Manual FWH+ FRILO

////\\\\

Timber Truss FWH+

Application options 2
Calculation and design 3
Generation of combinations for timber 4
Timber verifications - EN 1995 4
Stress-resistance/stability verifications 4
Support reactions 4

Data entry 5
Basic parameters 5
System 7
Cross-sections 8
Supports 9
Loading 10
Building and load parameters 10
Wind and snow 11
Standard load cases and additional load cases 11
Additional load parameters 12
Design 13
Connection details 13
Load transfer 13
Interfaces / Connected programmes 13

Results and output 14

Reference literature 16

In addition to the individual program manuals, you will find basic explanations on the operation of the
programs on our homepage www.frilo.com in the Campus-download-section.

Further documents:
Wind and Snow Loads-PLUS
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Application options

The software is suitable for the structural calculation and design of timber trusses typical in the construction
of portal frames:

S Changing System ... =&

Parallel truss

- Parallel trusses

- Hip trusses NEZ]Z [\/\/\/\/‘ ~W\N \AAA—/

- Double-hip trusses

- Double-pitch roof trusses W N/\V\M \/WI/‘

- Single-pitch roof trusses ) - -

= Cross-sections and material can be defined _J 1 [ AN ;_ 1 ] l M
differently for chords, posts or diagonals.

Thus, the staggering of e.g. the struts is gzm E@M nnnn

possible depending on the stress. £

= Continuous chords can be considered as Double hiptruss

flexurally rigid members.
N R vAVAVav; B 74 VAN IR vAVAVAv,

= Deflection is calculated in accordance with

the strut-and-tie theory.
00N I VAVAY

Double-pitch roof
Timber:
= DIN EN 1995 /17’\ W /Wﬁx_ /I<l>\
= ONORM EN 1995 Seceotch o
= BSEN 1995 S ﬂi <K
- PN EN 1995 ) - )

Verification method:
= Simplified method

= Exact method

Here ( » Design » Load transfer) the characteristic support reactions can be transmitted to the programmes
= Steel column STS+

= Wooden column HO1+

= Reinforced concrete column B5+

= Reinforced concrete bracket B9+

Interface to the program Timber Joint HO13+ for the design of a selected node (steel-timber connection) with
transfer of the node forces/the complete load combination and saving of the affiliation to the selected node
( » Design » Connection details).
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Calculation and design

First, the individual load cases are determined in accordance with the selected truss framing system. The load
case combinations are generated subsequently.

See the chapter — Generation of combinations for timber — EN 1990

The individual member forces for the different load cases are determined in accordance with the strut-and-tie
theory.

The maximum internal forces are determined for the following types of members:
- Top chord

- Bottom chord

- Post

- Diagonal strut

Tension and stability verifications.

See the chapter — Timber verifications — EN 1995

The support reactions are always determined for the simple loads.

Optionally, you can put out the loads on the supports separately for the different action groups.
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Generation of combinations for timber

The combination rules are based on the probabilistic partial safety concept (as per EN 1990).

For the structural safety verifications, the combinations are generated for the permanent and transient
situations. If an accidental action applies, the combinations for the accidental design situation are generated
in addition.

For the serviceability verification, only the infrequent and quasi-permanent situations are relevant.

The software generates internally all combinations in accordance with the relevant rules (EN 1990) and
performs all corresponding verifications. Only the combinations that turn out to be decisive in the individual
verifications are put out, however.

The following standard load cases are examined by the software:

- permanent loads separately for the top chord and the bottom chord
- snow on one side, either left or right
- wind from the left, if a ridge was defined

- wind from the right, if a ridge was defined
Wind from the right is considered as the alternative to wind from the left.

Impounding wind pressure values

To take different impounding wind pressure values for different heights above ground level into account, you
can specify the height of the bottom chord above the ground level.

In this case, the software applies the different impounding wind pressure values to the different sections in
accordance with the standard. See Building and Load Parameters.

Timber verifications - EN 1995

Stress-resistance/stability verifications

The stress-resistance verifications are performed as specified by para. 6.1 and 6.2.
For the shear stress analysis, the full shear force applying to the support is considered.
The stability verification is based on the equivalent bar method specified by para. 6.3.

