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Introduction

Modelling a Structure

This step-by-step process includes a brief description of the different stages in
creating a project with VisualDesign™.

The VDBase.mdb Database and Archiving Function

This database includes materials, shapes, reinforcing bars, cables, studs, steel decks
and soils data. Users are allowed to add new data so it can become a customized
database. Also, it can be shared among users: copy this database in VisualDesign™
Sections directory on your workstation. The database is not overwritten when the
software is upgraded.

The function Archiving Common Objects, which is located in the Preferences tab
of Project Configuration dialog box (File menu) is automatically activated so all
objects (standard and customized) used in your project are saved within your .vd1
or .vdz file at closing.

Project Configuration

Before you begin with the modelling, configure your project. Select Project
Configuration under File menu.

Modelling

To quickly model a structure (nodes, supports, members and floors), use the
Automatic Mesh Generation function. You will find this tool in Structure/Tools
menu.

You can also create elements separately through spreadsheets located in Structure
menu or directly on screen with the Add function (Edit menu).

Loadings

You must define all load case titles and types that you will be using in your project
in the Loads Definition spreadsheet (Loads/Load Cases menu). Then, activate the
Load Case mode and choose a load case title in Activation toolbar drop-down list
box. Apply loads on your structure by double-clicking on an element on your
screen. Also, you can select many elements of the same type and use the
Properties function. Either ways, a load dialog box will appear on your screen.
Enter values according to global or local axis system.
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Load Combinations

You must define at least one load combination to be allowed to run an analysis
with VisualDesign™,

A quick way to create load combinations is through the Load Combination
Generation Wizard. This tool, available under Loads/Load Combinations menu,
will generate all load combinations according to a specific building Code
(American and Canadian). Load factors will also be generated and can be modified
afterwards. When the generation if completed, you can disable load combinations
that you do not wish to analyze at that moment by changing their statuses.

If you prefer to define load combinations yourself, select the Load Combination
Definition spreadsheet under Loads/Load Combinations/Definition menu. This
dialog box also includes a Load Factors tab. You must specify load factor for each
load that is part of a load combination.

Analysis - Design - Verification

There is no limit on the number of elements included in a model. Neither
concerning the number of load cases or load combinations. VisualDesign™ cannot
analyse a structure that has no support nodes. If a user forgot to assign a type of
shape or material to members, a warning message will be posted on the screen.
Structures can be analyzed, checked or designed. To do so, you must define an
appropriate specification (steel, concrete or foundation) that is of a design or
verification type. It also includes other design criteria. Specifications spreadsheets
are available under Structure/Specifications menu.

Available analyses are:

Static Analysis

Modal Analysis

Spectral Analysis

Time History Analysis
Non-linear Time History Analysis
Moving Load Analysis

Analysis and Design

Design of Concrete Plates
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Introduction

Results

VisualDesign™ automatically activates the "Load Combination" mode once that a
static analysis is completed. You must choose a load combination title among the
drop-down list box of Activation toolbar.

To look at an envelope results, activate the "Envelope" mode and select an
envelope title among the drop-down list box of Activation toolbar.

Results may be viewed in many ways:

e Select the Results tab or FE (Finite Elements) tab in the View Options dialog
box. Check the boxes that correspond to results (numerical or graphical) that
you want to display on the screen;

e With the mouse, double-click on any element to call up the results dialog box
for this element or select a few elements (or all of them) and press the
Properties icon to call up the Results spreadsheet;

e Select one of the Results menu headings to have access to load combinations
results (nodes, members, plates, etc.) or envelopes results.
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Modelling Strategy

When modelling a structure, it is important to work with strategy in order to
minimize input errors and time. Here are recommended steps to model a structure
in the most productive way:

e Identify reference spatial coordinates.

e Always work according to functionalities that you will be using. You must
master the many Split functions (Multiple split, Split according to node, Split
at exact position, Split with a pin connection and Split with a rigid connection)
and the Copy/Paste function (translation, rotation and mirror) before
modelling a structure.

e Before splitting a member, specify design criteria such as the Code that you
will be using, the type of shape and others. End conditions are also very
important before you split a member (hinged or fixed ends).

e Adjust beta angle at this step. The Rotate function can also be used.

If you cannot place the member in the right direction in space with the beta
angle (it can happen for single symmetry shape), use the option "Swap Node
i>Node j" in the “Incidence” section of Member Characteristics dialog box.

e Once that these steps are done, you can split members the number of time that
you wish to. Members will keep original characteristics (beta angle, end
conditions and design criteria).

e Define load titles and types (live, Add. dead., snow, wind, etc.), load
combinations, load factors and envelopes. Then, apply loads on the structure
(the Loading activation mode).

e Use the View Options to verify the structural model and applied loads.
e [f you are planning to run a seismic analysis, try to model a rough structure to

avoid local vibration modes usually created by mezzanine, walkway or
footbridge, but do not forget to transfer these dead loads on appropriate nodes.
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2D Frame

EXAMPLE 1

20 Frame -
Static Analysis & Steel
Design
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2D Frame

Static Analysis

We are going to model the following 2D frame, apply loads, and run a static
analysis. After, a steel design will be launched.
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e Start VisualDesign™. Click on the New Project icon . The Structure mode
is automatically activated.

Project Configuration

e Seclect the Preferences tab of Project Configuration (File menu) and uncheck
all the boxes included under heading "Dialog Box Display".

e Go to the Analyse tab and activate a linear type of analysis.
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Modelling

Nodes

e Create nodes through the Nodes spreadsheet (Structure menu). Specify nodes
1 and 4 as support nodes: Double click in the "Type" column and select option

Support.

4 Mumber Type Coord. X Coord. ¥ Coord. £ ID Master No. Linked DD
m m m

1|1 Support Q.00 Q.00 oo 0|n'a -
212 Marmal 0.00 3.00 0.00 0 nia
3|3 Marmal G.00 200 oo 0| n'a
444 iSuppurt E.00 Q.00 000 0| n'a
Members

e Select the Member icon d on the Elements toolbar and press the Add icon

il on the Cursor toolbar. To create a member, click on a node (origin node, 1)
and on a second one (end node, j). Do the same to create other members. Once

those elements have been created, select the Extended selection mode to
exit the Add mode.

Supports

e To modify degrees of freedom for supports, activate the Support element on

Elements toolbar and select supports. Press the Properties icon . In the
Support tab, select degrees of freedom. Displacements and rotations will be
fixed. Close the dialog box.

Node Characteristics
Mode Support |
— Restraints and stiffnesses
Dizplacements Releaze———— —Rotationz
Conditiohs kN/mm ||| [T [ractive it released Conditions kM.m/rad
P [T ~ | V[ M [ M | Fized |0
Ry [Fived | M [ V[ My [Fised e
Rz IFi:-ted jID M+ M [ MzIFi:-:ed 'II

e Press the [Pg Up] key to get an isometric view of the structure.

10 CivilDesign Inc. Engineering Software




2D Frame

Save your File

e At this stage, save your application. To do so, press the Save icon . Give a
name to your project and choose a directory.

Shapes, Materials, and Member Properties

e Activate the Member icon il on Elements toolbar. Select all three members
and press the Properties icon . The Member Characteristics dialog box

will appear on screen.

Notice: When many members are selected, empty fields and blank fields
appear in the dialog box. Blank fields means that selected options will be
assigned to all selected members. Some other blank fields include negative
values but they are not actual values. To consult default values and initialized

values, select only one member. This notice also applies to other type of

element.

Member Characteristics

Member | Eonnectionl Compasite Beaml Filled HSS I Behaviourl Steel Designl Balted Connectionl Caoncrete Designl Tin;l_’l

— |dentification — Propertie
Number: | T [wz00s31
—Incidence = HEE it [ St S a0
Mode i I
: St e T e | | Matersial: IBEDGMMTHAT ~
Mode |: I
2L or b1 Digtance : I'1 noo i
— Geometry
Length Local axis system Area: I‘1DDD o
I m -
L IDrthogonaI J Linear Mass : IT kag/m
Beta Angle Initial pre-tension
540 Ig kM 7 Activate Design Criteria
Usage: -
— End Condition: I J
Composition : -
Bending kx| +eeee + | * Torzion bz : I vl D I J
Eehaviour : <2
Bending kiy:  |[—— + [ Awial Fz: I vl Ehaiaut I J
— Moving Load Analyzi — Effective stiffre:
Moving Load Axis 2D Axle Factors: Inertia Torsion Auial
| | =] || B I K
QK I Cancel I Anply | Hele |

e C(Click on the icon and open the Steel shape selection tree. Expand the
W200 branch and activate the radio button next to shape W200x31.

e Seclect a material among the Steel selection tree. Open the G40 root branch and
double click on 350G /W /WT/AT to select this material.

e Specify member end conditions: Select fixed-fixed end conditions (+------ +) for
bending on strong axis (Mx) and weak axis (My).

CivilDesign Inc. Engineering Software
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e Click OK.

View Options

e Display the shape outlines on screen: Open the View Options dialog box,
select the Attributes tab, and activate the Shape Outline option. Press OK.

]

Ao

e Display members in 3D, by activating option 3D Display in the member
section of Attributes tab.

e

e To increase the member displayed length for 3D display, go to the Preferences
tab of project Configuration dialog box and reduce the default length in the
field "Fraction of L not drawn". The purpose of this option is to see the
member end conditions when the 3D Display option is activated.

Beta Angle

e We can see that columns are not well oriented. When new members are
created, the default beta angle is equal to 0 degree. To modify the beta angle
for columns, select them while you press down the [Ctrl] key, and press the

Properties icon .
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2D Frame

e Enter an angle of 90 in the field Beta Angle of Member Characteristics dialog
box. Press OK.

Load Cases

e Open the Loads Definition spreadsheet (Loads menu /Load Cases/
Definition). To define load cases, you must enter a title and select a type of
load for each load case.

e Insert a line in the Loads Definition spreadsheet. (To insert a line, select the
line number 2 and press down the [Insert] key.) Double-click in the "Number"
cell and enter the title Live for the live load case. Double-click in the "Type"
cell and choose a "Live" type of load. Press OK.

Loads Definition

Load Case | D_l,lnamicl lce I

Humber Type Family Stage Tributa
2 Reduc!
1] Dead (D] Dead M 0| MNone
2| Live L] Live | 0 None
3

E| NEC -
i (D) Dead

CivilDesign Inc. Engineering Software 13
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Applying Loads

e Activate the Load Case mode and select the "Live" load case. Answer Yes to
the message: "Do you wish to save your project?" The load case name will be
written at the bottom of your screen.

ﬁ'ﬁsualnesign - [Portique_stat_lineaire.wd1]
E_ﬁ File Edit Wiew Common Structure Loads  Analysi

D|S|E] 22| == Sl 2l &
= ol = =]

Dead : Structure dead load

A distributed live load will be applied on the beam. A triangular load, representing
wind force, will be applied to the left column. A punctual load will also be applied
at the top:

Displaying Member Local Axis

Before applying loads on columns, display member local axis system to orient
loads in the right direction. The member local axis system follows the right hand
rule. The local z-axis is always pointing towards node j. The local x-axis
corresponds to the member strong axis, and y-axis, to the weak axis.

e Open the View Options and select the Attributes tab. Activate the option
Local Axis System in the members section.
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Member Local Axis System

Distributed Load on Beam

e Double-click on the beam.
e In the Load on Member dialog box, click on number 1 and insert a line.
Double-click in the Load Wa cell and enter —20. Double-click in the Load Wb

cell and enter —20.

e Press OK. This loading diagram will be displayed on screen.

Loads on Member [ x|

Distributed | Eoncentratedl Temperature "Jariatinnsl Torsionall

— ldentification

tdember Mode i Mode | Loading
Mumbers : |2 |4 |1 Live
1 1D Load Wa Load Wb Start a End b Angle  Projection
kN/m kN/m m m degrees
1 11 -20.00 -20.00 0.00 h.84 90.00 | Global -
2 [

Triangular Load on Column

e Double-click on the first column. Load Wa represents a uniform load applied
to node i and Load Wb, to node j.

e In our example, node / is located at support. This load must be applied towards
the negative direction of local y-axis. Therefore, the load must be negative.
This load is projected at 90 deg. on the column strong axis.
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Loads on Member I

Distributed | Eoncentratedl Temperature \-"ariatiunsl Tursiunall

Identification

b ember Mode i Mode | Loading
Mumbers : |1 |5 |4 Live
1 1D Load Wa Load Wb Start a End b Angle Projection
kMN/m kMN/m m m degrees

|1 2 0.00 -10.00 0.00 383 90.00 | Strong Axis -

e |

Concentrated Load

We are going to apply a point load at the top of the first column, towards the global
X-axis.

e To apply a concentrated load on a node, activate the Node icon and double-
click on node #2. Enter 25 kN in the positive global x-axis. Press OK.

Forces at Hodes Spreadzheet

1 Fx Fy Fz Mx My Mz

L kM kM kM kN.m kN.m kN_m
1 2h.00 0.oo n.oo n.oo 0.00 000 =
2 -

Cancel |

Now, at least one load combination must be defined.

Load Combination

e Go in the Loads menu and select Load Combinations / Definition. Insert a
line in the Load Combination spreadsheet. Enter a number or name and select
a status that is "Analysis no design". To learn more about load combination
statuses, refer to On-Line Help, Chapter 4.

Load Combinations

Load Combinations | Load Factars I

1 Mumber Status Definition

1)1 | &nalyzis no design §1.250 +1.5L

Y
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2D Frame

e Select the Load factors tab. Insert two lines in the spreadsheet. In the first line,
double click in the "Load Case" column and select the Dead load case and
enter 1.25 as load factor. In the second line, select the "Live" load case and
enter 1.5. Click OK.

Load Combinations

Load Combinations ~ Load Factars |

Load Load Case
2 Factor
1 1.25|Dead
2 1.50 Live

You are now ready to launch the static analysis.

Static Analysis

e Press the Static Analysis icon of Tools toolbar. The Static Analysis
dialog box will appear on the screen. Press the "Analyse" button. Close the
dialog box when analysis is completed.

Load Combination Results

The "Load Combination" mode is automatically activated once that the static
analysis is done.

e Click on the load combination title in Activation toolbar drop-down list box.

[1120150 =] [l 2| 8] 7| =] ‘

e Activate the View Options and select the Results tab. Activate the Deflection

. . . . . 2'T
box. To display numerical values, activate the numerical box or press icon
on Diagram toolbar.

CivilDesign Inc. Engineering Software 17
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G2 /-

B

"

]
L
[1 2 8

- Load Combination : 1

e Now, in the same tab, uncheck the Deflection box and activate the Mx diagram
(strong axis) with its numerical values.

--‘r\:._l 64.21 p,
2 2

0o & ey |

o1 “r'---u © '“-l"-l"“

- Load Combination : 1

e To adjust the amplitude of diagram, use Diagrams toolbar functions.

e Double-click on the beam to quickly access the Internal forces and
Deflections spreadsheet.

Internal Forces and Deflections Spreadsheet (1)

1 Number Shape Position | Bending Mx Shear ¥y Axial Nz Strong axiz ¥ Axial w

m kN.m kN kN mm mm
192 !W2DDH31 0.00 4827 8207 0.3 0.3 17.258
212 20031 060 -1.60 B384 0.3 HEZ2 17.20
3]z W 20031 1.20 .34 -45.61 -B0.31 -18.96 17,16
412 W 20031 1.80 5323 2738 -B0.31 -26.44 17.11
512 20031 240 54.19 414 -B0.31 -30.81 17.07
6|2 ' 200331 3.00 Gd. 21 9.09 6031 .43 17.02
Flz ' 200331 360 5329 2732 6031 -28.32 16.98
8]z ' 200331 4.20 .43 45 55 6031 2209 16.93
912 20031 4.80 .37 E378 0.3 -14.00 1E.89
10)2 20031 5.40 4511 g2m 0.3 5,93 1E.84
1]2 ' 200x31 .00 9978 100.24 -B0.3 -0.38 16.80
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2D Frame

N. B. A few columns have been masked because values were null.

e Select all members. Go to Results menu and select Load Combinations /
Internal Stresses (min/max) - Members.

Internal Stresses (min/max) in Members Spreadsheet

5 MNumber Shape ozINz ozlMx oz Max oz Min yzlvy
MFPa MPa MFPa MPa MPa

111 W 20031 -20.81 151.37 130.86 -171.89 1876 |

2

3|2 20031 -16.08 33367 J18.60 34875 g245

4

hl3 W 20031 -25.35 -333 67 30861 -358.73 49,61

Note Press the F1 key to access to the On-line Help topic that is specific for this
spreadsheet. Look at columns definition.

We can see that stresses are too high. If you own the Steel Design module, follow
the next part of this example.

CivilDesign Inc. Engineering Software 19
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Steel Design

Steel Specification

e Activate the Structure mode. Go to Structure menu and select Specifications /
Steel. Look at the design specification parameters according to S16-01- 94

standard.
Steel Specifications Spreadsheet
Humber Code Type of analpsis Optimization  Shape Categor
g
1 |516-Design | CAN/CSA-5T6-01 JDesign Arsa Wi =]
2| STEVeént. CAM/CSASTEOT | Venhcation Area W [
3| SEDesign CAMACSASE-88  Design Area !
4 | SE-érf. CAM/CSASE-88 | Verification Area !
5 | LRFD-C ezign AISC/LRFD-95 Design Alea o
6 | LRFD - érif. AISC/LRFD-95 Yerification Area W
7| ASD-Design AISCHASD-39 Design Alea o
8| ASD-VErf AlSCAA5D-B5 *erification Alea W
a

N.B. You are allowed to insert lines and create as many specifications as types of

shapes included in your model.

Member Design Criteria

e Activate the Member icon ﬂ on Elements toolbar. Select all members and
press the Properties icon . Activate Design Criteria in the Member

Characteristics dialog box.

20

CivilDesign Inc. Engineering Software



2D Frame

Member Characteristics E

Member | Eonnectionl Composite Beaml Filled HSS I Behaviourl Steel Designl Bolted Eonnectionl Concrete Designl TinLI_’|

|dentification — Propertie:
’7N umber: I | T I
~Incidence [7 HSS with 0.9t [A5TH AS00)
Mode i : I I
Irseert Wode e Nade | Al I 'I
Node | g l— Material :
2L or b1 Distance : I'1 ooo i
— Geametmy
Length Local &xis System Area: ID mne
I m -
L I J Linear Mass : ID ka/m
Beta &nale Initial Pre-tension | —
540 0 [0 KN C__E___
Lsage : -
— End Condition: I J
Composition : I j

Eending b= I VI

Torgion Mz : I 'l

Behaviour : I j

Bending by : I vI Ayial Fz I vl
— Moving Load Analysi — Effective stiffness
Moving Load &xis 2D Axle Factors: Inertia Torsion Luial
| | || e I I
0k I Cancel | Aol | HElR

e Then, go to the Steel Design tab and select the S/6-Design specification

among the drop-down list box.

Member Characteristics [1x]

Member I Connection I Compasite Beamn I Filled HSS I Behaviour  Steel Design I Balted Cannection I Conerete Design I Tin 4 | L4

— Design paramet
Design or verification

Specifications

Design Group

Ao =1

Top of section:

Bottom of section:

Position of Load:

Hull

— Lateral supports to avoid buckling——250-Design

ASDAErf.

I Nol [| RFD-Design
I7 Mol |LEFDVéri

S1EMerif,
SE-Design

SE-AErif.

J Cantilewver

K2 I'1 % Automatic

— Effective Compressive Length
Factor K« [strong axis]

|-1 ¥ Automatic

Factor Ky [weak axiz]

|-1 ¥ Automatic

— Factor Kt or Kz

|-1 % Automatic

— Calculation of effective net area, with or without reduction

Hole Width : I-‘I 0on mm

Alne =Ane | I-‘I

— Max. Slendermess
KL/ Max

— Stiffeners/ntermittent Fillers [2L]

—Allowable Deflection [Lx = strong axis)

Spacing : I"I noa mm 7 Ft=0 La s I'-I Ly # |'1
. —HS5 or Round [Rods] Shapes
Factor ki |-1
7 Al stressrelisved
0K I Cancel bt 1] Helm
Press OK.

CivilDesign Inc. Engineering Software
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Design Criteria for the Beam

Lateral Supports

e Double click on the beam and go to the Steel Design tab. Supply a continuous

lateral support at the top of the beam.

N.B. Lateral supports are always supplied on the member weak axis. Therefore, the
effective compression length on weak axis, Ky, will be equal to zero when a
continuous lateral support is supplied at the top of a beam OR at the bottom.

Allowable Deflection

We are fixing a deflection criterion of L/360 on strong axis.

Member Characteristics E

Memberl Connection  Steel Design IBDIted Connectionl Evaluationl

— Design parameters

Dresign ar verification Specifications

Design Group

IDesign |S1 E-Design

S 7|

— Lateral supports to avoid buckling

I'I ¥ Automatic

Tap of section: Nl I Cantilever INot applicable =]
Bottarm of section: v Mal [T Continuous v Mo
Pasition of Load: ICentre vl K - |2.5 ¥ Automatic
— Effective Compressive Length
— Factar Kt ar Kz

ID ¥ Automatic

"Factor K [strang ariz]———————— "Factor Ky [weak amz)

|1 ¥ Automatic

r Calculation of effective net area, with or without reduction

Huole width - IU mm

A'ne =Ane I'I—

— Max. Slendermess
KL/ bax 200

— Shiffeners/ntermittent Fillers [2L]

P m
—

[ F=0

Spacing :

Factar km:

— Allowable Deflection [Lx = =

L [

—HSS or Round [Rods) Shapes
= | Evidl stiess-relieved

(1] I Cancel Lepi Hels

22
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Load Combinations

Ultimate load combination (Design)

e Open the Load Combination spreadsheet. Modify the first load combination
status to Ultimate because a design will be run.

"Deflection” Status

VisualDesign will choose a steel shape according to the allowable deflection
criterion only if at least one load combination has a deflection status.

e Insert a line in the Load Combination spreadsheet. Double click in the "Status"
column and select the status "Instantaneous Deflection". Only live load is
considered.

Load Combinations

Load Combinations | Load Factars I

2 Mumber Status Definition
1|1 IIkimate 1.280 + 1.5
2]z Instant. Deflection 1.0l

Load Combinations

Load Combinations  Lead Factors |

1:1.250 +1.5L Load Load Case
1 Factor
‘ 1 1.00 I Live -

Analysis and Design

e Press the Analysis and Design icon on Tools toolbar. The Design dialog
box will be displayed on the screen. It is written that three members are going
to be optimized according to the shape area. Press the "Analyse" button. Close
the dialog box when analysis will be completed.

CivilDesign Inc. Engineering Software 23



Practical Examples — Version 2.2

Steel Design Results

You will notice that the "Design Results" icon ll is automatically activated when

the design is completed.

Graphical Results

e Open the View Options dialog box by pressing icon il Select the Results
tab and display members' design loads by checking the Design Load box and

"Numerical" box in the Members section.

Yiew Options

Wigtw I Attributesl Loads FResults | FE Hesultsl Limitz I Coloursl

— Supparts
Graphic Mumerical

il r

-
[/ Rz r
[ = r
[ My r
-
r

[ Mz
[™ Pressure and Capacity

— General
¥ Legend for Results

Fort... |

— Members
Graphic
[ b
[y
[ My
[
[T Mz
[Tz
[ Deflection
[T Shesses

¥ Design Load

Mumerical

A0 000 0=

— Foundation

[T Geotechnical Design Load

[ Stuctural Design Load

ak. I Cancel |

Apply | HEelD |

e Modify the legend font and style by clicking on the "Font" button posted in the

Limits tab.

e Look at the chosen shapes by activating option "Shape" in the View tab.

24
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Design Load %

.100.00

[ | WD 03B E . 08%
a0.00

5 3
W00 = =
[} [afh}
000 z g
s 5 &
2 32

Numerical Results

Open the Steel Design Results spreadsheet: Select all members and press the
Properties icon or go to Results menu and select Structure Design / Steel.

Don’t forget that design results are given for the most critical load combinations
(bending and compression & shear) that apply to each member. In our case, there is
only one load combination. Also, the Code provision that controlled the design is
indicated in the spreadsheet.

Steel Design Results Spreadsheet

Mumber Section Load Combination Design Load Code Provision Load Comb. Design Load Code Provision
Mi+NFf MIE-NF | ME-NF Shear Shear Shear
% %

11 200421 1 E4.45 C5A 516-01 13.8.1c 1 8.96 | C54 516-01 13,411 -
212 250439 1 93.08 C5A S16-01 136 1 2869 C5A 516-01 13.411

3|3 iW’ZDDxS‘I i1 94.44 C5A 516-01 13.8.2c 1 2009 C54 516-01 13.4.11

4 -
[ |« »

Lvl %l @l Cloze |

Steel Design Results Spreadsheet

Class Class Class Class Type of Mix Mrx Lu=0 Mrx Lu>0 Lux ®2x Type of Miy
3| Mx Bending My Bending ‘Web Compression
kN.m kN.m m

1 3 3 3 M- E1.45 58.10 3.00 1.61 M- -
2 1 1 1 M- 161.E0 102.36 £.00 1.48 | M+

3 1 1 1 1 M+ 105.52 105.52 3.00 222 | M+

4 -
[l I _'l_I

h.vl %l @l Cloze |
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Steel Design Results Spreadsheet

My Luy=0 Mry Luy>0 Luy 2y Type of Nz Tension Tr | Cr Resistance Cr Stability KLx KLy
kN.m kN.m m kN kN kN m m
1 11.89 11.89 0.00 1.00 | Compression 85365 85365 369.34 3.00 300 -
2 39.06 39.06 0.00 1.00 | Compression 1549.80 1549.80 1193.54 £.00 0.00
3 29.55 29.55 0.00 1.00 | Compression 1260.00 1260.00 58283 3.00 3.00
4 -
[l _ LlJ

h.ql %l @l Cloge |

Steel Design Results Spreadsheet

KLLELz KL/Arx KLty KLz KL/r max T/C ratio Met Area Yix Yiy Trz Results
Resistance
m % mm* kN kN kN.m
1 3.00 38,10 93.58 0.00 98.58 0.00 Z2710.00 236.34 211.02 1.17 | Sufficient -
2 .00 54.29 0.00 0.00 54.29 0.00 4320.00 458.11 359.50 313 | Sufficient
3 3.00 33.86 93.70 0.00 93.70 0.00 4000.00 380.64 279.42 2.42 | Sufficient
4 -
|4 T »

h.vl %l @l Close |

Steel Design Results Spreadsheet

Results Combination Mx Lx  Deflection (Mx] Lx / Combination My Ly Deflection (Mp) Ly f
3| Deflection

m mm m mim
1|/ 0.00 0.00] 5000 0.00 0.00] 5000 =
2| ok 454 974 466 0.00 0.00 5000
3| r/a 0.00 0.00 5000 0.00 0.00 5000
4

< y ol
e[ oo |

Member Forces and Deflections

Select a line in the Design Results spreadsheet and click this icon h‘“ to look at
the member forces and deflections.

Internal Forces and Deflections Spreadsheet (1)

1 Mumber Shape Position Bending Mx Shear ¥y Axial Nz Strong axis ¥ Axial w

m kN.m kN kN mm mm
1]2 !W’25El:<39 0.00 -24.91 -79.69 -56.19 -0.44 14.94
212 W2E033 0.E0 17.82 -B1.41 -BE.19 -7.54 14.91
3|2 W2B0039 1.20 4355 -43.13 -BE.19 -14.05 14.88
412 w2503 1.80 70.22 -24.84 -BE6.19 -19.01 14.84
512 W2E0039 240 7379 -B.5E -B6.19 -21.81 14.81
6|2 W2E0M39 300 78.26 11.73 -56.19 2216 14.77
7l2 W2E033 3.ED BB.63 30.M -BE.19 -20.10 14.74
812 W2B0039 420 41.91 438.29 -BE.19 -16.02 14.70
912 w2503 4.80 714 G6.58 -BE6.19 -10.63 14.67
0]z W2E033 5.40 -38.61 84.86 -B6.19 -4.96 14.64
1]z W2B039 E.00 -95.27 10315 -56.19 -0.39 14.60

Note: Some columns are masked because values were null.
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2D Frame

Design Brief

Selected a line in the Steel Desi

brief by clicking on this icon &

n Results spreadsheet and print a member design

Get a print preview with this icon [&

S—

Vx Diagram (kN)

I

Nz Diagram (kN)

T

ERT 56,10

[2] Load Combination:1
Vy Diagram (kN)

10345

Ta69

Vx Diagram (kN)

I

Tz Diagram (kN.m)

I

[3] Load Combination:2
Strong Axis Deflection (mm)

T

148

Weak Axis Deflection (mm)

Date : 2005-01-18
All rights reserved

File : C:\Guide _version2MFrancaisiDesigh acierPortigue\Portigue_design_EN wd1

\ Design Brief \ Project No:
Name of Froject:
Member: 2 Group : Check by :
Prepared by : Date :
[1] Load Combination:1
Mx Diagram (kN.m) | LoadCase WNM). (68N) |  calculation of capacity for shape W250x38 according to CANICSA 516.1-84 Standard
. = g 038 Shape Properties W/250x39
Z ] 132 6010 1086rmend, Iy =594 10e6mmd, I =017 10e6mmd,  Cw = 93.40 10aSrmmé
Ja S = Dead : Global Area = 492000 mré, Fet Area = £920.00 mm?  Length (600 m
RiERE]
= o - Material Properties 350GIWIWTIAT
Vy Diagram (kN) I| I | E Wbdulus = 200000.00 Pa, Fy = 350.00 WP, Fu= 450,00 hPa
10345 Live : Global . . -
Maximum factored forces goveming the design of the member
I [1] Combined Forees - Load Cx :1.25D +1.5L
kL — For basic orthogonal axes systern
My Diagram (kN.m) Whe=-9527 km, Vfy= 10315 kN, My =0.00 kN.m, Whe = 0.00 kN

Mfz =56 19 kN foornpression),  Tiz =0.00 kN.m
[2] Shear - Load Combination:1 : 1.25D + 1.5L

For basic orthogonal axes system
Wiy =103.45 KM, Whe= 000 KN, Tiz=0.00 kNm

The member is in compression
Shape is of class 1
KLir (max)= 543 < 200 Ok

Mr values with and without lateral buckling
ik (Lu=0) = 16160 kM, hx(lu=01= 10236 kNm, Lux=600m, wii= 143
iy (Lu=00= 39,06 KNom,  Wry(Lu=0) = 33.06 kNm, Luy=0.00m, w2y =100

Analysis include s non linear effeets PAand P&{U1x=U1y=1.0)
Clause 13.3.2 a)

GHOr +0.85 Wholre + 080 MfyMry <= 1.0 (without lateral buckling)
56.19/1549.30 kN +03595.27H61.60 KNm +0800 00/33.06 kNm=5374% <=1.0 0k

Clause 13.8.2 ¢)
CHCr +0.85 Wholing + 080 My My <= 1.0 (Mry without lateral buckling, Cr=Cry)
5613154980 kN +0.85 3527102 .36 kh.m +0600.00/33 06 kNm=8274% <=1.00k

Axial compressive resistance only (13.3.1)
CHCr<=1.0 (with KL max)
5613119354 kN =471% <=100k

Biaxial bending (13.5, 13.5,13.8.2)
Iitbedfke +Niffy iy <= 1.0 (it lateral buckiing)
4527102 36 kN.m +0.00/39.06 km=38308% <=1.00k

Clause 13.4.1.1
wiylry +Tiz/Trz (including torsional effect)
103 1535950 kN =2883% <=1.0 0k

Clause 13.4.1.1
Wil +TizfMrz (including torsional effect)
000458 11 kN +0.003.13 kNm=000% <=1.00k

Checking the deflection on strong axis
Length considered (45435 1) { Deflecion (9.74 mm) = 466 © La/d86 <= L3860 Ok
licrmin = 46 .40 10egrrnd

Limit States : Sufficient, Under service loads: Ok

Page 1
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Load Combination Results

e To look at forces and deflection diagrams, activate the Load Combination
mode and choose a combination title in the Activation toolbar list box.

e Open the View Options. Go to the Results tab and activate the diagram that
you want to look at.

Deflection:

-22.16
&
N
Q
- Load Combination : 1
Bending on strong axis:
-95.27
-24 .91 /q//
oy T—L—1 1 [ [ 4+ ©
= .
o 79.79 i
o 4
o =
o ny]
o )

- Load Combination : 1
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Two-Storied Building

EXAMPLE 2

Modelling, Linear & Non-
linear Static Analysis of a
2-Storied Building
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Two-Storied Building

Modelling

We are going to model a small two-storied building. The lateral resisting system
will be bracings. Material is steel. We will run a static analysis of this building and

look at results.

e Press the icon New Project of Standard toolbar.

Project Configuration

e Sclect Project Configuration of File menu. Enter general information about
the project in the General tab. Look at default values in the Preferences tab.
Then, go to the Analysis tab and activate a linear static analysis. Press OK.

Automatic Mesh Generation

e Use the tool Automatic Mesh Generation by pressing the icon . Enter the

following parameters in the Geometry tab:

Automatic 3D Mesh Generation Ed |

Geometry | Numl:ueringl Fbiz I iz I Eiz I hd at Seu:l

— Coordinates of ongin and rotation

B aze zupports:

Generation of elementz at supports level

o IEI Y IEI £ IEI ]
Angle : IEI °

— Elements ta Generate
kM embers: v
Type of Surface: ITwu:u-Wa_l,l Floar j
Surfaces Plane: Cly Y2 07

Frewview |

Cancel |
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As indicated in the dialog box, the generated structure will have two-way floors in
the XZ plane and fixed supports. Members will be generated at superior levels
(Above supports).

e (o to the X Axis tab. Select line 1 and insert two lines using your keyboard
[Insert] key. Select column "Delta" and press your right mouse button. Select
the Replace function and enter "6". The building will have two bays of 6
meters of width in the x direction.

Automatic 3D Mesh Generation

Geumetr_l,ll Mumbering  #Hfsis |Y-.-“-‘-.:-:is I Z-his I bdat / SEI:I

5 Delta

m
1 E.00 -
2 r
3

e Go to the Y Axis tab. Insert two lines. Select column "Delta" and press your
right mouse button. Select function "Replace" and enter "4". The building will
have two storeys of 4 meters high centre-to-centre of beams.

e Go to the Z Axis tab. Insert two lines. Select column "Delta" and press your
right mouse button. Select function "Replace" and enter "7". The building will
have two bays of 7 meters of width in the z direction.

e Go to the Mat / Sec tab. Select preliminary shapes for columns and beams.
Choose steel grades.

Automatic 3D Mesh Generation E

Geametr_l,ll Numl:neringl Pz I Y-.-'-‘-.:-:isl Z-hwis  Mat/ Sec |

Type aof Project;

b aterial Sechon
Beams: IGdD.21M-35EIW j l“WEEIEI:-:H

Coumns  |G402iM3s0w =] |T|[wat0sas

Bracimgs: I j .I I

Plates: I G40.214-350w j

Plate thickness: ID i

Preview | Cancel |
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Two-Storied Building

e Press OK. To get an isometric view of the structure, press the [Pg Up] key on
the numerical keyboard or choose function Camera from View menu.
Activate the 45 degrees radio button and press OK.

e Save your project: Go to File menu and select Save as. Choose a directory and
give a name to your .vdl file.

Members' End Conditions

e Activate Member il icon of Elements toolbar.

Columns

e Go to Edit menu and select function Select /Columns. Press the Properties

icon to call up the Characteristics of the Member dialog box.

+ Specify column end conditions as "Fixed-Fixed" for Mx and My bending.

E nd Conditionz
Bending ks

Bending ky: Axial Fz:

Tarzion Mz : I TI

¢ Press OK.

CivilDesign Inc. Engineering Software
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Beams

e In the Edit menu, select function Select / Beams. Click on the Properties
icon and in the Member Characteristics dialog box.

+ Specify beam end conditions as Hinged-Hinged (0------- 0) for Mx and My
bending.

¢+ Press OK.

View Members' End Conditions

e Open the View Options. Go to the Attributes tab and activate the option End
Conditions.

Add Bracings

cAZ
oAl

o @

Addition of bracings
in this bay

@.i

e

L
Q
==]
=

kb CD

Addition of bracings AcED @
in this bay

. Dis]olay the node numbers through the View tab of View Options dialog box
v . Check the "Number" box in the "Node" section.
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e Go to File menu and select Project Configuration. In the Preferences tab,
uncheck boxes in Dialog Box Display section (for faster editing, dialog box
will not appear on the screen each time that you add a new element). Bracing
properties will be defined all together when they will be all created.

e Activate Member d icon of Elements toolbar and activate the Add function
by clicking on icon il

e Click on node cA2 and then on node cB1. Do the same for nodes ¢B2 and cAl,
cAl and cBO, cB1 and cA0. To exit the Add mode, click on icon Restricted

window @I or Extended window IT If the display of node numbers is not
clear, refresh the screen display by selecting Refresh in Window menu.

e Define bracing properties: While keeping the [Ctrl] lﬁpressed down, select

the four members and click on the Properties icon. Choose an
L102x102x13 shape, a 350W steel grade, and select Hinged-Hinged end
conditions in the Member Characteristics dialog box.

