@ Diagonal Of Truss 85092 *
Calculation results
Label:Ygm Code: C83-41.3-1.0
Shear + 0,00
Moment + 0.00
Tension : 000
Compression 002
Combined C+M : 002
Live Load Defl: 0.00

Show results
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1 Project requirements and limitations

e Truss Engineering allows only one building within the project.

e  Buildings with dynamic wind behavior cant’ be engineered

e  Floor should not be used as ceiling, wind load generation in case like this is not sustained

e User should run engineering for ceiling drawing-model pair before roof to generate ceiling
dead load and engineering messages, which may tell errors or warnings in modeling

e Twisting and bending out of truss plane of truss member should be prevented by structural
details like bracing. Trusses are engineered only for forces affecting in truss plane.

e Shear lagin cross sections is not taken into account.

e Local transverse loads are not engineered. Qualified engineer should check if local transverse
loads rules in engineering.

e If cross section maximum width to thickness ratios are out of limits stated in building code,
qualified engineer should check that engineering properties of cross section are valid.

2 Quick steps of truss design process

¢ Model bearing walls, beams, roofs, ceilings, floors into layout
e Generate truss areas and trusses

e Generate truss members

e  Check connections between members

e Check supporting contacts and connections to bearing parts

e Generate truss elevation drawing

e Generate wind loads

e Add point / area/ line loads if needed

e Run design

e  Check design results

3 Complete truss design process
3.1 Needed program options

Vertex BD Truss Design option have to be set on to allow design of truss structures. Span table
option use with Truss Design or Beam Design option is not possible.

3.2 Modeling supports for trusses
3.2.1 Supports and bearers

Truss supports are supposed to be either the pin or roller supports. Pinned support software is
added automatically to the lowest part of truss on left hand side from viewing direction. All the
rest are roller ones.
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A A

Viewing direction can be changed using function “Set Truss View Direction” in “Advanced menu” of
“Truss” .

Use ordinary Vertex BD modeling tools to define bearing walls and primary beams. Usually exterior
walls and foundation walls are defined to be load bearing by default, but user can switch this
behavior on or off using wall properties dialog. Interior walls are most often defined as non-bearing
by default in Vertex BD environment.

EIZEETTr TR S = )

Walllbraries and wall typss Hlat Plan  Model |

E = Type Material Thickn... Bottom ... Tophei... e
T e _ : gaa »¢ @
'— Exdemal Walls Sheathing 058 Chipboard 11m... 11 1] 2700

L Interior Walls Frame SFRAME-100 100 0 2700
Foundation wall library

»

O R Howick wall, 41.2100,
1.2mm 1.6mm

=] = Parameter WValue
[l Basic properties
|~ Displayin 2D Yes
= '— O Insulation No

Howick wall, 41,283, Howick wall, 41.3¢83,
0.75mm 1.2mm

3D line properties Wall Bterior Frame Line (WALL EXT)

Howick wall, 41.3x89, Howick wall, 735, 2D line properties Wall Exderior Frame Line {WALL EXT)
1mm 0.55mm with Brick... 2D line properties .__
| ) o e

Beams added using Profile menu are non-bearing, but beams added using Framing menu
functionality Add primary beam are load bearing.
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0 &

L) Define Framing

@ Generate Framing
B oelete Framing

Change Drawing

[ H Edit Framing Fields
E:] Edit Framing Edges
Edit Framning Lines

MM Double st

14 connect Profiles to Area
m Inkerference Check

-] ald Pri ]

E Section Drawing

ﬁ Piece Schedule

E Framing Accessories

E";; Automatic Details
DET

& Add details ko panel

2L, Add Point Load
0 Add Line Load

M Member Design
Bt Design Results

Columns are load bearing by default.
Hip roofs and load transfer

Rafters are often transferring loads from roof to truss. Typical case is hip end and drop down to
leave space for rafters. When using framing tools, typically those profile types are correct. If user is
adding single profiles manually, profile types must be checked. Load transfer requires some specific
types of members. Profile types to use are as follows:

e Profiles transferring load must be “Rafters” or “Joists” (load transfer from other members is

not allowed)
Function [Haf‘ter v] 208
Function [Jnist - ] 200

e  Profiles carrying loads from other members must be “Hip Rafters”
Function | Hip Rafter - 212

Valley trusses and support

If there is short valley trusses and extra support is needed between trusses to carry loads, profile
type must be “Main Beam”. Construction should be made as it is, if proper cutting lengths and
profile feature are needed for production. If bearing member is made only to create support for
truss engineering, easiest way to make a support add parallel support below the valley truss.

Function [I'l.l'lain beam - 500
Valley/saddle truss vertical web members
Vertex Systems Oy Vaajakatu 9 tel. +358 33134 11 www.vertex.fi VAT F102892145

FI-33720 Tampere, Finland fax +358 3 3134 1450 info@vertex.fi



: VERTEX Design guide 6 (39)
L S'Y S TE M S
14 May 2013

First time when valley truss members are generated, web verticals are not generated to main truss
locations, because bearings are not recognized and valley truss can slide along main truss.

After member generation user can add connection tie joints between main truss and valley truss
and after that regenerate valley truss members.