The system lengths can be influenced through user-defined outer supports.

Support reactions

The maximum support reactions in vertical and horizontal direction are determined and output separately for
load cases and actions (each as characteristic values) and as design values for the maximum combinations.

The output of the minimum support reactions is optional, however, these support reactions must NOT be used
for the verification against uplift!
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Data entry

You can enter values and define control parameters in the menu on the
left screen section. The effect of a value that you enter is immediately
shown in the graphical representation on the right screen section.
Before entering any data, you can edit the dimensional units (cm, m ...)
via the options File » Program settings.

The assistant is automatically launched when you start the software.
You can disable the assistant in the settings menu.

The data entry via the GUI is described in the document
"Basic Operating Instructions - PLUS".

Basic parameters

Selection of the standard.

Available standards - see application options.

Snow accidental/load factor snow:

Check this option if snow loads shall be included automatically not
only in the typical design situations but also as an accidental action.
You can either specify a load factor for the accidental snow loads or
have it determined automatically by the software (select the
corresponding checkbox).

Reduced kmod with wind:

Properties a

System
Loading

Design Standards and Safety Concept
Design Standard M DN EN 1995:2013

L

Snow as accidental loads
reduced kmod for wind
w2 = 0.5for snow (AE)

Location in windzone 3 or 4

JOooaq -

Equal G for all permanent loads

Ultimate Limit State

Fire design
calculate always simplfied [
Fire: resistance class R 30 hd

Chanming all sides ]
Fire: stress above
Fire stress below
Fire stress left
Fire stress right D
Charing accto code
Eff length about Y, numerical [
Serviceability LR ]

w inst 300
w niet fin 141 300 []
w fin 141 2001

Check this option to use the modification coefficient kmod under wind action as an average value for the load

duration classes ‘short’ and ‘very short'.

wy2:

Check this option to increase the value of the combination coefficient g2 to 0.5 for snow action in the seismic

design situation.

(See introductory decree of the federal states, e.g. Baden-Wiirttemberg)

Location in wind zone 3 or 4:

Check this option if the building is situated in wind zone 3 or 4. In this case, you need not consider snow as an

accompanying action with wind being the leading action.

Equal yG for permanent loads:

Check this option if all permanent loads or load cases shall be included with the same partial safety factor
(yG,sup or yG,inf). Otherwise, all permanent loads or load cases are combined with each other with yG,sup and

vG,inf.
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Fire design:

Check this option to display the data-entry fields for effects of actions by
fire and to perform the corresponding verification.

Verification method:

If this option is marked, the simplified method (with reduced cross-
sections) is used for the calculation, otherwise the program carries out
both methods (simplified and exact method) and outputs the decisive
result.

Fire-resistance class:

Ultimate Limit State
Fire design

calculate always simplified
Fire: resistance class
Chanming all sides

Fire stress above

Fire: stress below

Fire stress |eft

Fire stress right

Chanming acc to code

Eff. length about Y, numerical

Selection of the desired fire-resistance class or user-defined specification of the charring rate.

Charring on all sides:

Uncheck the box to select individual sites for fire exposure.

Charring rate acc. to code:

R 30

Uncheck this option to specify user-defined charring rates for each side; otherwise, the values of the standard

are used.

Eff. length about Y numerical:

If the option is selected, the buckling length for buckling in the direction of the structural plane is determined

ORORR RO « OR &€

numerically.

w,inst limit value of the elastic deflection of a single-span truss

w,net,fin limit value of the summarized elastic deflection and creep deformation of a single-span truss
w,fin limit value of the final deformation of a single-span truss
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System

Select Softwood, Hardwood or Glulam.
Material code: standards for softwood, hardwood, glulam; additional parameters,
such as the strength class, the servive class etc.

Click on the button to select/edit the truss shape and type.

See also: graphical representation of the type of truss in the chapter "Application
options".