Important Always define bracing end conditions BEFORE creating the pin
connection because you will generate an hinge at the centre of bracings and this
will cause instability in the structural model. When analyzing this model you will
obtain a warning message (Null pivot in the stiffness matrix = mechanism).

e (Create a pin connection at bracini i’unction: Select the two crossing members

and click on the Pin Connection
other bracing.

icon of Split toolbar. Do the same for the

Bracings are now created in the z direction.

e Repeat the steps to create bracings on axis 1, between axes A and B.

Model Rigid Frames

We are going to create rigid frames for axes that have no bracings. There are four
of them.

e Seclect beams located on axes A, B, 2, and 3 and press the Properties icon.
Modify Mx and My beam end conditions to fixed-fivxed in the Member
Characteristics dialog box. Press OK.

The model is now completed.

CivilDesign Inc. Engineering Software
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Loads

Definition of Load Cases

Load case titles and types must be defined in the Loads Definition spreadsheet. An
additional dead load and a live load will be applied on floors and beams. A wind
load will be applied to columns.

e Go to Loads/ Load Cases /Definition and insert three lines in the Loads
Definition spreadsheet. (The first line, structure dead load, is automatically
created and is not editable). Enter the following data:

Loads Definition

Load Case | Dynamic | lce |

Mumber Type Family | Tributary Area Tributary Area

Reduction Overload

kPa

1] Dead D] Dead M8 Mone 0.00

2 | 'wind [] Wwiind M. Mane non

3| A4dd. dead [D] Dead M/t Mone naon

4| Live IL1 Live > | N [20r] 0.3+5art{9.8/8] 4.80
L]

(L) Auko Ice
o (L) Dynamic
- (T) Temperature

[T DeFrvmatinn

Reduction of Tributary Areas: A live load reduction is applied to floors. Double-
click in column Tributary Area and choose the appropriate formula (See CNB —
2005). Enter the floor overload, 4.8kPa, in the Overload column for the calculation
of live load reduction for column.

Important The value entered in the "Overload" column is only used by the
software to calculate the live load reduction that will be applied to columns. This
overload input DOES NOT replace the step that consists of applying loads
graphically on the structure as you will see further on.

e Press OK to save data.
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Applying Loads

Additional Dead Load on Floors

e Activate the Loading mode on Activation toolbar. Click on the arrow in the
Title Selection box and select the "Add. dead" title in the drop-down list box.

L] =

Morte : 0 Structure dead load
add. dead : D : Add. dead - Hoors
Live : L« Live floors

Wind ;W wind

e Activate the floor icon ﬂl of Elements toolbar.

e  With the cursor, draw a window around the whole structure to select all floors.

Press the Properties icon to call up the Load on Floors dialog box.

e Seclect the Distributed tab. Click on line 1 and press the [Insert] key. Wi, Wj,
Wk and WI represent load that is applied at each floor corner. Our building has
concrete floors. The dead weight is a distributed load of 4.5 kPa. Double-click
in the Wi cell and enter -4.5. Click in the Wj cell and you will notice that the
same load is automatically entered in other cells.

(When we automatically generated the structure, we specified two-way floor
system. So floor loads will be distributed as shown below.)

i
i
i
..
Floor Loads
Distributed | Eancentratedl
Identification
Floor Moeud | Moeud | Mode k B
MHurmbers : I I I I_
1 Wi W Wk Wl Projection
kPa kPa kPa kPa
|1 -4.80 -4.50] -4.50] -4.80  Local

38

CivilDesign Inc. Engineering Software



Two-Storied Building

e Press OK to save inputs. Loads are displayed on your screen if the display of
floor outline is activated in the View tab (View Options dialog box).

Live Loads on Floors

e Choose the "Live" load case on Activation toolbar. (The floor icon ﬂl is still
activated on Elements toolbar).

e  With the cursor, draw a window around the whole structure to select all floors.

Press the Properties icon to call up the Floor Loads dialog box.

e In the Distributed tab, select line 1 and press the [Insert] key. The floor live
load is 4.8 kPa. Double-click in the Wi cell and enter -4.8. Click in the Wj cell.

e Press OK.

Wind Loads on Members

e Select the Choose "Wind" load case on Activation toolbar.
e Activate the Member d icon of Elements toolbar.

e Display member numbers: Open the View Options dialog box il and select
the View tab. Check the Number box in the Members section. Increase or

. . . . A
reduce font size using the View toolbar icons .

e Re-number members. To do so, activate the Structure mode and draw a
window around the whole structure to select all members. Go to Structure /
Members.

e In the Members spreadsheet, select the Number column title and right click to
open the contextual menu. Select function Auto numbering. Keep default
setting. Click OK.

Autonumbering |
Prefis : I
Starting Mo : |1
Ikl ; |1
S i : I

| k. I Cancel |
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We are going to apply trapezoidal wind loads on columns #36, 39, 42, 27, 30 & 33.
Activate the member 3D Display option through the Attributes tab of View
Options. We can see that the direction of wind loads points towards the negative

global x-axis.

Direction

To apply loads in the right direction, display the members’ local axis system
through the Attributes tab of View Options.

Wind loads will be applied to columns located on axis C, as shown below:

ao'8l-
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The "z" component of member local axis is always pointing towards node j.
Therefore, we can see the member incidence, i.e., the position of nodes i and j. It is
useful when applying loads on columns.

Hode j

Local z-axis

Local y-axis (weak)

Local x-axis (strong)

) Wind
Global Axis Direction
System

Hode i

The wind loads will be applied in the negative direction of local x-axis and will be
projected on the column weak axis (local y-axis) at an angle of 90 degrees.

e Activate the Load Case mode and select the "Wind" load case.

e Activate the Member il icon of Elements toolbar.

e While pressdown the [Ctrl] key, select members 36 and 42 and click on the

Properties icon.

e In the Distributed tab of Loads on Member dialog box, insert a line and enter
the following data. Wind load is projected at an angle of 90 degrees on the
member weak axis.

Loads on Member
Distributed |E0ncentrated| Temperature Variatinnsl Torsionall
Identification
b ember Mode i Mode | Loading
Mumbers ; I I I IW’ind
1 Load Wa Load Wh Start a End b Angle | Projection
kMN/m kMN/m Fraction Fraction degrees
| 1 -9.00 -18.00 0.00 1.00 0.00 |'weak Axis | -~
e §
e C(Click OK.
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e  While pressdown the [Ctrl] key, select members 27 and 33 and click on the

Properties icon. Enter a trapezoidal load varying from 0 kN/m at node i to
—9 kN/m at node j.

e Seclect member 39 and 30, and press the short-cut key [Ctrl] + H to open the
default spreadsheet. Enter the following loads on this continuous column. Click

OK.
Distributed Loads on Members Spreadsheet
2 Member Load Wa Load Wh Start a End b Angle Projection |
Mumber kM /m kM /m m m *
1§30 ! 0.00 -17.50 0.00 4.00 90,00 | wWeak Axiz =
213 -17.50 -35.00 0.00 4.00 90,00 | 'wWeak Axis
3

ak. I Cancel

Loads are all defined and applied on the structure. You must at least define one
load combination to be allowed to run an analysis. This will be done with the help
of the Load Combination Generation Wizard.

Generating Load Combinations

e Go to Loads / Load Combinations/Generation Wizard. The General
Options page will be displayed on your screen. Select the NBC code and
activate the generation of envelopes.
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Generation of Load Combinations - General Options
Specification:
’7 Code:

— Load Cambinations to be Generated

™ Gererate an unfactored load corbination per load cagze
[T Gererate with seizmic lnads acting bowards the positive direction anly

[ Mass

— Particular load cases to include

Spectral Envelopes
’7 E0:T E02 E03 ™ MonLinear Time History Envelope (Etnl)

Time Higtory Envelopes
’V Ev:C B2 E3C

— Generation Options
Add generated load combinations to existing ones
™ Delete lnad combinations except thoze edited by user
% Delete all previous load combinations

— Envelopes to be Generated

¥ Generate an envelope per type of lnad combination

< Back I Mext > I Cancel | Helz |

e C(Click on the "Next" button to access the Specific Options page. Activate
ultimate load combinations, and the deflection, using the applied live loads.

Generation of Load Combinations - Specific Options

— 5 pecification:
Code: MEBC-35 L5D [Canada) =l
14 Load Factors ¥alue Default ‘
1 Jalpha D: Dead loads _ | 125 1.25 -
2 | Alpha DS: Dead loads - Uplift 0.85 0.85
3 | Alpha DE: Dead loads combined with earthquake 1.00 1.00
4 | Alpha L: Live loads 1.50 1.50
B | Alpha LE: Live loads combined with earthquake 050 050
6 | Alpha SE: Snow Loads combined with E artthquake 025 025
7 | slpha'w’ 'Wind loads 1.50 1.50 hd
- Load Combinations to be Generated——————————— [Deflection Load Combination:
¥ Ultimate Limits States 4.1.3.2 ¥ Instant. deflection
™ Serviceaility Limits States 4.1.2.3 Load cases to include:
v Live (L)
¥ Shaw (L)
™ Temperature [T]

Particular load cazes to include

[~ Maving load Erwelope [Lm) Mo, Load Envelopes...l

™ Prestressing and shrink age/creep

< Back I Hest » I Cancel Helg
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e C(lick on the "Next" button to access the Selections page. You can uncheck
load combinations that you do not want to generate.

Generation of Load Combinations - Selections

o be Generated:

7 1,250 + 1.50
@ 0,850 + 150
@ 1.250 + 1.5
@ 0.850 + 1.5
@ 1.250 + 07150 + 1.5%)
 E-E WOl
: L[ 1.250+1.05w/01+1.08Lx
[ 0.850 + 0.7[1.5L + 1.5w)
=@ Instant. Deflection  [1]
gl 1.00Lx

Load cases aliases

D =Add. dead
o] =Dead

L= =Live

Wil ="wind

< Back I Finizh I Cancel | Helm |

e (Click on the "Finish" button. The Load Combinations spreadsheet will appear

on your screen.

If you wish not to consider some load combinations for a particular analysis,
modify the "Status" cell: Double-click and select option "Not required". To modify

load factors, select the Load Factors tab.

Load Combinations

Load Combinations | Load Factors |

7 Mumber Status Definition

1j§0LT Ultirnate 1.250+1.500Lx =
2|0L2 Ultimate 0.850+1.500L%

3| Dlwh Ultirmate 1.280+7.05W 07 +1.050x e
4| DLwWE Ultirmate 0850 +1.05WwW 01 +1.050x

| Dw3 Ultirmate 1.260+1 50w 01

B | Dw/4 Ultimate 0,850 +1 50w

FILY Instant. Deflaction 1.00Lx

[1]

44

CivilDesign Inc. Engineering Software



Two-Storied Building

Load Combinations

Load Combinations  Load Factars I

DL1 :1.280+1 500« Load Load Case

4 Factor
Dt 1.260+1. 500401 12 ]gg t;,“l’: | =
[afd : 0880 +1. 50001 : |-
L7 1.00Ls 3 1.25 | Dead

4 1.25 | Add. dead

L -

Cancel |

Generated Envelopes

Envelopes have been generated with the Wizard. To have a look at them, go to
Loads / Envelopes.

Envelopes

Ervelopes | List of Envelopesl

3 | Number Definition

1 J Ui, Eree. ltimate Limits States Envelope =
2 | Service Env. Serviceability Limitz States Envelope

3 | Deflec. Env. Deflection Enveloppe o
4

Erwelopes  List of Envelopes |

5] Load Combination Available
Service Env. 1§DL1 [] -
Deflec. Env. 21DL2 [=] —
3| 0w [ -
4| Dhwfd [+]
5] DLwS []
6| DLWwWE [+] LI

Envelopes  List of Envelopes |

Jltim. Eree. 1) Load Combination Available
Service Eny, 1|L7 [+]

[»

e Click OK.

You are now ready to run a linear static analysis.
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Linear Static Analysis

e (lick on the Analysis @ icon of Tools toolbar or select Static Analysis in
Analysis menu.

e Click on the "Analyse" button in the Analysis dialog box. When analysis is
completed, close the dialog box.

Results

The "Load Combination" mode is automatically activated when analysis is done
and the Title Selection drop-down list box is open. Select a load combination or
press the [Esc] key, and select an envelope.

Summary for Analysed Load Combinations

We recommend having a look at this spreadsheet, which includes information
about convergence, number of iterations, maximum displacement and rotations.

If load combinations have not converged, load combinations results will be
erroneous. Check the maximum rotations in this spreadsheet. Your model can be
unstable if too many hinges are present. Display the member end conditions and
look carefully.

If the model seems to be adequate but convergence is still not reached, go to the
Analyse tab of Project Configuration, increase the number of iterations or
increase the convergence parameter, P axial.

e Go to Results / Load Combinations / Summary.

Load Combinations | Summary I
Humber Definition Analyzis Humber of Precision
7 Status Iterations Obtained
kN
1] 0L1 11.250+1.50Lx | &nalyziz Ok 0 0.00) |-
2|0L2 0.850+1.500L% Analyziz Ok 0 a.00 ||
3| D3 1.280+1 50001 Analyziz Ok 0 n.ao
4] Dhwd 0.850+1 50001 Analyziz Ok 0 n.ao
5] DLw5 1.280+1, 058701 +1.06L% | Analyziz Ok 0 n.ao
6| DLwE 0.880+1, 0501 +1.06L% | Analyziz Ok 0 n.ao
FIL? 1.00L% Analyziz Ok 1] 0.00

46 CivilDesign Inc. Engineering Software



Two-Storied Building

Summary of Load Combinations

Load Combinations  Summary |

Number EFx X Fy % Fz Hode Displ. x| Displ.y  Displ. z Ox Oy 0z

7 Number
kN kM kN  [Max displ ] mm mm mm * * *
1| DL1 0.00 -4398.39 000 bBE2 0.m 713 -0.07 -0.00 -0.00 .00
2Q0L2 i 0.00 -3765.05 000 bB2 0.m 612 0.06 -0.00 -0.00 .00
3| D -426.00 -1979.19 0.00 cB2 -475.70 115 0.42 0.00 -0.09 076
4 | Diw'd -426.00 134585 000 cB2 -475.66 071 027 0.00 -0.08 0560
5| DLwh -298.20 367263 000 cB2 -33317 238 085 om -0.07 151
b | DLWE -298.20 -3039.29 000 cB2 -333.12 -1.94 7o 0.00 -0.07 1.24
7L 000 1280 0.00 bE2 -0.01 268 -0.03 -0.00 -0.00 0.0

Node cB2 is the critical one when wind is considered. The corresponding load
combination is DW3.

Display the Structure Deflection

Select load combination DW3 on Activation toolbar:

e Press the View Options il icon and select the Results tab. Check the
Deflection box in the “Members” section of this tab. Press OK.

e Use the Diagrams toolbar EE functions to adjust the diagram
amplitude. To rotate the structure, use the keyboard arrows or the control keys
[Home], [Pg Up], [End] or [Pg Dn].

The Find Function

Find the location of node ¢B2 with the Find function of Edit menu.

e Click on the Find icon of Edition toolbar and select a "Node" object in
the drop-down list box. Enter the node number and click the "Next" button.

Search |

Tope of Object :  [{¥EE

Criteria
Mumber: ICB2

Where: [Match \whole Field =]
W Match Case [Lo/Uc)

Mext I Cloze |

VisualDesign™ will draw a fuchsia circle (default colour) around the element, as
shown in the image below.
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Ao

e To look at numerical values for nodes displacements, go to Results/Load
Combinations / Node Displacements.

Mode Displacements Spreadsheet

35 | Number Displ. x Displ. v Displ. z B'.:. Bg BE
mm mm mm

19| ad2 -295,34 -0.87 -1.65 013 0,96 012 -
20| ba2 -295.53 -1.53 1.77 029 058 0.37

21| chZ -295.95 -0.54 033 0.m 0.3 0.50

22| aB2 -174.43 -1.63 177 -0.01 0.35 -0.02

: 020

24| cB2 475,70 -1.15 042 000 -0.09 076 _I
25| aC2 -1.61 -0.98 -2.01 -0.16 BB -0.00

26| bC2 1,70 -1.08 077 -0.28 B ES Q.00

27 | cC2 212 -0.75 042 000 .00 1.47
28|28 117.21 0.21 Q.00 -0.00 070 1.32
29129 117.21 0.21 Q.00 0m -1.09 247 -

The Mask Function

Use this function that masks elements that are not selected to help you
visualizing diagrams.

e Select load combination DLW6 on Activation toolbar.

e Move the structure in a ZY view (select the Camera function or click icon

e8],
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Two-Storied Building

e Activate the Restricted Window selection mode.

e Seclect members located on axis 2 (draw a window with the cursor, as shown
below).

5 ] it
® o ®
e Activate the Mask function by doing one of the following:

+ Click this icon ;

+ Go to View / Mask;
+ Use the short-cut key M.

e Move the structure in a XY view.

Deflections on weak axis, u, are the following:

il
Y
3.88 1.98

[ s

HiN .

] (]

2.09 1.248
: o2
u] -l
1= [
}{r

- Combinaison : DLW6
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Bending moments on weak axis, My, are:

J
Y
203 1.71 -0.61
o S S
& @ Sk
1 1 .h L\.
@ 5 S
e 0.97 L8235 3
w wr rJ
= ) =
w LJE N
=1 . - . b
> = &
o= - e
(7] [us} ]
[} — n

F—

X
- Combinaison : DLWé

e Unmask the structure by clicking this icon .

Envelope Results

e Activate the Envelope mode on Activation toolbar and select the Ultimate
Envelope.

¢ Go to Results / Envelope and select one of available spreadsheets.

Support Reactions Spreadsheet & Critical Load combinations

143 Humber ¥alue Load Combination Rx Ry Rz Mx My Mz
kM kM kN kN.m kN.m kM.m
65 JEEO lHHMaH Chafd E9.E9 347,82 -0.59 -1.88 -0.00 145,44
66 | bED RaMin | DL1 -0.00 92847 A0.00 0.04 -0.00 0o
67 | bEO Fykax | DL -0.00 928.47 -0.00 0.04 -0.00 0o
68 | bEO Fykdin | Dwd E3.E9 34782 -0.59 -1.88 -0.00 -145.44
69 | bEO Razkax DL2 -0.00 TE2.34 -0.00 0.03 -0.00 0.0
70 | bEO RaMin | D3 E9.E9 513.94 -0.59 -1.87 -0.00 145,44
71 | bED Mutax | DL -0.00 928.47 -0.00 0.04 -0.00 0o
72 | bED MuMin | Diwd E3.E9 34782 0.59 -1.88 -0.00 -145.44
73 | bED Mybdax  DL2 -0.00 TE2.34 -0.00 0.03 -0.00 0o
74 | BEO Mybin | D3 E9.E9 513.94 -0.59 -1.87 -0.00 145,44
79 | bED MaMax | DL -0.00 92847 A0.00 0.04 -0.00 0o
76 | bEO MaMin | Dw'd E3.E9 34782 .59 -1.88 -0.00 -145.44
77
78 | bEO LES] E3.E9 928.47 -0.00 0.04 -0.00 0.0
79 | bEO i -0.00 347,82 -0.59 -1.88 -0.00 145,44
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Non-linear Static Analysis

The non-linear static analysis will consider P-Delta effects due to lateral loads such
as wind loads.

e Rename the file.

e Select Project Configuration of File menu. Then, go to the Analysis tab and
activate a non-linear static analysis. Press OK.

e [Launch the non-linear static analysis.

Comparison - Deflection

We are going to compare the displacements for columns (weak axis, u) located on
axis 2, for load combination DLW6.

A
il
9.61
-159.88
)| ]
[ [ o
ta - N
I o I
3.85
-245
n n 3]
'~4 %] ]
o [ay] o
L L
ik ] — L
— i Lok - -
X

- Load Combination : DLWé6

Deflections (u) on weak axis have almost doubled. (See page 49).

The next example will show you how to design this building with the Steel Design
module.
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Steel Design

EXAMPLE 3

steel Design of a 2-
storied Building
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Steel Design

We will use the previous example and show how to design the building according

to CAN/CSA-S16-01 Standard.

o

Design Criteria

Al

oy CAT

e Activate the Structure mode, the Member element and select all members.

e Click the Properties icon and activate design criteria in the Member tab
of Member Characteristics dialog box. Click OK.

Member Characteristics

tember | Connectionl Composite Beaml Filled HSS I Behaviourl Steel Designl Bolted Connectionl Concrete Designl TinLI_'I

| dentific-ation

MHumber: I

~ Incidence

Mode i I

el Az

MHode j: I

kM

— Geometny
Lenath Local axiz system
|D m f =l
Beta Angle Initial pre-tension

q

— Propertias

I

[7 H55 with 0.9 (45T AS00)

Material

2L or b1 Distance : |'1 0oa mm

Ared:

|

IU rinE
Linear Mass : I|J kai/m

—Fnd Canditinns

L
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Steel Specifications

We will need 2 steel specifications for this design: One for W shapes (beams and
columns) and a second for double steel angles (bracings).

e Go to Structure menu and select Specifications/Steel.

Steel Specifications Spreadsheet

Humber Code Type of analyzis Optimization Shape Cat

14

1 | 516-01-Dezign CAM/CSAST6-01 | Design Area W

2 | S1601-enif. CAMACSA-S1601  Verification Area o

3 | 56-88-Desian CAMN/CSA-SE-B8  Design Area W

4 | SE-38-weErif CAMACSA-SE-38  Werfication Area !

5 | 56-00-Dezign CAMN/CSA-SE-O0 | Design Area W

6 | SE-00-vErif. CAMACSA-SE-00  Verification Araa o

7 | 56-00-Eval CAN/CSA-SE-00 | Bridge Evaluation Area W

8 | 53701-Design CAM/CSAS37-01  Design frea L [b=d]
9 | 53701l CaM/CSASIF0 Verfication Area L [b=d]
10| LRFD-95-Design AISC/LRFD-95 Dezign Area W

11 | LRFD-95-4/&rif. AISCALRFD-35 “Werification Area o

12| A5D-33-Design AISCAASD-39 Deszign frea i

13| &5D-29- el erification Ares Wt

r
m
(e

FI!S1E-D1-Desi§nL | Skl A 160 Design

Add a new specification for double steel angles:

+ Copy the first line (S16-01 Design) and paste it in the bottom of the
spreadsheet. In the Number column, enter S16-Design L. Double-click in
the Shape column and select 2EL (2 Equal Legs) steel angle for bracings.

+ Close the spreadsheet.

Design Groups

We are going to create the following design groups: Edge beams, Central beams,
Corner columns, Inter columns, Central columns, and bracings.

To quickly create design groups, select members that you want to group, and use
the Group function in menu Structure / Groups (short-cut keys are [Ctrl]+G).

Example: Corner columns
e Activate the Restricted Window selection mode.

e Activate the Member element and select columns at the corner of the building,
keeping the [Ctrl] key down while you select each one.

e (o to Structure / Groups / Group or use the short-cut keys [Ctrl]+G.
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e Type in the name of the group and assign specification S16-01-Design to this
group, as shown below.
Group
— Dezcription
MHame Specification Steel
Il:cnmer columnz I 516-01-Design j
— Statiztics on selected members
With Group ID “With o Group |8i
Careel_|
e Press OK.

e Follow the same steps to define other design groups. Don't forget to select
specification S16-01-DesignL for bracings.

e To edit the names of design groups or select another steel specification, open
the Steel Design Groups spreadsheet (Structure / Groups / Steel Members).

Steel Design Groups Spreadsheet

E

Mumber

EI-r ISl A TE RN LS R

Corner columns

[rter columns
Edoe beams
Central beams
Bracings
Central columns

Specification
516-01-Design
S16-01-Design
S16-01-Design
S16-01-Dresign
S16-01-Designl
S16-01-Design

To activate the coloured display of a design group, go to View Options and

activate the Design Group option in Attributes tab. Select a design group in

the drop-down list box.

Steel Design Tab

Specifications are already assigned to members through design groups. Other
design criteria will be specified in the Steel Design tab of Member

Characteristics dialog box.

Beams

e Go to Edit / Select / Beams. Click on the Properties icon and go to the
Steel Design tab.
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+ Specify a continuous lateral support at the top, as shown below, and an
allowable deflection of Lx/360 on strong axis.

¢+ Press OK.

Member Characteristics

Memberl Connectionl Composzite Beaml Filled HS5 I Behaviour Steel Design I Bolted Connectionl Concrete Designl Tin 4 | 4

— Design parameters
Design or werification Specifications

Diesign Group

. =

— Lateral supports to avoid buckling

¥ Hil

¥ Continuous
¥ Continuous

Top of section:

Bottorn of section:

Position of Load:

¥ Wi
¥ Mol

I jv

Cantilever

Fum: I'1 7 Automatic

— Effective Compressive Length

Factor Kx [strong axis]——— [~ Factor Ky [weak axiz)
’7 bl [ Automatic ’7

|-1 [ Automatic bl

r— Factar Kt or Kz

[ Automatic

— Calculation of effective net area, with or withaut reduction

I-'I aono mm

Haole *wfidth :

Alne = Ane x I'I—

— Max. Slenderness
KL/ Max

— Stiffeners/Intermittent Fillers (2L)

Spacing : I"I oao mm [ Ft=0
Factar km: I-‘I

— &llowable Deflection [Lx = strong axiz)

I 1
360 Ly/ |-1

Ls/

—HS55 or Round [Riods] Shape:
7 Axial stress-relieved

o |

Cancel Farapa Helm

Analysis and Design

menu and select Analysis and Design.

Click the Analysis and Design icon of Tools toolbar or go to Analysis

In the Analysis and Design dialog box, press the "Analyse" button. When

design is completed, close the dialog box.

As soon as the design is completed, you will notice that the Steel Design Results

mode El is automatically activated.

58

CivilDesign Inc. Engineering Software



Steel Design

Graphic Results

Display the Members' Coloured Design Loads

e To be able to see the colours for members, disable the display of floor outlines

in the Attributes tab (View Options dialog box).

e Go to the Results tab and activate the Design Load option. Activate the
"Numerical" option to see the design load values on screen.

¥iew Options E

Yiew I .t’-‘-.ttlibutesl Loads  Fesults | FE Fiesultsl Limnits I Cnlnursl

— Supparts —Members
Graphic MHumerical Graphic Wizl
[ R r [T M =l
B N v r
I™ Rz T My 7
[T M r m r
[ by - Mz '
™ Mz = [Tz r
[ Piessure and Capacity [ [ Deflection TRl T
 General [T Stresses r
¥ Legend for Results -
Font... |
— Foundations
[ Geotechrical Design Load
[ Stuctural Design Load
QK I Cancel Apply Hela

Legend

The colours and values composing the legend for design loads are listed in the
Limits tab. You can change the colours by clicking on a coloured square. Limit

values can be modified also.

e To modify the font and style of displayed legend, click the "Font" button.
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Yiew Options E

Wigw I Attributesl Load&l He&ultsl FE Results  Limits |Cn|ours|

— Coloured Legends
— Dezign Load — Matenalz
Limitz %
AO00
O B [ =]
.I 100 .
Mull -
[ [N E
Hull
e [Ny El
Hull hd
[ [y El
| LB =]
I 0
{Hull =l
I 40
|| = B nu -]
20
B |_ B nu =]
il
ok I Cancel I Apply | Hels |

Numerical Results and Design Brief

Numerical results are supplied in the Steel Design Results spreadsheet. It can be
reached in many ways:

e Go to Results / Structure Design / Steel. All members will be part of the
spreadsheet.

e Double click on a member to consult results for this member only.

e Select a few members and press the Properties icon (or use the short-cut keys
[Ctrl] + H). The spreadsheet will include only selected members.

To locate a particular member on screen, highlight its line in the spreadsheet and
close it. The member will be highlighted on your screen. You can also choose
several members in the spreadsheet but lines must be contiguous.

Yellow lines may appear in spreadsheet. They mean that the design is not OK. It
may be the resistance, deflection, or KL/r values. Consult the Results-Resistance
column. If resistance is insufficient, it means that VisualDesign™ have not found a
shape that is resistant enough. Modify the steel specification by choosing another
shape. For example, if a W shape was specified in the specification,
VisualDesign™ has chosen the biggest available shape of this type in the design.
So, you must specify a WWF shape and launch another design.
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Multiple Sorts

When consulting numerical results, we recommend using the Sort function of
contextual menu. VisualDesign allows sorting with a maximum of 5 columns.

Procedure:
e Open the spreadsheet.
e C(Click in any cell, right click, and select the Sort function in contextual menu.

In the Columns dialog box, select the order of columns that will be sorted.
Specify an ascending or descending sort for each column. Click OK.

Steel Design Results Spreadsheet

Humber Group Section Load Com Design Load Code Provision Load Comb.
& MENS MEN Shear
%

1|1 !Edge beariis Sort by columng 425 CSA 51601 1290 oLl -
2|10 Edge beams I—L, & Ascending 80.54 | CS4 51601 13.9.b DL1
3N Central beams | |Broup @ D 76.08 | C54 51601 13.9b DL1
4|1z Edge beams 81.30|CSA S16-01 135 DL1

5 |13 Edge beams | Then this column 58.06 | CSA S16-01 136 DL1

6 |14 Edge beams " Ascending 58.09 CSAS16-01 136 DL
7115 Central beams IDesign Load M¥-} 'I O st 5844 C5A 516-01 136 DL

8 |16 Central beams 58.47 |CSA S16-01 136 DL1

9 |17 Edge beams ; 5319 CSA 51601 13.9.a DL1
10[ 18 Edgebeams | L e colmn & Ascending 5286 CSAS1601129a DL
11]13 Edge beams | v[ : 90.30 | C54 516-01 136 DL1
12|z Edge beams " Descending 75.69 | C5A 51601 136 DLW
13|20 Central beams ; 84.95 | CSA S16-01 136 DL1
142 Edge beams | 1=t this colurin 5 . g1.43 05451601139 | DLI
15|22 Edgobeams | -] i 90.29 | 054 51601 136 bl
16| 23 Central beamsz ¢ Descending 84.97 CSa 51601 136 DLl
17|24 Edge beams 81.29 CSA 51601 13.9.a DL1
18|25 Corner columng Then this column 8326 CSAS1E011381c Dw3

19| Inter Golumns I—L, & Ascending 76.95 C5A S1601 136 o =
|4 " Descending 3

h,ql %l @l Cancel | Cloze |

steel Design Results Spreadsheet

Humber Group Section Load Combination Design Load  Code Provision Load Comb.
58 ME+NF MI-Nf | Mi-Nf Shear
%
14|44 Bracings 2EL7ENFERT.S DL1 8.35 CSAS1E01 1381 D3 -
15|56 Bracings 2EL7En7Ex7.9 DL1 814 CSASTE01 1381 D3
16] 48 Bracings 2EL7Eu7ER7.9 DL1 V.65 CSA4 516011381 D3
17]23 Central beams ' IB0x64 DL1 84.97 CSAS1601136 DLl
18] 20 Central beams 'wi3B0xE4 DL1 84.95 CSAS1601136 DL1 _I
19] 11 Central beams 'w3B0E4 DL1 7E.08 CSA516-01139b DL1
2008 Central beams 'wIE0E4 DL1 7E.06  CSA 516-0113.9b DL1
2114 Central beams ' IE0HE4 DLwS 7382 CSAS1601 136 DLWwE
22|18 Central beams ' IB0x64 DL1 58.47 CSAS1601136 DLl
23115 Central beams 'wiIB0x64 DL1 58.44 CSAS1601136 DL1
2413 Central beams 'w3B0E4 Dwi3 58.13 CSAS1601136 DL1
25129 Central calumns w2503 Dwi3 86.70 CSAS1601136 D4
2638 Central columns ' 26089 w3 4371 CSA S1601 136 D4
27|25 Carmer columng 'w 20052 DLw5 83.26 C5A51601138.1c D3
| 28] 34 Carner columng 200452 DL'wW5 79.72 CSA 51601 138.1c DL1 &
4 3

h.ql %l &l Close |

The design is OK.
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Design Brief

Highlight a line in the spreadsheet to select a member and use the Print Preview

[&
&

icon

icon

Look at member 23°s Design Brief.

to consult the design brief. To directly print it, select a line and click the

¥y Diagram (kN)

4350

AGTE

13543

My Diagram (kN.m})

IWorte add. : Global
3504250

IWorte add. : Global
2.5

[l

=

Iiarte add. : Global
1250

¥x Diagram (kN)

L

Iiarte add. : Global
-{3.501250

Iiarte add. : Global

TN

[3] Load Combination:L?

Strong Axis Deflection {mm)

00

Weak Axis Deflection (mm)

1250
Nz Diagram (kN) |
Iiorte add. : Global
-14.40
550 5550 Wive : Global
[2] Load Combination:DL1 sl
VyDiagram (kK) \ ive - Glokal
13513 1440
W‘Aﬁj Yive : Global
el -14.40
Vx Diagram (KN) ]
Yive : Global
Vive : Global
Tz Diagram (kN.m) | a0
[
Wive : Global

Date : 2005-01-19
All rights reserved

Material Properties G40.210-3 504/

E hodulug = 200000.00 MPa,  Fy = 350,00 MPa, Fu=450.00 MPa
Maximum factored forces goveming the design of the member

[1] Combined Forces - Load Combination:DL1 : 1.25D+1.50Lx

For basic orthogonal axes system
M =-254. 41 kN, Wiy =-167.61 kN, Wy =005 kNrm, Wz =001kN
Niz = -65 50 kN (cornpression), Tiz =000 kNm

[2] Shear - Load Combination:DL1 : 1.25D +1.50Lx

For basic orthogonal axes system
Why =-167.61 kN, ¥h=001kN, Tz=000 kNm

The member is in compression
Shapeisofclass 1
KLk {max)= 47.3< 200 Ok

Mr values with and without lateral huckling
M (Lu=07 = 35910 kNm, Fbc(Lu>0]= 29927 kN, Lux=700m, w2x=200
Wby (Lu=0) = 89.46 kM., Mby(LL=0)= 89.46 kN, Luy=0.00m, w2y =100

Analysis includes non linear effects PA and P53 (U1x=U1y=1.0)

Clause 13.8.2 a)
CHCr +0.35 Wheline + 080 MMy <= 1.0 (nithout [ateral buckling)

e gt | Design Brief Project No
Mame of Project:
Member: 23 Group : Central beams Check by
) Prepared by : Date
[1] Load Combination:DL1
Mx Diagram (kN.m) Load Case (kNim), {kN) Caleulatian of eapacity for shape VW/360x64 according to CANICSA $16.1-84 Standard
2 o o 0% Shape Properties WIE0x64
= 17800 106mmd, Iy = 1830 10efrrmd, J=0.44 10e6mmd, Cw =524.00 10e9mme
Marte : Global Area=E140 00 mm?  Met Area= 314000 e Length - 700 m
15226

€5 50/2664.10 kN +0.85 254 11353 10 kN.m +0.60 0058346 kNm=6274% <=10 0k

Clause 13.8.2 ¢)
CHGr +0.35 MbeMne + 080 Miyfby <= 1.0 (Mry withoutlateral buckling, Gr=Cry)

65500256410 kN +0.85 254111239 27 kN.m +0.60 0055346 kNm=7476% <= 10 0k

Axial compressive resistance only (13.3.1)
CHGr == 10 (with KUrmazx)
G5.50211397 kN =308% <=100k

Biaxial bending (13.5, 13.5,13.8.2)
M +hfy/hby <= 1.0 (uith lateral buckling)
254 1123327 kM +0.05/83 46 kNm =§497 % <=100k

Clause 13.4.1.1
Wiy +Tiz/Trz (including torsional effect)
167 61055543 kN =30.17% <=1.0 Ok

Clause 13.4.1.1
Whe'viry +Tiz/Trz (ncluding torsional effect)
0.01759.36 kN +0.008 T4 kNm =0.00% <=1.00k

Checking the deflection on strong axis
Length considered (3286 36) / Deflecton (286 mm) = 1148 : LM 148 <= LaB60 Ok
Iz min= 55.79 10eérmmd

Limit States : Sufficient, Under service loads: Ok

File : C:A\Guide_version2MFrancaisiDesign acienBatimentiModel_2&tages_designl vd1

Page 1
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Member Internal Forces and Deflections

To look at a member forces and deflections, highlight the line in the spreadsheet

and click on this icon h‘q Do not forget that results correspond to the most critical
load combination, in our case: DL1.

Internal Forces and Deflections Spreadsheet {DL1)

1 Number Shape Position Bending Mx Shear ¥y Bending My Axial Nz Strong axis v Axial w
m kHN.m kN kN.m kN mm mm
1§23 !\-\-"350354 000 -254.11 167 E1 0.05 -65.50 -3.26 004 |
2123 " 360464 070 -138.25 -160.99 0.05 -65.50 -5.39 0.07
3123 " 360464 1.40 -31.15 14224 0.04 -65.50 -3.46 010
4123 360464 210 58.61 41134 0.04 -65.50 -13.90 013
L s " 360464 2.80 122.42 6831 0.03 -65.50 -17.40 015
b |23 " 360464 350 152.26 16,24 0.03 -65.50 -19.02 018
7123 " 360464 4.20 145,22 35.83 0.0z -65.50 -18.32 -0.21
8123 " 360464 41490 104.18 78.87 0.0z -65.50 1541 0.24
9123 " 360464 5.E0 3715 109.76 0.0 -65.50 1092 0.27
10| 23 " 360464 £.30 -47.28 12852 0.0 -65.50 -5.82 -0.30
1123 ' 36064 7.00 -140.56 13513 -0.00 -E65.50 -1.36 0,32

Load Combination Results

Load Combination DWL6

Display deflections on weak axis, u, and bending moments on weak axis, My, for
elements located on axis 2 and compare with the results that we obtained from non-
linear static analysis (page 51).

