
Reference Tension Design Value Parallel to Grain Ft 1150.00 | psi Cross-sections No.:
Reference Compression Design Value Parallel to Grain Fc 1600.00 | psi 12
Reference Bending Design Value (Bending Perpendicular to Wide Faces of Lams) Fix* 2400.00 | psi
Reference Bending Diesign Value (Bending Perpendicular to Wide Faces of Lams) Frx 2400.00 | psi Members No.
Reference Bending Design Value (Bending Parallel to Wide Faces of Lams) Fy 1700.00 | psi 1
Reference Shear Design Value Parallel to Grain Fux 300.00 | psi
Reference Shear Design Value Parallel to Grain Fuy 260.00 | psi
Reference Compression Design Walue Perpendicular to Grain Fepx,ten. face 740.00 | psi Sets of members No.:
Reference Compression Design Value Perpendicular to Grain F cpox, comp. fac 740.00 | psi
Reference Compression Desian Value Perpendicularto Grain Fopy 650.00 | psi
Reference Modulus of Elasticity for Stability Calculations Ex min 900.000 | ksi T Length:
Reference Modulus of Elasticity for Stability Calculations Ey min 850.000 | ksi
Type of Structural Glued Laminated Timber Softwoods 40.00) ]
Combination Symbal 24F-V5
Species Outer/Core SP/SP

I Weight
0.882 fton]

Figure 8.28: Window 1.2 Materials

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

1.3 Cross-Sections

B C ] E | 1 - T-Rectangle 5.5:22
Section | Material Cross-Section Opti-
No Description mize Note Comment .-
[0 T-Rectangle 5.5/22 No T_T
2 [E 0 T-Rectangle 5.5/49.5 No
a
B SESeReeL
!
EYEY] :
¥
Cross-Section Properties
[l Flat Lse Factor
Bending Design Value Adjustment Cu 1 standard-defined

acc.to 5.3.7 @ @

Cross-section No. 1 used in

Members MNo.:
1

Sets of members No -

I Length: T Weight:

40.00 Fl

Material:
3- 24F-1.7E, 24F-V5,

0.882 fon]

SP/SP. 4 or More L

Figure 8.29: Window 1.3 Cross-Sections
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In Window 1.4 Load Duration, we define the load duration. For ASD, the load duration for load
combination is assigned according to the shortest load duration included in this combination.
The load duration of COT1 is preset as Two Months.

As the beam is not loaded by any wind or earthquake load, the load condition for radial stress
design according to [1] Table 5.2.8 is set as Other Types of Loading.

1.4 Load Duration

[ A E [ c [ D [ = I
Load- Load Factor Loading Condition
ing Description Type Load Duration Co (Radial Stress Design) Commerts
Dead Dead Pemanent 0.900 Cther Types of Loading
LC2 Snow Snow Two Months 1.150 Other Types of Loading
CO1 D+S - Two Months 1.150 Other Types of Loading

Figure 8.30: Window 1.4 Load Duration

In Window 1.5 In-Service Condition - Members, we define the moisture and temperature condi-
tions. The factors Cw and Cr are determined for dry service conditions and sustained exposure
to elevated temperatures up to 100°F.

L5 In-Service Conditions - Members

[ A [ E I | Moisture Service Condition
tember Moisture Service
Mo Condition Temperature Commehts Dy Service Conditions:
Dy T2100°F [ | Maisturs cartent in service is less

than 19% for lumber [less than
16% for glulam]

‘w/et Service Conditions:

Maisture content in service is 197
or greater for lumber [16% and
areater for glulam)

Temperature Effects:

Structural members experience sustained
exposure to elevated temperatures up to

Structural members experience sustained
exposure to elevated temperatures
between 100°F and 126°F

Structural members experience sustained
exposure to elevated temperatures
between 125°F and 150°F

Set input for members No,

Al

2
.

Figure 8.31: Window 1.5 In-Service Conditions - Members

I Program TIMBER AWC © 2014 Dlubal Software GmbH

91



'8 Examples 4&

Dlubal

In Window 1.7 Effective Lengths - Members we specify the buckling lengths. The beam is lateral-
ly supported over its entire length continuously. Therefore, there is no risk of instability. We
clear the two check boxes Buckling Possible and Lateral-Torsional Buckling.