Depending on the selected type of truss, the associated system dimensions are
displayed for selection (number of spans, height, length etc.) - additional
information is available via the respective tooltip.

The span lengths can be of equal length (constant), symmetrical or individually
defined.

Flexurally rigid ridge point

Check this option to define a ridge point that is resistant to deflection.

Top/Bottom chord without joint

If this option is checked, support moments are generated in the top/bottom
chords above/below the connections.

Call up the remark editor. The remarks on the system are then listed in the output
document in the corresponding section.

Properties

o~ Basic parameter

- Crogs-sections and Maternials
Timber
Timber Softwood
Material code EN 332:2016
Strength class C24
Service class 2
Specific weight v | [
System
Truss system Double
Length fm]
Left height [m]
Height [m]
Right height
Span

ivizion of the spans
Individual span length
Girder spacing

Rigid ridge point

Top chord without joint
Joint free bottom chord
Remarks

... about the system

420

10.00
200
3.00
2.00

4

symmetrical division -

constant span length
symmetrical division
individual span length

e O
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Cross-sections

Cross-sections and material can be defined differently for chords, posts
or diagonals. The values can be entered here directly via the dimensions

(width/height) or by selecting a cross-section via the button.

You can obtain a clear representation from the tables in the "List of bars"
(Tab "List of bars" below the graphic).

Choose the type of timber (KVH = solid construction timber, TRADA,
DUOTRIO) and the cross-section.

Timber beam v
Construction solid timber [K\VH) 1
ad

TRADA

DUOTRIO

06/12 b 12 72

06/18 B 18 108

06/16 & 16 96

06/14 6 14| &4

0816 L] 16 128

08/14 a 14 112

08/24 8 24 192

0812 a 12 96

1012 10 | 12 120

A0 0N 1n| 0 ha Fa¥a'l b
oK Abbrechen

Cross-section rotaded

Two-parts cross-section

check this option to rotate the cross section
by 90°.

check this option to define a single-piece or
two-piece cross-section.

| Properties

- Basic parameter

Top chord ( default CS)
Cross-section

Width

Height

Cross-section rotated
two-parts cross-section
Material

List of bars Top chord

b/h 8.0/16.0 cm
lem]

lem]

Softwood C24 ( Standard )
tothetable &5

Bottom chord (Standard C5)

Crosssection

Width

Height

Cross-section rotated
two-parts cross-section
Material

List of bars Bottom chard
Post (default C5)
Cross-section

Width

Height

Cross-section rotated
two-parts cross-section
Material

List of bars Post

Diagonal struts ( default CS)

Crosssection

Width

Height

Cross-section rotated
two-parts cross-section
Material

List of bars Diagonal struts

b/h 8.0/16.0cm
[em]

[em]

Softwood C24 ( Standard )
tothetable B

b/h 8.0/16.0 cm
[em]

lem]

Softwood C24 ( Standard )
tothetable AR

b/h 8.0/16.0cm
[em]

[em]

Softwood C24 ( Standard )

tothe table B

o . gogsHes  onZsles . ook

—_

2 2
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Supports

Specify the supporting conditions of the different components (top
chord, bottom chord, left edge, right edge).

Tip: You can also add/remove/edit a support directly in the
graphic via the context menu.

Distance distance to the left or to the bottom, related to the

projection plane
Spring value cy discrete supporting conditions for translation in the y-
direction (rigid, 0 = free, >0 = elastically supported)
Application point available options are ‘top edge’, ‘bottom edge’ and
‘component axis’

Spring value cox discrete supporting conditions for the rotation around
the component x-axis

Elastic restraint of top chord  translational bedding at the top edge of

the top chord in the y-direction
Rotational bedding

Properties
Basic Parameters
=) System
Cross-sections

Loads
+)- Design

Output

Supports from the plane

Bearing
Member
Distance
Spring value Cy
Point of attack Cy
Spring value Cox
Bedding of the top chord

Elastic restraint of top chord
Rotational bedding

torsional bedding of the top chord about the x-axis

mn L X @ ]

Top chord

Center line of member

v

0.00
rigid (V]

0.0 [

0.00
0.0
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Loading

Building and load parameters

Click on the button to access the dialog of the building and load
parameters.