Deflections on weak axis for Axis 2:

'Y
| 1.63
-0.69
] 1 LI]"I
L o &
ml T —| T ol T
w ux] -
| 1.00
-0 .46
oo [oh) o
T T Lt
- 5] -
1 h — 1
— % = -
X

- Load Combination : DLW6
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Bending moments on weak axis, for axis 2:

-3.15 | 362 ,-2.34 |
T 1 |
@ & n
—_ [l —_
- Ch =

L5°4C

L
BE 79
[mn}
ra
]
[An )}
LA
B0 G-
[}
25 92-

L1101
LO'S0L
I
09'6E
=TT |

LTG0k
ECLLLE-
95 96-

T
=

_ A -
- Load Combination : DLW6
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EXAMPLE 4
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Composite Beams

Basic Principles

Project Configuration

If composite beams are not shored during construction, you must define
construction stages in the Composite Beam tab of Project Configuration dialog
box if you own the Steel Design module. If not, composite beams will be
considered as shored.

Creating a Slab

Create a slab in the Slabs spreadsheet (Structure menu).

Defining a Member As Composite Beam

Open the Member Characteristics dialog box. Activate design criteria and choose
option Composite Beam in the "Composition" field. Then, select the Composite
Beam tab and specify the composite slab parameters.

If you want to get stresses on other points on the beam, press the button "Extra
Calculation — Stresses" and indicate the location of these points. The results at
these points will be available in Results / Load Combinations / Stresses —
Composite Beams after the design is completed.

Load Cases

Define one load case per construction stage. Add other load cases if necessary.

Load Combinations

Define a load combination per construction stage in the Load Combination
Definition spreadsheet and indicate the stage number in the appropriate cell. These
load combinations must have an appropriate status such as Service.

Use the Load Combination Generation Wizard to create all required load
combinations according to selected code.

If you want to obtain graphic results for load combinations other than construction
stages, select a Service or ULS no 1 (CAN/CSA-S6-00) for these.
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Graphic Results for Composite Beams (Beams Not Shored)

When the steel design is completed, go to Results / Load Combinations / Stresses
— Composite Beams.

Stresses in Composite Beams (Shored)

The spreadsheet Variation of Stresses in Member, which is available in menu
Results / Envelope, is only valid for composite beams with no construction stages.
Stresses are calculated for the steel shape only, none for the slab.
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Project Configuration

Project

A composite beam of 20 meters long will be designed according to code CAN/CSA-
S6-00. This beam will not be shored during construction so we will define proper
construction stages.

Load cases are: The concrete slab, bitumen, and new jerseys. Moving loads will
also be applied.

This simple model will look like this:

[

Tl

Project Configuration

¢ Go to File menu and select Project Configuration. Define construction stages
in the Composite Beam tab, as shown in the figure below.

Stage 1 represents the dead load of the steel beam. Stage 2 represents the
casting of the slab; Stage 6, the dead load of wearing surface; and stage7, the
dead load of new jerseys.

This composite beam is part of a bridge and we will keep the default values
entered in section Bridge Design — Fatigue in Studs.
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Project Configuration

<l

r
r
I

I BN

Awie||i
L

e Press OK to save data and exit the dialog box.
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Moving Load Cases

e Go to Loads / Moving Load Cases / Definition and select the CL-625-25
moving load. The second line corresponds to the fatigue case: The overload is
not considered.

Moving Load Cases

Cases | Muoving Load Cazes Components I

Humber Truck Enwvelope Moving Load Axiz | Traffic DLA DLA Add
2 on axis [Truck]) ([Truck/Lane) Owverload
1 JCL-EZ5-25 ![2D]—CL1-E25-25 Truck : L1 Az 1 R 025 n.an [#]
2| CL-E25-25 F [2D)-CL1-B25-25 Truck : L2 Az 1 rr kg 025 0.00 L1

e In the Components tab, the factor that will be applied to punctual loads and
overload is equal to 1.0.

Moving Load Cases

Cazes Moving Load Cazes Components |

1 Factor Offset
CL-B25-25 F m

1 1.00] 000 =

2 —

e Open the 2D Axles Factors spreadsheet (Loads / 2D Dynamic Allowance
factors). All factors will be equal to 1.0 for spans and supports.

2D Axle Factors

Span | Support I
Mumber 2Lanezor + Zlanesor+ 2 Llanes or+ 2 Lanes or + 2 lanes or +
1 Mx + Mx - Yy My, Vx, Nz, Tz Dizplac.
|1 1 | 1.00 1.00 1.00 1.00 1.00

2D Axle Factors

Span I Suppart I

Single lane  Single lane | Single lane Single Lane | Single Lane
1 Mx+ M x- Yy My ¥x Nz Tz Displac.
‘1 1.00 1.00 1.00 1.00 1.00 o
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2D Axle Factors

Span  Support |
Number ZLanesor +| 2 Lanes or + Single Lane 5ingle Lane
1 Moment Reaction Moment Reaction
|1 1 1 1.00 1.00 1.00 1.00 -
Notes:

The 2D axle factors specified for spans must be assigned to the beam through the
Member Characteristics dialog box, as you will see further on.

The 2D axle factors specified for supports must be assigned to supports through the
Supports tab of Node Characteristics dialog box
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Modelling

Nodes

e Activate the Structure mode and the Node icon. Open the Nodes spreadsheet
through the Structure menu. Add two lines, enter nodes coordinates and
choose option Support as type of nodes.

Modes Spreadsheet

7 Humber Type Coord. X Coord. ¥ Coord. 2| ID Master Ho.
m m m
1]a40 Suppaort 0.on 0.00 0.00 1]
2| bA0 Suppart 2000 .00 0.00 1]
3
Member

e To create the member, activate the Member icon il and the Add mode il
Click on the first node (i) and the end node (j). The Member Characteristics
dialog box will appear on screen.

Member Charactenstics

Merber I Connectionl Composite Beaml Steel Designl Bolted Connectionl Evalualionl

— ldentification

Mumber: Im

Made i:

~Incidence
Iar’-‘«D

lrweert Mode i <-> Mode | |

— Propertie

I IWE1 0x155

[ | HE 5 it SE [ STk 0]

b aterial :

|3EDGMMT£AT 'l

Mode | : IhﬂD
2L or b1 Distance : IlJ mm
— Geometry
Length Local Axiz System Mea: I‘I 9700 e
I m ¥
2 I Otthoganal J Linear Mass : I'I 54.65 kasm
Beta Angle Iritial Pre-tension
Iu ® ID kN ¥ Activate Design Criteria
Usage : Standard hd
~ End Contion 3 I =
Composition : i A
Bending M= : | g--meem o | Torsion Mz : s ICOI‘I‘lDOSIlE Beam J
EBiehaviour : Standard ~
Bending My : | g--men o | Awial Fz: |<->[ F-» vl Ehaviaur I anaar J
— Moving Load Analysi: — Effective stiffness
Moving Load Axis 20 Axle Factors: Inertia Torsion Axial
s =D = 1 1
QK I Cancel | Ay | Helm
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e Seclect a preliminary steel shape and a steel grade. The member end conditions
are hinged. Select option Composite Beam in the "Composition" field. Activate

design criteria.

e In the "Moving Load Analysis" section, select Axis 1 and the 2D axle factors

for spans. Press OK.

N. B. To learn more about moving load analysis and 2D axle factors, refer to
examples included further on in this document.

Member Characteristics
termber | Connectionl Composite Beaml Steel Designl Buolted Connectionl Evaluationl
— |dentification — Propertie:
Mumber: lm T [[w&104155
r~ Incidence 1= HES ity O)SE (ST 5]
MNode i : IaAD |
Invert Mode i <-» Node | il -
Nodei: R0 Material |306wwTaT =]
2L or b1 Distance : IlJ mm
— Geomety
Length Local Axis System Area: I‘I 9700 E
I m -
2 IDrthogonaI J Linear Mass ; I'I 54.65 kadm
Beta Angle Initial Pre-tension
ID - ID kN W Activate Design Criteria
Usage Standard =
r— End Conditions I J
Composition : C ite B h
Bending M : Toarsion Mz : 4 I SMROSIE ZEam J
Behawiour : Standard A
Bending by Amial Fz |<->[ <= 'I EHEvISUT I Ansar J
— Moving Load Analysi — Effective stiffness
toving Load dxis 20 Axle Factars: Ihertia Toarsion izl
s 1 = = 1 |1
Qk, I Cancel | Sppli | HEl
e Press OK.

e Activate the Restricted Window selection mode to exit the Add mode.

Supports

e Activate the Support icon. Select the two supports and press the Properties
icon to open the Node Characteristics dialog box. Define the support
restraints and select 2D axle factors for supports. Press OK.
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Mode Characteristics BE

Suppart |
— Restraints and stiffnesses
Dizplacements Release——— [~ Fotations
Conditions kM/mm | | ¥ Imactive if relzased Conditions kM.m/rad
R |Fied j|n MW s | Fived =] ID
Ry [Fired | M [+] ¥ [] My [ Fised 3|
Rz [Fired |k M [+ M [ Mz Fired =1
— Foundation Model — Suppaort orientation

Model’s name : I j' ml Orientation Vectors [« v, 2)
Stratigraphical Profile: I N I Profile... | |2 |2 |2

Tributarny Area: I'1 1R Oriented from node:
r— For Maoving Load Analysiz I

2D Awle Factors: | | Fetationange:  |540

r— Position for the design of sections

[ Support centred on section axis

0K I Cancel o o Help

Slab

Slabz Spreadsheet

Go to Structure / Slabs. Insert a line and enter the slab dimension and other
parameters. This slab will be selected further on when defining the composite
beam.

1 MNumber Steel deck  Direction tc hd to | Rebar, top
mm mm mm
|} HES i Ml Perpendicular 200.00 0.00 20000 156 :I
2
Slabsz Spreadsheet
1 s, top d. top Rebar, bot. %, bot. d. bottom M atenal Maternal
mm mm mm mm | Rebar Concrete
| 1 200.00 167.00  15M 300.00 167.00 | 530.18-400R Conl30 :I
=

Press the control key F1 when a spreadsheet is open. It will open the On-Line Help
right at this topic. It is useful to look at the definition of parameters included in
spreadsheets.
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Defining the Composite Beam

Beam tab.

e Select the slab that you created a

Activate the member icon and double click on the beam. Go to the Composite

nd choose a stud among the drop-down list

box. Enter effective and actual widths of slab. By default, the shear connectors
located between the point of maximum and zero bending moments are 100%

effective.

Activate the option that considers the transformed-section properties for

analysis: Use composite properties for analysis.

e (lose the dialog box.

Member Characteriztics

Memberl Connection  Composite Beam |Steel Designl
— Composzite zection

Enter the stage number where composite effects will be effective.

Baolted Connection I Ealuation I

Slab: [EE]

i b2

Stud: |Meilson 22mm

bl:bEffective: [2400
b2: Actual b IW

s oo

MNo.of Studs # Row: |2—

[ _Add the dead load of the slab
¥ Jse composite properties for analysis
[ Conzider reinfarcement far bf -

[" Conzider reinfarcement far MF +

[

mm =4

i wh T

#

Strong aws end conditions - Stage | o5
I jv

Effective Composite Section at Stage -]

F

Extra Calculations - Stresses. |

— Froperties of Transformed Section

Meutral Asis: IIn the: slab
_||,|t : |1 9553 i
_||,|h : |B1 .47 mim

Es/Ec: I?-5 Linear Mass : |154-55 ka/m Sufsh]: |'5123-35 1Fmne

I4: |35?5-5 10eBmmd Sufct] - I‘lT"'EF"E'-E 1Fmm
iE |443-33 10eBmmd Sufch] : I'-_"'55488 1Fmm
& |82151-5 e Sufst]: I'?55494 1Fmne

(0] 4 I Cancel | Spply | HElm
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Options:

Add the dead load of the slab: Do not activate this option when you have
construction stages.

Consider Reinforcement for Mfx - or Mfx +: Activate the option to consider the
slab reinforcement in the zone of negative or positive bending moment. The
position of neutral axis will be calculated as a result.

Extra Calculations — Stresses: This function opens a tool that allows defining
other points on the steel beam, where stress calculations are required.

Properties of the Transformed-section

Open the Members spreadsheet and consult the transformed-section properties that
will be used to calculate short-term and long-term deformations, considering ratios
"n" (where n = Es/Ec) that were specified in the Composite Beam tab of Project
Configuration. Default values are n=1 for short-term and n=3 for long-term. These
default values are also used for those not owning the Steel Design module.

Short-term

Members Spreadsheet

Memberl Connectionl Composzite Beam  Composite Beam for Short-term I Composzite Beam for Long-terml Filled HSS I Behaviourl Steel Designl Bolted Con_4

1 Composition Meutral Axis pt yvb EsfEc I J Area Sx[ct) Sx[ch) Sufst) SH(sh)

mm mm 10e6mm4 10e6mm4 mn? 1 Fm* . 1Fond | 1Fmw? 1 Fmm?

| 1| Composite Beam | Below slab | 251.92 | 591.08 7H  BF7138 45728 10299040 2803557 10378271 10378273 -12039.97
Long-term

Members Spreadsheet

Memberl Conneclionl Compasite Beaml Composite Beam far Short-term  Compozite Beam for Long-term | Fill=d HSSI Behaviourl Steel Designl Balted Co 4

1 Composition Meutral Axis pt yb EsfEc Iz J Area Sxlct) Sx(cb) Sulst) Sulsb)
mm mm 10e6mm4 10e6mmd mn 1 FPm? 1Fm® . 1Fmm’ | 1FPmm?

|1 Compasite Beamn | Below slab | 37611 476.89 225 B032.08 163.03 BO336.80 1308576 2745934 2745335 -10363.32
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Design Criteria and Specifications

Steel Specifications

e (o to Structure / Specifications / Steel and consult default values used in the
S6-00-Design steel specification.

The Steel Design tab

e Go back to the Member Characteristics dialog box (double click on the
beam) and select the Steel Design tab. Select specification S6-00-Design
among the drop-down list box. Specify a continuous lateral support at the top
of the steel section.

Member Characteristics E4

Memberl Eonnectionl Composite Beam  Steel Design | Bolted Connectionl Evaluationl

— Design parameters
Design or werification Specifications Desgign Group

g2 =1 e

Design

5 5-00-0 esign

— Support definition for bending - Laterally Supported Members

Tap of Sectiar: I ol ¥ Cantinuaus I e Cantilewver INot applicable j
Bottam of Section: v Naol [ Continuous v Maod
Position of Laad: ICentre =] K - |2.5 [V Auto
— Effective Compressive Length
Factor Kx [strong asis)]——————— —Factor Ky [weak asig]———— ~FactorKtor Kz
’7|1 v Auto ’7|1 v Auto I'I v Auto
- Calculation of effective net area, with or without reduction——————————————————— 1~ Max. Slendemess
Hole Wwiidth : IU i A'ne = Ane x |'| kLA Max 200
r— Stiffenersdntermittent Fillers [2L) —Allowable Deflection [Ls = stong awis)
Spacing : ID mmm [ Ft=0 L/ ID Ly / IU
: —HS5 or Round [Fliods] Shapes
Factor kn: I'I
™| fvisl stiess relieved

QK I Cancel Lppl HEel

e Press OK to save data and exit the dialog box.
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Load Cases and Combinations

Load Cases

e Go to Loads / Load Cases / Definition. Insert lines and define load case titles
and types according to standard S6-00. The "Stage" column will be completed
after the analysis to inform the engineer about the stage where the load case
was used.

Loads Defimtion

Load Caze |D_l,lnamiu:| lce |

MNumber Type Family Stage Tributary Area Tributary Area A
4 Reduction Overload
kPa
1| Dead [D1] Frefab Components | M/ 0 Hone Q.00 =
2| 5lab [DZ] Cast Concrete M 0 Mone Q.00 (I
3| Biturnen D3] Wearing Surface [RE) 0 MHone Q.00
4 | Newlersey [[DZ2] Cast Concrete [LES 0| Hane 0.00
e Press OK.

e Apply load cases on the beam.

Load Combinations (Stages)

e Go to Loads / Load Combinations / Definition. Insert four lines; each one
will represent a construction stage. Select a Construction Stage status and
indicate the stage number in the "Stage" cell.
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Load Combinations

Load Combinationz | Load Factors |

4 Mumber Status Dehnition Stage
1| Stage 1 Conzstruction Stage Stage 1 1
2 | Stage 2 Construction Stage Stage 2 2
3 | Stage B Conztruction Stage Stage B E
4 | Stage 7 Analvsis tio desian | 5tage 7 a
5 [#- Mo code -~

-- MEC-95 LS
-- MEBC-95 WaD
El Cfﬁ.N,I'CSF'.—SEu—DD i

e (o to the Load Factors tab. Highlight a load combination in the left part of the
dialog box and insert a line in the right part. Select the proper load case in the
"Load Case" column. The load factor must be equal to 1.0 (service loads). Do
the same for each construction stage load combination.

Load Combinations

Load Combinations ~ Load Factors |

Load Load Case
Stage 2 : Stage 2 1 Factor

Stage B: Stage B
Stage ¥ : Stage ¥

1 1.00 | Bitumer ;Il -
Biturnen al

EreeEa’Shrinkaie —

MHewlersey
Preztrezzing o
@eismic CEO1

Load Combinations

Load Combination:  Load Factars |

Load | Load Case

age 1 Factor
Stage 6: Stage B

Stage 7: Stage ¥ |-|

1.0005lab -

Load Combinations

Load Combinations  Load Factors |

Stage 1: Stage 1 Load Load Case
Factor

1.00 ] Biturnen “
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Load Combinations

Load Combination:  Load Factors |

: Stage 1 Load | Load Case
: Stage 2 1 Factor
: Stage B
Lo atage d 1 1.00 I MNewlersey -

e Press OK.

We are going to use the Load Combination Generation Wizard to create other

load combinations that are required per code S6-00.

Load Combination Generation Wizard

e Go to Loads / Load Combinations / Generation Wizard.

e In the General Options page, select a code among the drop-down list box.
Activate option Add generated load combinations to existing ones to avoid the
deletion of construction stage load combinations. Activate the generation of

envelopes.

Generation of Load Combinations - General Options

Specification
’V Code:

— Load Combinations to be Generated

[™ Generate an unfactored load combination per load case
[~ Generate with seizmic loads acting towards the positive dirsction anly

[~ Mazs

— Particular load cazes to include

" Time History Envelopes

Et:~ el Bl

Spectral Envelopes
’7 EOT E0[" E0z™ ™ MoreLinear Time History Ervelope (Ebril]

— Generation Option:
& Add generated lnad combinations to existing ones

" Delete load combinations except those edited by user
™ Delete all previous lnad combinations

— Envelopes to be Generated

¥ Generate an envelope per type of load combination

< Back I Mest > I

Cancel

Helm

o (Click "Next".
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e In the Specific Options page, include the moving load envelopes in the
generation by checking the box Moving load Envelope.

Generation of Load Combinations - Specific Options

— Specification
Code: CAMAC5A-5E-00 [Canada) j
24 Load Factors Value Default ‘
1 Jalpha D1 ULS Min: Min. permanent loads | 09 0495 =
2 | Alpha D7 ULS Max Max. permanent loads 1.10 1.10 .
3 | Alpha D2 ULS Min: Mikh. cast concrete 0.90 090
4 | Alpha 02 ULS Maw: Max. cast concrete 1.20 1.20
5 | Alpha D3 ULS Min: Min. wearing surface 0.65 0.E5
B | Alpha D3 ULS Max: Mas. wearing suface 1.50 1.50
7 | Alpha Dd ULS Min : Min. backfil 0.80 0.80 hd
r— Load Combinations to be Generated
¥ ULSL no1 [D+E+P+L) ¥ ULSL o7 [D+E +P+id+d)
¥ ULSL no.2 ([D+E+P+L+K) [V ULSL no.8 [D+E+P+H)
[ ULSL o3 [D+E +P+L K44 ¥ ULSL no.9 [D+E+P)
[V ULSL no. 4 [D+E+P+K+4) [V FLS no.1 [D+E +P+L)
¥ ULSL no5 [D+E+P+EQ) [¥ ULST nod [D+E+P+L+k+5)
¥ ULSL oG [D+E+P+F) ¥ ULST no2 (L)

Particular load cases ta include

(IF Moving load Envelope [Lrn]-] { Mo, Load Envelopes...l

™ Prestiessing and shrinkage/creep
[ Combine Seismic Ervelopes :100% + 30%

Bridge Evaluation |

< Back I Mest > I Cancel | Helm |

e Press the button Moving Load Envelopes to open the spreadsheet Definition
of Moving Load Envelopes. Click in a cell, right click to open the contextual
menu and select the function Select a Code.

Definition of Moving Load Envelopes

Humber To be analysed 2D Axle ULs FL5| 5L5no1 5LS no 2
10 Factors
to be used

1 | Lm0O1 i I:mlnlqn T T 1 al L]
2 | LmO2 B Select a Code. .. ] o
i tzgi H hianae Liks: .. } H
5 | Lmis L] fnid ] (]
6 | LmOB L] Calumn width. .. ] L]
7 | L7 L] fntmmirnberinm ] L]

e Select the code to be considered for the generation of moving load cases and
press the "Reinitialize" button.
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Selection of Code
Code: [ CaN/C5A-56-00 (Canadal =]
warning:

The definition of moving load enveloppes iz dependent upon
chozen code.

Cancel |

e The spreadsheet appears with default values (2D axle factors and required load
combinations) that are based on code S6-00.

Definition of Moving Load Envelopes

Humber To be analyzed | 2D Axle ULs FLS SLSnol1 5LS no2
10 Factors
to be uzed
1 | Lm0 i 2 lanes or + [=] L] [w] L]
2 | Lm02 ] 5 I5ingle lane L] [¥] LI [¥]
3 | Lm03 L] 2 lanes or + L] L] L] L]
4 | Lm04 L] 2 lanes or + L] L] L] L]

e Activate the basic envelopes Lm0l and Lm02 and press OK to exit the

spreadsheet. You will come back to the Specific Options page. Click the Next
button.

Generation of Load Combinations - Selections

Load combinations to be Generated:
=l [2]

{0 e 0.95D+1.700m
- Max

f@ 1.100+1. 70LmiN
E-@ULE S [2]
Bl Min
- Max

E‘ 1.350
E-EFLS T [1]
- @ 1.000+1.00Lm02
@ 5L5_1_ [1]
- L@ 1.00D+0.90Lm01
E-@5L5_2 (1]
Lo 0.90Lm02

Load cases aliases

= Bitumen
=Dead

= Mevulerzey
=5lab

oo

< Back I Finizh I Cancel HelR
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e Press Finish. The Load Combination Definition spreadsheet will be displayed
on screen.

Load Combinations

Load Combinations I Load Factors I

11 Humber Status Definition Stage
1 JStage 1 Construction Stage Stage 1 1
2 | Stage 2 Construction Stage Stage 2 2
3 | Stage € Construction Stage Stage B g
4 | Stage 7 Construction Stage Stage 7 7
5 | ULS 1:max2 LS 1 1.100+1.70Lm01 i
6 | ULS 1:minl LS 1 0.950+1.70Lm01 i
7 | ULS 3:maxd ULs 9 1.350 i
8 | ULS S:min3 ULs 9 1.350 i
9 |FL5 15 FLS 1 1.000+1.00Lm02 i
10|5L5_1.6 SLS1 1.000+0,90Lm1 i
11|55 2. 7 5LS 2 0,90Lm02 ]

Graphic results for composite beams (Results / Load Combination / Stresses —
Composite Beams) will be available for load combinations that have a status such
as Construction Stages and SLS I (Serviceability Limits States) only.

Add "Special" Load Combinations

If you want to obtain steel design results for each construction stage, you can do as
follows:

e Copy construction stage load combinations along with load factors using the
Duplicate function available in the contextual menu. The duplicated lines will
be inserted at the end of the spreadsheet. Change the names and modify
statuses to Ultimate. Do not delete stage numbers.

Load Combinations

Laad Combinatians | Load Factors I

15 Humber Status Definition Stage D
1 | Stage1 Conztruction Stage Stage 1 1

2 | Stage £ Conztiuction Stage Stage £ 2

3 | Stagek Conzstruction Stage Stage B [

4 | Stage 7 Construction Stage Stage 7 7

5 | ULS T:max2 LS 1 1.100+1.70LmO1 i

6 | ULS 1:mind LS 1 0.950+1.70LmO1 i

7 | ULS Smaxd LS 9 1.350 i

8 | ULS S:min3 LS 9 1.350 i

9 |FL5 15 FLS 1 1.000+1.00Lm02 i
10| 5L5_1_6 SLS1 1.000+0.90Lm01 i
11515 2.7 5.5 2 0.90Lm02 i

124 Stage 1_deszign ltirnate Stage 1 1

13| Stage 2_design Ultimate Stage 2 2

14| Stage B _design |ltirmate Stage B [

19| Stage 7 desiogn | Ulkimate IStage 7 7
16 d

e C(Close the dialog box.
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Analysis and Results

Design

e Launch the steel design by pressing the icon of Tools toolbar. Click on the
"Analyse" button posted in the Analysis and Design dialog box. When the
design is completed, close the dialog box.

The Design Results icon EI is automatically activated when the design results are
available. Click on the arrow on Activation toolbar. You will find the "Standard"
steel design results, obtained from ultimate load combinations, and special steel
design results for construction stages.

;ﬁ File Edit “iew Comman  Structure  Loads  analysis

D] =2 <« SR 2l &8

IStandard j J._,!. | b % HlF IE

Stage 1: Steel Frame
Stage 2 Casting Sequence a

| Stage B: Ewxtra Dead Loads D
Stage ¥ Extra Dead Loads D2

Steel Design Results Spreadsheet

Standard

e Open the View Options dialog box by pressing icon il of View toolbar.
Display the beam's design load through the Results tab. We can see that the
beam is working at about 90% and 100% of its capacity.

e Open the spreadsheet by double clicking on the beam. The chosen steel shape
is W610x307.
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Section

Load Combination

Design Load Code Provision

Steel Design Results Spreadsheet
Number i

Load Comb. Design Load Code Provision
MF+NF ME-MF | ME-Nf Shear Shear Shear
b4 %
1| ad0x WwE104307  JULS 1:masz 1 (_36.19)56-00 10.8.3a ULS 1:maw2 40.45 | 56-00101051 -
2

4

b B[R

Do not forget that results are supplied for the most critical load combination, which

controlled the design for this member. At the far right of the spreadsheet, you will
find the required number of studs in the positive bending zone.

Steel Design Results Spreadsheet

Met Area Yix Yiy Trz Results Results Stud (0:M+]  Studs [D:M-)
1 Resistance Deflection
mm? kN kN kHN.m
1 33100.00] 3886.52 ZYBR.68 100000000 5ufficient nta ( £4 5 0=
2 et
|4

b B 3

Construction Stage

e Seclect a construction stage load combination on Activation toolbar and look at

the design load in the steel design results spreadsheet.

Eii*r File Edit “iew Common  Structure  Loads  Analysi

D|@(E| e o] SRl ]| &
Standard e L R o =l

| Standard

Stae 1 Steel Frame
iStage # Cashing Sequence a
U 5tage E E:-ctra Dead Loads D1
Stage 7: Ewtra Dead Load: D2

Steel Design Results Spreadsheet - Stage 2
Mumber

Section Load Combination

Design Load | Code Provizion

Load Comb. Deszign Load Code
Mi+Nf MI-NF MI-MF Shear Shear Shea
— %
1 Jadd=+ 1"/610:307 Stage £_deszign (1 ?.DBJEE-EIEI 10.83a Stage 2_design 4.07 56-00
2
RN

b B2 (]
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Graphical Results (Stresses) for Composite

Beams

e Select the member on screen and go to Results / Load Combinations /
Stresses — Composite Beams.

e Select a serviceability (construction stage or SLS) load combination.

Stresses in Composite Beams

Type of Graphs :

Load Combinatian;

IStresses in Compozite Beam j
[

Stage B

— Deflections

I | kim Deflection
¥ | Filaw, DeflEctian

S5L5_1_6
Stage 1
Stage 2

ISItage 7

e Select a diagram among the list box.

| Stresses in Composite Beams

Type of Graphs :

Load Combinatian;

-]

— Deflections

I | kim Deflection
¥ | Filaw, DeflEctian

Bending Moments
Shear Farces
Deflection
Stresses due to fatigue

Streszes due to fatigus [Others points]

Spacing of Studs

Note: The graphs that include stresses at other points are calculated stresses at other
points on the steel beam. These points are specified by the user through a tool that
is accessible in the Composite Beam tab of the Member Characteristics dialog
box. The tool will be described further on in this example.
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Stresses - Load Combination SLS 1 6:

Streszes in Composite Beam
Tuvpe of Graphs : IStresses in Composite Beam j ¥ Top of Steel Shape (Left]
Load Combination: V¥ Top of Steel Shape [Right]
[V Bottom of Steel Shape [Left]
— Deflection: Force: Other Stresses V¥ Bottom of Steel Shape (Right)
¥ | Ko DEflEction I | Wit Eoree ¥ Eoititid ¥ Faitt 2 ¥ Tap of Slab
¥ | Faw Deflection I | ta7 Foree ¥ Faitit 2 ¥ Faitit 4 IV Bottom of Slab
E=RE- Y=Y =TT
Stresses in the section and in the slab JE——
400.0
300.0 — Sigma Ch
200.0 Sigma sb :
X:10.0, ¥ 270.6 — Sigma St
100.0
§ — Sigma St
= 0o
“ 1000 Sigma Sh
-200.0 Sigma Sh
-300.0
— Max Tensic
-400.0 i i i i ' ' ' ' '
0.0 20 4.0 6.0 5.0 100 120 140 16.0 18.0 200 — Max Comp
Positionm

Curves must be located within the limits of maximum tension and compression
stresses, which are around +/- 300 MPa.

The maximum stress (Sigma Sb) occurs at the bottom flange of the W610x307.
Place your cursor on the curve to display the coordinates. The maximum stress is
equal to 270.6 MPa.
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Stresses due to fatigue:

N. B. At least one "fatigue" envelope or 2 "fatigue" load combinations are required
to obtain such results.

Stresses in Composite Beams

Spacing of Studs

Stresses in Composite Beams

Spacing of Studs

da=AEAA
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Stresses at Other Locations on the Beam

VisualDesign has a tool that consists in calculating stresses anywhere on the steel
shape. Up to four points can be defined by the user. We are going to use this tool,
which is available in the Composite Beam tab of Member Characteristics dialog
box.

Procedure:

e Before activating this tool, we have to take not of the shape dimensions.

e Activate the Structure mode and Member icon and double click on the member
to open the Member Characteristics dialog box.

e Click on the / Beam icon and click on the button "W610x307" to open the

W610x307 dialog box.
ember charactersues
Memnber | Connectionl Composite Beaml Steel Designl Bolted Connectionl Evaluationl
B Identification | Efr_ogertles
E v (T prermaor
O Concrete I | 5 it 1 2 [ ST 0]
M- [E Timber

Material: I 350G /v AT AT 'l

2L ar b1 Distance : i

Area 33100 e

1]

Linear Mazs : 306.54 kg/m

v Activate Design Criteria

Lisage : IStandard j
Compasition : IComposite Beam j
LI .’ ol |Behaviour: [ standard =l

Take note of dimensions d, b, t, and w (653mm, 330mm, 39.9mm, and 22.1mm).
Close the W610x307 dialog box and press the [Cancel] button to close the Shape
selection tree.

We want to get stress results at these points on the beam:

——1
12
154

154

s0f o1
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¢ Go to the Composite Beam tab of Member Characteristics dialog box.

e (Click on the button "Extra Calculations — Stresses".

Member Characteristics E
Memberl Connection  Composite Beam | Steel Designl Bolted Connectinnl Evaluationl
— Composite section
Slab: [=E] - : :? | yrl w2 to
Stud : INeiIson 22mm j : | |4
O N i s e e
b1 : b Effective ; |24E“J mm M = ry
[ | :
b2: Actual b |24DU mm yh T
0 I'IDD # -
Mo of Shuds # Fow: |2 Strong awe end conditians - Stageii e
[ Add the dead load of the slab . . .
Effective Compozite Section at Stage
¥ Usze composite properties for analysis
™ Consider reinforcement if bF - IE
™ Consider reinfarcement if MF + r Extra Calculations - Stresses. . ]
L r
e The following dialog box will appear on screen. Select faces on the beam and
specify the distance to each point with respect to the convention shown in the
right part of the dialog box. Distances can be positive or negative.
Points for the Calculation of Stresses
J
G L
FllM
E A
D B
| |
C
Face Humber Position =
st Pairt I_ 'I |'|54 i
2nd Paint IL 'I |154 M
3rd Pait IM 'I |5':I i
4th Paint Mia hd I':| i
(1]4 I Cancel |
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Click OK to save data and exit the dialog box.
e Launch the design again.

e Select the member and go to Results / Load Combinations / Stresses —
Composite Beams. Sclect the diagram called Stresses in Composite Beam
(Other Points):

Stresses in Composite Beams

Streszes in Composite Beam [Others points) |—
T —.

o T
ek
I
i
i
i

e (Close the dialog box.
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Modelling Tower Legs

We are going to model 3D tower legs as shown in the 2D view below.

Modelling a tower is like any other modelling, except that there are some
particularities that we are going to explain in this example.

First, we are going to model one leg and then, copy and paste it to complete the
final model. Dimensions are as follows (members are subdivided in equal
segments):

111 mm |

.T

NN

10500 mm

| 10252 mm

e Go to Project Configuration and select the Units tab. Expand the Length root
and the Dimensions branch, and activate the mm unit.

e Generate a cube using the Automatic Mesh Generation tool (Structure/Tools
menu). Insert the following coordinates: (-4.0555, 0, -4.0555) in order to
position the centre of tower at (0,0,0).
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Automatic 3D Mesh Generation |

Geornetry | Numl:ueringl iz I -Bmim I E-AniE I b at A Seu:l
— Coardinates aof anigin and ratation
% |-4|355.5 ¥ |n 7 |-4|355.5 m

Angle : I':I *

— Elements to Generate

Members: v
Type of Surface; m
Surfaces Plane: oy CYZ ERE
Base supports: IF'inned j
Generation of elements at supports level |

Freview | Canizel |

e Select the X Axis tab and enter 8111.00 mm as x coordinate.

Automatic 3D Mesh Generation |

Genmetr_l,ll Mumbering  #-duis |"r’-.-’-‘-.:-:is I Z-.-'-‘-.:-:isl kdat / Secl

1 Delta

m
1 a111.0 .
2

] | Preview | Cancel |

e Select the Y Axis tab and enter the y coordinate 10500 mm.
e Select the Z Axis tab and enter 8111 mm as z coordinate.

e (Click OK.
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This is the cube you are going to see on your screen:

e Display node numbers using the View tab of View Options.

e Display the shape outlines and end conditions using the Attributes tab of View
Options.

e Select the horizontal member.
e Split this member in two using function Multiple Split of Split toolbar.

e Keep nodes 9, bB1 and bB0. Delete other nodes.

- bB1

A,

< bBO
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e Double-click on node bBO.

e The Node Characteristics dialog box will appear on your screen. Enter the
following coordinates: (5126, -3000, 5126).

e Add a member between nodes bBO and 9 and insert the following information
in the Member Characteristics dialog box:

Shape: L89X89X7.9
Material: 350G/W/WT/AT

End conditions: Pinned-Pinned

Note: Before splitting a member or using the Copy/Paste function, members must
be well defined (end conditions, shapes, materials, etc.) to keep the properties of
original member after splitting and copying.

e Double-click on the horizontal member and insert parameters as follows:
Shape: L89X89X7.9
Material: 350G/W/WT/AT
End Conditions: Fixed-Pinned
(Make sure that the pinned end is located right, at vertical member level.)
e For the vertical member:
Shape: L152X152X19
Material: 300W/WT
End Conditions: Fixed-Fixed

Before splitting members, it is recommended to correct the beta angle orientation,
if needed.
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Orientation of Beta Angle

e (Create node No.10 at (0,0,0).

bB1

bBO

e Beta angle is very important when modelling towers. It is useful to orient steel
angles for upright and secondary members (bracings).

e Display member numbers.

bB1

bBO
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e Orient member 10’s strong axis towards node bB1 using the Rotate function.

Rotate member
Angle of ratation [a]: I-_9|:| deqre
G ¥
Orientation Mode [M]: IhB1| y \ ’

Ok, I Annuler |

e Orient member bBOY strong axis at 45 degrees relatively to node 10, using the
Rotate function.

Rotate member |
Angle of rotation [a]; |45 degre
X
Orientation Mode [M]; I‘I ] ¥ \ ’

k. I Annuler |

Members are correctly oriented. Steel angles can be oriented according to an
orthogonal axis system or major/minor axis system.