1.7 Effective Lengths - Members

| C [ D [ E 1 F [ G [ H 1 ] [ J [ K
Member|  Buckling Buckling About Axds x Buckling About Axis y Lateral-Torsional Buckling
No Possible Possible Kex lex ] Possible Key ley ] Possible Define |= le il Comment
[ [m] a

Figure 8.32: Window 1.7 Effective Lengths - Members

In Window 1.9 Additional Design Properties, the use of further adjustment factors is not re-
quired. There is no shear reduction to be applied.

1.9 Additional Design Parameters

B [ c | ] [ E [ F
Member Adjustment Factors
o Description Definition Symbal Walue [] acc. bo Comment
Shear Reduction Factor ] Na Shear Reduction Cur - 5.310
Shear Edge-Bonded Factor Edge-Bonded ° - NDS Suppl
[] Set input for members Mo. Material Category:
Al Structural Glued Laminated Timber & (&) [@]

Figure 8.33: Window 1.9 Additional Design Parameters
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The tapered member is automatically listed in Window 1.14 Tapered Members, including the
preset angle of taper which is 3.28°.

1.14 Tapered Members

| A | B | C D [ _E___| E
Member Cross-Section Length Angle of Taper Girain Parallel
Mo. Member Start Member End L ] el to Edge Comment
I T-Rectangle 5.5/22 T-Rectangle 5.5/49.5 40.00 328

Figure 8.34: Window 1.14 Tapered Members

The grain runs parallel to the edge which is located in the direction of the positive z/y-axis
(this is the bottom side of the member). Thus, the cut face of the beam is in the compressive
bending area (it would also be possible to design taper cuts on the tension face, but those cuts
are not recommended for structural glued laminated timber beams).

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

After the calculation, the governing design is presented in the 2.1 Design by Load Case window.

I J | AT
0.46 T T
067
2.1 Design by Load Case
[ A [ B [ € [ D T[E]J F [ G |
Load- Member | Location Load
ing Description No. x ] Desian Design According to Formula Duration
Ultimate Limit State Design
[ CO1 | 1 12.00 0.67 | =1 1131) Cross-section resistance - Tapered Member - Strength in bending about y/x-ads acc. 10 3.3 |

Mz 067(21@

Details - Member 1 - x: 12.00 fi- CO1 1 - 22 T-Rectangle 5.5/22 - T-Rectangls 5
Material Data - 24F-1.7E, 24F-V5, SP/SP, 4 or More Lams
Cross-section Data - T-Rectangle 5.5/30.25
esign Intemal Forces
Adjustment Factors
[ Design Ratio
Bending Mamerit M 108833 [Ibft [ | -
Section Modulus Sx 838.8 [in? —
Actual Bending Stress Fox 1556.96 | psi
Partially Adjusted Bending Design Value Foe~ 2760.00 | psi E
Cross-Section Breadth b 55 |in o
Cross-Section Depth d 303in —
Length Between Points of Zero Moments L 4000 |k 3 % ________ »
Constant x 20 = *
Wolume Factor Cw 0.521 Eq. (5.3-1) E
Angle of Taper L) 328 |° ]
B Parameters for Stress Interaction Factor =
Reference Bending Design Value Fb 2400.00 psi Table 5A ;
Shear Reduction Factor Cour 0.720 53.10 ¥
Reference Shear Design Value Fy 300.00 | psi Table 5A
Reference compression design value perpendicular to grain | Fopx, cmp. face | 740,00 | psi Table 5A
Stress Interaction Factor Ci 0.844 Eq. (5.3-4) ERRATA:2013-11
Adjusted Bending Design Value Fex, ten. face | 204277 |psi
Adjusted Bending Desian Value Fio, omp. face | 2328.19 | psi
Design Ratio (Tension Face) 1 0.61 £1 (331 Jin]
Diesign Ratio {Compression Face) nz 067 £1 331

Deesign Ratio n 0.67 =1

Figure 8.35: Window 2.1 Design by Load Case
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Partially Adjusted Bending Design Value
Fox ¥ =Foy xCy xC; xCp
Fox ¥ =2400x1.0x1.0x1.15
Fox ® = 2760.00 psi

Adjusted Shear Design Value
Fox'=Fux xCy xC xCp
F.x'=300x1.0x1.0x1.15
Fux'=345.00 psi

The stress analysis is performed as follows.