Now bearings are recognized and vertical web members are generated.
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3.2.2 Physical contact or joints is required

Physical contact or joint between parts is required for support condition between truss member
and other bearing object. Contact should cover the total width of supported member otherwise the
contact is not working as load transferring contact. If there is space between top of the wall and
bottom of the truss, something is needed in between. One typical structure is binder plate above
walls and structural beams. Plates can be added one by one manually. There is also more
automated tool to add those in profile menu:

= Beam
] m Column

| & Profile

% Profile into Structure

% Connect/Disconnect Parts
%ﬁl Muove Profile End

%, Edit Height Level

%3 Add Profile Description Text

E‘o Update Profiles from Library

| Add Locating Plate/Head Binder Locating plates/Head binders et
[7] Head binder 455 Waod cl6 Sel Selectside (1 Top @) Bottom
[¥] Locating plate 1 45095 Wood cl6 [Sel|  Selectside @ Top () Bottom
[ Locating plate 2 4595 Wood Cl6 Sel Selectside @ Top (") Bottom
] Locating plate 3 4795 Wood c16 Sel Select side @ Top (7 Bottom

\=a Profile Schedule

B Set Profile Label
E{; Update Schedules

& Add Profile Pipe Line
[5[‘1 Utility Hole Generation
ﬁ Remowve Utility Holes

BR Connection Details

BR Connections and Accessories

Connections

Detailing

Button Menu

Locating plate  Targst
Locating plate total thickness 45

Wal Width %5 72
Head binder comers @) By walls

() Reverse comer
Locating plate comers By walls

(@) Reverse comer

Joints

may work as load transferring even if there is no any physical contact between supporting

and supported object. Then there have to be a load bearing connector in a joint and a load
receiving object. The connector itself does not work as a support. For example a free hanger

conne

cted to member end without connection to a header member is not working as a support.

Uncheck “Free” selection box for hanger joints to get load transferred from member to another.

Vertex Systems Oy
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Trusses may be connected to other trusses using joints. Direct screw connections are most
effective tool to connect trusses to other structures. Most of the connections in library are single
connection and they need to be added one by one. Direct screw connections are made for mass
selection. User selects connecting members (trusses/walls) and defines properties of connectors.
System adds connection automatically between verticals if they are parallel and close enough each

other. Girder truss may work as supporting object for hip end truss. In this case joints are always
between truss members not between trusses.

St Add Profile

Special Pieces 4
» Edit Profile
% Connect/Disconnect Profiles

& Edit Profile Height Level
[ Trim Profile

AF Cut Profile

= Merge Profiles

3? Maove Profile End

G Add Notches to Profile

ﬁﬁ Maove Profile te Given Plane

B Set Profile Label

L] Connection Details |

BR Connections and Accessories

E’O Update Profiles frem Library
E|0 Update Schedules

&~ Add Profile Pipe Line

Connections 4
Detailing 4
Button Menu
Vertex Systems Oy Vaajakatu 9 tel. +358 33134 11 www.vertex.fi VAT F102892145
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a8
& Select component

24 Trusses -

{7 Basic joints

[ Beam joints

.-{_] Beams

-{_7] Hot Rolled

-1 Howick Back-to-Back Truss detailin
(L] Howick Deep Joist detailing
- Howick Detailing

(- Howick H400 Detailing
Fr-{_1 Howick On-Edge Truss detailing
-{_1 Insulation

4] Joist and Rafters

7] Joist Hangers

[-{_ Log connections

{1 Log walls

-] Motch

-{_7] Railing posts

-{_7] Reinforcements

{_1 Rivet and Screws

-] Service Holes

[-{_ Speed Floor

Fe-{_ Transportable Floor
BT

-{_] Wall Frame

L L] F

Direct screw connection

Direct screw connection to wall

Floor truss hanger

Truss to wall connection hole

Truss backer connection plate

Angle bracket

r
. Select component

| ko’

=3 Joist Hangers

{21 Basic joints

-1 Beamn joints

{21 Column shoes

{1 Floor Truss Hangers
..{21 Hot Rolled

H-{_1] Howick detailing
-1 Howick Joist detailing
i~ Howick Truss detailing
{2 Joist and Rafters
S

+-{] Light Gauge Steel
i-(Z] Log connections
(&3 Log walls

{21 Notch

{1 Railing posts

{20 Rivet and Screws
{2 Service Holes

{21 Wall Frame

Joist hanger (beam-beam

Jois-t hanger (fre)

Vertex Systems Oy

Vaajakatu 9
FI-33720 Tampere, Finland

tel. +358 33134 11
fax +358 33134 1450

www.vertex.fi
info@vertex.fi

VAT FI02892145



Design guide 10 (39)
A Sv YE SRTTE E X

M S

14 May 2013

"
&, Select component

{3 Joist and Ratters - e
-.{{1 Basic joints

-2 Beam Jjoints

-.{_1 Column shoes

{21 Floor Truss Hangers
{1 Hot Rolled

-1 Howick detailing

i-{_] Howick Joist detailing
1.1 Howick Truss detailing
] Angle Brackets, Bearn-Beam Angle Brackets, Beam-Wall
{21 Joist Hangers

e | Light Gauge Steel
=23 Log connections
{1 Log walls
{27 Motch
{1 Railing posts
.{_7] Rivet and Screws
-{{1 Service Holes
{1 Wall Frame

Angle Brackets, Trusses Connection tie, Beam-Beam

e = :

#

ﬂ -

e B e R

m

I

Some joints may have faster selection. By selecting a faster user can affect to strength of joint.