\ - bB1

1/%

\ (=)
£
\ TR

LR =
T,

bBO
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e Split member 9 in two.

e Split member 10 and bBOY in four equal segments.

You will obtain the following structure:

kLB

The numbering of new elements (nodes, members, floors, etc.) is automatic.
However, you can renumber them, as you like.

e Select the Nodes spreadsheet and select the whole Number column. Right click
and select function Auto numbering in the contextual menu. Enter a prefix, a
starting number for numbering and an interval.

Prefis : In—
Starting Mo I'lﬂ—
Interval [
Suff [

(] I Cancel |

e Click OK.
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e Do the same in the Members spreadsheet:

Autonumbering I
Frefis ; IITI
Starting Mo : I'lﬂ
Interal ; |1
Suffix : I

] I Cancel |

e Activate the Add mode and add a member between node 16 and 17 (bracing).

e Insert this information in the dialog box:
Shape: L51X51X4.8
Material: 300W/WT

End Conditions: Pinned-Pinned
e Do the same to create other bracings.

e All secondary members (bracings) are pinned at each end.

niz2

171

n13
M

n1&

N1y

n10

102 CivilDesign Inc. Engineering Software



Advanced Modelling

Use the "Copy/Paste” Function

Create other tower legs with the Copy/Paste function:

Activate the "Extended Window" selection mode and select the whole tower

leg.

Press the short cut keys [Ctrl] + C to copy this selection. The Copy/Paste
dialog will open on screen.

Do a mirror copy relative to the XY plane. Insert the following information in
the Copy/Paste dialog box. Click OK.

Copy/Paste
— Configuration r— In Rotation
" Translation  Rotation % Anglo: ID— .
Separator E4
Fiotation Asiz
~ In Translation ™ e r = =
D IEI mm
Rotation Paint
Dy I“r':“:“:| i ID—
X
Dz [IE00 mm o
T IEI i
Z: IU mhrn
— Mirror
& 2 Plane C YZFlane T ZX Plane MNode: I

Rt | RS

fmEtian:

— Loads on Elements

[ Copy loads on new elements

I ndificatians wil be automatizallsayed. o wil not e &l awed b uee el nde

Canicel |

Press the short cut keys [Ctrl] + V to paste the selection.
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ni

ni3

nig

g

my

i

e Select all.
e Copy the selection ([Ctrl] + C).

e In the Copy/Paste dialog box, activate the "Rotation" configuration. The
rotation axis is Y and the angle is set to 90 degrees.

e Press the short cut keys [Ctrl] + V three times.

e Remove the display of node number in the View Options dialog box.

104 CivilDesign Inc. Engineering Software



Advanced Modelling

e Select an XY view using the Camera function.
e Select top members.

e Mask the rest of the structure using the Mask function.

()

e Select a 45 degrees view.
e Re-number nodes as explained before.

e Activate the Add mode and the Member icon. Add members as indicated in the
figure below:

Define new members properties.

Unmask the rest of the structure.
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Timber Design
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Timber Design

Basic Principles

Timber Properties

Pre-defined materials are listed in the Timber Properties spreadsheet, which is
located in Common / Materials / Timber menu.

Timber Properties Spreadsheet

92 Mumber Classification Grade Species | Available E EDS

Cuts MFPa MPa
10|14 _Mothern_s  Visual Select Morthemn | [&]2«d... 4416 7R00.00 5800.00
11 | V14 _Moarthern_1 WizLal Mo Morthern | [a]2ed. 4416 F000.00 5000.00
12 |14 _Morthern_3 | WVisual Mo.3 Maorthern | [A]2«4.. 4216 B500.00 4000.00
13 |V1B_DFil_c isLal Construction D Fir-L [Bl2sa. 2ad, 4ud 10000.00 BR00.00
14 | V1B_DFirl _st Wigual Standard D FirL [B]2x2, Zxd, 4ud 3000.00 5000.00
15 | W1B_HemFir_c Wizual Constructian Hern-Fir [Bl2x2, 2ud, 4ud 10000.00 E000.00
16 | ¥1B_HemFir_st Vizual Standard Hem-Fir [B]2x2. 2x4, dud 3000.00 5500.00
17 |V1B_SFF_c Wigual Construction 5-PF [B]2n2, 2nd, 4ud 3000.00 5500.00
18 | V1B_SPF_st Wigual Standard 5-P-F [B]2x2, Zxd, 4ud 2000.00 5000.00
19| YV1B_Morthern_c | Wisual Constructian Maorthern | [B]2«2, 204, 4ud B500.00 4000.00
20 | V1B_Morthern_s | Wisual Standard Morthern | [B]2«2, 204, 4ud E000.00 3500.00
21 | VIC_DFirll_ss Wizual Select D FirL [CIE=10, 812, 10x14... 12000.00 2000.00
22 |V1C_DFirl_1 WizLal Mol D FirL [ClE=10, 812, 10x14... 12000.00 8000.00
23 |V1C_DFirl_2 WizLal Mao.2 D FirL [CIE10, 812, 10x14.. 9500.00 E000.00

The following parameters are sometimes confusing, so here is a description of each
of them:

Classification:

The following classifications are included in VisualDesign:

Visual: Visual means that they are visually classified. All species are available.
The letter refers to available cuts, as follows:

A: 2x4...4x16

B: 2x2, 2x4, 4x4

C: 6x10, 8x12, 10x14...

D: 6x6, 6x8, 8x8, 8x10...

MSR: Machine Stress-Rated. The shear resistance, fv, is determined with this
method. All cuts are available.

MEL: Machine Evaluated Lumber. The shear resistance, fv, is determined with this
method. All cuts are available.
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GLT: Glue Laminated Timber. Available species are S-P-F, D Fir-L, and Hem-Fir.
All cuts are available.

Grade:

The grade refers to the quality of the timber, namely Select structural, No.1, No.2,
No.3, Construction and Standard.

Species:

Species refer to the tree species. Four species are available: S-P-F, D Fir-L, Hem-
Fir or North Species.

Nomenclature

The name that appears in the in the Timber Properties spreadsheet is explained
below.

The first term represents the classification, the second term, its species, and the
third, its grade (quality).

Example: V1C Northern_s:

e V: Visual classification (1C indicates that available cuts are 6x10, 8x12,
10x14, etc.);

e Northern: The species is North Species.

e s: The grade is Select Structural.

Shape Designation

Sections are listed in the Rectangular Sections spreadsheet (Common / Shapes)
for timber materials. Shapes beginning with this symbol [] are sawn timber
(standard) sections. Glue laminated sections begin with letters GL.

Rectangular Shapes Spreadsheet

1068 Met!ic _ Impt_erial ] Material Canada US Europe Personal d b

D esignation Designation mm mm
497 (2924334 [N2416 Timber [¥] L1 L] L] 394.00 292.00
498 | 2924445 [M2«18 Timber [«] Ll L] L] 445,00 292.00
499 | []2924495 2420 Timber [¥] L1 L] L] 495,00 292.00
500 | GLB0=38(Z] GLA0x38[2] Timber [«] Ll L] L] 7E.00 80.00
501 | GL80=38(3] GLA0x38[3] Timber [¥] L1 L] L] 114.00 80.00
502 | GLB0x38[4] GLA0x38[4] Timber [«] Ll L] L] 162.00 80.00
503 | GLB0=38(5] GLA0x38[5] Timber [¥] L1 L] L] 130.00 80.00 =

4 3

oK I Cancel
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Glue laminated sections:

A "Glulam" composition is selected for glue-laminated sections. The direction of

laminations is indicated using the member local axes. The numbers of laminations
are also specified.

Rectangular Shapes Spreadsheet

Moz Laminat.

J | Composition Dir_laminations

Perimeter

1055 mim 1Fmm? 10e6mm4 mm
580 E4.95 £252.19 131861  Glulam * Local 13 1438.00
581 E4.95 E733.12 146286 Glulam # Local 14 1514.00
582 E4.95 7214.06 1609.94 | Glulam * Local 15 1550.00
583 £4.95 7E55.00 1755.44  Glulam * Local 16 1EBEE.00

Customized sections

Create your own sections by inserting lines at the end of the spreadsheet. Specify
the dimensions b and d only. If it is a glulam section, the columns shown just above
must also be filled.

Use the same prefix ([ ] or GL) to localize your customized sections into the
Material selection tree. This Material selection tree is accessible through the
Member Characteristics dialog box by pressing the I-Beam Icon.

BS
O Concrete
- ok
B @ Rectangular and Round
[ B Rectangular
E N

o W (292
B0 W 241
ey ik
o W 0140

| »

L275 |
ok | [J8g+a9 | fE— |

Compatibility of Material and Section

VisualDesign does not accept some combinations of material and section. For
example, a GLT type of material must be assigned to glue-laminated sections, as
specified in chapter 6 "Glue-Laminated Timber", Tables 6.2.1 and 6.3. As a result,
if you assigned an incompatible material to a type of section, you will be warn by
VisualDesign and the design will be stopped.
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During the design process, VisualDesign tests the compatibility "material and
section" according to the following:

Classification Compatibility*

Visual A 2x2...2x12, 4x4...4x(All)

Visual B 2x2, 2x3, 2x4, 4x4

Visual C b>=4}2po, d>b+2po (Beam & Stringer)

Visual D b>=4}2po, d<=b+2po (Post & Timber)

MSR Standard sections with b=38mm and d = all dimensions
MEL Standard sections with b=38mm and d = all dimensions
GLT Glue laminated sections only — all dimensions.

* The compatibility is based on the description of materials as defined in the
CAN/CSA-086.1 Standard.

Particular case: VisualC and VisualD Classifications

The compatibility "material and section" is tested. If some sections are
incompatible, a message will be displayed to warn you. There is an exception case
with Visual C and Visual D classifications. In this particular case, VisualDesign
can change the classification C (which was assigned by the user) during the design
process, to a classification D, and vice versa. The specified species is not modified.

Design Criteria

Design criteria are activated in the Member tab of the Member Characteristics
dialog box. Then, the Timber Design tab appears in the dialog box. In this tab, a
specification or design group must be assigned to the member. The species and
grade must be specified for the design. Lateral supports are applied to the member
weak axis. Effective compression length factors can be entered manually.
Otherwise, VisualDesign automatically detects lateral members if the project is in
3D. Bearing conditions are optional. The deflection criteria are specified in this tab.
A "deflection" load combination must be created to consider deflection criteria
during the design.
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Specifications

VisualDesign needs specifications to design elements according to a Standard and a
type of analysis (design or verification), specified shape, type of optimization
(inertia, area, or height), minimum and maximum heights, service conditions (wet,
dry), and treatment (Not treated, Treated incised, Treated and not incised, or treated
with a fire retardant).

Design Groups

Design groups are useful for grouping elements for which you want to obtain
identical sections. A specification must be assigned to a design group. The Timber
Design Groups spreadsheet is located in Structure / Groups / Timber.

Insert lines in this spreadsheet and give a name to each design groups. Then, select
the appropriate specifications. Design groups must then be assigned to members
through the Timber Design tab (Member Characteristics dialog box).

Design groups can be created quickly using the Group function located in the
Structure / Groups menu. Members that are going to be grouped must be selected
first.

Analysis and Design

The timber design is launched by pressing the icon of Tools toolbar. Click on
the "Analyse" button posted in the Analysis and Design dialog box. When the
design is completed, close the dialog box.

The Design Results icon EI is automatically activated when the design results are
available.

Results

View Options

Open the View Options dialog box by pressing icon il of View toolbar. Display
the colour legend and corresponding beam's design load through the Results tab by
activating the option "Design Load". To display numerical data, activate the
"Numerical" option in the same tab.
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The Timber Design Results Spreadsheet

Open the Timber Design Results spreadsheet through Results / Structure Design
/ Timber. To look at results for only one member, double click on it. To look at
results for some members only, select them and press the Properties icon.

A design brief is available for each member by clicking on icons located at the
bottom of the spreadsheet. However, only one design brief at a time can be viewed

[& and printed B

114 CivilDesign Inc. Engineering Software



Timber Design

Design of a Wood Structure

We are going to design a roof composed of sawn timber elements and some
glulams. The design and verification will be done according to CAN/CSA-086.1
Standard.
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Modelling

Please refer to the first examples in this tutorial.

Sections and Materials

Design and Verification:

Assign preliminary sections but make sure that the classification (material) is
compatible with the section dimensions. The section and material compatibility
will be tested during the design process.

New Sections

New sections called MT will be added in the database because the client wants to
use particular glue-laminated sections made up of 1)in laminations. The
availability of other pre-defined glulam will be modified in the database because
we want VisualDesign to choose among the MT sections only during the design
process.

e Go to Common / Shapes and open the Rectangular Sections spreadsheet.

e Insert lines, enter names using the prefix MT and specify dimensions b and d.
Other properties will be automatically calculated. At the right end of the
spreadsheet, set the composition to "Glulam" and specify the laminations
direction and number.

e Uncheck the column "Canada" for glue-laminated sections, except the MT
ones.

Note:

Availability: When the software was installed, we specified Canada as our country,
so VisualDesign looks into the "Canada" column to find available sections during a
design. In our case, only MT glue-laminated sections will be available for the
design.
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Rectangular Shapes Spreadsheet

1118 Mel[ic . Impt_arial . Material Canada US Euwrope Personal _d _b Compositi Dir_laminati Mos. Laminak.

Designation Designation in in
1092 | GL275x19(37] GL275%19[37] Timber L1 LI L1 Ll 7256 10.83 | Glulam # Local 97
1093 | GL27Ex19(38] GL275%7149[98] Timber (_j_l‘ LI Ll LI ke 10.83 | Glulam » Local 98
1094 | MT42410 MT 41210 Timber ] LI L1 Ll 10.00 4.50 | Glulam Y Local 3
1095 | MT3x08 MT3:08 Timber [+ LI Ll LI a.00 300 | Glulam Y Local 2
1096 | MT77% MT7heu7Y Timber [¥] LI L1 Ll 7.50 7.50 | Glulam Y Local 5
1097 | MTE=09 MTE:09 Timber [+ LI Ll LI 9.00 B.00 | Glulam Y Local 4
1098 | MT 42208 MT 412408 Timber [+l LI L1 Ll 2.00 4.50 | Glulam Y Local 3
1099 | MT1%:11 MT1%x11 Timber [+ LI Ll LI 11.00 1.50 | Glulam # Local i
1100 | MTEX0E MTEROE Timber [+l LI L1 Ll E.00 B.00 | Glulam Y Local 4
1101 | MT1%:09 MT15x09 Timber Ml O O ] 900 150 Glulam * Local 5
1102 | MT1201% MT12x1% Timber [+l LI L1 Ll 1.50 12.00 | Glulam Y Local 8
1103 | MTEx1D MTEx10 Timber Ml O O ] 10,00 500 Ghulam ' Local 4
1104 | MT 404k MT 4tepat Timber [+ L1 Ll 450 4.50 | Glulam Y Local 3
1105 | MTEx11 MTEx11 Timber ] L ] 11.00 500 Glulam ' Local 4
1106 | MT3x09 MT3:09 Timber [+ LI L1 Ll 4.00 3.00 | Glulam Y Local 2
1107 | MT311 MT3x11 Timber Ml o u ] 11.00 300 | Glulam ' Local 2
1108 | MTEx02 MTE0E Timber [+ LI L1 Ll 2.00 B.00 | Glulam Y Local 4
1109 | MT1%:08 MT 1508 Timber Ml o u ] 8.00 150 Glulam ® Local 5
1110 | MT13410 MT1tx10 Timber [+ LI L1 Ll 10.00 1.50 | Glulam ¥ Local 7
1111 | MT4209 MT 412409 Timber [+ LI L1 Ll 9.00 450 | Glulam Y Lacal 3
1112 | MT 4411 MT4bek11 Timber [+ LI L1 Ll 11.00 4.50 | Glulam Y Local 3
1113 | MTE=12 MTEx12 Timber [+ LI L1 Ll 12.00 E.00 | Glulam Y Lacal 4
1114 | MT8242 MT 4112 Timber [+ LI L1 Ll 12.00 4.50 | Glulam Y Local 3
1115 | MT3:09 MT3:09 Timber [+ LI L1 Ll 3.00 3.00 | Glulam Y Local g
1116 | MT312 MT312 Timber [+ LI L1 Ll 12.00 300 | Glulam Y Local 2
1117 | MT3:10 MT310 Timber [+ LI L1 Ll 10.00 3.00 | Glulam Y Local 2
1118 | MT132412 MT1tk12 Timber [+l LI L1 Ll 12.00 1.50 | Glulam # Local g
1119

Member Local Axes and Laminations

The member local x-axis is always corresponding to the strong axis.

A

Y local Y |°cal

—_— —_—
¥ local X local

Member Properties

e  While in the Structure mode, activate the Member icon on Elements toolbar
and select the members for whom you want to assign the same section and
material. Click the Properties icon to open the Member Characteristics
dialog box.

Note: To select many elements of the same type, such as members, keep the [Ctrl]
key down while clicking on each element.
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When many elements are selected, blank fields appear in the dialog box. They
mean that the selected data will be assigned to all selected members. Sometimes,
values (negative or else) are indicated in blank fields but they are not "real" values.
Shaded boxes appear to be activated (checked) but they are not. For example, to
activate design criteria for the selected members, the box must be checked.

Top of Roof — Standard sections

e Click the I-Beam icon to open the Shape selection tree. Expand the Timber
root, Rectangular branch, and activate the radio button to select a shape. Click
OK to close the selection tree.

Member Characteristics x|

Member |Connection| Composite Eeaml Filled HSSI Eehaviourl Stesl De&ignl Bolted Cc-nneu:tic-n' Concrete De&ignl Tin_4 I '|
T |dentification | E Proeelt.c
E@@ Timber ;ILLI)
E-© W Rectangular and Round 7 HSS with 0.9 (A5 TM A500)
EI@ B FRectangular
Ry i
M- W 1292 M aterial: | j
2L or b Distance : |'39-3? in
B [ Area IU e
(164 . : 0
(38 Linear Mass I kasm
B [ | []38«337
B [ ][]38x286 == Activate [ezign Criteria
W []332 Llzage : I j
2 j Cormposition : I j
ok | (136140 Cancel | [Pehaviour: | [
Maoving load analpsis Effective stiffness
Moving load azis 20 axle factors: Inertia Torsion Aial
= = K K
0K | Cancel | AnpE | HEelm

This section is glulam so a glulam material must be assigned.

e Go to the "Material" field and click the arrow to open the list box. It is still a
selection tree. Expand the Timber root, GLT and SPF branches and double
click on material V1A _SPF ss to select it.

e Activate design criteria.

e (o to the "End Conditions" section and select hinges at node i and j (0-----0)
on the member strong and weak axes.
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Member Characteristics

Member |Connection| Composite Beaml Filled HSSI Eehaviourl SteeIDesignI Balted Ennnectionl Caoncrete Designl TinLl_’I

— |dentification — Properties
Mumber: I !I[]ggﬂ i)
~ Incidence [ | HEE itk 0 SE (ST S|

MHode i: I

|Frvert W aden Hode | . V14 SPF =
MNode j: I | Materiak I _SPF_sz J
2L or b1 Distance : |-39.3? in
— Geometry

Length Local axis spstem Area: |532D -
in L
IU |Drthngnnal = T T -

Beta Angle Imitial pre-tension
|54D . ID kM @tivate Dresign Criteria

- Jgzage I

. Compaosition : I
0¥ Tarzion Mz I VI

 End Conditions

Le Led Lol

Bending Mw: | o--
Bending hdy: lﬁ Auial Fz: Iﬁ Behaviour I
— Maving load analysis — Effective stiffness
Moving load axis 20 awle factors: Inertia Torsion izl
. = e I K

0k I Cancel | i1 | Hels

e (lick OK.

e Open the View Options dialog box. Display the member local axes and
activate the 3D Display option in the Attributes tab.

The members are not oriented properly. They are located at the top of the roof,
which is sloped at an angle of 45 degrees. We are going to modify the beta angle
for these members (the default beta angle is equal to 0).

e Select the members and click the Properties icon. Enter a beta angle of 45
degrees. Click OK.
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— Geametny

Length

||:| in
Beta Angle
|45| :

Local axis spstem

Initial pre-tenzion

=

Create Selections

Use the selection functions in Edit / Select menu (Create a selection, Update a
current selection, Choose a selection, and Edit selections) to create your own
selections of miscellaneous elements. These selections can be called back anytime
for modelling, applying loads, looking at results, etc.

When a selection (or more than one) is activated, use the Mask function to mask

the rest of the structure.

Example: We want to create a selection of edge columns.

e Activate the Structure mode and the Member icon.

e Select edge columns (click on each column with the cursor while keeping the

[Ctrl] key down.

e Go to Edit / Select / Create a selection. This dialog box will appear on screen.

Create a Selection

Selection Mame: IEdgE_EDIumns

o]

Cancel

e Enter a name and click OK.
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Assign a colour to this selection

e Go to Edit / Select / Edit selections. This dialog box will appear on screen.

Selections Spreadsheet

14

Mumber

Dizplay Colour
Colour

14

Edoge_Calurnnz

[x]

15

o ]

Cancel |

Double-click in the "Colour" column and select a colour among the list box. To see

the colour on screen, activate the option [x] by double clicking.

We created the following selections:

Selections Spreadsheet

13 Mumber Dizplay Colour
Colour

1 JFloar 2 I U Hull
2 | Core L] Mull
3 | Main_beam L] Mull
4 | RoofBeamCrossbr L1 Hull
5 | Core+Floor L] Hull
b6 | BeamFloorExtEdoge L] MHull
¥ | BeamFloornzide L] MHull
8 | BeamFloortdain L] Mull
9 | BeamFloorSecondary L] Mull
10| Intenor_column L] Mull
11 | Egde_Calurinz L1 Hull
12 | StabilizingE lementz L] Hull
13| Central_beam L] MHull
14

Cancel
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Main Beams - Customized Glulam Sections

Call back the Main_Beam selection and mask the rest of the structure.

e Activate the Structure mode and the Member icon. Select members and click
the Properties icon.

Member Characteristics

Member | Conneclionl Compaszite Beaml Fill=d HSSI Behaviourl Steel Designl Balted Eonneclionl Cancrete Designl Tinll_’

— ldentification

Murnber: I

— Propertie

Mode i

~Incidence

| mvetiioder< e |

W [MTEx06

J2 | HES with DSt (ST S50

M aterial: |GLT_sPr_oorex =]

Mode j: I
2L or b1 Distance : |'39-3? in
— Geometry
Lenath Local axis system Area: |23225-8 mnt
ID " I ihaEalft: j Linear Mass : |1 1.61 ka/m
Beta Angle Iritial pre-tenzion
|54u * IU JoM [V Activate Design Criteria
sage : -
r— End Conditions I J
Compoasition : hd
Bending = Torzsion Mz - I vl F I J
Behaviour : A
Bending ku: Aial Fz: I VI Enaiau I J
—Moving load analysiz — Effective stiffness
Moving load axis 20 axle factors: |hertia Torzion Axial
|| | E | K
(0] 4 I Cancel | ppi | Helm
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e C(Click the I-beam icon to open the Shape selection tree. Select any customized
MT section. A design will be done so VisualDesign will select the adequate
member among the MT sections.

e Select a GLT material.
e Activate design criteria.

e End conditions: Display the member local axis system to see the position of
node i and j. The local z-axis always points towards node j. The member is
hinged at the top and fixed at the bottom of the roof.

Split members

These members have to be split at the junction of transverse members. Transverse
members will be modelled afterwards using these nodes. Split functions are
available in the Edit / Split menu and on the Split/Join toolbar.

From the bottom node, which is node i, the first split will be located at 40.85in.

e Select the member that you want to split and got to Edit / Split / Exact
position.

e Enter 40.85 as the distance between node i and the split point. Click OK.

Split member at exact position

— Diztance between node i ahd split point

Diztance: |4U-35 in

— Digtance between node | and zplit point
Distance: |344.84 in

[T *es, split member(s) along with loads

W |
rEdifeations will be autematicallsayedl au wil noet e allased
fo wze the U nd funchiarn:

K I Cancel |

VisualDesign will ask you to merge nearest nodes. Answer Yes.
e Do the same to split the member three other times.

e Do the same for other member or use the Copy/Paste function in rotation.

Transverse members

Use the split nodes and model transverse members.
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Floors

Floors are modeled to transfer the loads on adjacent members, according to
selected tributary areas. Therefore, adjacent beams are required on the floor outline.
Sometimes, it is necessary to put "dummy" members, which have a small inertia
and a density of zero. One-way floors were specified.

To create floor, activate the Structure mode, the Floor icon and the Add mode.
Then, click one each corner node clockwise or counter clockwise. Try to keep in
mind that the floor local axes are depending upon incidence nodes. If the first floor
is defined in a clockwise direction, do the same for other floors.
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If the floor dead load is specified in the Floor Characteristics dialog box, it will
be automatically considered in the dead load of the structure. If the floor dead load
is specified in the Loads Definition spreadsheet, it will have to be graphically
applied to the structure, as other types of loads.

Floor Characteristics |

— ldentification
Mumber: Type: I Qe ay j
— Incidence
Mode i; InD45 Mode | InDE4
Mode | Irﬂ 92 Mode k: Irﬂ 71
— Characteriztics -
in
Area
Lengthiij: I'l 93.855
|1 0.7a rré
Centroid Lenath j k : |1 0e.102
|1 B0.71E in Length k| : I‘l 34207
Floor dead load Length |- I'l 06102
I':'-"‘iE= kPa Maoving load axiz
[ Rigid diaphragm INDt required j
Slab direction: Pozition
ISuppu:urted on iy and kl j IN;".t'l'« j
— Joigts
in
Murnber : I-'I Spacing : IEI
Diirection : I j 1zt spacing: ID
Last zpacing: IEI

Ok I Canicel |

Loads Definitions

Load case titles and types must be defined in the Loads Definition spreadsheet
(Loads / Load Cases / Definition). Types of loads (wind, dead, live, snow, etc) are
important if you plan to generate load combinations with the Load Combination
Generation Wizard. Double-click in the "Type" column and expand the root that
is corresponding to the appropriate building code. Double-click on a type of load.
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Loads Definition

Load Caze | Dynamic | lee |

Number Type Family Auto Generation Definition
8 combinaisons
1| Dead [D] Dead RIS [=] D : Structure dead load
2 | Livel [L] Live RIS [=] L
3| Show [L] Stiowa AR, [=] 501
4 | SnowlneSide [L] Snow [ [=] 502
51 Live2 L) Live vIl A2, [#] Loz :
6 E|--NBC -

{0} Dead

()
L)
LY
1L
LY

Seismmic
Live
Snow

Auko Ice —
Crvnamic

Ve

(T} Temperature
- (T} Defarmation
- (Th Inkerackion

Note: Some columns are

masked in this spreadsheet.

Applying Loads

Loads are applied graphically because it is easier this way. Loads spreadsheets are
useful to sort data and modify common values using the contextual menu.

Snow Load:

Snow load must be applied using the horizontal global projection.

e Activate the Load case mode and select the snow load case among the Title list

box.

e Activate the Floor element and select all floors. Click the Properties icon.

e Insert a line in the spreadsheet and enter —2.26 kPa. Double-click in the
"Projection" column and select Horiz. Global. Click OK.

Loads on floor

Distributed | Eoncentlatedl

 |dentification
Floor Moewud i Moeud | MHode | MHode | Load Casze
Mumbers ; I I I Shiow
1 Wi Wi Wk Wl Projection
kPa kFa kFa kPa
1 -2.26 -2.26 -2.26 -2.26[Lacal ;" -
2 Local ..
Global
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- Load Case: Snow

Follow the same procedure to graphically apply other load cases.

Load Combinations

The Load Combination Generation Wizard will be used to automatically
generate all the required load combinations according to the CNB-95 code.

e (Go to Loads / Load Combinations / Generation Wizard.

e Select the NBC-95 Code among the list box. Activate the option that will
generate envelopes.

e (Click the "Next" button.

e Activate the ultimate and serviceability limits states load combinations. We
want the deflections to be considered during the design process so these load
combinations are also activated.
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Genetation of Load Combinations - Specific Options

— Specification
Code: MBC-95 LS50 [Canada) j
14 Load Factors VYalue Default ‘
1 Jalpha D: Dead loads | 1.25 1.25 .
2 | Alpha D5: Dead loads uplifted 0.85 0.85
3 | Alpha DE: Dead loads combined with earthquake 1.00 1.00
4 | Alpha L: Live loads 1.50 1.50
B | Alpha LE: Live load: combined with earthquake 0.50 0.50
b | Alpha SE: Snow lnads combined with earthquake 0.25 0.25
7 | Alpha W wind loads 1.50 1.50 hd
— Load Combinations to be generated————————————— Deflection Load Combination:
¥ Ultimate Limits States 4.1.3.2 ¥ Instant. deflection
v Serviceability Limits States 4.1.3.3 Load cases to include:
¥ Live (L)
¥ Snow L)
™ find )
[~ Temperature [T)

Particular load cases to include

[~ Moving load Envelope (Lm) Moy, Load Envelopes._.l

™ Prestressing and shrinkage/creep

< Back I Mest » I Cancel HEl

e (Click the "Next" button.

Generation of Load Combinations - Selections

Load combinations ta be Generated:

[#l 1.250+1.50501+1.500Lx0

[ 1.260+1.50507+1.500L04

g 1.250+1.50507+1,50Lxx
@ 502

-[# 0,850 +1.5L

5@ Service  [B]

j ""E‘ O+l

£l Ingtant, Deflection  [B]

=6 51

1 1.00501+1.00Lso

2 1.00807+1.00Lex

fef] 1.005070+1.00Lxx

Load cases aliases

D =Dead
Lox =LiveZ2
Lxa =Livel
S0 =Show
502 = ShowOneSide

< Back I Finizh I Cancel Helg
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This last page shows the load combinations that will be generated when the
"Finish" button will be clicked. If you do not want to analyse all load combinations,

uncheck some of them.

e (lick the "Finish" button. The Load Combinations spreadsheet will appear on

screen.

Load Combinations

Load Combinations | Load Factars I
24 Humber Status Definition Duration Kd
1 | DL Ultimate 1.260+1 50500 +1. 50080 1.00 =
2 | DLO2 Ultimate 1.260+1 50500 +1.50Lox 1.00
3 | DLOZ Ultimate 1.260+1 50507 +1. 5008 1.00 &
4 | DLO4 Ultirnate 1.260+1.50502+1 50080 1.00
5 | DLOS Ultirnate 1.260+1.50502+1 . 50Lox 1.00
6 | DLOG Ultirnate 1.260+1 5050241 50Lx= 1.00
7 | DLO7 Ultirnate 0.850+1.50501+1.50L=0 1.00
8 | DLOB Ultirnate 0.850+1 50500+1 . 50Lox 1.00
9 | DLO3 Ultimate 0.850+1 50507+1 500 ==
10| DLIO Ultimate 0.850+1.50502+1, 500 =0 1.00
11| DL Ultimate 0.850+1.50502+1,50Lox 1.00
12| 0L12 Ultimate 0.850+1 . 5050241, 500 == 1.00
13| 0L13 Service 1.000+1.00507+1.00Lx0 1.00
14| DL14 Service 1.000+1.00507+1.00Lox 1.00
15| DL1S Service 1.000+1.00507+1.00L == 1.00
16| DL1G Service 1.000+1.00502+1.00L=o 1.00
17| DLI7 Service 1.000+1.00502+1.00Lox 1.00
18| DL1S Service 1.000+1. 0050247, 00L k= 1.00
19| L19 Instant, Deflection 1.00501+1.00Lx0 1.00
20| Lz20 Instant, Deflection 1.00501+1.00Lox 1.00
21| LA Inztant, Deflection 1.00507+1.00Lxx 1.00
22 |L22 Instant, Deflection 1.00502+1.00Lx0 1.00
23| L23 Instant. Deflection 1.00502+1.00Lax 1.00
241124 Instant. Deflaction 1.005024+1.000Lxx 1.00

e (lose the spreadsheet.

Specifications

e (o to Structure / Specifications / Timber to open the spreadsheet. Two
specifications are already entered: one for design and the second for
verification. In our project, only glulam members will be design so, in the
"Composition" column, select Glulam. Sawn timber elements will be verified.
Service condition is Dry and elements are not treated.

Timber Specifications Spreadsheet

Number Code Type of analysis Optimization  Interaction Shape
1| C5A-086-1-Design CSA-086-01 | Design Area Standard iBal Hect.
2 | C5A-08E-1-Verf, CSA-086-01 | Verfication Area Standard Bar [Fect]
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Timber Specifications Spreadsheet

Max height Min height Max width Min. Width Maximum | Service Composition Treatment
2 Capacity Factor Condition
in in in in %
1 136.85 0.a0 1596.85 0.00 100.00 Dy Glulam Mot Treated
2 196.85 0.00 196.85 0.00 100,00 | Dy Savn Timber Mot Treated
e (Click OK.

Design Groups

Use the Group function (Structure / Groups) or use the short cut keys [Ctrl]+G.
Members must be selected before calling this function.

Example:
e Activate the Structure mode and Member element.

e Select columns located within the structure and press the [Ctrl]+G keys.

— Description
Hame Specification Timber

| [C54-088-1 Design =l

— Statistics on selected members

Wfith Group IB With nio Graup ID
carel_|

e Type a name and select a specification for this design group. Click OK.

We created these design groups. VisualDesign will assign one section per design

group.
10| Humber Specification
1 | Roof_beams CS5A-086-1-Dezign 1=
2 | Croszbr_04 C54-086-1-Design
3 | Croszbr_(3 C5A-086-1-Design
4 | Croszbr_02 C54-086-1-Design
5 | Croszbr_ C5A-086-1-Design
B | Main_columns CSA-086-1-Design
T | Centre_column C54-086-1-Design
8 | Floor_1_OctoE C5A-086-1-Design
9 | Floor_1_Octal C54-086-1-Dezign
10| Floor_Star iCSA-DEBJ-DESign i
11 -
coreel_|
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Displaying a Design Group

e Open the View Options dialog box and go to the Attributes tab. Activate the
option Design Group in the Member section and select a group in the drop-
down list box. Click OK.

Member Design Criteria

Design groups are automatically assigned to members when the Group function is
used. For members that need to be check only, select the Verification specification
in the Timber Design tab.

Other design criteria can be specified through the Member's Timber Design tab.
For example, main beams will be continuously supported with plywood or other
sheathing elements. The following procedures must be done:

e Activate the Structure mode and Member element. Call back the
"Main_beams" selection and mask the rest of the structure. Click the
Properties icon.

e Specify a continuous lateral support at the top of the section, as shown on the
image below, and assign a deflection criterion of Lx/240 on the member strong
axis.

Member Characteristics

Compogite Beaml Filled HSSI Behaviourl SteelDesignl Eolted Connectionl Concrete Design  Timber Design |Eva|uati0n 1 | ’I

r— Design parameters

Design or verification Specifications Design Group
N Al =

r— Lateral supports to aveid buckling

Top of section: ¥ el ¥ ff I# | Fived Lex: ID in
IIJ

Bottam of section: [Z Nal ¥ Continuous ¥ Nod [ Fived Lex:

— EBearing Condition at Modei———— [~ Bearing Condition at Nodej————— [~ General

Bearing: |'39-3? in Bearing: |'39-3? in Species: I 'I
Motch: I vl Match: I vl Grade: I vl
Depth dr: |'39-3-"' in Depth dr: |'39-3? in o= Iu MPa

Length e: |'39-3? in Lenath e: |'39-3? in Fastenings

Swyzt. Factor (Kh)

|-1 [7 &utomatic I-'I 7 Automatic I

—Allowable Deflection [Lx = shiong axis]—— [7 Duration Kd: I'1
Width of hale: |'39-3? in Lx/ |24EI Ly I'1 Curveature K I'1

—Factar Kx [strong asizl—————— — Factor Ky [weak axiz)

r— Calculation of effective net area

K I Cancel Lppl | Helg |
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Click OK.

To look at default values in this dialog box, double click on only one member.

Press the F1 control key to open VisualDesign On-line Help about this dialog box
and fields that are composing it.

Member Characteristics

Memberl Conkection  Timber Design |

— Degign parameters

Desian or werification Specifications Dezign Group
Dezign INuII j _I IFloof_bearns j
— Lateral supports to avoid buckling
Top of section: I | ol ¥ Continuous I | i) =} Fired Lex: IU in
Bottam of zection: v Mol [ Continuous v Nol = Fized Lew: IU in
r— Bearing Condition at Mode i r— Bearing Condition at Mode | — General
Eearing: IU in Bearing: IU in Species: 5.PF -
fateh: INot applicable "I Wakch: INot applicable "l Grade: na hd
Depth dr: IIJ in Depth dr: IIJ in g - 175 WPa
Length & ID in Length e: ID in Fastenings
|Nails =l
r— Factaor Kx [strong awis] — Factor Ky [weak asis)
Sugt. Factor [Kh)
I'I ¥ Autornatic ID IV Autamnatic IN"'IA [Kh=.0] =]
— Calculation of effective net area —Allowable Deflection [Lx = shiong awis]—— ™ Duration Kd: I-I
width of haole: ID in Lx/ |24D Ly/ ID Curvature Kx: I'I
Qg | Caticel | Sl | Helg

The effective compression length factors are automatically calculated (default
setting) in this project because it is a 3D model (VisualDesign seeks for transverse
members along beams and columns).