Height above ground level

Specify the height of the bottom chord (system axis) above the top edge
of the ground to consider different wind pressure values at different
height levels. The wind pressure is calculated for the specified height.

Girder

Number of trusses in the building (at least three).

Girder spacing
Specify the spacing of the trusses being the width of the load area.

Length of the building

The building length calculated from the number of trusses and their
spacing is indicated.

Gable beam

This option allows you to define a gable truss. If you leave the option
unchecked (default), the truss is treated as an inner truss. The option
influences the selection of the wind area.

Factor influence width

Factor for the load application area on the truss.
Width of load area = factor - truss spacing.

Range of increased wind load

The load application area of the truss is exposed to increased wind load
at the gable.

Properties 2
Basic Parameters Qo
+]- System
+)- Design
Output
Boundary conditions A
Building / load characteristics
Wind and Snow Load
Load Cases A
Standard Load Cases etable 28 &
Additional LC etable 35 (&
Self-weight Al
Consider automatically @]
Roof load A
Roof load kN/m3 045 1
Roof load based on [Dfl] Roof area e
Settings of load cases A
Load case active v
Settings of load cases Notice
Remarks A
... Actions
Building / load characteristics
Boundary conditions R
Height of the temrain level 3.00}
Girder 5
Girder spacing 200
Lenath of the building 3.00
Gable beam O
Factor influence width 1.00
Range of increased wind load O
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Wind and snow

Click on the button to display the dialog of the border conditions for the calculation of the wind and
snow loads. This dialog is described in the documentation Wind and Snow Loads-PLUS.

: . , [ Tewn | Wind [ Soow. [ Geometry | Wind loads | Snaw Loads
The different tabs (municipality, wind, snow...) provide access the " ]

respective dialogs and data-entry fields. Location 4
Country Great Britain
Alttude of terman hMSL | ] -1000

Standard load cases and additional load cases

The "Standard load cases" and "Additional load cases" tabs allow you to display the associated load case
tables. You can edit and enable or disable individual load cases or display the details.

The term "standard load cases" refers to all load cases in compliance with the standards that are generated
automatically by the software.

wy
| Standard Load Cases | Additional LC X

Description Action Alt Active Loads

=» 1 |Roof load Pemanent loads v 0

v m

Details (1)
Details (6)
| Details ()
[ Details (4)
| Details (6)
[
[

SHSHS

w N

v 111
v 111
v 111
v 1M1

b~

(&)

| | | 5 | (I

SHSHSIS

(
Details (6)
Details (4)

o\ e e e

-~ o

In the "Additional load cases" table, you can enter additional user-defined load cases.

| List of bars Top chord | List of bars Bottom chord 1 Listof bars Post | List of bars Diagonal struts 1 Standard Load Cases ] Additional LC X

Description Action Alt Active Copy loads from load case Loads ;ﬂ

W'
1 | Additional load case 1 Wind loads 111 Wind from left case 1 Edit (&) =P
2 | Additional load case 2 Pemanent loads o — Ed'r_t {D] %

Click to the "+" button to add a new row.
Description: You can specify an individual name for the load case.

Action: the appropriate actions can be selected from a list: Permanent loads ... Seismic.
You can also create user defined actions and select them here.

Alt. Alternative group,
Different variable load cases with similar actions can be combined to an alternative load
case group by assigning an alternative group number to them. Only the decisive load case of
this alternative load case group is invoked in the superposition.

Active you can enable (tick checkbox) or disable (untick checkbox) individual load cases. Disabled
load cases are not considered.

Copy loads of load case
The option allows you to copy the loads of a standard load case. You can customize the

loads via the "Edit" button. The "arrow symbol" E can be used to call up a load value
compilation.