Howick swage joint | 2 J
Fastener guartity per side 1 -
Use DimpleOffset [
End Gap 0
[] Fonce Mot
|| Cancel |
m—

“l b
Henrob rivets RIVET HENROB |
Jtandard screws SCREW STD -

ok J| concel |

3.3 Modeling trusses

Use ordinary Vertex BD modeling tools to define truss areas and truss shapes. Before defining truss
areas user has to model ceilings and roofs. Ceiling areas and roof slopes are also used to distribute
acting uniform loads to load bearing members.

When truss shapes are defined, modify truss shapes giving tolerances and offsets that are required
for connectors or rafters. Truss members are generated inside and flush with truss shape edges.
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After defining truss shapes use Add/Edit Pieces functionality in Trusses menu to generate truss
members. Back to back configuration of truss members is not included in Vertex BD software. Also
design of back to back trusses is not possible. All neutral axis of truss members should locate in one
plane. This kind of configuration is called in-plane truss.

@18 | =
& Add Common Trusses

Special Trusses L4

il Generate Trusses
#2 Edit Truss Area

ik Rermove Trusses

i Add Truss

& Update Truss

Cut Truss

Stretch Truss

Edit Shape Parameters

B 17 2]

[

[B]| Edit Supports

#% Update Truss Shapes

T;if Copy Truss Shape

2] Add/Edit pieces |
2 Remove Hole or Notch

@ Copy Hole or Chord Shapes

% Edit Truss in 2D Drawing

. Add Notch

[&H Generate Truss Part Mumbers

Open Truss Drawings

iy Truss Structures...

Truss stacking L4
Mumbering L4
Advanced *
Button Menu

Select appropriate cross sections for chords, webs (diagonals) and end webs (end verticals) in Truss
structure dialog. Cross sections with design data proper for Australian building code can be

checked under Vertex BD installation system or custom\setup\AS_4600_2005\AS\CS folder. Other
building codes may be available too.

Select appropriate framing rules for truss and finally select appropriate joints between truss
members. Use light gauge steel joints between truss members or tick joints as welded. Truss
member joints could have design capacity or not depending on program setup. All joints in truss
design are understood as pinned connection nodes. If there are no joints between truss members
then there won’t be any pinned connections in design model and truss members may work like
mechanism that can’t be solved during design.
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Foor Truss Full Truss

Libraries @l@\ 2 ¢ B

Profile data | Rules | Spacing |

i Librany Code
1.1'_'1:;! 2 o ||l e o e————— _
Top Chord HW_C C89-41.310 Select
Mona Truss, double Fixed Truss Bottom Chiord HW_C C854131.0 Select
e End webs HW_C £29-41.310 Select
Webs HW_C CB5-41.3-10 Select.
Tyes HW_C C83-41.3-10 Select |
Cffsetis) 200 Refresh
[¥] Show only profiles
S [0k [ Concedl | [ Hep |

Hctoc &

{17 Basic joints

[-{_] Beam joints

..{_] Column shoes

..[23 Floor Truss Hangers
..{1 Hot Rolled

12 Howick detailing
- Howick Joist detailing
(-2 Howick Truss detailing
{21 Joist and Rafters 0010 Swaged joint
.{Z1] Joist Hangers
-] Light Gauge Steel
{1 Area Tools
{1 Back To Back

fra)

11

-2 Log connections
L] Log walls

-{] Notch | 0030 Swaged corner
{13 Railing posts

..{Z1 Rivet and Screws

..{L7] Service Holes EI

0020 Notched joint

0040 Centinous joint
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Welded joints can be created also later using ordinary profile connection tools.

=% Add Profile

Special Pieces L4
» Edit Profile
% Connect/Disconnect Profiles

& Edit Profile Height Level
[Z4 Trim Profile

95 Cut Profile

Merge Profiles

Movwe Profile End

Add Motches to Profile
Move Profile to Given Plane
Add Profile Description Text
=1 Profile Schedule

B Set Profile Label

-
b

258, of 5

=]
m

3

w

BR Connection Details

|

.._.
T
118
|

BR Connections and Accessories

i"‘o Update Profiles from Library
Eﬁ_ Update Schedules

TTTrTE
1111}

& Add Profile Pipe Line e

M Uil Connect Profile End to Side of Another Profile

Detailing » =€ Connect Profile End to Web of Another Profile
E Connect Profile End to Web of Another Profile
E Connect Profile End to Side of Another Profile
=L Connect Profile End to Center of Another Profile

Button Menu

Wl Connect Profile Ends
ﬂl' Connect Profile Ends
% Connect Profile Ends

#5 Edit Profile Joint

13 Disconnect Profiles

E Trim Profile to Edge of Area
v Trim Profile to Edge of Area
V Trirn Profile to Area Plane