Analysis and Design

e Open the Analysis and Design dialog box by pressing this icon .

Click on the "Analyse" button to launch the design.

When the design is completed, close the dialog box.
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Results

The Design Results icon EI is automatically activated when the design results are
available.

View Options — Coloured Legend for Results

Open the View Options dialog box by pressing this icon il Go to the Results
tab and activate the Design Load option to look at coloured members. Each colour
corresponds to a percentage range for the calculated member design loads. When a
member is at 90% of its capacity, it will be displayed orange. This option is useful
to quickly detect insufficient members, which are red.

To modify default colours, go to the Limits tab and select other colours for design
load intervals.

Forces and Deflection Diagrams

e Activate a load combination or envelope on Activation toolbar.
e Seclect the Results tab of View Options dialog box to display graphic results
for forces and deflections, support reactions, moments at nodes, shear stresses,

axial stresses, torsion and deflection of members by ticking off the boxes. To
see numerical values, tick off the "Numerical" box.

Members
Il (kN M) [ ]

6.07 6.0 731 666 668 731 01 608
1 ]

- Load Combination : DL04

Note: To get a better view, select members and mask the rest of the structure.

Timber Design Results Spreadsheet

The spreadsheet is available in Results / Structure Design /Timber. It includes
critical load combinations (interaction and shear) and code provisions that
controlled the design for each member. It also supplies the member design load,
bending, shear and axial resistances, effective compression lengths, etc.
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If lines are marked with yellow, it means that the member is not adequate. Look for
ared cell to find the problem. Colours don't appear on the printed sheet.

There are many ways to open this spreadsheet:
e [fno members were selected, the spreadsheet will include all members;

e Double-click on a member to access the spreadsheet. The spreadsheet will
include data for this member only.

e (lick on many members while pressing down the [Ctrl] key and click on the
Properties icon @ Only selected members will be part of the results

spreadsheet.

In the lower part of this spreadsheet, you will notice three buttons. The first gives
access to the member internal forces spreadsheet, the second prints the member
design brief, and the third, is a print preview of the design brief.

Timber Design Results Spreadsheet

Humber Group Section Load Combination  Design Load Code Provision Load Comb. Design Load Code Provision

308 MI+NF MI-Nf | MI-MF Shear Shear Shear
% %

9 | m351 T E=06 DLO3 95.43 C54 08601 5.5.10b) DLO1 2569 CSA086-015551 &
10 | mO58 MTEx0B DLO3 95,49 C54 08601 5.5.10b) oLm 25.69 C54 086-01 5.5.51
11 | m017 MTEx0B DLO3 95,49 C54 08601 5.5.10b) oLm 25.69 C54 086-01 5.5.51
12 | m333 MTExOE DLO3 95.49  C54 08601 5.5.10b) oLm 25.69 CS54 086-015.5.51
13 | m374 MTEx06 DLO3 95,43 C54 08601 5.5.10b) DLoz 25.63 CS54 086-015.5.51
14 | m035 MTEx06 DLO3 95,43 C54 08601 5.5.10b) DL0S 30.24 CS54 086-015.5.51
15 | m015 MTEx06 DLO3 95.49 | CSA 08601 5.5.10b) DLoz2 25.63 C5A 086-0155.51
16 | m335 MTEx06 DLO3 95.49 | CSA 08601 5.5.10b) DLoz 25.63 C5A 086-0155.51
17 | m1ED Crossbr_03 MT14:12 oL 92.33 C5A 08601 65124 bLoz 51.60 CSA 086 E57.2
18 | m250 Crossbr_03 MT14:12 oL 92.33 C5A 08601 B5.124) DLoz 51.60 CSA 08601 E57.2
19 | m072 Crossbr_03 MT1%:12 DLM 92.33 C5A 08601 65124 DLoz 51.60 CSA 08601 E57.2
20 | m337 Crossbr_03 MT1%:12 DLM 92.32 C5A 08601 B5.124) DLoz 51.60 CSA 08601 E57.2
21 | m325 Crossbr_03 MT1412 DL 92.32 CSA 08601 B5.124) DLO3 51.69 CSA 0860 ER7.2
22 | mO23 Crogshr_ 03 MT1312 DLM 92.32 C5A 08601 5129 pLOz 51.69 CSA 08601 EA57.2
23 | mOa4 Crogshr_03 MT1312 DLO 9232 C54 08601 E6.124) DLO3 51.69 CS4 086016572
24 | m3E5 Crogshr_03 MT 1312 DLO 9232 C54 08601 65124 DLO3 51.69 CS54 086-01 6572
25 | mO42 Crogsbi_03 MT 1412 DL 92.31 | C54 0860165124 DLo3 51.59 C54 08601 E57.2
26 | m368 Crogsbr_03 MT1%12 DL 9231 | C54 08601 65124 DLo3 51.59 C54 086-M B.5.?il;|

4 »

h“ﬂl %l @\| Cloze |

Design Brief

Display the member design brief by selecting (highlight) appropriate line in the
Timber Design Results spreadsheet.

Click the "Print Preview" icon to have a look at the member design brief. To print
it, use the "Print" button available in the Print Preview menu.

Click the "Design Brief" icon to directly print it.
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g gl Design Brief ProjectNo:
Name of Project:
Member: m1i60 Group : Crossbr_03 Check by
Prepared by : Date
[1] Load Combination:DL01
Mx Diagram (kN.m) |[Load Case (kNim), (kN) | calculation of capacity for shape MT1'%:x12 according to CAN/CSA 0B6-01 Standard
006 206 Shape Properties :MT1':x12
u__LUJ__I_U_U ] o= 59,91 10ebmmd, Iy = 140 10eBmmd, =514 0ebrmmd
i Dead : Global Area= 11612 88 rrn?,  Net Area = 1016127 o, Length : 33.552 in
X )
— on 204 Material Properties GLT_SPF_20f-EX
¥y Diagram (kN) [ | Species=5-P-F, Grads =n'a
Dead : Global E Modulus = 10300.00 MPa, E05 Modulus =8361.00 MPa
T o5 o5 | id+= 25,60 WP, o | W = 25,60 WP, fu = 1.75 hPa
I 1= 25.20 WPa, fop [ 6= 5 50 P, fop | = 580 MPa
ftn = 17.00 MPa, fhy = 12.70 MPa, fip = 0.51 MP:
s Dead - Global " a1 e ?
My Diagram (kN.m) || esr 237 Maximum factored forces goveming the design of the member
023 05 | | [1] Combined Farces -Load Combination:DL01 : 1.25D+1.50501+1.50Lx0
Briow 1 Horiz. Global .
For basic orthogon al axes system
o ",’“—""“ Whe= 893 kNm, Vy=-019KN, hby=-036kNrm, Vb=254kN
_ Nfz = -29.45 kN (compression), Tiz=-0.01 kNm
Vx Diagram (kN) ‘ Snow : Horiz, Glohal

[2] Shear - Load Combination:DL02 : 1.25D+1.50501+1.50Lox
For basic orthogon al axes system
Wiy =430 kN, Wh=-21A7 kN, Tiz=-001kNm
i Ce(maxj= 11.2< 50 OK
Mr values and unsupported length
L hivelluz0) = 1485 kNm, Lux =0000in, CB=100
Clause 6.5.12a)

-29.48 -29.48
PP + M +hy iy <= 1.0
2948215 05 kN +8.93414.95 kNm 0361187 kNm =9233% <= 100.00 % OK

Nz Diagram (kN)

[2] Load Combination:DL02

Yy Diagram (kN) Clause 65.7.2
Wheldry +TlzfMrz (including torsional effect)

430174 kN +0 010 A4 kNm=5160% <= 10000% OK
=g

“asp Whehfri +Tiz/Trz (ncluding torsional effect)
_ 2ATHATAKN +0 0104 kNm = 2535% <= 10000% OK
¥x Diagram (kN) |
251 Limit States : Sufficient
247

Tz Diagram (kN.m)

TTTTT]

Strong axis deflection {mm)

Weak axis deflection {mm)

Date : 200507-15 File : ChExemple_DewiDesign boisiTimber_EN_design_MTonly.vo1 Page1
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EXAMPLE 17

Modal & Spectral
Analyses and Ductile
Steel Design
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Modal & Spectral Analyses

We are going to run a modal and spectral analysis according to the Canadian
National Building Code 2005, for a steel building located in Montreal, and shown
below.

The lateral force resisting-systems are:
Direction-x: Concentrically braced frames in tension only, type LD (R=2).
Direction-z: Moment-resisting frame located on the middle axis, type LD (R=2).

Supports' degrees of freedom in rotation are free.

Concentrically braced
frames {Typ.)
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Project Configuration

Seismic Tab

Select the Seismic tab of Project Configuration dialog box (File menu).

Enter the following data: Building Code: CNB-2005, Location category = C,
City of Montreal, Total height = 12m, Number of stories (N) = 3, and

Importance factor of 1

0.

The SRSS (Square-Root-of-Sum-of-Squares) method will be used for modal

combination.

Activate the option "Add ductility effects [/ \]" to design the ductile steel
frames according to section 27 of S16-01 Standard.

Project Configuration E

Generall Prefelencesl .t’-‘n.nal_l,lsisl Foundation ~ Selsmic | Steel I Compozite Beaml ASCE 'IEI-EI?I Cao ! I 'I

— Equivalent Static Farce

Building Code: MBLC 2005

Location categon: ||: vI Murnber of staries, M:

Tatal height, hi: 2

Spectral accelerations [g)

Importance factor, le:

City: IMnntréaI

sa(0.2; [oss Sall.0; [0.14 Velocity factor, Fy
Sa(05); [0.34 Sal20; [0.043 le Fa5a(02): e

j Acceleration factor, Fa:

1T

— Spectral analyziz
Accidental torsion :

tdodal Combination:

Rounding for levels:

ID_.I— W Levels cic of floors
v Add inelastic effects [P-delta)
ISHSS 'I ¥ SFRS oriented toward cthogonal awes
IU'I— v Regular structure
- (g v add ductility effects [/74]

— Time higtory analysis

Accelerogram:

Diuration: 20

11

Time pitch; om
b aximum accelerations [g]

Harizontal: 0

|

Wertical: 0

ZBC

FEC

L

[T Save node displacements

Mondinear Time History Analpziz

Tolerance: M

V¥ add vertical effects

|

] 4 I Cancel | Aol | Helm |

Click OK.
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Design Criteria and Specifications

Member Tab

Select all members and activate the design criteria in the Member tab of Member
Characteristics dialog box.

Member Characteristics E

Member |Connection| Composite Eeaml Filled HSSI Eehaviourl Stesl De&ignl Bolted Cc-nneu:tic-n' Concrete De&ignl TinLI_’I

— |dentification — Propertie:
hurnber: I ;I
~ Incidence [7 HS5 with 0.9t [A5TH ASOD)

Mode i@ I

Irwert Hode e Hade | Fielb
Node | I— | b aterial | j
2L or b1 Distance : I"IUUU rm
— Geometry
Length Local axis spstem Area: IEI i3
I m -
0 I J Linear Mass : ID kasm

Beta Angle Initial pre-tension |

E o om <

Specifications

Open the Steel Specifications spreadsheet and add one specification for tension-
only bracings. Square HSS will be used for these members.

Steel Specifications Spreadsheet

Humber Code Type of analpsiz Optimization | Shape Clags max
3
1 S1E-DesiEnHSS !E.t’-‘«Na’ESﬁ-S'IE-m Dezsign Alea HSS5 [Square) 3: Noncompact ;I
2| 516-Dezign CAMCSA-STE-0 Design Area W 3 Moncompact -
4] | 3

QK. I Cancel |

Do not bother with the class of the steel shape that will be design as a ductile
element. The software will automatically choose a class 1 or 2, as required per S16-
01 Standard.
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Ductile Frames

Concentrically Braces Frames in Tension-only - Limited Ductility
(R=2)

The following member usages must be specified in the Member tab along with
axial end conditions for tension-only bracing.

Tension only

Usages:

1: [¥] Column
2:[¥] Beam
J: [X t] Diagonal

Axial end conditions for
tension-onty bracings: <-[]-=

(:) DG: Design groups

I:I Continuous columns

To help you while modelling the ductile frames, create selections for each type of
frame. Selection functions (Create selections, Choose selections, and Edit
Sections) are available in the Edit / Select menu. Learn more about these functions
in VisualDesign On-line Help.

We created two selections and assigned a colour for each one:

Selections Spreadsheet

2 Humber Display Colour

Colour
1| T-only bracings ¢ =
2 JRMF 1 [x] [
3 -

ak I Cancel
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e Cick the icon on Edit toolbar to open the Selections dialog box. Highlight
the "T-only bracings" selection and click OK.

Selections

Avallable Selections:

RFE

oK I Cancel |

e Mask the rest of the structure by clicking this icon on View toolbar.

e To quickly select the bracings, go to Edit / Select / Sloped members. Click the

Properties button.

e In the Member tab, specify tension-only <-[ |-> as axial end conditions and
select the member usage "[Xt] Diagonal” in the Usage list box. Click OK.

L]
Beta fngle Initial pre-tenzion

54D . ID— LM 7 Activate Design Criteria

Usage:

— End Canditions

[ [l

[/ %] Fi=4 Link hearn

Compaszition : i
Bending Mzx: I 'I Tarsian Mz : I vl B Es UClDlaiﬂnd

. Iﬁ: ) ﬁ\ Behaviour : [] Beam
Bending by hd Anial Fz: < ]->___:-'_> EnEver [#] Column

[_\/_] Diagonal
T e R O [/ ] Beam

T
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e In the same manner, assign the usage "[X] Column" for columns composing
these frames, and the usage "[X] Beam" for beams.

e Columns located on both sides of the bracings must be continuous. Therefore,
4 design groups are required, one per X frame.

e To create a design group, select columns on one X-frame and press the short
cut keys [Ctrl]+G. Enter a name for this group and select a specification. Click

OK.
— Diezcription
Mame Specification Steel
||:1 -><

— Statistics on zelected members

With Group : IE With no Group : IEI
coos |

e Do the same for the columns composing other X-frames.

e Create design groups for bracings located on each level and each frame and
assign the HSS steel specification.

Resisting-Moment Frame with a Limited Ductility (R=2)

There are two member usages for this type of ductile frame: [ ] Beam and

[ ]Columns.

1 - i —
3 i i FE
3 i i Y
F

=2 — e B e
Usages:
[T Beam
™1 Column

Call back the Selections dialog box and highlight the "MRF" selection. Mask the
rest of the structure.

144 CivilDesign Inc. Engineering Software



Modal & Spectral Analyses and Ductile Steel Design

-
o
. b
- -
. » . &
it i o
|| | A,
I Za
1
- &
e
i,

Columns and beams must be continuous. Design groups are created for each
column and for continuous beams at each level.

The following design groups were created. The spreadsheet is available in
Structure / Groups / Steel members.

Steel Design Groups Spreadsheet

14 | Number Specification
1 JC1-x | 516-Deszign =
2 |C2-= 516-Design
3 |cax 516-Design o
4 | Cd 516-Design
5 | P1-BMF 516-Design
b | P2RMF S1E-Design
¥ | P3RMF 516-Design
8 | C1-RMF S1E-Design
9 | C2RMF 516-Design
10 C3-RMF S1E-Design
11| C4-RiF 516-Design
12| =-Level 3 516-DesignHS5
13| #- Level 2 S16-DesignHSS
14| =- Level 1 516-DesignHS5
15
0K I Cancel

CivilDesign Inc. Engineering Software 145



Practical Examples — Version 2.2

Load Cases

The following load case titles and types are defined in the Loads Definition

spreadsheet:

Loadz Definition

Load Caze |D_I,Jnarnic| lee |

Number Type Family | Tributary Area Tributary Area  Auto Generation
g Reduction Overload combinaizons
kPa
1 jiDead ![D] Dead I A MHone 0.00 [=]
2|51 [L] Sraw M A, MHone 0.00 [=]
31U [L] Live RIS Maone 0.00 [«]
41 D1_Roof [0 Dead AR MHone 000 [=]
5| D2 Floors | [D] Dead RIS MHohe 0.00 [=]

Load Combination Generation Wizard

The Load Combination Generation Wizard will be used to generate ultimate and
service load combinations according to NBC. Spectral envelopes EO1 and E02 will
also be included. Therefore, the "Mass" load combination will be generated by
default. (According to CNB Code, this load combination must include all dead

loads plus 25% of snow loads.)

Generation of Load Combinations - General Dptions

S pecifications
’7Eode: MBC-95 L5D [Canada)

— Load Combinations to be Generated

[ Generate an unfactared load combination per load caze
[T Generate with seismic loads acting towards the posiiive direction anly

V| Mass

— Particular load cases ta include

Spectral Envelopes
’7 E0: ;7 EQ: ™ Mon-Linear Time History Ereelope (Etl]

"Time Histary Envelopes

Ed: I Eez [ Btz

— Generation Optiar
" Add generated load combinations to existing ones

¢ Delete load combinations except those edited by user
& Delete all previous load combinations

— Envelopes to be Generated

¥ Generate an envelope per type of load combination

< Back I Mest > I Cancel HE!R
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e (Click the "Next" button.

Generation of Load Combinations - Specific Options

— Specification:
Code:

|MBC-35 LSD [Canada) =]

14 Load Factors

Value Default ‘

Alpha D: Dead loads

| 125 1.25 -

Alpha D5: Dead loads - Uplift

Alpha DE: Dead loads combined with earthquake
Alpha L: Live loads

Alpha LE: Live loads combined with earthquake
Alpha SE: Snow Loads combined with Earthqualke
Alpha W Wind loads

=~ NN AL R =

0.85 085
1.00 1.00
1.50 1.50
0.50 050
0.25 025

1.50 1.50 =

r~ Load Combinations to be Generated
¥ Ultimate Limits States 4.1.3.2

¥ Serviceability Limits States 4.1.3.3

Deflection Load Combinations
¥ Instant, deflection

Load cases to include:

W Srow (L)

™ Wind [w)
[T Temperature (T)

Particular load cases to include
™ Moving load Envelope (Lm)
™ Prestressing and shrinkage/creep

Mov. Load Envelopes...l

< Back I Mext > I Cancel Hel

e (Click the "Next" button.

Generation of Load Combinations - Selections

Load combinations to be Generated:

e
81,250 + 1.5L
2 0.85D +1.50

| v

-4 Service [1]
@D+l
-6 501 |
i@ 1.000+1.00507+1.00Lx

- Instant, Deflection  [1] LI
Load cases aliases
n} =D1_Roof
n} = D2 _Floors
o] =[ead
Lx = Live
s01 = Show

< Back I Finizh I Cancel Hele
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e (Click the "Finish" button.

The Wizard generated these load combinations and corresponding load factors:

Load Combinations

Load Combinations | Load Factars I

g Humber Status Definition

1jDE2 I Ultimate 1.000-+1.00E01

2| DE4 Ultimate 1.000+1.00E02

310U Ultimate 1.260+1.50501+1.50Lx

41002 Ultirmate 0.850+1 50501+1 50Lx

5| DLES Ultimate 1.000+0.50501+1.00E07 +0.50Lx%
6| DLEE Ultimate 1.000+0.50501+1,00E02+0.50Lx:
FlDOLE Service 1.000+1,00507+1.00Lx

8|L9 Instant. Deflection 1.00501+1.00L%

9| Mazs 7 Masz Masz

You are ready to run a modal analysis to obtain the structure vibration modes and
corresponding frequencies.

Modal Analysis

e (Click the Modal Analysis icon .

e In the Modal Analysis dialog box, select the "Mass" load combination. We
specified 20 as the number of requested modes. Launch the modal analysis by
clicking the "Analyse" button.

Modal analysis = =1

— Structure

MHame : I

Modes: |1 44 Plates: ID Members: |285
Triangles : ID Flaars: IBD

— Pararneters of calculation for eigenvalues and eigenwvectar,

Load combinatiot far weight : IMasse_? 'I I Include non linear effects
Mumber of requested modes: |2D Murnber of iterations: |5DD
Mumber of calculated modes: |28 Talerance: |1 e010

™ Conzider haizontal degrees of freedam anly

— Result
Wiiting seismic directions to analyse

23 Projection of the mass and stiffness matrix ;I
23 Correcting eigenvectars

23- Mumber of modes found : 17

24- Approximating eigenvectors,

24- Projection of the mazs and stiffness matrix

24- Carrecting eigenvectars

24- Murnber of modes found : 20

Reassembling the stiffness matrix

Calculation is completed. “fou may consult results.

Aralise |FtErmipt [Earzel Cloze
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Note The CNBC suggests 2 to 3 vibration modes per building story for a spectral
analysis. Two orthogonal directions must be studied.

A default value for the number of calculated modes is automatically initialized.
This value represents the number of modes that have to be calculated in order
to get the first n desired modes (Subspace Iteration Method). For more detail,
refer to the topic “Number of Calculated Modes” in On-Line Help Chapter 6.

Tolerance and number of iterations are generally satisfying.

e When analysis is completed, close the dialog box.

Modal Analysis Results

Animation of a Vibration Mode

When the modal analysis is completed, the Vibration Activation mode is
automatically activated. Use the Animation function to visualize the movement of
the building under a selected vibration mode.

e Select a vibration mode in the drop-down list box of Activation toolbar.

e Select an XY, YZ or isometric view of the structure to have a better look at the
structure. Use the Camera function or use the control key [Pg Dn], [Home], or
[Pg Up].

e C(Click on the Animation icon of View toolbar.

e In the Animation dialog box, press the icon to capture images.

Animation M= B
— Parameters

Time Interval ; il me

MHumber of Images : |1 [

Dynarmic

Period = 071 zec

Frequency [ = 1.40 Hz

Frequency = 880 rad/zec

G [ _» | = |

K7 12

e [f the diagram amplitude is too small, click on the Increase Amplitude icon

of Diagrams toolbar. Click as many times as necessary. Use the
Animation function again.
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Frequencies and Vibration Modes

e Go to Results / Modal & Spectral and select the Frequencies and Vibration
Modes spreadsheet.

In this spreadsheet, we can see that mode 1 and 2 are acting in the main directions z

and x because the corresponding modal contributions (Yz and Yx) are the highest.
A value of 1.0 for components Dir. X and Dir. Z means that 100% of the vibration
mode is acting in this direction.

Frequencies and ¥ibration Modes Spreadsheet
20 Mode w f T & Shape Dirx Diry Dir.z L] Yy Y.z
rad/sec Hz sec ¥

1 [ Mode 477 076 1.32 5.00 | Other -0.00 0.00 1.00 -0.00 0.00¢C 1297.03
2 | Mode 2 5.99 1.59 0.63 5.00 | Other -1.00 0.00 0.00 0.63 o
3 | Mode 3 1014 1.61 0.62 5.00 Torsion -0.99 0.00 014 7 OE 0.o0 .07
4 | Mode 4 14.39 229 0.44 5.00 | Other -0.00 -0.00 1.00 -0.00 -0.00 45854
5 | Mode 5 23.42 373 027 5.00 | Other 0.00 0.00 1.00 0.00 0.00 242.20
b | Mode B 26.31 419 0.24 5.00 | Other 067 -0.00 074 011 -0.00 -0.12
7 | Mode 7 26.34 413 0.24 5.00 | Other 0.03 -0.00 1.00 0.00 -0.00 012
8 | Mode 8 26.34 419 024 5.00 | Other -0.96 0.0 0.28 -0.00 0.00 -0.00
9 | Mode 9 26.34 419 0.24 5.00 | Other -0.16 -0.92 035 -0.00 -0.00 -0.00
10 Mode 10 26.34 413 0.24 5.00 | Other -0.96 -0.28 0.07 -0.00 -0.00 0.00
11 | Mode 11 26.34 419 024 5.00 | Other 0.8a 0.38 027 0.00 0.00 -0.00
12| Mode 12 26.34 419 024 5.00 | Other -0.00 -0.00 -1.00 -0.00 -0.00 -6.53
13| Mode 13 26.35 419 0.24 5.00 | Other -0.00 0.00 -1.00 -0.01 0.00 -1.66
14| Mode 14 26.35 413 0.24 5.00 | Other -0.00 0.00 1.00 0.1 0.00 242
15| Mode 15 26.36 4.20 024 5.00 | Other 0.00 0.00 -1.00 0.00 0.00 -2.01
16| Mode 16 26.490 428 023 5.00 | Other -0.06 0.00 1.00 -0.09 0.00 1.42
17 | Mode 17 26.91 4.23 0.23 5.00 | Other -0.01 0.00 -1.00 -0.02 0.00 -2.84
18| Mode 18 27.84 443 023 5.00 | Other 1.00 0.0 0.00 402.38 370 0.00
19| Mode 19 28.63 456 nzz 5.00 | Other 1.00 0.0z -0.07 1.75 0.03 -0.12
20| Mode 20 0.4 643 016 5.00 | Other -1.00 0.04 -0.00 -132.84 483 -0.00

When components Dir.x, Dir.y, and Dir.z are specified in the Linear Seismic
Directions spreadsheet, VisualDesign automatically initialises the main vibration
modes according to the highest modal contributions that were calculated in the
Frequencies spreadsheet.

Spectral Analysis

Linear Seismic Directions Spreadsheet

e Select the Linear Seismic Directions spreadsheet in Loads menu.

e Insert two lines and type the names Dirx and Dirz in the "Number" column.
Enter a value of 1.0 as the x-component and z-component, with respect to each
direction.
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Note: Components Dir.x, Dir.y, and Dir. z

These components can be different from the value of 1.0. For example, you could
have 0.67 for direction-x and 0.36 for direction-z, for a main vibration mode. (The
geometry can be irregular or oriented at 45 degrees from global axes.) In this case,
you should enter these values as components. The second main direction, which
must be orthogonal to the first direction, will have similar components.

e [n our example, we entered a value of 1.0 for direction x and z. Modes 1 and 2
were initialized by VisualDesign, according to the highest modal contributions.
Select a different spectral envelope in the "Envelope" column, one for each

direction.
2 1D | Humber Dir. x Dir. p Dir. z| Envelope Tdyn [Mode]  Calibration Torsion
1 1 'Dil z 0.00 0.00 1.00 Envelope 1 fode 1 [=] [=]
2 2| Dirx 1.00 0.00 0.00 Enwelope 2 Mode 2 [=] [=]

e  Go to the "Structure" column and select a lateral force resisting system as per
NBC code, for each direction. Press the F1 control key to open VisualDesign
On-line Help and learn more about this parameter.

e The next columns "Seismic Force Resisting System", "Rd", and "Ro" are
relevant to the new NBC-2005 code. Double-click in the first column and
expand the CSA-S16 root. Select (double-click) the appropriate ductile frame
for each direction. You will notice that the corresponding parameters Rd and
Ro will be initialised.

Linear Seismic Directions Spreadsheet

2 Structure Seismic Force Rd Ro T
Rezisting System
1| BF Steel T=0.085 [hn]F Steel MAF LD v“ 200 1.30 =
2 | Other T=0.05 [hn)34 o C5&-516 . 1.30
3 I_——_l Maoment-Resisting Frame
|| . Steel MRF (D} _Ill
d .. Steel MRF (MDY k
B cteel MRF (LD) Cancel |
[#- Concentrically Braced

[+ Eccentrically Braced
[#- Plake Wall

- Corwentional skeel Construction
N 1 ol
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Linear Seismic Directions Spreadsheet

- Steel CB - Mo K - (MD)

- Steel CB - With K - (MD)

i Steel CB Tension (MDY
Steel CB - Mok - (LD

- Steel CB - With K - (LD)

. Steel CB Tension (LD

[+ Eccentrically Braced

2 Structure Seismic Force Rd Ro T
Resisting System

1 | RF Steel T=0.035 [hn)3 Steel MRF [LD] 2.00 1.30 =

2 | Other T=0.05 (k)3 Steel CB - Mo K - ILD -| 2.00 1.30

3 [=I- Concentrically Braced -

| Linear Seismic Directions Spreadsheet

2 Ta emp. Tadyn. Tachosen 5[Ta) My
| SEC SEC SEC kg kN
i1 055 1.38 0.az 0 1.00 0 1894926.20 1603.37 ||
| ‘ 2 03z 056 048 036 1.00 0 1894926.20 2567.18

| Linear Seismic Directions Spreadsheet

‘ 7 Ve ¥d ¥ chosen Torsion M Modal M/M
kN kM kM kM kM.m E4

1 1509.37 Qo0 Q.00 1207 50 0.oo oo .
| 2 286718 Qo0 Q.00 2053.75 0.oo oo

e Parameters Ve, Vd, V chosen, Torsion M, and Modal M/M will be written in
the spreadsheet when the spectral analysis will be completed.

Note Ve and Vd are calculated from modal analysis. Ve is the equivalent lateral
force acting at the base and represents the elastic response. Vd is the seismic lateral
force acting at the base from spectral analysis.

e C(lick OK to exit the spreadsheet.

Launch the Spectral Analysis.

e C(lick the Spectral Analysis icon . Press the "Analyse" button to start the
analysis.

Important You must obtain at least 90% of participating mass in each seismic
direction.
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Spectral Analysis Results

Checking Participating Mass

e Recopen the Linear Seismic Directions spreadsheet and check the percentage
of participating mass (Modal M/M), the base shear (Vd), and torsional moment
acting at the base of the structure (Torsion M).

The participating mass exceeds 90% for each main direction. Therefore the spectral
analysis is good. If you get less than 90%, eliminate local vibration modes, increase
the number of requested modes and run another modal and spectral analysis.

Linear Seismic Directions Spreadsheet

3 W ¥ Ye ¥Yd ¥ chosen Torsion M Modal M/M

kg kM kN kN kM kH.m x
1] 195717233 Fr205 204874 390.24 E17.64 1976.45 99.70
2] 195717233 1767 E7 511866 131248 141414 E3IE3E3 9957

Equivalent Static Loads

Torsion loads and loads due to inelastic effects (P-delta) have been generated
during the spectral analysis. VisualDesign modified these loads to equivalent static
loads Tx Dir. x, z and Tr Dir. x, z, which are listed in the Loads Definition
spreadsheet. VisualDesign modified these loads to equivalent static loads. These
static equivalent loads will be applied to the structure nodes when a static analysis
or design will be launched.

Loads Ri:Dir. x, z, are corresponding to the retro calculations done by
VisualDesign for ductile frames.

Loads Definition

Load Case |D_l,lnamic| lce I

Humber Type Auto Generation = Auto-generated Definition
15 combinaisons Torsion
1 JDead D] Dead [=] L] D Structure Dead Load
2 | Snow [L] Srow [=] [ S01 - Snow
3 | Live [L] Live [#] L] L# : Floor live load
4 | D1_Roof D] Dead [=] L] [ Aoof Dead Load
b | D2 _Floors [0 Dead [=] [ [ : Floor Dead Load
6 | TwDirz [E]Seismic L1 [#] Loads on nodes for theta =
¥ | TeDirz [E] Seigmic L] [=] Loads at nodes for barsion
8 | RE:Dir 2 [E] Seismic [ [=]
9 | TwDirs [E]Seismic L1 [#] Loads on nodes for theta =
10| Tr.Dirx [E] Seigmic L] [=] Loads at nodes for barsion
11 | RE:Dir » [E] Seismic [ [=]
12 | B2:Dir = [E]Seismic L1 [#]
13| R3:Dirx [E] Seigmic L] [=]
14 | Rd:Dir » [E] Seismic [ [=]
15 | B5:Dir = [E] Seismic L1 [x]
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Seismic Envelopes E01 and E02

The Envelope mode is automatically activated when closing the Spectral Analysis
dialog box. Envelopes E0/ and E(02 includes the resulting seismic forces acting
respectively in the z-direction and x-direction.

[E0T =1 O|e]=[= 5| ¥ =

e To have a look at seismic forces and deflections, select the Results tab of View
Options and activate a force diagram.

Information on Levels

e Go to Results / Modal/Spectral / Levels. Check if inter-story drifts do not
exceed the allowable limit. Refer to building code.

Information on Levels {stories) according to Seismic Direction

q Seismic Height Width F v W bave Smax Bx Amx hs Ox
Direction m m kN kN kN mm mm mm m

1] Dir = 1200 45.00 539.63 53963 4382.80 39.26 4313 1.23 766 4.00 0.02
2| Dirx a.00 45.00 53225 1071.88 1175321 3241 4318 1.33 1392 4.00 0.04
3| Dirx 4.00 45.00 341.84 14372 19120.44 18.99 29.39 1.55 17.22 4.00 0.08
4| Dirx 0.00 45.00 0.42 141414 1919330 1.77 9493 AE3 1.77 0.00 0.00
L

6| Dirz 12.00 32.00 32601 32601 4382.80 10297 107.58 1.04 28.04 4.00 0.09
F | Dirz 2.00 32.00 142,95 46396 1175321 80.65 96.08 1.19 4.00 0.26
8| Dirz 4.00 32.00 14817 E17.14 1912044 41.70 B1.57 1.48 V.80 4.00 028
9| Dir =z 0.00 32.00 0.51 E17.64 19193.30 4143 22158 4.95 448 0.00 0.00

Column Amx indicates inter-story drifts. The code limits this displacement to 2%
of story height. In our case, this limit is equal to 0.02 x 4000mm = 80mm. Inter-
story drifts are well below this limit.

Node Displacements

Node displacements are available for a selected vibration mode.

e Select vibration mode #1 on Activation toolbar and go to Results /
Modal/Spectral / Node Displacements.

Mode Displacements Spreadsheet

144 | Number Displ. x Displ. Displ. z B::. Bg BE
mm mm mm
118 | cF3 -0.00 -0.00 1.02 0.00 -0.00 0.00
119 | dF3 -0.00 -0.00 1.02 Q.00 -0.00 0.00
120 | F2 -0.00 -0.00 1.02 0.00 -0.00 0.00
121 | 207 -0.00 -0.00 0.4z 0.00 0.00 0.00
122 | 208 -0.00 -0.00 0.4z 0.00 -0.00 0.00
123|209 -0.00 -0.00 0568 Q.00 Q.00 0.00
124 | 210 -0.00 -0.00 0568 Q.00 -0.00 -0.00
125 | 211 -0.00 -0.00 0.1g 0.00 0.00 0.00
126 | 212 -0.00 -0.00 018 0.00 -0.00 -0.00
127 1 213 -0.00 -0.00 0.4z 0.00 -0.00 0.00
128|214 -0.00 -0.00 09z Q.00 Q.00 0.00
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Steel Design with Ductile Frames

e Launch the steel design by clicking on this icon .

During the Design Process:

In the Analysis and Design dialog box, activate the option Dynamic and Spectral
analysis at each cycle of design if you want VisualDesign™ to rerun the modal and
spectral analyses at each design cycle (shapes will change and so will the seismic
response).

If vibration modes and main seismic directions have changed during the design,
VisualDesign will automatically initialize data in the Linear Seismic Directions
spreadsheet during the design process.

Steel Design Results Spreadsheet

e Go to Results / Structure Design / Steel and verify members' design loads.
Sort data using groups and design loads.

Steel Design Results Spreadsheet

Humber Group Section Load Combination WEETHLERELR Code Provision

285 Mf+MF Me-Nf RIET;

1 [413 - Level 1 HS127:127:13 | DE4 C5A4 51601 139.5

2 | 4131 - Level 2 H g C54 516-01 13.9.3 DLE

3 |413%2 W-Level 3 H f C54 516011393 DLE

4 | 414 - Level 1 H C54 51601 139.a DLE

5 | 414%1 K- Level 2 H & Azcending CSaS1EM 1393 DLE

6 |414%2 #-Level 2 H ||3mup j P ; g Coa 51601 12.9.3 DE:

7 |43 - Level 1 H Descending B ccp 51601129 DLE

8 |431%1 - Level 2 H| i C54516-0113.9.3 DLE

9 |431%2 W-Level 3 H ! Ascending | C54516-0113.9.a DLE

10 | 432 - Level 1 H " [Design Load ME-NE =] : ] C54 51601 139.a DLE

11 | 43231 - Level 2 H & Descending  § C5A 51601 139.4 DLE

12 | 432%2 -Level 3 H - g C54516-0113.9.a DE:

13 | 433 - Level 1 H  Then this column _ g oA 516011392 DLE

14 | 440 - Level 1 H I j & #scending | Coa 51601 13.9.3 DLE,
m— ; ik Bdumaanhill bl " Descending P B 00000 s "lrl_l

Then this column
hlﬁl&l & Ascending &I

I j " Descending

Then this column
& Ascending

I j " Descending
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Steel Design Results Spreadsheet

Mumber Group Section Load Combination Design Load | Code Provision Load Comb.