FRILO Software GmbH 04.01.2023 Page 11


https://www.frilo.eu/wp-content/uploads/EN/Manuals/wind_and_snowloads_plus_eng.pdf#I_0000_Inhalt
https://www.frilo.eu/wp-content/uploads/EN/Manuals/load-compilation.pdf
https://www.frilo.eu/wp-content/uploads/EN/Manuals/load-compilation.pdf

Manual FWH+

FRILO

////\\\\

Additional load parameters

Self-weight

Check this option to include the self-weight automatically as a permanent load in the calculation.

User defined actions

Here you call up a dialog for entering user-defined actions. Via the
button "Add action” you can assign a name and adjust the default

parameters. Furthermore, these actions can also be
exported/imported in order to use them in another item.

Roof load

Enter the permanent load of the roof superstructure. E :

Load value compilation.

The load of the roof superstructure can optionally be referenced
either to the roof area or to the base area.

Load case settings

You can control the different load cases by selecting them from the

displayed list.

Click on the information button to learn more about this feature.

Call up the remarks editor. The remarks on the actions are then listed in

the output document in the corresponding section.

Common [ )
Mame Mew Action
Action Type Imposed load -
LDC middle =
Combination factors [ )
Combination coefficient wi 0.700
Combination coefficient w1 0.500
Combination coefficient w 0.300
Ultimate limit state (STR) (2]
upper FSF vF.sup 1.500
Limit state of equilibrium (EQU) [}
upper PSF ywF.sup 1.500
Limit state ground bearing capacity (GEO) o
upper PSF vwFsup 1.300

Settings of load cases (A

Load case active
Settings of load cases
Remarks

... Actions

Switch off all Standard LC
Switch on all standard LC
Switch off all Wind LC

All wind load cases on
Switch off all LC Snow

All snow load cases on
Switch off all LC Wind left

All load case wind from left on
Switch off all LC Wind right
All load cases wind from right
All additional load cases off
All additional load cases on
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Design

Calculate

Click on the "Calculate" button. After completion of the calculation, the utilizations are represented.

Call up the remarks editor. The remarks on the results are then listed in the
output document in the corresponding section.

Connection details

Calling the program Timber Joint HO13+ with transfer of the node forces.

To do this, click on the button . In a dialogue box you can now select the
node to be transferred to HO13+.

Add transv. bearing

b Design in HO13+ }

You can also click with the right mouse button directly on a node in the
graphic and then on "Design in HO13+".

Load transfer

You can transfer the characteristic support reactions to the applications:
- Steel Column STS+

- Timber Column HO1+

- Reinforced Concrete Column B5+

- Reinforced Concrete Corbel B9+

Interfaces / Connected programmes

Via the Connected programs icon, you can pass the system on to the RSX program or

the FWS+ Trusses Steel for further processing.

File Start Results Help
= 2 B oD
Basic Calculate Design Results

parameter 5*

Input Calculation

| Properties 7

- Basic parameter

-- S‘_.'ster: 9

Loading

E\ D_esign

FI. Con_nectiqn details

Left support 4]
Steel column STS+ . =
Timber column HO1+ =
RC column Bo+ 17
Reinforced concrete corbel B+ E’
Rights support ]
Steel column 5T5+ =
Timber column HO1+ 17
RC column B5+ E
Reinforced concrete corbel B9+ g

)
programs ~
f @ Rsx

w Trussed girder steel (new)
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Results and output

Via the ‘Results’ tab (on top), you can display the different result graphs.

M EEaw s

MNew item (Project: Gebdudernodell) - FWH+ Trusses Timber (x84 01/

023 (R-2023-1/P02)

File Start Results Help

LiLL LiLl | |
'S - & - H

P [2] STRGEO (persistentitransient): Rc ~
Decisive Load

Combination ™

Load M My Cz

View Loads Inner forces

The ‘Output’ menu item allows you to define the desired scope of data to be put
out by checking the corresponding options. For additional contents such as
design details, coefficients etc, deselect the ‘Brief output’ option.

The following results are shown in the form of tables in addition to the system
and the load data:

- Maximum values of the vertical and horizontal support reactions
(characteristic) and the associated load case combination.

- The maximum deflections of the load-bearing structure as well as the
associated load case combination and the utilisation referenced to the
specified maximum deflection, if applicable.