Button Menu

Modifying connection fasteners is achieved by Connections and Accessories. Using Fastener
pattern editing the number of fasteners or fastener type can be changed. Fastener selection affects
to load bearing capacity of joint.
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Ed
s Add Profile
Special Pieces L4
/ Edit Profile
4 Connect/Disconnect Parts

e Edit Profile Height Level
[, Trim Profile

= Cut Profile

35 Merge Profiles

%ﬁ Mowve Profile End

¢ Add Motches to Profile

'f.ﬁ- Mowve Profile to Given Plane
Add Profile Description Text

fry
DESC

= Profile Schedule

LIZT

B Set Profile Label

BR Connecticn Details

Connections and Accessories

E‘o Update Profiles from Library
Eﬂ, Update Schedules

Connections 4
Detailing L4
Button Menu

(& selectcomponens . @]

{23 Fasteners - l;f‘é ih |
S '

g g
++

Fastener pattern editing

e
i
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There have to be truss members in all trusses and truss elevation drawings should be generated
before truss design. This is needed because trusses should have labels where design results can
refer to. Truss labels will be updated during design process.

iy

& Add Cammon Trusses
Special Trusses 4

tm aenerate Trusses
ﬂ Edit Truss Area
"B Remove Trusses

[ Add Truss
ﬂ Update Truss

+
cuT

Cuk Truss
Stretch Truss
Edit Shape Parameters

Edit Suppaorts
Update Truss Shapes

whe Copy Truss Shape
AddfEdit pieces
Solve truss
Z. Remove Hole or Nokch
@ Copy Hale or Chaord Shapes
.@ Edit: Truss in 2D Drawing
4, Add Motch

533] Generate Truss Part Mumbers
B Truss Schedule

Open Truss Drawings

.ﬁ‘é Edit: Truss Labels

Caloulation results of kruss

@ Truss Structures. .,

Truss stacking 4
Mumbering 4
Advanced L4

3.4 Modeling loads for trusses

Point, line and area loads can be added into layout using Add point Load, Add Line Load or Add
Area Load functionality in Engineering menu when 2D is active. Point and line loads are connected
to selected roof or ceiling areas or to selected member if area is not found. Area loads are
connected to roof or ceiling area. All loads should be modeled into same drawing-model pair where
bearing object is. Point or line loads located between bearing objects is divided to nearest bearing
objects with multipliers reversed comparable to distance from load to objects.
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L, Add Point Load
ML Add Line Load
JP:] Add Areaload
;}tg Generate Wind Loads

[ Member Design
Bd Design Results

[=H Build engineering results for truss

Button Menu
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Uniform loads are defined when running Member design functionality. Live, dead, or snow loads
can be added. Selected magnitudes affect in active 2D layout only. These horizontal loads are

projected to sloped areas and then load magnitude is reduced compared to area declination. Load
magnitudes can be set different for roofs, ceilings and floors and proper tab is shown in dialog only

if given type of area exist in active layout. The beam deflection limits applies for truss bottom

chords.
i _ T
Design Criteria -8 8 ' .“‘ S s ﬂ
Design code
State Al
Design code | AS 460020
Religbility class L1 -
Service class
Roofs |
Loads
Use categony I'ﬁ = Cuality level Standard o
Live Load (kN/m2) 04 Performance level increase (%)
Dead Load fkM/m2) 0% Joist Deflections
Snow cM/m2) 0 L7 Ma[mm]
Concentrated Load N} Live (350 20
Winst 250 20
WWfin -
Beam Deflections
L7 Manmm]
Live 3,5.[; o 20 v
Winst 250 - 20 hd
Wiin
[ ok ][ Cameel | [ Heb |
TSNS, S
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Uniform loads are divided to members based on loading tributary area solving which is done during
design. Greyed areas seen below shows tributary areas and areas without grey color (with
background color) are unsupported areas. Trusses with hip drop should have rafters or jack truss
extended top chords above them and connected to them to get load from roof slope.

Only vertical transferred loads from supported structures in same drawing model pair or connected
trusses are added to truss loading model. Loads from upper floor levels are not transferred. Truss
engineering doesn’t take care of horizontal load components affecting perpendicular to truss side
plane. Engineer should design these horizontal loads and structures carrying them independently.
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Geometry of area main framing layer is used when solving loading tributary and members getting
load from area should be located top flush with main framing layer top face. Truss bottom chord if
bottom flush with ceiling main framing layer may also get wind load from ceiling.

.

Area Properties ﬂ-‘
Preview Change type
Area Layers
Maternial Thickness Type Show 20 Layer Type
ROQF-TILE 31 COVER F'ac:kage
0SB-9 W SHEET
E___
HOOF THS _413 413 COVER
Refline
| Add below Delete | Framing Tools
Ref. Line Position Layer Type
Bottam (71 Package
— |
oK i Cancel ! Help

After the design uniform load values are shown in layout rounded with red or green box indicating
a validity state of design.
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Roof Loadings

Imposed load H, roof maintenance =04 kN/m*"2
Dead load =0.6 kN/m"2

Snow load <= 1000 m =0 kN/m"2

Concentrated load check NOT CHECKED
Wind load down =0.6 kN/m"2

Wind load up =-0.6 kN/m"2

3.4.1 Automatically defined wind loads

Building code may offer automatic wind load generation option. Before wind loads are generated,
internal load pressure are should be defined. There is specific function for that purpose in
engineering menu. This functions tries to find closed exterior wall change ad add automatically
area using frame exterior line as a reference. It’s also possible manually add or modify area.