285 ME+NF ME-Nf | ME-NFf Shear
%

227 | dC2 Cd Wil0x107 DLER 2230 | C54 S16-01 13.8.2c DLES -
228 | eC2 Cd Wil0:107 DLER 21.05 C54 S16-01 13.8.2c DLES
229|012 F1-RMF W4T oul [ Ba05jCsA 51601 13.9b oL
230 | cB1Z P1-RMF WwidB0x37 DL1 84.05 | C54S16-01 13.9b DL
231 | cC12 P1-RMF WwidB0x37 DL1 8296 | C54516-01 13.9b DL
232 | D22 FP2-RMF w0484 DL 91.37 | C54 516-01 13.6 DL
233 | cB2Z P2-RMF w0484 DL1 91.37 | C54 516-01 13.6 DL
234 | cC22 P2-RMF W1 0484 DL1 90.94 | C54 S16-001 13.6 DL1
235 | cB3Z P3-RMF w3B0x64 DL1 96.77 | C54 S16-01 13.6 DL
236 | cD32 P3-RMF W3E0xE4 DL1 96.77 | C54 516-001 13.6 DL1
237 | cC32 P3-RMF w3B0x64 DL1 94.99 | C54 S16-01 13.6 DL _I
238 | 455 #- Lewvel 1 HS127:127:13 DLEG 9310 | C54516-01 13.9.4 DLES
239|414 - Level 1 HS127:127413 DE4 93.04 | C54516-01 13.9.a DLES
240 | 431 - Level 1 HS127x127413 DE4 89.39 C54516-01 13.9.a DLES -
aat oo Cs s s e mrre _>IJ

b B[R

Steel design results are OK.

Chosen Shapes for Concentrically Braced Frames
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Chosen Shapes for Moment-Resisting Frame
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Seismic Steel Design Results

The seismic design results spreadsheet is available when a load combination is
selected on Activation toolbar. This spreadsheet is composed of parameters that are
relevant to ductile frames calculated according to section 27 of S16-01 Standard.

Direction x — Envelope E02

e Select the load combination DE4 (=1.0D + 1.0E02) on Activation toolbar. The
spectral envelope E02 corresponds to lateral forces towards direction-x where
concentrically braced frames are modeled to dissipate this energy.

e Display the concentrically braced frames through the Selections dialog box
(Edit / Select / Choose a selection) and mask the rest of the structure.

e Go to Results / Structure Design / Steel — Seismic Design and verify the
members that are part of ductile frames, which dissipated energy during the
earthquake. Sort data using design groups.

Steel Design Results Spreadsheet - Seismic Design

Mumber Shape Group Usage Ag Aw | AwlAg Zx Ry Fy

285
mm? mm? 1Fmm* MPa
48 | 474 H3127:127x13 !X- Level 1 ! [ t] Diagonal 5391.03 0.00 0.00 22452 1.10 350,00
49 | D32 'w3E0xE4 P3-RMF [ 1Beam 140,00 2464.00 0.30 1140.00 1.10 300.00
50 | cB3Z 'w3E0xE4 P3-RMF [ 1Beam 8140.00 2464.00 0.30 1140.00 1.10 300.00
51 | cC32 W 3E0x64 P3-RMF [ 1Beam 8140.00 2464.00 0.30 1140.00 1.10 300.00 -
52 | cB2Z WwiE10x84 P2-RMF [ 1Beam 10700.00 5153.40 0.4 Z360.00 1.10 300.00
53 | cC2Z2 wiE10x84 P2-RMF [ 1Beam 10700.00 5153.40 0.48 2360.00 1.10 300.00
54 | cD2Z WET0x84 P2-RMF [ 1Beam 10700.00 5153.40 0.4 2360.00 1.10 300.00
55 | 012 waB0x97 P1-RMF [ 1Beam 12300.00 4373.20 0.40 2180.00 1.10 300.00
86 | D12 widB0x97 P1-RkF [ 1Beam 12300.00 4879.20 0.40 2180.00 1.10 300.00
57 | cB1Z2 WwdB0x97 P1-RkF [ 1Beam 12300.00 4879.20 0.40 2180.00 1.10 300.00
58 | CO-Y Ww3l0x107 Cd- [] Calurnir 13600.00 3015.30 0.2z 1770.00 1.10 300.00
59 | dCo-y Ww3104107 Cd [<] Column 13600.00 3019.30 0.2z 1770.00 110 300.00

e Press the F1 control key to get the definition of each column composing this
spreadsheet, through VisualDesign On-line Help.

Steel Design Results Spreadsheet - Seismic Design

Class Class Class Class e P Vi ¥p ¥'p Mp M'p

235 | Mx Bending My Bending Web Compression
m kM kN kN kN kN.m kN.m
48 1 1 1 1 447 1398.68 1.93 0.00 0.0o 78.58 23.99
49 1 1 1 1 9.00 8.46 4455 440.86 440,86 34200 40218
50 1 1 1 1 9.00 g.46 44.55 440,86 440,86 342.00 40216
A1 1 1 1 1 9.00 5.81 44,47 440.86 440,86 34200 402,60
2 2 2 2 2 9.00 0.0z 98.07 895.06 855.06 708.00 835.44
h3 2 2 2 2 9.00 0.0z 97.90 835.06 8585.08 F08.00 8935.43
H4 2 2 2 2 9.00 0.0z 98.07 895.06 855.06 708.00 835.44
hh 1 1 1 1 9.00 0.01 98.40 87655 976.55 E54.00 FA.72
h6 1 1 1 1 9.00 001 95.48 87655 876.55 B54.00 .72
h7 1 1 1 1 9.00 0.01 98.48 87655 976.55 E54.00 FA.72
h8 2 2 1 2 400  2097.01 1.10 553,33 473.80 531.00 304.53
ha 2 2 1 2 400  24B6.83 1.71 Bh9.33 44552 531.00 24774
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steel Design Results spreadsheet - Seismic Design

$¥'p or 1.1RyMp AgRyFy | D.2AgRyFy 1.2Cpr ¥ ¥max e min emax 1.15Hy¥n 1.30RyVn

285 2¢M'ple
kN kN.m kN kM kN * > m m kM kN
48 0.00 95.08 207857 41511 1019.21 0.00 0.00 013 013 0.00 0.00
49 £8.40 41382 2B8E.20 53724 2351.29 0.00 1.72 035 10.00 96.14 108.68
50 £8.40 41382 2B8E.20 53724 2351.29 0.00 1.72 035 10.00 96.14 108.68
51 £8.40 41382 2B8E.20 537.24 2351.29 0.00 1.72 035 10.00 96.14 108.68
52 141.60 856.68 3531.00 70E.20 3830.59 0.00 1.72 0.60 10.00 1599.03 224.99
53 141.60 856.68 3531.00 70E.20 3830.59 0.00 1.72 0.60 10.00 1599.03 224.99
54 141.60 95E.69 3531.00 70620 3830.59 0.00 1.72 060 10.00 189.03 22499
55 13080 791,34 4059.00 211.80 4079.90 0.00 1.72 050 10.00 183,85 207.83
56 130,80 791,34 4059.00 211.80 4079.90 0.00 1.72 050 10.00 183.685 207.83
57 130,80 791,34 4059.00 211.80 4079.90 0.00 1.72 050 10,00 183.685 207.83
58 137.04 B42.51 4488.00 297,60 432657 0.00 1.72 035 10,00 192,62 21774
59 11148 B42.51 4488.00 857,60 432657 0.00 1.72 035 10,00 156.70 17713

Direction z — Envelope E01

The load combination DE3 (=1.0D + 1.0E01) is selected. The lateral forces are
acting on the moment-resisting frame.

e Display the moment-resisting frame through the Selections dialog box.

e Open the seismic steel design spreadsheet. Sort data using design groups.

Steel Design Results Spreadsheet - Seismic Design

MNumber Shape Group Usage Ag Aw Awlhg il Ry Fy

21
mim* mm* 10Fmm* MPa
9 | sC2v W/530<101 C3-RMF [ ] Calurmn 12900.00 5473.98 0.4z 2520.00 1.10 300.00
10 cB1-v WE10:113 C4-RMF [ ] Calurmn 14400.00 E422.08 0.45 3290.00 1.10 300.00
11| B2y WE10:113 C4-RMF [ ] Calumn 14400.00 E422.08 0.45 3290.00 1.10 300.00
12| B0 WE10:113 C4-RMF [ 1Calumn 14400.00 E422.08 0.45 3290.00 1.10 300.00
13| cB1-2 o 4E0R97 F1-RMF [ 1Beam 12300.00 4879.20 040 2180.00 1.10 300.00
14| 012 AE0R97 F1-RMF [ 1Beam 12300.00 4873.20 040 2180.00 1.10 200.00
15| 12 AE0R97 F1-RMF [ 1Beam 12300.00 4873.20 040 2180.00 1.10 200.00
16| D22 w61 0nE4 F2-RMF [ 1Beam 10700.00 5153.40 048 2360.00 1.10 300.00
17| cB22 w61 0nE4 F2-RMF [ 1Beam 10700.00 5153.40 048 2360.00 1.10 300.00
18| cC22 BT 0=54 F2-RMF [ 1Beam 10700.00 5153.40 048 2360.00 1.10 300.00
19| cD3Z o 360R64 F3-RMF [ 1Beam 8140.00 2464.00 030 1140.00 1.10 300.00

Steel Design Results Spreadsheet - Seismic Design

Class Class Class Class e P Vi ¥p ¥'p Mp Mp

21 | Mx Bending My Bending Web Compression
m kN kN kN kN kN.m kN.m
9 1 1 1 1 521 164.83 40.05 965.79 964.92 7BE.O0 987.98
10 1 1 1 1 4.00 536.34 13.24] 112358 111489 987.00 1020.06
1 1 1 1 1 5.21 169.88 TFBE MZ23BE 122N 987.00 1118.86
12 1 1 1 1 4.00 90273 107.02) 112358 109878 987.00 921.29
13 1 1 1 1 9.00 0.oo0 140.32 876.55 a7E.55 E54.00 7rrz
14 1 1 1 1 9.00 0.oo0 13862 876.55 876.55 B54.00 7rrz
15 1 1 1 1 9.00 (] 14032 87655 87655 £54.00 7rre
16 2 2 2 2 9.00 0.oo0 128,66 885,06 885.06 708.00 g35.44
17 2 2 2 2 3.00 0.00 128,66 85508 885.06 708.00 835.44
18 2 2 2 2 9.00 0.oo0 12673 885,06 885.06 708.00 835.44
19 1 1 1 1 9.00 10.04 54.90 440.86 440.86 34200 401.90
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Steel Design Results Spreadsheet - Seismic Design

$V'p or 1.1RyMp AgRyFy 0.2AgRyFy 1.2Cpr Y ¥max € min emax| 1.15Rpy¥n 1.30RyY¥n

21 2¢M'ple
kN kN.m kN kM kN * * m m kN kM
9 271.50 951.08 4257.00 851.40 1873.00 0.00 172 0.55 10.00 38161 431.39
10 44415 1194.27 4752.00 950.40 3200.70 0.00 172 0.5 10.00 £24.28 708.71
L 34093 1194.27 4752.00 950.40 2301.44 0.0 172 0.65 10.00 479.20 541.70
12 41458 1194.27 4752.00 950.40 3200.70 0.00 172 0.65 3.04 58271 £58.72
13 130.80 79134 4059.00 g11.80 4079.90 0.00 172 0.50 10.00 183,85 207.83
14 130,80 79134 4059.00 g11.80 4073.90 0.00 172 0.50 10.00 183.85 207.83
15 130.80 791,34 4059.00 g11.80 4073.90 0.0 172 0.50 10.00 183.85 207.83
16 141.60 956.68 3531.00 706.20 3830.59 0.00 172 0.60 10.00 153.03 22499
17 141.60 956.68 3531.00 706,20 3830.59 0.00 172 0.60 10.00 1599.03 22499
18 141.60 856.68 3531.00 7OE.20 3830.59 0.00 172 0.60 10.00 1599.03 22499
19 £8.40 413.82 2B8E6.20 537.24 2351.29 0.oa 172 035 10.00 96.14 108.68

Checking the Main Vibration Modes

e Open the Linear Seismic Directions spreadsheet (Loads menu).

Linear Seismic Directions Spreadsheet

3 Mumber Dir. x Dir. v Dir. z Envelope Tdyn [Mode]  Calibration
1 jDirz 0.00 Q.00 1.00 Envelope 1 tode 3 [#] 1=
2| Dirx 1.00 0.00 0.00 Envelope 2 Mode 5 [=]

Modes 1 and 2 have been replaced by modes 3 and 5 during the design process.

Interstory Drifts

e Check the interstory drifts through the Levels spreadsheet (Results / Modal /
Spectral) to make sure that they are below the allowable limit fixed by the

NBC code.
Information on Levels (stories) according to Seismic Direction
g| Seismic Height Width F v w bave Smax Bx Amx hs Ox
Direction m m kN kN kN mm mm mm m

1| Dirx 12.00 45.00 534.21 534.21 4124.41 4478 226.30 5.06 34.56 4.00 0.06
2| Dirx 8.00 45.00 988.53 182274 11297.03 29.69 38.02 1.28 13.79 4.00 0.03
3| Dirx 4.00 45.00 530.31 2053.058 18500.24 15.94 25.68 161 14.48 4.00 0.03
4| Dirx 0.00 45.00 063 2053.69 18582.37 1.47 838 571 1.47 0.00 0.00
5

6| Cirz 12.00 32.00 47204 472.04 4124.41 119.92 131.20 1.03 2111 4.00 0.04
7| Dirz 8.00 32.00 404.83 876.87 11297.03 100.48 127.46 1.27 34.35 4.00 011
8| Cirz 4.00 32.00 330.05 1206.91 18500.24 EE.97 83.97 1.25 E0.21 4.00 022
9| Dirz 0.00 32.00 0.55 1207 46 1858237 7.56 41.52 5.43 7.86 0.00 0.00

The allowable interstory drift is 80mm and the maximum reached is 60.2 lmm.
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EXAMPLE 8

Linear Time History
Analysis
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Linear Time History Analysis

Linear Time History Analysis & Steel Design

We are going to run a linear time history analysis of the building (before the
seismic design) that we studied in the last examples. Then, we will run a steel
design.

Project Configuration
e Open the Project Configuration dialog box (File menu) and select the

Analysis tab. Activate a linear type of analysis.

e Seclect the Seismic tab. Disable the option "Add ductility Effects [/ \ ]". Click
the button next to the "Accelerogram” list box.

Project Configuration |

Generall Preferencesl .ﬂmalysisl Foundation ~ Seismic ISteeI I Composite Beaml ASCE 1EI-E|?| Ciop 4 | ’I

— Egquivalent Static Force -
Building Code: [NBC 2005 =] [Tetalheight. hn: [12 i
Location categony: II: j Mumber of stories, N: |3
Spectral accelerations [g) Importance factor, [&; |1
Ch IMDntréaI j Acceleration factor, Fa: I'I
Sal0.2): IEI. =] Sal1.0]: IEI.‘I 4 Velacity Factor, Fy: |1—
Sa[0.5]: IEI. M Sal2.0): IEI.EIdB le Fa Sai0.2): I_EI.BS
— Spectral analysis =
Accidental tarzian : ID.'I v Levels c/c of floors
W Add inelastic effects [P-delta)
Maodal Combination: ISF!SS "I ¥ SFRS oriented toward othogonal axes
: v Regular stucture
Rounding for levels: [0 M add ductity effects [/7\]
— Time history analyzis
T ey
Accelerogram: I (. _I .)
Ciuration: I‘l 2 3BT ¥ Save nods displacements
Time pitch: IEI.EI'I TEC
b4 amirum accelerations [g)————— 1 Mon-linear Time Histomy Analpsis
Harizantal: ||:|_1 a Tolerance: ID kM
vertical ID_-I 3 V| &dd vertical effects

ak. I Cancel | Appli | Helm |
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e Activate the radio button to select an accelerogram.

List of Available Ground Acceleration
@ US “ o
=@ California 2q E L Lis
E-@ Imperial Valley Earthguake - Imperial Walley (0.210g)
=@ El Centra Imperial alley 10

Acceferation (g)

1 1 1 1 1
0o 100 200 300 40.0 50.0
Time (sec}

— Infarmation on ground acceleration

Nuriber :  [Imperial Yalley (0.210a] - M ax Acceleration : ID-21U142 ] tax Displacement : ID-D'I WEE m
Date : IMa_l,l 13,1940 - 2037 bax Speed : IE'-'33‘39211 mfsec Direction : ISE‘UW

Ok I Caricel |

e C(lick OK. You will go back to the Seismic tab.

e The time pitch is associated to the accelerogram. Enter the duration for the
application of this accelerogram and specify the maximum horizontal and
vertical accelerations. For Montreal area, these accelerations are respectively
equal to 0.18g and 0.12g (2/3 x horiz. acc.).

— Time Histomy Analyziz

Accelerogram: IImperiaI Walley [0.210g] |
Cruration: |1 2 sEC W Save node dizplacements
Time pitch: IEI.EI'I B0

M awimum accelerations [g)——— — Mondinear Time History Analysiz

Harizantal: 018 T olerance: ID kM

1

Yertical: 01 ¥ Add vertical effects

e Activate option Save node displacements.

e Press OK to save data and exit the Project Configuration dialog box.
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Member Usages

e Seclect all members and choose a Standard usage in the Member tab.

Loads and Load Combinations

Use the Combination Generation Wizard to generate load combinations. Include
time history envelopes £t01 and Et02 and Ultimate envelope.

Load Combinations

Load Combinations | Load Factors |

g Mumber Status D efinition

1JDE3 !Llltimate 1.000+1.00E 01

2| DE4 Ultimate 1.000+1.00E 02

3| ou Ultimate 1.250+1.50501+1.50Lx%

410L2 Ultimate 0.850+1.50501+1.50Lx%

5] DLES Ul Itirnate: 1.000+0.505 01 +1.00E 101 +0.500x
6| DLEE Ultimate 1.000+0.50507+1.00E t02+0.500Lx
FloLe Service 1.000+1.005070+1.00Lx

81L39 Instant. Deflection 1.00501+1.00Lx

9| Mazs 7 bazs Mazs

Modal and Spectral Analysis

The modal and spectral analyses are requested before running a linear time history
analysis because accidental torsion effects are calculated during the spectral
analysis.

e C(lick on this icon to launch the modal analysis. Select the Mass load
combination in the dialog box.

e Open the Linear Seismic Directions spreadsheet. Data are the same as
obtained in the last example.

Linear Seismic Directions Spreadsheet

3 Mumber Dir. = Dir. p Dir. z Envelope Tdyn [Mode]  Calibration Torsion
1§0irz Q.00 Q.00 1.00  Ervelope 1 Mode 2 [=] [4]
2| Dir= 1.00 0.00 0.00  Envelope 2 Mode & [=] [4]

e Close the spreadsheet.

e Click this icon to launch the spectral analysis.
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Linear Time History Analysis

e  While keeping the [Ctrl] key down, select nodes for which displacements are
required. (If you do not select nodes, displacements will be calculated for all
nodes and this type of analysis can be very long). In this example, we selected
nodes eA2 and eA3, which are located at the top of the structure, near a corner.

e Start the Time History analysis by pressing this icon .

Time History Results

When the analysis is completed, time history envelopes will be available on
Activation toolbar.

e =1 olel- [ a8 v =]
e Go to Results menu and select Time History / Node Displacements in Time.

e Enter a node number and press the "Reading" button. To look at results in the
form of a spreadsheet, press the "Spreadsheet" button.

Displacements in Time

—Modes selection—————————————————

First Second “ & Q E U m

[

I I Mode: 243 Direction : Die 2
270.0

Direction : IDir z VI —
1800

—Reszult
in b ax
mm i E 0.0
® | .02 | 6.38 s »
v 047 | 044 E y
g

Z: | -215.16 | 22169 g -30.0

dx: I 0 I 0 4800

dy - ] ] =z

i’ I I -270.0 1 1 1 1 1

dz I 0 I i 0.0 20 z‘l.EI 6.0 5.0 10.0 12.0

Titne (sec)
" Heading ! Spreadsheet | Cancel |

To know differential displacements between two nodes, enter node numbers in
appropriate fields. Select the direction and press the "Reading" button.
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Displacements in Time E

— Modes selection

|EER= Xy =YIFY =]

First Second
Ie.-’-‘«3 Ie.-’-‘«2
Direction : I Dirz - I
—Fesults
tdin bl ax -
i mm E
[0 [ 0|l
]
v 0| o E
: g 101
| | 3
o | -1.13 | 1.4
dy: | 005 | 0.04
dz: | 50,89 | 43,31

Mode: ef3 -

82 Direction ; Dirz

60.0

400

x)
=
=

=)
=

-60.0 |
oa 20

1 1
4.0 60 50 100
Titme (sec}

12.0

" Heading

Spreadshest

Cancel

Steel Design

We will run a steel design that includes the time history envelopes Et01 and Et02.

e Select nodes eA2 and eA3.

e Launch the steel design by clicking on this icon . The modal, spectral, and
time history analyses will be automatically launched in the design process.

Steel Design Results

Steel Design Results Spreadsheet

Mumber Group Section Load Combination Design Load Code Provision Load Comb.
285 ME+NF MIE-Nf ME-NF Shear
%
28 | 442 Helevel2 H5203x203x6.4 | DLER 71.57 C54 516-01 13.830 DLES -
29 | 454 Helevel2 H5203x203x6.4 | DLER 70.07 C54 516-01 13.8.30 DLES _I
30 | 453 Helevel2 H5203:203%6.4 DE4 E1.79 | CSA S16-01 13.8.3b DE3
3 |44 Helevel2 H5203x203x6.4 | DLER E3.55 C54 516-01 13.830 DLES
32 | 459 Helevel2 H5203x203x6.4 | DLER £3.16 C54 516-01 13.8.30 DLES
33 | 468 Helevell H5203x203x8.0 | DLER CS4 516-01 13.830 DLES
34 |43 Helevell H5203x203x8.0 | DLER 7295 C54 516-01 13.830 DE3
35 | 461 Helevell H5203x203x8.0 | DLER 7252 C54 516-01 13.830 DE3 f
4 3

bl B[ &
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Chosen Shapes for Bracings

. WY3hx33 - " W4 10x54 N
e % «1‘6*’\1% g g 1&13‘?1%‘0_
§ i wo § g i 2 ﬁg\ g
o b A A = = A S
S et Bry |2 S o Ly |
-ﬁ"&"‘ Ty ﬁ:cjke"ﬂ g |
ki WYY3E0x45 Py - Y5337 2 y
5 Wy E 5 z oy el =
= B A Ay 2 2 B Ay =
5 ey = 5 Hoe |5
e K25 L ko [
. W3B0x45 r - Y3057 2 -
> = =
g g 2
5 S S
Frame 1 - b
) WIE0%33 . . WA 10354 )
oy e N oy
£ My @O £ = By o =
S & 85 = 2 GO, 2
R s = =Ry s =
\c’\%’ﬂ% ?;?’}H{ ~d '-{3’\5,\"-1 /‘E}-&{ I
- WIB0 45 - - W07 2 r
5o N ] 6'5&“ TSEQ-?I;;Q? ﬁﬁ.ﬂgﬁ-
= s "ﬁe'qﬂ = z = -{\5@ =
o Y S 2 B A Mg 2
& g{lﬂﬁﬂ 0 & = g‘ﬁ-ﬁﬁﬁ qu'té'gﬁ =
o g oo s
- WIB0 45 - - W07 2 -
3 S

The bracings are much bigger than those obtained from the seismic design with
ductile frames but columns are lighter.
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Chosen Shapes for Moment-Resisting Frame

WIE0 G4 WIE0 G4 WVIE0 XG4
3 3 3 3
[ [} [ [
= = = =
@ G & ]

W4E0XE9 W4E0XE9 WV4B0XE9
3 3 3 3
[ [} [ [
= = = =
@ G & ]
Y1091 Y1091 W 10x91
3 3 3 3
[ [} [ [
= = = =
@ G & ]
= =k =y d!

These shapes are almost equivalent to those obtained from the seismic design using
ductile frames. Columns are a bit smaller and beams are almost the same.

Checking the Main Vibration Modes

3 Mumber Dir. & Dir. p Dir. z Envelope Tdyn [Mode] Calibration Torsion
1§0irz oo oo 1.00 Envelope 1 tode 3 [=] [=]
2| Dirx 1.00 oo 000 Envelope 2 bode 8 [=] [=]

Mode 5 was changed to mode 8 for direction x during the design process. Direction
z remained the same (mode 3).

Procedures for Linear Time History Analysis

e Select the Preferences tab of Project Configuration dialog box and activate a
linear type of analysis.

e Select the Seismic tab and complete parameters for the spectral analysis. They
are required to calibrate the linear time history analysis. Select an accelerogram
and enter the duration, the maximum horizontal and vertical accelerations and
activate the option Save node displacements.

e (Generate load combinations with the Combination Generation Wizard
including the linear time history envelopes Et01 and E?02, if required.

e Run a modal analysis.
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e Open the Linear Seismic Directions spreadsheet and enter components dir.x,
dir.y, and dir.z for two orthogonal directions, as they are supplied in the
Frequencies and Vibration Modes spreadsheet. VisualDesign will
automatically choose the vibration mode numbers corresponding to these
components, which contribute the most for each seismic direction.

e Run the spectral analysis. Make sure that at least 90% of participating mass is
used for each seismic direction. Select the Information on Levels spreadsheet
and look at inter story drifts. They must not exceed the limit permitted by the
Code.

e Select nodes from which you wish to obtain displacements in time.

e Launch a linear time history analysis.

e Go to Results menu and select Time History / Nodes Displacements in Time.

e Run a static analysis or design.

e [ook at load combinations and envelopes results.
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Non-Linear Time History
Analysis
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Step-By-Step Procedures

Location of Friction Dampers in the Structure

Procedure:
e Run a modal and spectral analysis of the structure.

e Take note of the maximum forces in bracings (tension and compression).

e Choose the members that will behave as elastoplastic members. They will
absorb the amount of tension and compression force that will be specified in
the Behaviour tab (Member Characteristics dialog box).

It is recommended to place a PALL system per story, into different bays.

This small building will be analysed with Pall members.
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Project Configuration

Analysis Tab

e Activate a non-linear type of analysis. Modify parameters for non-linear

analysis, if required.

Seismic Tab

e Select an accelerogram and enter the duration. The time pitch is initialized
when an accelerogram is selected. Enter the maximum horizontal and vertical
accelerations and activate the option Add vertical effects in the non-linear time

history section of the dialog box.

e Use a tolerance of 1 kN to facilitate convergence for this type of analysis.

Non-linear analyses are not calibrated. If you want to factor non-linear time history
analysis, apply load factors through the Load Combinations spreadsheet.

Project Configuration E2

Steel I Composite Eeaml ASCE ‘IEI-S?'I Concrete De&ignl Pre&tre&singl Uritz ~ Seismic |

]

— Equivalent Static Force
Building Code:

II:NE 2005 'I
||: vI
Spectral accelerations [g)

City: j
Sal0.2) [0E3 saflop [o14
Sall5) 034 Sa20) [0.048

Location categorny:

IMDntléaI

Tatal height, hn:
Murnber of staries, M:
Importance factar, le;
Acceleration factor, Fa:

Welocity factor, Fu:

le FaSall.2]:

1]

0.63

— Spectral Analysis
Accidental torgion : I .
I SRSS I

Modal Combination:

Rounding for levels:

¥ Levels o/ of floors
v &dd inelastic effects [P-delta)
v SFRS ariented toward athogonal axes

¥ Regular structure
[ Add ductility effects [/4]

0.1
B
— Time Histary Analyzis

Accelerogram: IImpeliaI Walley [0.210g)

Diuration: |1 1] IEC
Time pitch: IEI.EI‘I B0
tamimum accelerations [g)
Harizontal: IEI.'I a
Wertical: ID.12

¥ Save node displacements

MHandinear Time Hiztom Analysis
Tolerance:

v Add vertical effects

o

il

|

o |

Cancel | Lpply | Helq |
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Modelling Members as Friction Dampers

e Activate the Structure mode and select members that you want to model as
elastoplastic members (friction dampers). Press the Properties icon to open the
Member Characteristics dialog box.

The Member tab

e [n the Member tab, double-click in the Behaviour list box and select the option
Elastoplastic.

The Behaviour tab

¢ Go to the Behaviour tab, select an axial elastoplastic mechanism and enter the
maximum tension and compression that they will absorb.

When elastoplastic members will attain this value, they will enter into plastic
phase. You can specify the stiffness ratio for elastoplastic members when they
will reach maximum plasticity.

Member Characteristics

Memberl Connection  Behaviour | SteeIDesignI Eoltad Connecti-:-nl Evaluationl

— Elastoplastic Mechanizm

— Tension-Compression behaviour Only

b airum Tenzion : 180 kM = Use the Ealeulatedialie

Mazimum Compression ; 150 kM ™| Use the Calzulated ialus
Stiffress Ratio After Maximum : IEI

— Bi-&zial Bending and Axial Load behaviour
Mazimumn Pozitive bMoment Strong dsis © IU kM.m ™| Use the Calzulated ialus
Maximum Megative Moment Strong Awis - IU kM.m I sz thie Calsulated Yalls

e (lose the dialog box.
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Load Combinations

Use the Combination Generation Wizard to generate load combinations. Include
the non-linear time history envelope Etnl.

Generation of Load Combinations - General Dptions E

Specification:
’7 Code:

~ Load Combinations to be Generated

™ Generate an unfactored load combination per load case
[T Generate with seismic loads acting towards the positive direction anly

™ Mass

— Particular load cases to include

Spectral Envelopes
’7 E0:T E0z E03 ¥ Mon-Linear Time Histary Envelope [Etnl]

"Time History Envelopes

Et: [T Et2l” B3

— Generation O ption
Add generated load combinations to existing ones

" Delete lnad combinations except those edited by user
& Delete all previous load combinations

— Envelopes to be Generated

V¥ Generate an envelope per type of load combination

< Black I Mest » I Cancel Hels

Generation of Load Combinations - Specific Options

— Specification
Code: MBC-95 L5D [Canada) j
14 Load Factors Value Default ‘
1 JalphaD: Dead loads _ | 128 1.25 -
2 | Alpha D5: Dead loads - Uplift 085 0.ss
3 | Alpha DE: Dead loads combined with earthquake 1.00 1.00
4 | Alpha L: Live loads 1.50 1.50
5 | Alpha LE: Live loads combined with earthquake 050 050
B | Alpha SE: Snow Loads combined with E arthquake 0.25 0.25
7| slpha ' Wind loads 1.50 1.50 hd
~ Load Combinations to be Generated———————————— Deflection Load Combination:
¥ Ultimate Lirits States 4.1.3.2 ¥ Instart. deflection
¥ Serviceability Limits States 4.1.3.3 Load cases to include:
¥ LivelL]
¥/ Snow (L]
™ wind ()
™ Temperature [T]

Particular load cases to include

™ Moving laad Ervelope [Lm) Mov. Load Envelopes...l

™ Prestressing and shrinkage/creep

< Back I Mext > I Cancel HElR
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Click the Next button and then, the Finish button.

Generated Load Combinations

Load Combinations | Load Factaors I

7 Humber Status Definition

1JDE3 | Ulltimate 1.000+1.00E

2| DL | ltimate 1.250+1.50501+1.50Lx

3| DL2 | ltirnate 0.850+1.50507+1.50L%

4| DLE4 | ltirnate 1.000+0.505070 +1.00E trl+0.50Lx%
5| DLE Service 1.000+1.00507+1.00Lx

B|LY Instant. Deflection 1.00507+71.000L=

¥ Mazz b W azs b azs

Modal Analysis

You are ready to run a modal analysis. Press this icon and select the Mass load
combination in the Modal Analysis dialog box.

This modal analysis is a standard one and will consider all members as elastic
members.

Non-Linear Seismic Direction

e When the modal analysis is completed, select the Non-Linear Seismic
Directions spreadsheet (Loads menu). For each elastoplastic load
combination, enter a value of 1.0 (meaning 100% of modal contribution acting
in this direction) for the direction that you want to study.

Mon Linear Seismic Directions Spreadsheet

2 Mumber Dir. x Dir. y Dir. z Ydyn. Modal M/
kM E4
1|DE3 1.00 0.00 Q.oo 0.00 Q.00

2| DLE4 i o0 0.00 0.00 0.00 0.00

Y

The last columns will be completed when the non-linear time history analysis will
be done.

Studying the Second Seismic Direction

If elastoplastic members are modeled in the two directions of a building, you can
analyse both directions in one analysis depending on the computer memory and the
structure complexity (a lot of nodes).
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If your project is simple:

If your project is quite simple, create additional elastoplastic load combinations.
(Use the Duplicate function in contextual menu, to copy a load combination along
with the corresponding load factors). The second seismic direction will be assigned
to these load combinations, as shown below.

Mon Linear Seizsmic Directionz Spreadzheet

4 Mumber Dir. x Dir_ p Dir. z Ydyn. Torsion M Modal M/M

kN kN.m E4
1| DE3x 1.00 0.00 0.00 0.00 0.00 0.00
2| DE3z 0.00 0.00 1.00 0.00 0.00 0.00
3| DLEdx 1.00 0.00 (.00 000 0.00 0.00
4| DLE4z .00 .00 i 1.00 i 0.00 0.00 0.00

If your project is big and complex:
To save time and computer memory, do as follows:

e Run the non-linear time history analysis for one seismic direction only. Consult
the results and rename the file.

e Go to the Non-linear Seismic Directions spreadsheet and change the direction
of analysis.

e Select some nodes and launch the non-linear time history analysis right away.
Do not launch the modal analysis or the non-linear static analysis because
results will be lost!

Non-Linear Static Analysis

e Run the non-linear static analysis by clicking on this icon .

Selection of Nodes

e Select a few nodes for which you want to look at results. This type of analysis
can be very long.

Non-Linear Time History Analysis

e Launch the non-linear time history analysis by clicking this icon El
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Note: The modal analysis that will be automatically launch is not the same as thr
first one. This modal analysis includes members that behave linearly only. During
analysis, the calculated forces in members that have a non-linear behaviour will be
added to time history forces.

Results

The Load Combination mode is activated

e Select an elastoplastic load combination on Activation toolbar.

e Display node numbers through the View Options dialog box.

e Go to Results / Time History. Select Node Displacements in Time,

Reactions in Time, Forces in Time, or Forces and Deflections.

Node Displacements in Time

This function allows looking at node displacements in time or differential
displacements between two nodes. Enter a node number or two and select a seismic
direction in the Direction list box. Press the "Reading" button.

Displacements in Tine E

— Modes selection
First Second JJ & 4 E Ul Lﬂ\__
25
I I Mode: 25 Direction : DE3
4.0
Direction : DE3 hd a0 —
— Results
Min [ EY . = ‘ ‘
mim i E
5 I 237 I 34 g 10 1..‘”' ||| |‘I‘II||.II||.‘I| ||||‘H| |.|.|I|‘||
POl R o
' 0,58 1] B A 4 el ! i
= SR U
z: 0 0.64 2
| | £ 2
e 0 ]
v | .
d'I'J : I . I ! 40 | 1 1 1 -
. I 0 I i 0.0 20 - 4.0 E.0 .0 10.0
Titne (sec}
Spreadzheet Cancel

Forces in Time

Use this function to visualize forces vs time for elastoplastic members.
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e Activate an elastoplastic load combination on Activation toolbar.

e Select a member number in the drop-down list box. Click the "Reading"
button.

Forces vs Time

Element and zeizmic direction
’7Member: {552 =] Direction : IDE3

|lm@QEWE 2
Forces vs Time - Member - 552 Load Combination : DE3

200.0
160.0
120.0 1

=l
T

-80.0

Axial Forces (kN)

-120.0

-160.0

-200.0 | 1 1
oo 20 4.0 6.0 g0 100 12.0

Titne (sec}

Spreadzheet Cancel

Forces and Deflections - Hysteresis Loops

A hysteresis loop is a cyclic curve that represents force-deflection or moment-
rotation and defines the elastic behaviour for an element or structural system. (Ref.
Eléments de génie parasismique et de calcul dynamique des structures, André
Filiatrault, 1996)

Use this function to visualize member forces and deflections (hysteresis loop) in
time.

e Select an elastoplastic load combination on Activation toolbar.

e Choose an elastoplastic member in the drop-down list box. Click the "Reading"
button.
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Hysteresis Loops - Forces vs Deflections

Element and seizrmic direction
’7Member:

| 552

j Direction : IDE3

|lmEeaEWR S

Hysteresis Loop - Mermber 552 Load Corbination : DE3

160.00

120.00

g0.00

40,00

0.00

-40.00

-50.00

Axial Forces (ki)

-120.00

-160.00

-200.00

%

1 1 1 1 1 1 1
-1.40 -0.70 0.00 0.70 1.40 210 2.80 3.0
Axial deflection (mnm)

Spreadzheet | Cancel |

If discontinuities appear in the diagram, reduce the time pitch in the Seismic tab
and launch the analyses again. We reduced it to 0.005sec:

Hysteresis Loops - Forces vs Deflections E

Element and seizmic direction
’7Member:

|52

j Cirection : IDE3

=S QEWR®

160.00

120.00

80,00

40,00

0.00

-40.00

Axial Forces (&N)

-50.00

-120.00

Hysteresiz Loop - Membee 552 Load Combination : DE3

.50

A

1 1 1 1
-1.00 -0.:50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Adial deflection ()

Spreadshest Cancel
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Summary of Procedure

e Run a modal and spectral analysis of the structure and study the behaviour of
bracings (maximum tension and compression). Choose the location of PALL
systems (friction dampers) in the structure.

e Project Configuration dialog box:

+ Select the Analysis tab and specify a non-linear analysis.

+ Select the Seismic tab and choose an accelerogram. Complete the required
parameters.

e Select the members that you want to model as elastoplastic members. Open the
Member Characteristics dialog box.