Actual Bending Stress

M, 1305990 Ibf.ft

S« 83881in° =155696ps

fbx =

Actual Shear Stress Parallel to Grain

V. 128791bf x332.75in>
fo =X Q128790332750 _ 5 66
I, xb 4880.3in" x5.5in

and volume factor, Cv.

pression side, this factor is calculated as follows.

Stress Interaction Factor

1

Volume Factor

21 12 5.125
CV — (T)UX ><(_)’l/)( X( b )1/)(

d
21 12 5.125
CV :(_)1/20 X( )1/20 ><( )1/20
40 3025 5.50
Cy =0.921

C| =
F, xtan0 F, xtan’ 0
—|+( b )2 +( b )2
F, xC,, Fe
C| = 1
2400x tan3.28° » 2400 x tan? 3.28° 5
1+ ( +( )
300x0.72 740
C| :0844

VAN

Dlubal

The beam capacities, which are modified by adjustment factors, are calculated as follows:

The bending design stress must be adjusted also by the lesser of the stress interaction factor, C,

The stress interaction factor depends on the face of taper. For members tapered on the com-

The volume factor depends on the cross-section dimensions at the verified point on the beam
(dimensions and length of bending member between points of zero moment in ft.).

24
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With this factor, the total flexural capacity can be calculated as follows.

Adjusted Bending Design Values

Fox ' =Fox *xmin(C,;Cy )=2760.00 xmin(0.844;0.921)=2329.44 psi

Bending Design
Design of bending according to [1] Chapter 3.3.1:
Design

foo  1556.96

= =0.67<1.00
Fox' 232944

Shear Design
Design of shear according to [1] Chapter 3.4.1:
Design 1 (Shear due to shear force V,)

fo 15966
F,' 345.00

VX

=0.46<1.00

VAN

Dlubal
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Adjustment factor 31 Equivalent member method........eeveesenssnsnenenns 39
Angle of taper 35 Evaluation of results 53
ASD 9 Excel 67
Axis 28 Exit TIMBER AWC 8
Axis system 19 Export 66
B Export cross-section 64
Background graphic 54 Export effective length 66
Beam type 32 Export material 66
Buckling 57 Exposure to fire 33
Buckling length 26,28,72 F

Buckling length coefficient............evnecrsiine 28 Filter 57
Button 53 Filtering members 58
C Fire classification 40
Calculation 37 Fire resistance 12
Cantilever 32 Fire resistance design..........cocceveeeevnecens 33, 34, 40, 53
Charting rate 14 Flat use factor 19
Clipboard 66 Flexural buckling 27
Color spectrum 57 G

Colored design 57 General data 8
Comment 9 Grain 35
Condition treatment factor. ... .....eceeeesssmmssessseens 31 Graphic 54
Connection 37 Graphic printout, 59
Control panel 57 Graphical representation 55
Cross-section 18, 35,63 H

Cross-section design 45 Hidden result diagram 57
Cross-section info 21 1

Cross-section library 19 Imperfections 39
Cross-section optimization ..........eeseeeeeerseenens 63 In service conditions 24,25
D Incising factor 31
Decimal places 16, 65 Installation 6
Deformation analysis 32,87 Internal forces 48,64
Design 9,21,43,44,45 L

Design case 54,61,62 Lateral-torsional buckling.................oeeeeeereveeneenes 28,39
Design method 12 Lateral-torsional buckling analysis ... 39
Design ratio 44 Length 51
Design stress to member strength factor ........... 14 Length for lateral-torsional buckling ............cccc..... 28
Detail settings 37 Limit tension stress 37
Display navigator 55,57 Limit values 1
E Load case 10,11,48
Effective length 26, 30, 66 Load combination 10
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N
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Negative bending 38
o

OpenOffice 67
Optimization 21,41,63,64
P
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Part 51
Parts list 51,52
Positive bending 38
Precamber 32
Print 22,59
Printout report 59, 60
R

Reference design value 18
Reference length 1
Relation scales 53
Remark 21
Rendering 57
Repetitive factor 31
Resistance 37
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Result diagram 56, 59
Results values 54
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Results window 43
RSBUCK 27
RSTAB graphic 59
RSTAB work window 54
S

Second-order analysis 39
Selecting windows 8
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Shear reduction factor 31
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Standard 15
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Start calculation 42
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Super combination 10
Surface area 51
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Time effect factor 14,23
Torsion design 38
U
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