Automatic wind loads are generated based on wind speed, exposure of building site and building
enclosure classification. Design criteria defaults should be checked before generating wind loads.
Parameters in site topology dialog affects to generated wind loads. Hill height (H), hill width at half
height (L), site location from top of hill (x) and building height (z) should be given. Wind load
generation may fail if building height is not defined.
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Window NC Utilities Help Howick
v | Toolbar

Shaded...

Draft...

Edit...

Edit Setup...

Edit User Setup...

Custom Toolbars
v Welcome Dialog

Collision Detection

v | 2D Constraint Manager
2D Automatic Constraints
Fast Projection Change
Rotate around Z-axis
Perspective view by default
Graduated -
Assembly Tree Data... e dn atene %

v | Classic Toolbars

Associative dimensions 4
Fast Drawing Of Dashed Lines
v Drawing Limits Visible

Site topography [m]
v | Allow Snap To Text Points

: i - H b0.0
Dimensions and Texts Visible S0 L
| .
Hatches Visible ZI/ﬂ’I_/FJ"Z
x 250
¥ | Color Fills Visible =4 Hi2 "\
- z. 0O
Assemnbly Macros Visible
Constraints and Automatic Sketching 3
Cursor Resclution 4
Connection Model Settings 1141
I Design Criteria Defaults [ BR | s

Load Combinations

Generation of wind loads creates additional area loads into active building model. Edges of these
area loads, magnitude of wind loads and presentation color are then available for user editing.
Wind internal pressure is assumed to affect to bottom chord via ceiling area if building type is not
defined as “Open” and interior ceiling is not checked as permeable in Design criteria dialog. Ceiling
structure O-layer bottom surface should match to truss bottom chord bottom surface and there
should be another layer below ceiling O-layer to get generated wind loads correct. If ceiling is in
wrong height level then “Unsupported object found” errors will arise during engineering indicating
that ceiling wind loads are not set to trusses. Otherwise wind internal pressure affects to top
chords. Enclosed exterior wall chain should exist in building model, because system detects
exterior overhang areas and interior areas of chords based on exterior wall chain. Remark: User
should generate wind load to ceiling too. Wind positive external is affecting to top chord via roof
slopes. Wind loads are not affecting to end verticals of trusses.
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il
{ ke Bcdd Point Load
| Add Line Load
BB Add Area Load
@ Define Building Internal Pressure Area
Generate Wind Loads
Member Design
B¥ Design Results
L] Build engineering results for truss
Button henu
| ]
Design Criteria -y L_,. B |
Design code
State i AU = i
Design code |AS 460020 ~
Reliabilty class 2 =
Wind Loads
(7) Manually Define Wind Loads
Negative [0 |
Positive g |
@ Automatically Define Wind Loads
Basic Wind Speed 450 -
——
Enclosure Classffication
[~ Interior celing is permeable
OK ] [ Cameel | [ Heb |
- - A
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# " Area Load w

Wind suction load kM/m2
Wind pressure load 0.589 kMN/m2

Duration factor 5

[ oK ][ Camcel |[_ Hep |

....................

e

'ﬁ | E[3 Mirror

o ]
27 Constraints

TR

Presentation ¥
Advanced L |

3

K
S

Wind is assumed to blow from any direction and user should select the most open terrain exposure
category for building site. The user selected building enclosure classification should base on
interpretation of selected building code. Wind frictional drag load is not taken into account.
Automatic generation of wind loads may fail if building width depth ratio or building mean height
does not meet the requirements of selected building code. Then user should define manually all
wind loads using uniform load values or point and line loads.

3.5 Concentrated load on roof

Concentrated load value depends on load category (This may vary depending on building code. For
example load category A = 1,1 kN, Australian building code, residential case). Program uses building
code specific value by default. Value can be change in roof tab of engineering dialog. If value is
changed, it may be not fulfil anymore requirements of building code. Load is applied as a half of
this value to top chord by default and full for bottom chord (This may vary depending on selected
building code). Load dialog allows user to select if load is shared between top chords or not. See
picture below:
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Roofs l Buckling ]
Loads in plane of structure

Use category |A

Live Load fN/m2) 025
Dead Load kN/m2) 025
Snow kKN/m2) 0.0

Concentrated Load {kN) 11

| Share Top Chord Load Between Trusses

3.6 Setting active load combinations

Use Load combinations functionality from Settings menu to set active load combinations. A set of
load patterns are generated during the design and all these load patterns are run through selected
load combinations to create number of load cases. While generating truss load patterns all variable

loads are set on or off for each top chord truss member depending on current location of
separating folding point.

If concentrated load value is given in design criteria dialog during engineering truss bottom chord
get loaded by moveable concentrated load. This concentrated load is placed just next to bearings
and into middle of span or to end of cantilever and it acts only with dead load.

.