+ In the Member tab, select an elastoplastic behaviour.

+ Go to the Behaviour tab and specify the maximum tension and
compression forces that elastoplastic members will absorb.

e Use the Combination Generation Wizard to create load combinations.
Include envelope Etnl in the generation.

e Run a modal analysis.

e Select the Non-Linear Seismic Directions spreadsheet and specify the seismic
direction that you want to study (for each elastoplastic load combination).

e Run a non-linear static analysis.

e Select nodes before launching the non-linear time history analysis. If you don’t
select nodes, all nodes will be analysed and it will take too much time and
computer memory.

e Run a non-linear time history analysis.

e Seclect an elastoplastic load combination on Activation toolbar.

e Go to Results / Time History menu, and select one of available graphs.
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EXAMPLE 10

General Dynamic Analysis

CivilDesign Inc. Engineering Software 183



Practical Examples — Version 2.2

Transient Analysis

Two simple examples will show all the required steps to model and execute a
general dynamic analysis. Different impact loads will be applied at the top of a 6.5
metre height steel column.

To get a sufficient number of vibration modes and frequencies, we split this
column into 10 pieces. The more vibration modes you get, the more accurate the
analysis and results will be.

Example 1 - 1 Impact Load

A 10 kN dynamic load will be applied at the top of this column, towards the
positive global x-axis.

/
f

v
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Project Configuration

e Enter the following parameters in the Analysis tab of Project Configuration
dialog box:

— General Dynamic Loadings

T max IE SR

DekaT : 0.m IEC

¥ Saveu, v w

General Dynamic Load Diagram

VisualDesign has unitary dynamic load diagrams that are available in the Loads
menu.

e Open the General Dynamic Loads spreadsheet and insert a line. Give a name
to this load diagram. Double click in the "Type" column and select a loading
diagram among the list box. Enter the number of cycles for this dynamic
loading and specify dti intervals.

General Dynamic Loading Diagrams

1 Number Type Number dtl dt2 dt3 drd
of cycles sec sec Tec sec
1 JImpact 1 040 040 040 0.00 ]

1 L

T
ar ' de | as | oau |t

e Press OK.

Load Definitions Spreadsheet

e Seclect the Loads Definition spreadsheet in Loads menu and insert a line.
Define the dynamic load case by selecting a Dynamic type of load in the
"Type" column.

Loads Definition

Load Case | Dynamic | e |

Number Type Family Auto Generation  Definition
2 combinaisons

1| Dead [ Dead A [=] Structure Dead Load
2| Impact i[L] Diynamic iN.fA [=] Impact
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e  Go to the Dynamic tab. Double-click in the Accelerogram cell and select the
name of the dynamic load diagram.

Loads Definition

Load Case  Dynamic I lce |

Humber General Dyn. Analysis General Dyn. Analysis

1 Accelerogramm Starting time

sec

1 JImpact | Irnpact 0.00
2

There is only one dynamic load diagram; therefore the starting time is not
important. This parameter is useful when dynamic loads are applied at different
time or in different directions, or both.

Load Combinations

e Go to Loads menu and select Load Combinations / Definition. Insert two
lines.

Load Combinations

Load Combinations I L oad Factars I

2 Humber Status Definition
1| Mass Mazs LEE -
2 | Dead+dyn. Ultimate | Dead+dyn.

e The first load combination includes the structure dead load and the impact
load. The second one is the Mass load combination, composed of the dead load
only, which is required for the modal analysis.

e (o to the Load Factors tab. Enter load factors and select the appropriate load
case in the drop-down list box.

Load Combinations

Load Combinations ~ Load Factors |

Dead+dyn. : Dead+dyn. Load Load Case

Mazs: Mass 2 Factor
1 1.25!Dead =
2 1.50 Impact [ |

Load Combinations

Load Combinations  Load Factors |

Dead+dyn. : Dead+dyn. Load Load Casze
1 Factor
1 1.00)Dead -
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e Press OK.

Applying the Impact Load
The dynamic load will be graphically applied at the top of the column.

e Activate the Load Case mode select the Impact load case title on Activation
toolbar.

e Activate the Node element and double-click on the top node to open the Forces
on Nodes spreadsheet.

e Enter a load of 10 kN (global x-axis) and click OK.

Forces on Modes Spreadsheet

1 Fx Fy Fz Mx My Mz
kN kN kN kN.m kN.m kN.m
| 1 10.00§ 0.00 0.00 0.00 0.00 0.00 :I
]

Modal Analysis

e Launch the modal analysis by clicking on this icon EI

+ In the Modal Analysis dialog box, select the "Mass" load combination.
Ask for 15 vibration modes.

+ Launch the analysis by clicking the "Analyse" button.

Vibration Modes, Frequencies and Damping

e Go to Results / Modal/Spectral/ Vibration Modes and Frequencies. Look at

the Yx, Yy and Yz columns. They represent the modal contribution for each
main direction. The modes that contribute the most are mode 1, mode 2, and

mode 10.
15 Mode w f T £ Shape Dir.x Dir.y Dir.z ¥.x Y.y ¥.z
rad/sec Hz ZEC X
1 | Mode1 1593 254 039 500 Other ! 1.DEI! -0.00 -0.00 1242 -0.00 -0.00
2 | Mode 2 54.30 a64 niz 500 Other n.an oo 1.00 n.aa nan 1245
3 | Mode 3 98,78 1572 0.0 5,00 Other 1.00 -0.00 -0.00 £.91 -0.00 -0.00
4 | Mode 4 27281 4342 0.0z 5,00 Other 1.00 -0.00 0.00 4.05 -0.00 0.00
5 | Mode & 32347 81.48 0.0z 5,00 Other 0.0 -0.00 -1.00 0.0 -0.0a .
6 |Mode & R2E.05 837z 0o 500 Other 1.00 -0.00 n.an 2490 -0.00 n.an
7 | Mode 7 A7E.E1 .77 0o B.00 Other -1.00 ] -0.00 -0.00 nan -0.00
8 | Mode 8 245,70 134.60 0. 500 Other Rt} ] 1.00 n.aa [Ruli] 414
9 | Mode 3 a5312 135,78 0o 500 Other 1.00 ] n.an 225 [Ruli] n.an
10| tMode 10 121628 153.58 0o 500 Gravitational Rt} -1.00 n.an n.aa -14.28 n.an
11 | Mode 11 124377 157.95 0o 500 Other -1.00 -0.00 -0.00 .82 -0.00 -0.00
12| Mode 12 1515.89 241.26 0.aa 5,00 Other -0.00 0.aa 1.00 -0.00 0.aa 2493
13| Mode 13 167916 267.25 0.aa 5,00 Other 1.00 0.aa -0.00 1.50 0.aa -0.00
14| Mode 14 1716.95 27326 0.0 5,00 Other 0.20 -0.98 -0.00 0.0 -0.0a -0.00
15| Mode 15 22377 3380 0.00 5.00  Other -1.00 -0.00 -0.00 .22 -0.0a -0.00
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Damping

The default damping is set to 5%. To modify the damping percentage, select the
whole column and enter another value. (Use the Replace function of contextual
menu.) Launch the modal analysis again.

Static Analysis (Time History)

e Select the loaded node (or select none) and launch a static analysis.

If you do not select any node(s) before launching the static analysis,
VisualDesign™ will calculate displacements for all the nodes. In our example, we
did not select any node.

VisualDesign™ will run a time history analysis according to the direction of
impact load.

N.B. Time history analysis takes more time than other types of analysis. The longer
the duration of load application is, the longer the analysis will be.

The Load Combination mode is automatically activated when the time history
analysis is completed.

e Seclect the Dyn+dead load combination and look at the deflection.

A

i1

T

| A

- Load Combination : Dead+dyn.
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Time History Results - Node Displacements in Time

e Select the Dyn~+dead load combination on Activation toolbar.

e Go to Results / Time History/ Node Displacements in Time. Enter node
number 1 and press the "Reading" button.

Dizplacements in Time

—Modes selection

|lmasqEWEE

First Second
I |
Direction : IDead+d_l,ln. hd I
—Results
bdin [LEN
mm mm
'y | -18.45 | 987.44
Y I 1] I il
z: | 0| 0
e I 0 I il
du: I 0 I i}
dz: I 0 I il

Displacements (mm)

1200.0

&00.0

400.0

=
[=]

-400.0

-500.0

-1200.0

Node: 1 Direction : Dead+dyn.

oo 10

1 1
20 30 4.0 50
Time fsec)

6.0

{"Heading

Spreadzheet | Cancel |

Press the "Spreadsheet" button to look at results in the form of a spreadsheet.

Mode Dizplacements Spreadzheet

599 t Displ. x Displ. p Displ. = B:: B_l,: Bf
s mm mm mm
1 0.01 ! 026 .00 000 0.00 -0.00 007 =
2 0oz 1.56 Q.00 .00 0.00 -0.00 -0.05
3 o3 437 0.00 .00 0.00 -0.00 0127
4 0.04 299 .00 .00 0.00 -0.00 022
L 005 1537 0.00 .00 0.00 -0.00 -0.32
[ 0.06 2392 .00 000 0.00 -0.00 -0.44
¥ .07 35139 0.0oo 0.aoo 0.00 -0.00 -0.69
8 n.og 49.80 0.00 .00 0.00 -0.00 -0.79
9 .09 R3.08 .00 000 0.00 -0.00 -1.04
10 (IR 1] 29,52 0.00 .00 0.00 -0.00 -1.34
11 01 115.05 0.00 .00 0.00 -0.00 -1.68
12 n1z 14317 0.0oo 0.aoo 0.00 -0.00 -2.04
13 013 174 27 0.00 .00 0.00 -0.00 244 |-

Cloze |
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Differential Displacements between Nodes

If you want to look at differential displacements between two nodes, they must
have been selected before running the time history analysis. If this is the case, enter
nodes number in appropriate fields and press the “Reading” button.

Digplacements in Time

—Modes selection

First Second H = NoN=mill Lﬂ\_
1 3
I I Mode: 1 -& Direction : Dead+dyn,
G000
Diirection : IDead+u:I_l,ln. 'I — ¥
400.0
— Resultz
ki GE
mm mm E 2000
e | 0 P
= J e
v 0 o E g
g
z- I i I ] g -200.0
de: | 1023 | 55349 4000
dy ] o _
¥ I I -00.0 . ; . . | :
0.0 1.0 20 3.0 40 50 50
dz: I 0 I a _
Time (sec)
Spreadsheet Cancel
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Example 2 - 2 Impact Loads

We are going to add a second impact load of 10 kN towards direction z. It will hit
the top of the column 2 seconds after the first impact.

General Dynamic Loads spreadsheet

We will use another type of accelerogram. Enter the following parameters:

General Dynamic Loading Diagrams

2 Number Type Number dtl di2 dt3 dtd
of cycles seC seC sec sec
1 §Impact_x n 1 040 040 040 n.oa
1 —
dt1 - d2 ' d3 t
2 | Impact_2 n 1 0.40 0.40 0.40 0.00
1 —
al e | da | t
Load Cases
e Add the Impact Z load case and select a dynamic type of load.
Load Caze |D_I,Inamiu:| lce I
Humber Type Family Stage | Tribs
3 Red
1 jDead (D] Dead M, 0 None <
2 | Impact_x [L) Dyrarmic M, i Nu:unE_
3| Impact_Z [L) Dyrarmic M, 0| Hore
A
e Specify the starting time for each impact load.
Load Caze  Dynamic |Ice I
Mumber General Dyn. Analysis General Dyn. Analysis
2 Accelerogramm Starting time
EC
1 §lmpact = Impact_x 1.00 ) |«
2 | Impact_£ Impact_< 3.00 |
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Apply Impact Loads

The dynamic load Impact X is already entered. Activate the Impact Z load on
activation toolbar and double-click on node 1, at the top of column. Enter a force of
10 kN acting towards the positive global z-axis.

Forces on Modes Spreadsheet

1 Fx Fy Fz Mx My Mz
kN kN kN kN.m kN.m kN.m
| 1 0.00] 0.00 10.00 0.00 0.00 0.00 il
2

Load Combinations

Include all impact loads in one load combination. Enter load factors and select load
case titles in the drop-down list box.

Load Combinations

Load Combinations ~ Load Factaors |

D+dyn[all] : Dead+2 impacts Load Load Case
Mazs : Mass K] Factor
1 1.25'Dead =
2 1.50 | Impact_g |
3 1.80 | Impact_Z£
Modal Analysis

e Launch the modal analysis and specify 15 vibration modes in the Modal
Analysis dialog box. Then, look at results in the Frequencies and Vibration
Modes spreadsheet.

Static Analysis (Time History)

e Launch the static analysis.

e Activate the Dead + 2 impacts load combination.
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A

Z

YZ View

Time History Results

e Go to Results / Time History / Node Displacements in time.

XY View

e Look at node 1 displacement in time (6 seconds).

Dizplacements in Time E

—Modes selection
First Second ” & 4 E Lil\__
1
I I Mode: 1 Direction : D-+dya. (all)
21000
Direction : |D+|:|_I,Jn.[all] 'l —
1400.0
 Fesults
tin bd &
mm mm T 7000
W | -226.51 | 1729.87 f
E on ﬂuﬂv dﬁ""aﬂ.\;w
v o0 0 E W y
&
z: | 851 | 1452 g =1Ly
d: | o o 14000
dy i} i} —_—
A I I -2100.0 - s . | | :
o I 0 I 0 a0 1.0 _2.0 3.0 4.0 a0 G0
Time {sec)
{ "Feading : Spreadsheet Cancel
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2D Concrete Frame

EXAMPLE 11

2D Goncrete Frame
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2D Concrete Frame

Design of a 2D-Concrete Frame

e Start VisualDesign. Click on the New Project icon. The Structure mode is
automatically activated.

Project Configuration

e Open the Project Configuration dialog box (File menu) and go to the
Preferences tab. Disable the Dialog Box Display option for nodes and
members.

e Seclect the Analysis tab. Specify the number of subdivisions for concrete
members. Forces, resistances, and deflections are calculated at each
subdivision and are used when displaying diagrams.

Project Configuration [ x|

Genelall Preferences  Analysiz | Foundationl Seismicl Steel I Compozite Beaml ASCE 'ID-S?' Con 4 I ’l

— Tupe of analysiz — Parameters for non-linear analpsis

t ax. Wariation for P Axial 01 kM

tdax. wariation for dizplacements: ID.1 mm
|5

Murmber of iterations:

' Linear analysiz

 Analysiz with release

Rigidity factor [axial relzaze] :

r— Tributary area

v Rieduction for compression

— Parameters for Cpclic Design

¥ Reduction for bending

IENB1995 v|

Code:

MNao. cycles [Dptimization]:

Mumber of cycles [corection] :

— General Dynamic Loadings

— Mumber of subdivizions for diagrams

Plates:

T mar : IED sec Loaded members:

DeltaT: |0.01 — Unloaded mermbers: a

B Sevem Unloaded hinged members: 10
Reinforced concrete members: 20

o]

Cancel |

Al

Hel

Go to the Concrete tab and select the General Method for concrete design.
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Project Configuration E

Foundatinnl Seismicl Steel I Compozite Beaml A5CE 10-97  Concrete Design | F'lestlessingl Urits 4 I ’I

— Gereral parameters

Deszign Method;
Calculation Method for beta2; IStandard j
Drefault rebar uzed for stinups support and skin reinforcement; I'ISM j

Rounding of Dimensions

Shirup gpacings Rebar lengths Rebar zpacing in zlab

|1D M |1D Tim |1D M

— Optimization of longitudinal rebars [to chooze bigger barz)

Extra steel obtained before changing rebar dimension: I'I 0 %

— Shear - Mamimum number of ghinup sequences according to the bype of member

Standard : |5 Cartilever: |3

— Rebarz - Default Bending Shapes

Rectangular beam T Beam L Beam
Wi B Andy Hnh
B 0 - B (u] i B [u} 4
C [ [

QK I Cancel | P | HElR

e C(Close the dialog box.

Modelling

Nodes

e Select the Nodes spreadsheet in Structure menu and insert four lines. Enter
node coordinates. Nodes 3 and 4 are support nodes (double-click in the “Type”
cell and select “Support”). By default, the support degrees of freedom are all

fixed.
4 Humber Type Coord. ¥ Coord. Y Coord. £ 1D Master Mo. Linke
m m m

111 Marmal 10,00 300 Q.00 0 n'a
2]z Marrnal 0.00 300 0.00 0| n'a
3|3 Support Q.00 0.00 0.00 0| n'a
44 Support 10.00 .00 0.00 0| nfa
[ =
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Add Members

e Activate the Member icon il on Elements toolbar and the Add mode il on
Cursor toolbar. To create a member, click on node i and j. Do the same to
create other members. Then, exit the Add mode by clicking on the Expanded

Window icon .

Column Properties

To define columns properties, keep the [Ctrl] key down while you select them.

Click the Properties @ icon to open the Member Characteristics dialog box.

e Click the I beam icon to open the shape selection tree. Open the Concrete root
and the Rectangular shapes branch. Choose a 350mm x 350mm section.

e Seclect a 30MPa concrete material. Activate design criteria.

Member Characteristics E

tdember | Connectionl Concrete Designl Evaluationl
— ldentification — Properties
Number: [ M [Cor350:380
~ Incidence 1= HES it SR G Tk 5]
Node i |3 |
Invert Mode i <> Mode | - -
Node |: |27 b aterial : ICUnD3D J
2L or b1 Distance ID mm
— Geometmy
Length Local Axis System Area I-I 22500 e
I m -
3 IDrthDgonaI J Linear Mass : 234 kg/m
Beta Angle Initial Pre-tension
ID : ID kM W &ctivate Design Criteria
Uzage Standard 7
~ End Conditiohs I J
Carmposzition : Standard hd
Benditg ks : Tarsion kz - i I anaar J
Behariour : Standard -
Bending My - dial Fz m_ﬂ e = ehaviour I andan J
— Moving Load Analysiz — Effective stiffne:
Moving Load Axis 2D &xle Factors: |mertia Tarsion Aial
Mot required j INuII j I-I I-I I-I
(] I Cancel | Apply | Helg

e C(Click OK to close the dialog box.
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Beam Properties

e Double click on the beam and choose a 350mm width x 650mm height section.
Concrete material is 30 MPa. End conditions are fixed-fixed (symbol +-----+),
Activate design criteria.

View Options

e Display shape outlines: Open the View Options dialog box and select the
Attributes tab. Activate option Shape outline or 3D Display. Press down the
[Pg Up] key on your numerical keyboard to get an isometric view of the frame.

Rigid Extensions (Members)

Rigid extensions are required for concrete design. They must be modeled at the
junction of transverse elements and both sides of a support for continuous beams.

We are going to use the tool that automatically generates rigid extensions.

e Select all members and got to Structure / Tool / Calculate Rigid Extensions.
Click OK.

Automatic calculation of rigid extensions

— Tupe of members

Al members

— Rigid extensions
' Replace rigid extensions ezi and ezj of all members

" Keep already defined rigid extensions ezi and ezj

—a&dd the mazs
% Add the mass of rigid extensions to columns

" Add the mass of rigid extensions to beams

" Do not add the mass of extensions

Mumber of selected members: |3
Corcel_|

Rigid extensions are located at the face of columns. Consult data in the
Connection tab.

e Select all three members again and select the Properties function. Go to the
Concrete Design tab. In the section "Design near maximum forces", select the
option At d or dv from face for Vy. Press OK.

e At this stage, save your project by clicking on the save icon . Give it a
name and choose a directory.
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Concrete Specifications

e (o to Structure menu and select Specifications/ Concrete. Design will be

done according to A23.3-95 Standard. Default values are OK.

Concrete Specifications Spreadsheet

General | Beam ¢ Column /Joist | Slab | Shear'wal |

Mumber Code Type of analysiz Maximum Calcul. Method | Calcul. Method
[ Capacity Factor Mr/¥r MY
%  Positive

1 C4 95 Design 100,00 M: 2

2 | A23.3 e, CaM/C54-423.3-95 Yerfication 100.00 GERNECRG

3| 56-00-0 esign CaMAC54-56-00 Dresign 100,00 | b aximize br b arimize: bl

4 | SE-00-Verif CaM/C5A-56-00 Werification 100.00 | kM aximize Mr I awirnize M1

b | AA85SHTO-Design AASHTO-LARFD-32 Beta | Design 100,00 | kaximize br M amimize b

6| AASHTO-Veri. A45HTO-LRFD-38 Beta | Verification 100.00 | kaximize kr b awimize: b
General | Beam ¢ Column / Joist | Slab | Shear wall|

Longitudinal Longitudinal Selection of
E | Optimization Reinforcement | Longitidunal Rebar
M aterial

1 ‘weight G30.18-400R 20M 25

2 | weight G30.18-400R 200 2544 30K

3| 'wieight G30.18-400R 20k 2544 300

4 | 'wieight G30.18-400R 20k 2544 300

5| \wieight G30.18-400R H7HAHT

6 | 'wisight G30.18-400R H7HEHT
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Selection of Longitudinal Rebars

e Double click in this cell to open the Rebar Selection tree. Uncheck the 20M
box to withdraw this rebar from the list. Press OK and exit the spreadsheet.

Selection of Beinforcing Bars

E-0 Impenal
- Metric

-0 Mesh

e  Go to the Beam/Column/Joist tab. Default values are OK. Close the
spreadsheet.

Concrete Specifications Spreadsheet

General  Beam / Column / Jaist |Slab | shearwal |

Humber M aximum M aximum | Transverse Transverse Selection of
5 Mo. of Layers Mo. of Layers Optimization | Reinforcement Transverse Aebar
in Tengion  in Compression M aterial

EN:2220esion | 4 4 ‘weight 20.18- 100 15

2 | 4233 Ve, 4 4 | \Weight (530.138-400R 10k 15k

3| SE-00-Deszign 4 4 | Weight G30.18-400R 10K 15k

4 | SE-00-Verif 4 4 | \Weight (530.138-400R 10k 15k

5 | AASHTO-Design 4 4 | Weight G30.18-400R HAHE

6| AASHTO Verif. 4 4 | Weight 530.138-400R R4HESE

Continuous Systems

Three continuous systems have been automatically created by VisualDesign.
Specification A23.3 must be assigned to them through the Continuous Systems
spreadsheet, available in the Structure menu.

e Seclect the 423.3-Design specification for each continuous system and choose
the type of exposure in the drop-down list box. Concrete covers will be
considered as per code A23.3-95.

Continuous Systems Spreadsheet

Humber Specification  Type Interaction Description  Exposure Top

3 Top Cover
mm

105 1 IA23.3-D esign Beam/Column | Bending ¢ Compression 51 Itt, Exposure 40,00
2152 423 3Design Beam/Column | Bending 5 2 Int. Exposure 30.00
3153 4523, 3Design Beam/Column | Bending / Compression 5.3 Int. Expozure 40,00
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N. B. When code S6-00 is assigned to continuous systems, concrete covers
have to be specified.

Continuous Systems Spreadsheet

Exposure Bottom | Exposure Left  Exposure Right Crack Crack

3 Bottom Cover Left Cover Right Cover Control Control
Top Bottom

mm mm mm kN/m kN/m

1| Int. Expozure 40.00 | Int. Expozure 40.00  Int. Exposure 40.00 30000.00 30000.00 |
2 | Int. Expozure 3000 Int Expozure 3000 Int. Exposure 30.00 30000.00 30000.00
3| Int. Expozure 40.00 | Int. Expozure 40.00  Int. Exposure 40.00 30000.00 30000.00°

e Specify the crack control parameters.

e Press OK.

Load Cases Definition

A live load and a wind load will be applied to the frame. VisualDesign
automatically creates the dead load according to the density of chosen materials.

e Define load case titles and types in the Load Definition spreadsheet (Loads /
Load Cases / Definition).

e Insert two lines and define load case titles and types according to the building
code. Close the spreadsheet.

Loads Definition

Load Caze | Dynamic | lce |

Number Type Family | Tributary Area Tributary Area  Auto Gene
3 Reduction Overload combin.
kPa
1| Dead D] Dead i, Maone .00 [w]
2| Wind load | W) Wind M, Maone 0.0oo [#]
3 JLive load i[L] Live M Mone 0.00 [=]
A

Generation of Load Combinations

e Go to Loads / Load Combinations/ Generation Wizard. The General
Options page will appear on your screen. Select the CNBC code in the upper
part of the dialog box. Click the "Next" button.
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Generation of Load Combinations - General Options

Specification:
’7 Code:

|NBC-35 L5D (Canada)

i~ Load Combinations to be Generated

I Mass

I Generate an unfactored load combination per load case
I Generate with seismic loads acting towards the positive direction anly

— Particular load cazes ta include

Et: [T Ex [

Time Histary Envelopes
[ Etx: [

Spectral Envelopes
[ E0: E0z E03: I~ MonLinear Time History Ervelope (Etrl)

— Generation Options

 idd generated Inad combinations to existing ohes
™ Delete load combinations sxcept those edited by wser
& Delete all previous load combinations

— Envelopes to be Generated

¥ iGenerate an envelope per bpe of load combinatiors

< Back I Mext > I

Cancel |

HEl

e In the Specific Options page, select load combinations to be generated. Click

the "Next" button.

Generation of Load Combinations - Specific Options

— S pecification:

Code:

|MBC-95L5D (Canada)

=

14 Load Factors

Value Default

Alpha D: Dead loads

1 | 125 1.25
2 | Alpha DS: Dead loads - Uplift 0.85 085
3 | Alpha DE: Dead load: combined with earthquake 1.00 1.00
4 | Alpha L: Live loads 1.50 1.50
5 | Alpha LE: Live loads combined with earthquake 0.50 050
b | Alpha SE: Snow Loads combined with Earthquake 0.25 0.25
7 | Alpha '/ "Wind loads 1.50 1.50

r~ Load Combinations to be Generated—————————————
¥ Ultimate Limits States 4.1.3.2

V¥ Serviceability Limits States 4.1.2.3

Ceflection Load Combinations

¥ Instant. deflection

Load cases to includs:
¥ Live (L]

¥ wind [w]
I Temperature [T)

Particular load cazes to include

[~ Maving load Envelope [Lm)
[~ Prestressing and shrinkage/creep

Mov. Load Envelopes...l

Cancel

< Back I Mext » I

Help
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Generation of Load Combinations - Specific Options

Load combinations to be Generated:

- 085D + 150
@ 1,250 + 1.5
- 0850 + 1.5
=@ 1.250 + 0.7[1.5L + 1.5%)
R W
@ 1.2504+1. 05w/ 01 +1.05Lx
(- 0850 + 0.7(1.50 + 1.5/
=@ Service  [3]
----IE| D+l
----IE| Do+
E-E D+ 07 + W]

B[ Wil

) 1.0004+0, 70T +0.70Lx

=1 Instant. Deflection  [1]

el 1.00Lx

Load cases aliases

ul =Dead
Lz = Live load
Wil ="ind laad

< Back I Finish I

Cancel | HElm |

Load Combinations

Load Combinations | Laoad Factars I

Click the Finish button. The Load Combinations dialog box will
automatically appear on screen.

10 Humber Status Definition

1 jJoLMm JUltirate 1.260+1.500L%

2 | DLD2 | Itimate 0.850+1.500L%

3 | DLw05 | lkimate 1.250+1. 0507 +1. 060
4 | DLw0R | lkimate 0.850+1. 0507 +1. 060
b | D03 |Itimate 1.260+1.500/01

b | D04 | lkimate 0.850+1.500/01

¥ | DL0Y Semnvice 1.000+1.000L=

8 | DLwi09 Service 1.000+0. 70001 +0. 700
9 | w03 Semnvice 1.000+1. 000401

100 L0 Ingtant. Deflection 1.000L=

If you prefer not to consider a load combination for a particular analysis,
double click in the "Status" cell and change the status to Not required.
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Application of Loads

A uniformly distributed live load will be applied on the beam. A triangular wind
load will be applied to the first column.

Live Load

e Activate the Loading mode on Activation toolbar and choose "Live load" in the
drop-down list box.

ﬁ?isual[ﬁlesign - [Con_Frame55.vd1]

E;!lgfile Edt “iew Common  Stucture Loz

D& Bl =] SR
= D)l

Dead ;D : DeadLoad of the Stucture

Wind load W

e At the message "Save project", answer "Yes". Give a name to your file. The
name of the current load (live load) will be posted in the bottom part of the
screen.

e Double click on the beam. Insert a line in the Distributed tab. Double click in
the Load Wa cell and enter -50. Do the same for Load Wb. Press OK. You will
see the load diagram on your screen.

Loads on Member E3

Digtributed |Eoncentlated| Temperature Variationsl Torsinnall

|dentification

tember Modei MHode | Loading
Murnbers ; |2 |2 |1 Live load
1 Load Wa Load Wh Start a End b Angle Projection
kN/m kN/m m m degrees

‘1 S0.00] -50.00 0.00 3.65 30.00 | Glabal -

2

Remark. The calculated value for End b is equal to 9.65 m, which corresponds to
the length of beam minus rigid extensions.

Wind Load

e Select "Wind load" on Activation toolbar.

e Open the View Options dialog box and display node numbers through the
View tab. Go to Attributes tab and display member local axis system. We
have to look at the column strong and weak axes to make sure that wind is
properly applied.
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Wind load will be null at the support, and equal to 20 kN/m at node #2, towards the
positive local x-axis of the column. The local y-axis corresponds to the column
weak axis. The local z-axis is always pointing towards node j.

Hode |

o000

Mode i

e Double click on the column and insert a line in the Distributed tab. Load Wa
is applied to node i and Load Wb, to node j. Wind is projected on the weak axis
at an angle of 90 degrees. Click OK.

Loads on Member E

Diistributed |Cnncentlated| Temperature Variationsl Tnlsinnall

|dentification

tember Mode i Mode | Loading
Nurmbers ; |1 |3 |2 it load
1 Load Wa Load Wb Start a End b Angle Projection
kN/m kN/m m m degrees

‘1 0.oay 20.00 0.00 270 90.00 ‘weak Axis -

2

You are now ready to launch the concrete design.

Reinforced Concrete Design

e Press down the Analysis and Design icon on Tools toolbar. The Design
dialog box will appear on the screen. Three continuous systems will be
optimized. Press the "Analyse" button. When the design is done, close the
Design dialog box.

Design Results for Continuous Systems

e Stay in VisualDesign main window. Activate the Design Results mode and
go to Results / Structure Design / Concrete. Consult calculated design loads
for all continuous systems.
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Design Results for Continuous Systems

Beam / Jaist | Column | Shear'wal | Slab |

MHumber Design load Design load | Design load Cracking Cracking
1 Positive moment Negative moment | Shear force  Positive moment Megative moment
4 X o % X

|1 5 2 | 9891 9814 9E.61 5973 8373

e Select the Column tab.

Design Results For Continuous Systems

Beam /Joist Column | Shear'wall| Slab |

ID | Humber Deszign load | Design load Design Load Azfig
2 Shear force | Shear forice Interaction max
Strong axiz  Weak axis
% % % k4
1 1 !8_1 0.o0 £5.98 124.80 B.86
2 353 0.00 £5.98 124.80 E.8E
]

Columns are underdesigned (124.8%). We are going to modify the columns
dimensions to 350mm x 500mm and launch the design again.

Modification of Columns Dimensions

e Activate the Structure mode, the "Member" icon, and select columns. Click the
Properties icon. Select a 350mm x 500mm concrete section. Press OK.

e Display shape outlines and member local axis system (Attributes tab of View
Options). We can see that columns are not well oriented.

e Select the columns again and open the Member Characteristics dialog box.
Enter a beta angle of 90 degrees in the Member tab. Click OK.
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The wind load is now applied towards the negative direction of local y-axis and is
projected on the column strong axis at an angle of 90 degrees.

e Activate the Load Case Activation mode, and select the wind load. Double
click on the first column. In the Distributed tab, enter a negative sign and
change the load projection to Strong Axis.

Loads on Member Eq

Distributed | Concentrated I Temperature \-"ariatiunsl Tolsionall
Identification
tember Mode | Mode | Load Caze

Numbers |1 [ f2 wind load

1 Load Wa Load Wb Start a End b Angle | Projection
kN /m kN/m m m *

1 0.00p -20.00 0.00 270 90.00 | Strang Axis -
2

e Close the dialog box.

e Launch a new concrete design.

Design Results for Columns

e Activate the Design Results mode and go to Results / Structure Design /
Concrete. Look at columns design loads.

Design Results for Continuous Systems

Beam /Joist Column | Shearwal | Slab |

ID | Humber Dezign load Design load | Dezign Load Aszfig

2 Shear force  Shear force . Interaction max
Strong axizs ' Weak axis

4 4 4 4

1 1051 BEE2 0.0 9458 480

2 3513 BB E2 .00 94 53 4.80

Columns are OK.

Rebar Placement for Columns

e Activate the Rebar Placement mode IE and double click on the first column
to open the Rebar Placement window. An elevation view of the column will
appear on screen.
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Display Rebars, Resistance & Force Diagrams

e Open the View Options dialog box and check the Dimensions root to display
rebars. Expand the Column diagrams root. Check the boxes corresponding to

the diagrams that you want to display on screen.

Yiew Options [ x|

Rebar Placerneant | Dimensionsl Eoloursl

E

-0 General
[0 Beam Diagrams
-6 Coluran Diagranns

- [f] Mg, B ws 2

L] W Wiy vs 2

- My, My ws 2
W, Wi ws 2

O The, Trzwe 2

[ Mg we Miz

- My ws Miz

[l Mrx, My ws MNiz [30)
] M ws Mz

[ by ws Mnz

[ Wi, Wi vz Mz [30]
[ Mpw ws Npz

[ Mpy ws Mpz

[ Mpx, Mpy s Npz [30)

[=--f Dimensions

H-- [ Longitudinal Reinforcement

Bt |

- Trangwerse Reinforcernent
[#--[# Group of Cables j
ok | oy | Hel

e Click OK and look at rebar placement and diagrams.

e Select the Colours tab to know the default colour for displayed forces and

resistanc

€s.

Cross-sections

At least one cross-section must be created in order to display a 3D interaction curve
and calculated design loads.

¢ Go to Rebar Placement menu and select Automatic Generation of Cross-
sections. The Cross-sections spreadsheet will be appearing on screen. Click

OK.

Cross-sections Spreadsheet

¥ Screen ¥ Screen £ ContSyst Scale Maszk
mm mm Interaction
2260.00 2100.00 210000 2.00 []
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—_——
—{— T e
Y — g
— o2 ceals )
1 2|5 et -~
[ &2 z0ga 4
—1 T 350,00 e
i Section 65
A2-30M (Asifg 0 480 %)
3 & 3 E g E Design Load : 94.58 %
o Z o % ; Design Load[f] : 65.29 %
s = + - ™
8 > 3 g g
o Use the Zoom+ and Zoom Window functions to have a better look at rebar

placement. Click on the 3D interaction curve and use the keyboard arrows to

rotate it.
7%
4‘_
.
Il = | ] =
{ I ;r

2550.00
18-10M150.00

30L0o
350.00
=
mIe Section B-8

12-30M (Asidg o 4.80 %)
Design Load ; 94 58 %
Design Load[B] : 63.24 %

We can see that the column has 12 main rebars of dimension 30M, from the bottom
to the top. 18 stirrups of dimension 10M are 150mm spaced apart. The second
design load [6] represents the design load at the location of cross-section no.6.

2D Interaction Curves

e Go to Results / Interaction curves. Look at a slice of 3D interaction curve.
The values for resistance, nominal and probable forces can be displayed. An
angle of cut can also be specified
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Interaction Curves E

Crozs-zections Degres
E | [
v Mr-Pr ¥ WP W MpPp

|lmaaEllKBE
Interaction Cures | 30°-210%)

8000.0

G000.0
4000.0
g
g, 20000
2
=
E oo
p
X 20000
-4000.0
-6000.0 | | 1 |
-900.0 -600.0 -300.0 ujlu] 3000 G000 a00.
Resistance M (kN
Il -Pr hn-Prn — Mp-Fp

Cancel |

General Results Spreadsheet

This spreadsheet includes all numerical values from calculated forces and
resistances, for each subdivision along members that are part of the displayed
continuous system. These values are also used when displaying diagrams. Yellow
lines mean that some parameters do not respect the code requirements.

e Go to Results / General Results.

When designing a column, VisualDesign considers forces acting on the strong axis
and weak axis.

General Results Spreadsheet - 5_1

2 Member Z Wiy Max ¥iy Min Design Load Yoy Vayp Yy dy dvy

Number mm kM kN k4 kM kN kN mim Mim
141 0.on 285.58 -15 64 5E.B2 102.08 40233 h04.42 44375 39937
211 135.00 285.58 -15.54 5E.62 10208 402,332 50442 44375 39937
3|1 270.00 285.58 1524 5E.B2 102.08 402,33 A04.42 44375 39937
411 405.00 285.58 1473 5E.62 10208 402,332 50442 44375 39937
h 1 540.00 285.58 14.02 5E.B2 102.08 402,33 A04.42 44375 39937
6|1 675.00 285.58 1311 5E.62 10208 402,332 50442 44375 39937

212 CivilDesign Inc. Engineering Software



2D Concrete Frame

General Results Spreadsheet - 5_1

1 Vix Max Yix Min Design Load Yox Vax Vrx dx dvx

kM kN g4 kM kM kM mm mm
1 0.00 .00 0.00 102.08 260.79 6287 29375 26437
2 0.00 .00 0.00 102.08 260.79 36287 29375 26437
3 0.00 Q.00 Q.00 102.08 260.79 J62.87 29375 264 37
4 0.00 .00 0.00 102.08 260,79 36287 29375 264,37
LT 0.00 .00 0.00 102.08 260.79 I62.87 29375 264,37
b 0.0o oo 0.o0o 102.08 260.79 36287 29375 264 37
Fi 0.00 Q.00 Q.00 102.08 260.79 36287 29375 26437

e C(Close the spreadsheet.