- The design of the individual components ‘top chord’, ‘bottom chord’, ‘posts’
and ‘diagonal struts’ with the most important design values of the required
verifications for the decisive load case combinations in each case.

spatial

Deformation

nongitudinal n.shear n.stability
force

Dimensioning

[ Properties

General

Brief output

Motes

System

System graphics 2D

System graphics 3D

Force the scale

Loads

Actions

Load Case Graphics

Results

Support reaction- charactenstic per load case
Result Graphics

Resulting intem forces in table

e NOor e ORI &

Details

(%]
Detais
Details
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Output as a PDF file

The output document (PDF) can be accessed by clicking on the ‘Document’ tab (above the graphic screen).

See also the document Output and printing.

Graphics  Document
H3D@As -0 %%

Pages Bookmarks

Basic Parameters
= [ System
[AGraphic 2D
System input

Support Reactions
LC Combinations

-0 AE@E ® @ree1 5O ® @-©-HEMDA ;Y]
[EETEETNE i b e~ A o ) ' [T

34 | Start page: |1 Page layout
pag ge lay

T T - T T T S T T R T T S S T SO T T SO S S T SO T SO SO S S ST S SO SO S T S T S S TN S S A S T S SNSRI

V3o A H P B e T e B o
FRILO Calculation Example Z &
Project: Examples Timber lem: FWH+ website %
FWH+ website
Trusses Timber (x64) FWH+01/2023 (FRILO R-2023-1/P02)
Basic Parameters
Design code DIN EN 19953-1-1/NA2013-08
Basis . . EN 1995-1-1/A2:2014
Safety concept / load combinatorics DINEN 1990/NA2010-:12
W2 = 0.5 for snow (AE) not considered
Pemmanent loads : all equal ¥z (Vasuw OF Vot
CLED afi wind : very sh
IMaterial code EN 338:2016
Service class ) - roofed, open
Design situation senviceability . characteristic
I nitial deflection Winst = 1300
Final deflection Wen = 1/200
Wostfn = 1/300
System Double hip truss
— -
_.d-"__'_'_'_'_ e
— 'fﬂ_’|__\ | /rﬁhah-——h
O = _ 4
\\ s % A ﬂ 2
2 %. N &g m
ol . ™, [ o
™,
l ~,
— — 2 — — 4 I
3t 250, 250 , 250 250
+ 10.00 1
Girder length L =1000 m 4Spanwith L1 = 250 m
Heigthof beam centre = 300 m  left/right = 200m
Slope = M3°
Top and bottom chord without joint
Municpality 70%** Stutigart in Eaden-Wiirtterberg
A municipality allocation is not legally binding regulated in the snow and wind norms!)
round height above sea level = 33 m
Support position =300 m about ground level
Len h_ofthebuild_igg1 = 800 m Beam spacing = 200 m
Facfor infl uence wi = 1.00 Inner beam hd
>

Fig.: The output document can be displayed via the ‘Document’ tab.
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Reference literature

/1/ EN 1995-1-1:2010, Design of timber structures —Part 1-1: General

12/ EN 1990:2010, Basis of structural design

/3/ EN 1991-1-1:2010, Actions on structures — Part 1-1: General Actions on Structures:
/4/ EN 1991-1-3:2010, Actions on structures — Part 1-3: General actions - Snow loads
/5/ EN 1991-1-4:2010, Actions on structures — Part 1-4: General actions - Wind loads
/6/ EN 1991-1-7:2010, Actions on structures — Part 1-7: General actions - Accidental actions
17/ DIN EN 1995-1-1/NA:2013, National Annex to EN 1995-1-1

/8/ DIN EN 1990/NA:2010, National Annex to EN 1990

19/ DIN EN 1991-1-1/NA:2010, National Annex to EN 1991-1-1

/10/ DIN EN 1991-1-3/NA:2010, National Annex to EN 1991-1-3

/11/ DIN EN 1991-1-4/NA:2010, National Annex to EN 1991-1-4

/12/ DIN EN 1991-1-7/NA:2010, National Annex to EN 1991-1-7
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