Load Combinations li:h,'

¥ (1.3%Parmanent (11 ULS

¥l (1.25Farmanent + (1.5lmposed loads (2+) LLS

¥ (0.9Parmanent + (1.5lmposed loads (21 LILS

¥l (1.2%Permanent + (1.5*Psillmposed loads (3+) ULS

¥ {(0.9Permanent + (1.5*Psillmposed loads (3 ULS

¥ (1.2Parmanent + (1.01Snow + (PeiClimposed loads (5+) ULS
0. 3Permanent + (1.01Snow + (PeiCiimposed loads (5-) LS
| (1.2FPermanent + (1.00ind + (PsiClimposed loads (4+) ULS
| (0.91Permanent + (1.00Wind + (PsiClimposed loads (4-) LILS

[ (1.25FPermanent + {1.51Caoncentrated load (B ULS

¥ (1.2Fermanent + {1 BiRoof Concentrated load () ULS

[¥] (1.0Fermanent (11 8LS

¥ {1.0Permanent + (1.0mposed loads (21 SLS

¥ (1.0)Fermanent + {1.0*FPsillimposed loads (3) 5LS

¥ {1.0yPermanent + (1.01Snow + (1.0*PsiCilmposed loads (5] 5LS I
¥ (1.0)FPermanent + {1.0%ind + (1.0*FsiClimposed loads (4) SLS

=

3.7 Running design

Use Member design functionality in Engineering menu to run truss design. 2D layout should be

active while running design. Set design criteria in Design Criteria dialog and then select trusses to
design.
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P =2
A Add Point Load
8L, Add Line Load

11| Member Design ________|

Bt Design Results

[=H Calculation results of truss

Button Menu

Truss analysis model is created during design. Truss bottom and top chords are continuous and
webs are connected to chords with pinned connection nodes. Number of design points along
design element between nodes can be set in building code setup.

Linear first order analysis is used to solve truss structure statistics and Euler-Bernoulli beam
element is used. Shear deformation can be taken into account by defining (Ay and Az) effective
areas of design cross sections under building code resisting shear deformation to local direction of
main principal axis coordinate system. Ends of beam elements are supposed to be free of any
restraint in torsion.

Only in-plane trusses (weak axis) can be engineered. Main principal axis of all truss members
should locate in middle plane of truss. Needed out of plane bucking restraint spacing is solved
member by member and in plane buckling is checked.
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Design code [#] Optimize Connections between Truss Members

Design code
Religbility class

Service class

Floors | Roofs  Buckiing |

Effective length for torsional buckling, top chord (A} EXNE
Effective length for torsional buckiing, bottom chiord () [g00.0 |
Effective length for torsional buckling, web (C) lsoono |
Bffective length for side-way buckling, top chord (D) Er

Effective length for side-way buckling, bottom chord {E)
Effective length for side-way buckling, web {F) ; |

Length for torsional buckling = distance between torsional supports (prevents rotation).
Length for side-way buckling = distance between lateral supports (prevents side-way translation).

Effective length depends on the type of the supports.
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3.8 Checking design results

26 (39)

Design errors may occur during design. These errors or warnings are shown after running design
and user can high light the source point of error by selecting error from Calculation messages

dialog. This can be done also in 3D.

Calculation messages

==

Type Message
¥ Emor

Waming Hole or notch net included in design!

Connection dssign emor!

0 Waming Unsupparted object found. Load ransfer may be invalid!

d Ermor The: product is not strang enough for this application, change sither the application o the product or both,

|03 kS ﬁﬂﬁﬂﬂvmﬂﬁﬂﬁﬁﬂﬁﬁbﬁ:m'&g

=

¥

]

Wamings and Eors ‘ E Design Results

T T 1

-

tel. +358 33134 11
fax +358 33134 1450

Vaajakatu 9
FI-33720 Tampere, Finland
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Type
0 Waming

0 \i*'.'la‘_ﬂl."!g
I Waming
0 Waming

= =

0 Waming

- 0 Waming

Moxes - Wall Wind Bracing

Hole ¢
Hole ¢ £ Build engineering results fo
Hole ¢

Hole ¢ Button Menu

Hole or notch not included in desian!

Hole or notch not included in design!

il Waming Hole or notch not included in design!

0 Waming
0 Waming
I Waming

I Waming

www.vertex.fi
info@vertex.fi

Hole or notch not included in design!
Hole or notch not included in design!
Hole or notch not included in design!
Hole or notch not included in design!
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To see results select truss in 3D model and pick functionality Open Truss Calculation results from
pop up menu. This functionality hides other element in model and shows selected truss in face
view. Failing truss members are shown red in color. When mouse is located to top of member tip
text tells more about member design results. Clicking Show results link text in tip area utility bars of
truss member are shown. To return back to model pick Close Truss Calculation results from pop up
menu.

@ Top Chord of Truss 87841

Calculation results
Label: ABqy Code:CE9-41.3-1.0

Shear : 0,06
Moment v 037
Tension v 002

Compression  0.22

Combined C+M : 0.57

Live Load Defl: 0,00

Calculation errors

Connection design error!
Connection design error!

Hole or notch not included in design!
Show results

AVAVAVAY]

T ——— ——— M‘

i

.
Calculation results

Label: ABoqy
Cross Section: C83-41.3-1.0
Length: 2884

100%
tament(z) utility, All. = 0,489 kMNm

Shear force() utility, All. = 18,386 kN
Compression farce ulility, All. = 50.912 kN
Tension farce utility, All. = 67,674 kN

Combined compression and morment, All. =1.00
Combined tension and moment, All. = 1.00

Combined transverse load and moment, All. = 1.00 |§1.00

Combined shear, moment and axdal load, All.= 1. gﬂ.‘l 4

Tatal load deflection, All. = L0 (0.00) mm L#1(0.007) mm
Total final deflection, All. = L#0 (0.00) rmm LA1(0.007) mm
Live load deflection, All. = L0 (0.00) rmm L#1(0.007) mm
[ ok | [ Caneel
| G
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Truss specific design results sheet can be opened by Engineering menu Calculation results of truss
functionality. Design results sheet shows utilization of each truss member and connector, if

connectors have design capacity defined. It also shows design error messages, bearing reaction
information and spacing list of needed out of plane buckling restraint.

4=

A Add Point Load
HIl Add Line Load
MM Member Design
B} Design Results

=823 Calculation results of truss
Button Menu
= AR O e Vemex CADIE M Systems
T ! =ng st ZDSTHT Oalres erie DOFH Spees HmEmmaeE tl V ,E \k T_ mes
Cesign & waild oniy I E F .

Fridioal wind fome can benegleded = E = : I .:- I.. |.l
izan mof Relght i eSS than 25 meters. = T =34

il tastener Spadng and sugedistance s, 30 tastener dlameter
-Erd verticas bave only dal o

-Centrdd of tsstenes i conmectons shoud locetein middie of Senges

-L08dS COMponEnts panpendicaliar to s s piane donT eNs

~Cinors ane sersly beced aganst hesionaland Sewwrak-torsional becking

I
Feder o siendamd ASN Z8 £00-2005 for more Indormation

= 1= 1
EwII00m 5 mxpacied dor tamaln catagony ' mngve SO0 (AT AT

Design Passas

3.9 Building code specific issues

3.9.1 Used design formulas

Design equations are based on building code where name of design criteria building code refers. If
further information is needed, implemented equation can be found under building code setup.
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Depending on building code, buckling design may be done by solving required spacing for restraints
or engineering member buckling.

3.9.2 Cross section definitions

In Vertex BD cross sections for modeling are defined under System settings menu Cross section
Libraries functionality. Profile libraries used for design should have proper information about main
principal axis (neutral axis) location and rotation compared to modeling cross section center. All
other cross section design properties are defined under building codes setup files.

Y
PRINCIPAL_AXIS_X

f =
Cross Section Library R-;mHB
File Edit Links Show
Page 1 | Page 2 | Page 3
Copy to Stock
Pricip-adisx  Pricip-axisy  Pricip-=ds angle
Code [mm] [mm] [deg]
Ci1041.31.2 18 2603 0 0
C100-41.3186 -8.2607 0 1]
C45650.75 -4.2545 1] H]
C45-65-0.95 42633 0 1]
C70-450.7 -4.8604 4] 0
C70-45-1.0 -4 BGE4 0 0
C83-41.30.75 7547 1] ]
C83-41.3-1.0 -7.55 a 1]
C85-41.31.2 -7.5524 0 0
[ ok || Ccancel
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MY
A
VY
Main principal (design)
coordinate system
z2 zl
I |
I
Vertex BD cross section library
¥2 coordinate sysiem
S, x
N
¥l
PRINCIPAL AXIS Xwith
-+ negative value in BD cross
tion library
tension is positive i
X is toward viewer

G

Design cross section parameter may vary between building code implementation, because building
code specific design equations may require specific parameters. Below is shown one set of needed
cross section parameters. Parameter names may refer to local coordinates. Because design cross
section local coordinate system differ from modeling cross section local coordinate system, setup
builder should check from design equations what is actual meaning of design cross section

parameter.
¥
7 _
Value Example Unit Description of the value
CODE C75x32x1.0 Cross section code
GRADE S350GD Material grade
d 75| mm Overall height of cross section to y-direction
b 32| mm Overall width of cross section to z-direction
b_f1 32| mm Overall width of flange in negative y side
b_f2 32| mm Overall width of flange in positive y side
d2 9| mm First edge fold dimension
b2 9| mm Second edge fold dimension
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effly

y0

z0

yl

y2

71
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G_v
CSWeight
Ply
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b_w

d_f
Poisson

SG

f_od

effZz

effzy
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200000
80000
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1

1
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0
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600000

400000
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Folding radius

Design thickness of material

Thickness of metallic coatings

Area of gross cross section

Area of effective cross section

The torsion constant of the gross cross-section

The warping constant of the gross cross-section

Second moment of gross cross section area around z-z

Second moment of gross cross section area around y-y

Second moment of effective cross section area around z-z

Second moment of effective cross section area around y-y

Distance between shear centre and gravity centre,
negative value means to negative y direction

Distance between shear centre and gravity centre,
negative value means to negative y direction

Extreme fiber distance in negative y side (<0)
Extreme fiber distance in positive y side (>0)
Extreme fiber distance in negative z side (<0)
Extreme fiber distance in positive z side (>0)
Elastic modulus

Shear modulus

Cross section weight

Number of cross sections in ply cross section
Allowed minimum bearing length at end support
Width of web = gauge

Depth of flange = gauge

Poisson constant

Special gravity
Elastic distortional buckling stress
Tensile strength

Yield stress

The effective section modulus calculated with the extreme
compression or tension fibre about the local z axis

The effective section modulus calculated with the extreme
compression or tension fibre about the local y axis
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Full unreduced section modulus for the extreme
Zy 434000 | mm~3 compression fibre about the local y axis

Full unreduced section modulus for the extreme
2z 660000 [ mmA3 compression fibre about the local z axis

Full unreduced section modulus for the extreme tension
2ty 434000 | mm~3 fibre about the local y axis

Full unreduced section modulus for the extreme tension

7tz 660000 | mm~3 fibre about the local z axis

Beta_y 0 | non-dimensional | Monosymmetry section constant about the y-axis

Beta_z 0 | non-dimensional | Monosymmetry section constant about the z-axis

ry 16 | mm Radii of gyration of the cross-section about the local y-axis
rz 37 | mm Radii of gyration of the cross-section about the local z-axis

393 Earth quake design

Building code setups delivered by Vertex neither include earth quake specific loads nor earth quake
design.

3.94 Bearing nodes

Continuous bearing is modeled as two separate discrete bearings at continuous bearing ends and
pseudo span between discrete bearings or with one discrete bearing during design depending on
building code setup. The location of bearing nodes in discrete or in continuous bearings also
depends on building code setup. Usually design span is supposed to be a little more than clear span
between bearings. Bearing node at end support is located small distance from end bearings inside
face toward end of member and bearing node at internal discrete support is located in middle of

bearing.
Bearing node
| el & !
Design span Pseudo spanDesign span of cantilever
A1 |
Clear span
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3.10 Check list to avoid problems in engineering

e Rafters should be supported by wall and hip rafter. No tolerance is allowed between wall top and rafter.
Adjust architectural wall height to meet rafters.

® Hip rafter Function value should be “Hip Rafter”, use member properties to check and change that.

e Hip drop truss/girder sloping top chords should not extend inside hip rafter, otherwise bad support
relation is found during engineering.

e Beams should be supported by vertical bearing element, meaning column or bearing wall, check wall
bearing by wall properties

e Saddle truss verticals should be in line with top chord of truss below, at least middle of red fastener
pattern macro should be between top chord sides below

e Use joist hangers or direct screw connection between trusses to generate support relation between
girder truss and trusses supported by it

e Use exterior walls only for building envelope not for interior walls, exterior wall chain should be closed
that system can recognize building inside area for wind generation

®* Don’t add loose walls into model, because outside of building they affect into solving of building
dimensions for wind load generation

e Don’t use old project as template for new project because problems in old project are also problems in
new project
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4  How to engineer trusses with roof panels

The idea to pass engineering of trusses with roof panels above is to define panel members and connections so
that each member has at least two bearings or member function property is set so that member is ignored in
engineering. Bearing span direction of panel is selected based on surrounding trusses and other bearing objects.
Member function property can be used to define load path, support relations and to ignore some panel members
in engineering.

4.1 Casel:
Make sure that members 1-6 and valley rafter 8 touch exterior wall bearing frame below. Set function property of

members like in table below. Rake members 9-10 are ignored in engineering. Connect upper end of rafters 4-7,
hip rafter 1 and valley rafter 8 to truss top cord below with connection tie.

Wall below

Member | Function
Hip Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Valley Rafter
Rake
Rake

O (IN|OO LB WIN|F

=
o
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4.2 Case?2:

Make sure that members 1, 3 - 7 touch trusses below. Set function property of members like in table below. Rake
members 9, 11 and 12 are ignored in engineering. Connect lower end of rafters 2-7 to top cord of truss below 1
with connection tie. Connect rafter 8 lower end with connection tie to valley rafter of the other roof panel.

Member | Function
Hip Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Rake

Hip Rafter
Rake
Rake

OO INODN|DRIWIN|[F

==
=l k=]

[
N
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4.3 Case3:

Make sure that members 1, 3-5 touch trusses below. Set function property of members like in table below. Rake
member 6 is ignored in engineering. Connect lower end of rafters 2-4, hip rafter 1 and 5 to top cord of truss
below with connection tie.

Member | Function
Hip Rafter
Rafter
Rafter
Rafter
Hip Rafter
Rake

AN WIN|F
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44 Cased:

Make sure that members 1 and 7 touch exterior corner walls bearing frame below. Set function property of
members like in table below. Rake members 8-11 are ignored in engineering. Upper end of rafters 2-6 and upper
end of valley rafter 6 lie on truss below, there is no need of connection tie now. Make sure that rafter overhang is
not more than allowed. Use truss backer connection plates to connect rafter 1 to side truss.

Member | Function
Rafter
Rafter
Rafter
Rafter
Rafter
Rafter
Valley Rafter
Rake
Rake
Rake
Rake

O |INON[ARWIN|F

[
o

[EEN
[
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45 Caseb5:

Make sure that members 2-5 touch truss below. Set function property of members like in table below. Rake
members 1, 6-8 are ignored in engineering. Use connection tie to connect rafters 2-5 ends to side truss top chord.

Member | Function
Rake
Rafter
Rafter
Rafter
Rafter
Rake
Rake
Rake

O INODN[DWIN|F-
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4.6 Caseb6:

Make sure that hip rafter 6 touch exterior corner wall bearing frame below. Set function property of members like
in table below. Rake members 3 - 5 are ignored in engineering. Use connection tie to connect rafters 1 and 2 ends
to side truss top chord. Use connection tie to connect upper end of hip rafter 6 to side truss top chord.

Member | Function
Rafter
Rafter
Rake
Rake
Rake

Hip Rafter

AN IWIN|F
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