Copy Rebar Placement to the Other Column

Continuous systems must be identical to be allowed to copy reinforcement from
one continuous system to another. Identical continuous systems must have the
same geometry, the same rigid extension lengths, and local axis systems must point
in the same direction.

The continuous system #S 1 corresponds to the first column. We want to copy the
rebar placement to the second column, which is continuous system #S_3.

e In the Rebar Placement window, go to File / Save Rebar Placement As.
Select the continuous system number that will be modified. Activate the boxes
corresponding to elements you want to copy.

Save Hebar Placement As

Warning! Current data for the chozen continuous
zpgtem will be erased.

Continuous Spstem 5.3 -

— Save the following elements

[V Langitudinal Reinfarcement
¥ Transverse Beinforcement
[ Groups of Cables

¥ Cross-sections

Cancel |

e Click OK.

The following message appears on screen:
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YizsualDesign E3

& The chosen continuous system is not compatible with the cument one.

Go back to VisualDesign main window and look carefully at the structural model.
Display members' local axes system and check the length of rigid extensions.

T

+ 3
X

The problem is the local axis system of the second column. To correct this, we will
invert the node incidence for the second column.

e Activate the Structure mode, and double-click on member #3.

e In the Member tab, click the button Switch Node i < Node j. Close the dialog
box.

e Activate the Rebar Placement mode, and double-click on continuous system
#S 1 again.

e (o to File / Save Rebar Placement As. Select Continuous system #S_3 and
activate appropriate options. Click OK. Close the Rebar Placement window.
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Rebar Placement for the Beam

Double click on the beam. The Rebar Placement window will open and display an
elevation view of the beam.

Display Reinforcement, Dimensions & Diagrams

e Open the View Options dialog box and expand the Beam Diagram root.
Activate force and resistance diagrams. Go to the Dimensions tab and enter 0
in the Decimal field.

Cracking results will be available if serviceability load combinations were
analysed.

Yiew Options E

Fiebar Placement | Dimensions | Colours |

Eamt.. |

- Beam Diagrams

------ [ Mfe, bre vs 2

------ [ Wy, Wiy va 2

------ O Wiwbd aw without stirups vs Wy
------ O vy, wip max. ve 2

------ 1 bby, bl vz 2

------ O Vs, Vs ws 2

------ O Mz, Miz vs 2

------ O Tk, Trzwvsz

------ [ Cracking

------ [ 1.20 7 Mer, Mg ve 2

------ [ 1,337 Mf, Mrews 2

------ [l Proportioning of Longitudinal Reinforcement
------ O Strezses Varniation in Rebars
------ O Design Load ws z

------ Olorlewvsz

[ Colurin Diagrans

- Dimengions

ak I Cancel | i | HEIRE |

e Generate cross-sections with the function Automatic Generation of Cross-
sections. VisualDesign creates cross-sections at mid-span and at supports (or
columns in our case).
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-1190.00 kN,

(Phi.Asfy...) vs (hffdv...)

951,99 kN

-550.33 kN.m,

1.2Mor vs M

454,65 kH.m

3000000 KNFm b

Zws Zmax

-30000.00 kNim b=t

-4498 .58 kN

iy ws V.

442 58 kN

-658.45 kN.m

Wi us (1330 & hfi)

G663 kH.m

3100

4

2l 26 W- 1606 2500

/42){1 2AM- 1607 2500

Ahd- 1505 3320 1161511 3480
2

s 3420
\ 2280
1640 2
21460 1509 2600
126 NM- 1608 3640 w17 4AM- 1510 2600

c T

[ 1]

BRSNS

1 2| 3|
Z3c1:30M- 1504 6720 230N 1503 10940
240 2160 1900 240 1900 o 2160
' 12-10M@1E0 B 10M@EE0 65 10M @380 Y 13- 10M @180
. -~ :
a o o
U ) [‘“ ) D )
350 =0 350
Section 1-1 Sectinn 22 Section 33
725M 2.15M 7-25M
230M 2300 2.30M
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[ ]
bars details.

Yiew Options
Rebar F'Iacementl Dimensiong  Colours |
List of objects
B~ General - | Drefault values I
B- D:iagram — Calour
i Tent
Lé_l--Fc-ru:es I:II:”:I-I:I-I:H:I
- Mt vs z I i g
B O .
Vi z el rryl
~Nizvs2 HEEEEEER
e I O]
[ ™ Blackiwhite | Selection: [}
- [aeneral method T
- Stress Varniations in Bebe [ Hinetype
-y vz 2 [without stinps) Thickness: I 0.0000  m
- Wiyhdan without stirups v -
3 I I 5 Shyle : I 'I
— Spmbol
Amplification factor: ID.DDDDDD ] = Fill
ak | Cancel | Apply Hielm
Longitudinal Reinforcement

Double click on any longitudinal rebar to open the Longitudinal

Use the zoom and dynamic pan functions to look at diagrams and reinforcing

Select the Colours tab (View Options) to know the colour for each result.

Reinforcement spreadsheet. It contains details about this rebar and its

placement in the beam.

2500
2400

}/2){1 :25*‘-1 a05 3320/?42)(1 14h-1511 34380

2‘11:25#\11-1#8 3640

251609 2500
212801610 2500

Jx1:25M-150
21 28M-1460
s

o 2 ey
@30!‘\4-1 504 6720 2x1130pM-1503 10440
240 2160 A 1800 a40 1800 g 2160
13-10M@180 6-10M@380 |: 6-10M@380 | 13-10M@1 80

We double clicked on longitudinal rebars #1504

N. B. Nomenclature 2x1-30M-1504 6720: 2 rebars of dimension 30M,

VisualDesign number 1504, length of 6720mm.
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Longitudinal Reinforcement Spreadsheet

1 Humber Reinforcement  Bending Shape Honz.Fhp YertiFlip Mo. of Bars
1 §1:30-1504 a0k a 5 L] [] 2
S I

B

Longitudinal Reinforcement Spreadsheet

1 X beg. X end zi z] w v Left End Right End
mm mm mm mm mm mm
1 -B5 55 1640 2360 -244 -244 | Mo Hook Mo Hook,

zi and zj indicate the positions of the rebars along the z-axis of continuous system.
Therefore, rebars begin at zi = 1640mm and end at zj=8360mm.

X beg. and X end represent the far left and far right positions of rebars in the beam,
according to the local x-axis of continuous system. This x-axis is shown in the
image below, on the beam cross-section.

local ¥
A

Stirrups

Transverse Reinforcement Spreadsheet

Double click on the stirrup sequence shown above to open the Transverse
Reinforcement spreadsheet.

Stirups | Patterns I

1 Humber Reinforcement  Mumber of | Spacing s zi 2]
pattermns mm mim mim
|1 10k-429 110k G 340 5420 TI20 | -
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The VisualDesign number for this sequence is 429. There is six stirrups spaced
apart at 380mm, and the reinforcing bar is 10M. The sequence begins at zi =
5420mm along the z-axis and ends at zj=7320mm.

Go to the Patterns tab.

Transverse Reinforcement Spreadsheet

Stimups  Fattemns |

1 Number Horniz.Flip Yerti.Flip ¥ Lelt
mm
1|53 10M-656 LI Ll 145
Transverse Reinforcement Spreadsheet
Stinups  Patters |
1 Y infenor X nght ¥ superior Bending Shape
mm mm mm
1 -270 145 270 A
B [u}
[

Position of stirrups is measured from the axis of continuous system to the corners
defining the stirrup outer outline. Y-axis points up.

¥ local

¥ sup

—_t = — ﬁ.
| X local

Y inf

El
X left T TX right

General Results Spreadsheet

e Go to Results / General Results.

Note:

In general, data include in this spreadsheet are those displayed on screen. For
example, if the Cracking diagram is not displayed on screen, values Z and Zmax
will not appear in the spreadsheet. (VisualDesign builds the spreadsheet from the
displayed and calculated values, each time that this spreadsheet is called up.)
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The Positive Bending Moment tab

Pasitive Bending Moment | Megative Bending Moment I Shear Force I Axial Force I

21 Member 2| Mix Max R' F' Mrx Mnx Mpx Design Load fer Mer d

Humber mm kN.m kN kN kN.m kN.m kN.m % MPa kN.m mm
1 260] 1698 79341 31468 24956 odadl | o55.44 3966 329 7143 360
2|z 725 896 G1600 28215 26055 30577 37088 58 329 7143 36
3|z 1200 190 81600 24529 26085 30577 37088 T 7143 36
e 1675 423 8401 21920 25388 W65E| 37460 3205 329 743 424
5|2 2150 9378 74001 35361 3002 42617 52533 4778 329 743 53
6|z %25 19523 95199 57158 44526 53TE4 | 65285 6004 329 7143 544

General Results Spreadsheet - 5_2

Pasitive Bending Moment | Megative Bending Momentl Shear Forcel Axial Forcel

1 dv bw As fu] £x a B c/d  cfd Max zZ Z Max leff ICr
mim mm mimé % * kN/m kN/m
1 s 350 233359 1.85 0.000&01 3316 017 0.1 0.64 0.00 3000000 1.00 ! 1.00 I
2 34 350 2400.00 1.88 0.000549 3284 01s 0.1 0.64 0.00 3000000 1.00 1.00
3 KIE| 380 2400.00 1.88  0.000497 31.95 0,19 0.1 064 0.00  30000.00 1.00 1.00
4 380 350 2011.82 1.36  0.000485 3146 0.:20 018 0.64 0.00 3000000 1.00 1.00
5 486 350 2247.38 1.200  0.000741 3373 014 018 0.64 4868.21 30000.00 1.00 0.4
6 468 350 2800.00 147 0.000927 3R 0,19 0.33 064 7780.84  30000.00 0.62 0.55

The Negative Bending Moment tab

Positive Bending Moment ~ Megative Bending b oment | Shear Force | Auial Force |

21 Member Z  Mix Min R' F' Mrx Mnx Mpx Design Load fer Mer d

Number mm kN.m kN kN kN.m kN.m kM.m % MPa kN.m mm
112 250 -435.08 1130.00 1040.22 548.36 B56.78 803.32 a7.41 329 71.43 529
212 725 -320.51 1190.00 964.49 58033 E&E.41 205.69 g1.05 329 71.43 529
3|2 1200 -164.14 1140.00 591.23 55033 E58.41 a05.69 4369 3.29 71.43 529
412 1675 -26.03 817.66 265.94 334.90 4E7.30 57757 3252 323 71.43 532
512 2150 9.40 40262 14315 202.74 24053 237.93 35.55 329 71.43 540
b |2 2625 1362 244.00 185,19 21.32 96.80 118.49 E3.E1 329 71.43 387

General Results Spreadsheet - 5_2

Positive Bending Moment  Megative Bending Moment | Shear Force | Buial Forcel

1 dv bw As p £x ;] B c/d c/dMax z Z Max leff ICr
mm mm mm? % * kN/m kN/m
1 461 350 3500.00 1.89 0.002000 3E.ED 0.09 0.3 064 1550049 3000000 ! 063 ! 083
2 462 350 3500.00 1.89 0.001863 36456 010 0.3 0.64 934311 30000.00 0.5 063
3 462 350 3500.00 1.89  0.001127 3614 015 0.3 0.64 4976.34  30000.00 073 0E3
4 483 350 2404.858 1.29  0.000&00 3254 0149 018 0.64 21017 30000.00 1.00 0.49
5 504 350 1184.28 063 0.000459 29.66 021 011 0.64 000 30000.00 1.00 1.00
b 333 350 ety el 259 0.000332 28.56 0.25 015 0.64 000 30000.00 1.00 1.00
The Shear Force tab

General Results Spreadsheet - S_2

Pasitive Bending Moment | Negative Bending Moment  Shear Farce | Auial Force |

21 | Member Z VWiyMax  Viy Min Design Load £x ] B Voy Vsp Viy dy dvy

Number mm kN kN % * kN kN kN mm mm
1 I 2 ! 250 -15.87 -347.04 99,38 0001781 3794 013 29.14 2B0.05 345,20 529 476
2|z 25 -15.87 -347.04 93,38 | 0.001269 36,76 015 108.48 240,72 345,20 529 476
3|2 1200 -13.88 -308.48 7818 0.000773 34.38 013 13186 26282 39468 529 476
4|2 1675 -11.88 -269.92 E1.34 | 0000488 .46 0.20 14257 297 45 440,03 532 483
5|2 2150 -9.89 -231.36 5382 0000741 3373 014 145.00 28491 429.90 540 A04
6|2 2625 789 -192.80 57.26  0.000927 BT 019 13580 200950 33674 544 489
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The Axial Force tab

Positive Bending Momenll Megative Bending Momenll Shear Force  Awial Force |

71 Member z Mz Max Mx Max Nz Min Mx Min

Mumber mm kN kN.m kN kN.m
1]: ! 280 24,85 -16.98 -285.E5 -495.08
2]z 7R 24,85 -8.95 -285.E5 -320.51
3]z 1200 -24.85 -1.40 -285.65 -164.14
412 1675 -24.86 4723 -285.ER -26.03
hlz2 2150 -24.86 9378 -285.ER 940
6|2 2B2A -24.86 19523 -285.ER 1362

Bar List (partial)

e To consult or print the bar list for this beam, go to Rebar Placement / Bar
List. Select spreadsheet content, right click, and select the "Print" function in
the contextual menu.

Bar List (Complete)

e To consult or print the bar list for the whole project, go back to VisualDesign
main window and go to Results / Bill of Materials / Bar List.

Editing Rebars

Here is an example that will show you how to edit main rebars in a column. We are
going to reduce the number of main rebars to 12 and change the dimension to 30M.
To help you, zoom in the cross-section.

4‘_
o
o
o
o
Ly

4?

30,00
350.00
Section 4-4

16-25M (As/Ag : 4.57 %)
Design load : 98.54 %
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Deleting 4 rebars:

e Press down the [Ctrl] key while you click on each 25M rebar located at the
middle on each face. Press the [Delete] key.

4?
o
o
o
o
[Fe)

4?

30,00
350.00
Section 4-4

12-25M (As/Ag : 3.43 %)
Design load : 120.58 %

The column resistances are automatically recalculated and displayed on diagrams.

Modifying the dimension of rebars:

e Open the Longitudinal Reinforcement spreadsheet in Rebar Placement
menu. Click the Reinforcement column title and right click. Choose the
Replace function in contextual menu, and select 30M in the list box.

Longitudinal Reinforcement Spreadsheet

4 Humber R einforceme Bending S5hape 2i
mm 1
1] 2:25-635 254 noo 3240
A G
B
2| 225M-636 ooo 3240
A G
Replace Yalues E
3| 225M-E43 L
e Walue #3 =]
H14 -
SER H13
4] 2:250-644 o L
15k
oK 20M
[25kd L

F
By

45h1

55

M1 s

e C(lick OK to close the spreadsheet.
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-
=
—_
=
=
ua
;‘_
anno
350.00
Section 4-4

12-30M (Asifg - 4.80 %)
Design load : 89.93 %

Moving main rebars:

e Go to Help menu and select Editing keys. These tables present a summary of
short cut keys that are helpful to edit main rebars, stirrups, and cross-sections.
To keep this window open while editing, press the button "Options" and select
the command Keep Help on Top / On top.

e Activate the Move icon on Edit toolbar and select one rebar. Use the
displayed target to guide you. Release the mouse button to fix the rebar
position. Use the Undo command if needed. Move other rebars. When the

Move command is no longer needed, disable the Cursor mode . If you do
not, everything selected by your cursor will be moved!

Main rebars have been moved towards the centre and stirrup legs also. The final
design is as follows:

L_I_I
£00.00

350.00

Coupe 4-4
12-30M [Asfig - 4.80 %)
Sollicitation ; 94,83 %

e To save this design, go to File / Save Rebar Placement.
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Prestressed Concrete Design

EXAMPLES 12 & 13

Design
Pre-Tensioning
Post-Tensioning
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Prestressed Concrete Design

Continuous Beam with Pre-Tension

Description of the project

A continuous prestressed concrete beam is composed of an AASHTO (type VI)
section and is composite with a slab of 200mm thick. The specified compressive
strength of concrete is 5S0MPa for the beam and 30MPa for the slab. 20M rebars of
grade 400W are supplied in two directions and act perpendicular to the beam
section.

5" prestressing strands will be used. The grade is 270 ksi (1860 MPa). Jacking will
be done at 75% of maximum stress fpu. Pre-tension will be applied at initial pre-
tensioning stage.

Prestressed Composite Beam

Reinforced Slab
200 l ]

1829 AASHTO Type VI

Dimensions in mm

The beam spans are as follows:

M1 M2 M3 M4 M5
A A A A A A
L ) L} |
2932 0.8 32.2 0.8 27.32
ni n? n3 nd n5 nk
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Project Configuration

e Go to the Project Configuration dialog box (File

menu) and select the

Preferences tab. In section Dialog Box Display, disable the display of dialog
boxes for nodes and members to get a quicker editing. Press OK.

e Now, select the Analysis tab. Choose a non-linear

analysis. We will set the

number of subdivisions to 40 for concrete beams to get accurate diagrams.

e Select the Concrete Design tab. Choose the General Method for the design of
prestressed concrete elements. The number of stirrup sequences is fixed to 7.

e Finally, select the Prestressing tab. Check the Prestressed Concrete Project

box to activate construction stages located below.

+ Check the boxes corresponding to construction stages 1, 2, 3, 5, 6, 8 and 9.
Days are cumulative. Choose a shrinkage and creep model and enter the
relative humidity of area. Complete the Exposed Surfaces section of the
dialog box. These data are required to compute shrinkage and creep effects.

Project Configuration

Fnundationl Seismicl Steel I Composite Beaml ASCE 'ID-S?'I Concrete Design ~ Prestressing | ik 4 | 'I

— Selection of Construction Stages
W Prestressed Concrete Project

Stages Sequential Post-tensioning

v Stage 1: Pouning of Concrete

v Stage 2 End of cure

LS

v Stage 3: Transfer of Prestress

[ Stage 4: Application of post-tensioning ¥
¥ Stage 5: Addition of slab

¥ Stage B End of the slab humid cure

[™ Stage 7: Application of post-tensioning r
¥ Stage 8 Addition of extra dead loads

¥ Stage 9: Long-term

[~ Stage 10: Application of post-tensioning for repairs -

[ Stage 11: Longtem [repairs]

Shrinkage/Creep Model

[cEB-FIP 1978/ 56-00 7]

Day Relative Humidity

|m—z

i

Cure for Section

=
-
o

I‘-.fapcuur Cure - |

Cure for Slab

IHumil:I Cure A |

Integration Constant

1

|su |4

IE? Exposed Surfaces

|3F" v
f———nr

|s? |2 i

|mnnn I

|D vl E v

[ ~

o |

Cancel SEply | HEel

e Press OK to save data and exit the dialog box.
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Concrete Materials, Slab and Strands

Concrete Materials

The section and slab materials are already included in database.

Definition of the Slab

The slab must be defined in the Slabs spreadsheet. Thickness is 200mm and
reinforcement is composed of 20M rebars with a spacing of 300mm in both
directions. The steel material is 400W.

e (o to Structure menu and select Slabs. Insert a line in the Slabs spreadsheet
and enter the following data:

Slabs Spreadsheet

1 Mumber Steel deck  Direction tc hd to Rebar. top s, top
mm mm mm mm
|1 Slab Hull Parallel 200 1] 200 | 208 300

hd represents the deck thickness and o is the total thickness, which is
automatically calculated.

Slabs Spreadsheet

1 d. top HRebar, bot. 5. bot. d. bottom | M aterial M aterial
mm mm mm | Rebar Concrete
|1 501 20M 300 150 G3018400  Con030 :I

Definition of Strands
Prestressing cables are composed of '4" strands (grade 1860 MPa (270ksi)).

e Go to Common menu and select Cables / Steel Grades. Grade 270 ksi (1860
MPa) is already included in the Cable Steel Grades spreadsheet. Press OK.

e Select Cables / Strands. ' in strands are included. Make sure that the steel
grade is 1860MPa. If this is not the case, double click in the cell and select the
right steel grade.
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Structural Model

Nodes

Go to Structure menu and select Nodes. Insert six lines and enter node

coordinates. All of our nodes are supports. Select the "Type" column title, right
click, and select the function Replace in the contextual menu. In the Replace
Values dialog box, select Support, and press OK. Close the Nodes spreadsheet.

Hodesz Spreadsheet

ID | Humber Type Coord. X Coord. Y Coord. £
B
m m m
1 3 n2 27.32 4.00 0.ao
2 4 nl i 0.o0 4.00 0o
3 5 n3 2812 4.00 0.ao
4 £ no £1.12 4.00 n.ao
5 7 nd Mormal £0.32 4.00 0o
B 8 nE h ar A4 A NN DDD
7 Replace Yalues [ x|

Mew YWalue :

Marmal

Cancel |

Activate the Support icon, select them all, and press the Properties icon to

open the Node Characteristics dialog box. Go to the Support tab.

Mode Characteristics E

Support |
— Restraints and stiffresses
Dizplacement Feleaze
Conditions kN/mmn | | 7 Inactive if released
Fix IFree jlu = [ L
Ry [Sping =]|2000 F [+ I
Rz [Fired RaIE M [+] M [

— Fotations
Conditians kM. mrad
M I Free =] IU
ty [Fived o
wlree =P

r— Foundation hodel

todel's name :

Stratigraphical Profile:

Tributary Area:

I - I Foundation. . |
I - I Profile... |
I.‘] e

— Support orientation

Orientation Yectors [+, v, 2]

° E

|2

Oriented from node:

e

— For Maoving Load Analysi

2D tle Factors: v| | Rotationangle:  [540 ’
— Position for the design of sections
[7 Support centred on section asis
QK I Cancel Lpnlin G Help
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+ Free support displacements towards the x direction (Rx) to allow

displacement due to prestress.

+ Model an elastic support for Ry. Then, enter a value of 2000 kN/mm as the

spring stiffness.

+ Restrain rotations My and free Mz. For the moment, free all rotations Mx.

e Select 2D axle factor and press OK to exit the dialog box.

e Double click on the first support and restrain displacement Rx and rotation Mx.

Press OK.

Add Members

e Add members between supports: Activate the "Member" icon and the "Add"

mode E
model other members.

. Click once the first node and then, the second node. Do the same to

e Exit the Add mode by selecting either the Restricted window icon or the

Extended window icon E You can also right click on screen and select the

Cancel function in contextual menu.

Members Properties

e Select all members and press the Properties icon to open the Member

Characteristics dialog box.

Member Characteristics
tember | Connectionl Compaosite Beaml Concrete Designl Evaluationl
— Identification — Properties
Number: [l 1' Tupe VI
r~ Incidence | R R e
Mode i : In‘l |
Invert Mode i <-> Mode | i - -
Node |- |n2— Material : IEonDED l
2L or b1 Digtance : ID i
— Geometny
Length Local Awis System Area: |899843 e
I m -
& I Difiegene J Linear Mass : 167314 kag/m
Beta Angle Initial Pre-tension
ID B ID kM V¥ &ctivate Design Criteria
Usage : Standard =
r~ End Condition I J
Composition : C ite B =
Bending hdx : Torgion Mz : b I £mposie Seam J
Bending My il Fz: Iﬁ T Behaviour : IStandard J
— Moving Load Analysiz — Effective stiffne:
Moving Load Axis 2D Axle Factors: Ihertia T orsion Auial
s 1 = = [1 f1
ak I Cancel | Lpli | HElE
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e C(Click on the / Beam icon and select section AASHTO Type VI in the Concrete
root. Choose a 50MPa concrete material. Activate design criteria and select
option Composite beam in the "Composition" field. Define the beam end
conditions (+----+ for continuous members). Select moving load axis and 2D
axles factors.

Alignments and Rigid Extensions

e Go to the Connection tab. Rigid extensions (ez) must be modeled at the left
and right side of each support. To create rigid extensions "ez", choose option
Manual and enter 50mm for node i and —50mm for node j. Look carefully at
member local axis system.

e Then, we will align the members' longitudinal axis (ey) at the top of the
sections. Select Top for alignment "ey", for node i and j. Include the weight of
rigid extensions.

Member Characteristics E3

Member  Connection |C0mpnsite Beaml Concrete Designl Evaluatinnl

—&lignment of section relative o nodes

At Mode i
] - [ i
IT-:-|:- j ey |'543 mm
IManuaI j ez: |5D mm
v Include weight of rigid extension ez
S emi-rigid Connection Fri: I1 000
Ak Mode |
IManuaI j By IU mm
[Tap = e |5 -
ElLL IManuaI j ez: |'5':' mm
@ @
Moi Noj ¥ Include weight of rigid extension ez
RKi = Fri EIL Rkj = Frj EIL Semirigid Connection Fij I'I 000

ok, I Cancel | ol | HE

The centre of gravity is located 643mm below the top of composite member. This
dimension will be useful when placing prestressing cables within the beams.
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Composite Beams

e Go to the Composite Beam tab.

Member Characteristics [ x|
Memberl Connection  Composite Beam |E0ncrete Designl Evaluationl
— Composite section
Slab: [EEl] A \ Ef | el yr2 Lo
Stud = [Mul =] P | |
R R s e e
b1 : b Effective : |3EDEI mm LA S =
[ | : *
b2: Actual b: |3EDD ] b T
%Qr: 100 % S —
Mo.of Studs / Flow: I2
[ Add the dead load of the slab , , ,
_ _ _ Effective Eompasite Section &t Stage
¥ Use composite properties for analysis
[ Consider reinfarcement Far M - I
[ Consider reinforcement for MF + Extra Calculations - Stresses... |
— Properties of Transformed Section
Meutral Asis: IEE|°W slab % |5315?? 10eBmmd Gufct] : |982322 1 mime
g |543 i J: |1531 08 1 0eBmmd Sujch) : |1.42576e+006 1 P
b |13BE mm B I129438&+DDB e Swulst] |1425?BE+DE|B 1
Es/Ec: |1-2 Lingar Mass : |157"5|-14 kam Sujsh]: |-455771 1P mne
0K, I Cancel | Sl | Helm |

e Seclect the slab that you defined beforehand. Enter Effective b and Actual b.
Never check “Add the dead load of the slab” if your project includes
construction stages. The slab dead load will be added at the right construction
stage, as we will see further on.

e Activate option "Use composite properties for analysis".

e Member End Conditions: Specify the beams' end conditions on strong axis
(+------ +) for stages 1 to 5 (before it changes to a statically determinate
structure).

Beams M1, M3, and M5 must have continuous end conditions (+--------- +) but

beams M2 and M4 will be hinged (0------ 0). (To edit, click OK to exit this dialog

box, select beams M2 and M4, and choose end conditions 0------ 0.)

e Select the Concrete Design tab. For shear design, select option A¢ face of
support. Press OK.
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View Options

e Display the shape outline through the Attributes tab of View Options dialog
box. Press the keyboard control key [Pg Up] to get an isometric view of
continuous beams. Press the [Home] key to get a front view of the section and
zoom in.

Here is a view of the composite section, as it is displayed on screen without global
axis system, nor supports.

Concrete Specification

e (o to Structure / Specifications/ Concrete. The design will be done using
standard CAN/CSA-S6-00.

Concrete Specifications Spreadsheet

General | Beam / Column / Joist | Slab | Shear wial |

Number Code Type of analysis Maximum | Calcul. Method Calcul. Method
4 Capacity Factor Mr/vr M
%  Positive Hegative
A23.23-Design CAM/CSAA23.3-95 Design 100.00 | Maximize Mr b arimize ki
CaM/C5A-A2 Yerification 100,00 | Marimize kr F aximize Mr

[| CAb - Deszign 10000 Maximize Mr b auinnize Mr
Yerification b aximnize Mr b aximnize Mr

Concrete specifications Spreadsheet

General | Beam / Column / Joist | Slab | Shear wial |

Epoxy Longitudinal Longitudinal Selection of
41 Coated Optimization Reinforcement  Longitidunal Rebar
M aterial
1 L] Wieight G30.18-400R 200 258 30m
2 [1] Wwieight G30.18-400R 200 258 30M
3 Weight K -40 200 258
4 [1] Wwieight G30.18-400R 20k 258 30M

Withdraw rebar 30M from the selection by double-clicking and disabling it.

e Select the Beam / Column / Joist tab. Modify the number of layers and
withdraw rebar 10M from the list of transverse rebars.
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Concrete Specifications Spreadsheet

General Beam / Column / Joist | Slab I Shear W’aIII

Number M aximum Maximum Transverse Transverse Selection of
4 Ho. of Layers Mo. of Layers Optimization  Reinforcement Transverse Rebar
in Tension in Compression M aterial
1] 423 3Design 4 4 wieight G30.18-400R 100 158
2 | 423 3 Eif. 4 4 wfeight G30.18-400R 100 150
SE-00-Design
4 | SE-00- &rif 4 4 wieight (5330.18-400R 100 150

e Press OK to exit the spreadsheet.

Continuous Systems

e In the Structure activation mode, go to Structure / Continuous Systems. A
continuous system has been automatically created.
[ ]

Select specification S6-00-Design. When this specification is selected, the
"Exposure" fields are automatically set to Manual. Concrete covers must be
specified by users and they are measured from the stirrup outside diameter.

Continuous Systems Spreadsheet

Mumber Specification | Type Interaction Deszcription  Exposure Top

1 Top Cover
mm

|1 5 4 SE-00-Design Bearn/Colurn JBending 15_4 b anual 50

Continuous Systems Spreadsheet

Expozure Bottom Exposzure Left Exposure Hight Crack Crack

1 Bottom Cover Left Cover Right Cover Control Control
Top Bottom

mm mm mm kN/m kM/m

|1 b anual a0 Manual a0 Manual a0 30000.00 30000.00

e Enter the crack control parameters and click OK.

Load Cases

Define all load cases (types and titles) that will be used for this project, including
construction stage loads.

e Go to Loads / Load Cases / Definition. Here are the load cases that we will
need:
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Loadsz Definition

Load Caze | Dynamic | lce |

Mumber Type Family Stage Tributary Area

] Reduction

1| Dead [D1]) Prefab Components WA 0 Mone

2| Add D Beam [D1] Prefab Components | MAA 0 Mone

3| Add D Compo | [D1] Prefab Components | MAA 0 Mone

4| Temp+ [K.] Temperature M A 0 Mone

5 Temp- (K] Temperature M A 0 Mone

C

It is very important to select the right type of load (S6-00 standard) in this
spreadsheet if you plan to use the generation wizard for load combinations, as you
will see further on.

Applying Loads on the Structure

Permanent loads applied at stage 5

P P [ [ p P P
w M1 w M3 w M5
LT 1 [ ] [ T W T T8 T T4T T &I T If T ] [ ]
9.06 le— .02 —|
— 16.05
1816 + 24.07 »

Load Case:; Add D Beam

P =27.60 kH w = 16.50 kN/m

e Activate the "Load Case" mode and select the Add D Beam load case. It
represents permanent loads that will be applied at construction stage 5.

ﬂEile Edit “iew Common Stucture Loads  Analvsis
D||E] 2] <]« S| 2] &8
Bl R

Dead: D : Stucture dead load

Add D Compo: D
Temp+: K1:
1Temp-: 2

e Select all members and click the Properties icon to open the Loads on
Member dialog box. Insert a line in the Distributed tab. Double click in Wa
and Wb cells and enter —16.80. Press OK.
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Loads on Member

Distributed | Enncentratedl Temperature Variatioml ansionall Shrinkagel

— |dentification

tember Mode i Maode | Load Caze
Mumbers : I I I Add D Beam
1 Load Wa Load Wh Start a End b Angle Projection
kN/m kN/m m m -
1 -16.80] -16.80 0.00 3210 0,00 Global -
e ]

e Now, select members M1 and M5 and click the Properties icon. Insert two
lines in the Concentrated tab. Enter the position, magnitude, and projection of
each punctual load relatively to node i. Close the spreadsheet.

Loads on Member E

Distibuted ~ Concentrated |Tempelatule\n‘aliati0ns| Tursinnall Shrinkagel
— ldentification
tdember Mode i Mode | Load Caze
Mumnbers : I | I dd [ Bearn
2 Position Force Angle | Projection
m kN *
1 9,05 -27.80 0.00 Global =
2 1816 27 &0 0.00 Glabal [

e Double-click on beam M3. Enter other concentrated loads. Close the

spreadsheet.
Loads on Member |
Distributed  Concentrated | Temperature Variatinnsl Tursiunall Shrinkagel
— ldentification
tember Mode i Mode | Load Caze
Numbers:  [M3 3 4 £dd D Beam
3 Position Force Angle Projection
m kN *
1 5.02 -27 60 0.00 | Global =
2 16.05 -27.60 0,00 | Global [
3 2407 -27 B0 0.00 | Global

Permanent Loads Applied at Stage 8

Select the Add D Compo load case. This uniform load is applied on members M1,
M3 & M5, and its magnitude is equal to —8.58 kN/m.

Loads Due to Temperature Variations

These loads are applied to all beams.
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e Select the Temp+ load case, select all beams, and press the Properties icon.

e Insert a line in the Temperature Variations tab. Values do not represent the
absolute temperature but the temperature variation at the top and bottom of the
section.

Loads on Member

Distlibutedl Concentrated  Temperature Yariations |T0rsinna|| Shlinkagel

|dentification
tember Modei Mode j Load Caze
Mumbers : I I I ITemp+
Temperature Temperature Type of Application
1 Top Bottom
‘C ‘C
‘1 10.00] 0.00 | Shong Asis -
?
e Press OK.

e Follow the same procedure for load case Temp-.

Loads on Member

Distrihutedl Concentrated T emperature Yariations | Tursinnall Shrinkagel

Identification
tember Mode i MHode | Load Caze
Mumbers : I I I Temp-
Temperature | Temperature Type of Application
1 Top Battom
‘C ‘C
1 5.00] 0.00 | Shong Az -

Load Combinations (Stages)

Before calling up the Load Combination Generation Wizard, construction stage
load combinations must be defined "by hand" in the Load Combinations
Definition spreadsheet and construction stage numbers must be specified.

Construction Stage Load Combinations

You must define one load combination per construction stage. These load
combinations must have a Construction Stage status. Construction stage loads are
cumulated by VisualDesign, meaning that they are automatically added to the next
construction stage.

e Go to Loads / Load Combinations / Definition.
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e Insert five lines in the Load Combinations spreadsheet and enter a name for
each construction stage. Double-click in the "status" cell and select
Construction Stage. Double click in the "Stage" cell and type in the
construction stage number.

Load Combinations | Load Factors |
5 Mumber Status Definition Stage  Du
1 §5tage 3 Constuction Stage Stage 3 3 =
2 | Stage & Constuction Stage Stage & 5 |
3 | Stage B Constiuction Stage Stage B B
4 | Stage 8 Conztruction Stage Stage 8 a
B | Stage 9 Conztiuction Stage Stage 9 9

Load Factors

e Select the Load Factors tab.

You must select the load case type in the “Load Case” column and enter load
factors for each load case that is part of a load combination.

The “Prestressing” and “Shrinkage/Creep” loads are virtual loads. VisualDesign
recognizes these loads and recovers secondary prestress results at each construction
stage. Do not forget to include these virtual loads in each construction stage load
combination.

Stage 3 — Transfer of Prestress. Include the AASHTO dead load only.

e Highlight Stage3 load combination in the left part of the dialog box. Place your
cursor at line 1 in the right part and insert three lines. Double click in the Load
Case cell and choose the right type of load case in the drop-down list box.
Enter load factors according to CAN/CSA-S6-00.

Load Combinations

Load Combinations  Load Factors |

: Stage 3 Load Load Case
Stage 5 Stage B 3 Factor
Stage 6 : Stage 6
Stage 8 : Stage 8 : ~
Stage 9: Stage 9 12 ?Eg Er::é:fShrmkage =
3 1.00  Prestrezsing e
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Stage 5 — Addition of Slab. Additional dead loads on beams.

Load Combinations

Load Combinations Load Factors |

Stage B
Stage 8 Stage 8
Stage 3 Stage 9

Load Load Case
Factor

0.80 | Creep,/S hrink.age =
1.00 [ Add Beam
1.00 | Prestreszing

Stage 6 — End of Humid Cure: There is no extra load at this stage. However,

include virtual load cases.

Load Combinations

Load Combinations ~ Load Factars |

: Stage 3
L Gtage o

E:5Stage B

Stag g: tage
Stage 9: Stage 9

Load | Load Casze
Factor

(.80 | Creep/Shrinkage =
1.00 | Prestreszing

Stage 8 — Additional Dead Loads. These loads will be applied on the

composite beam.

Load Combinations

Load Combinations  Load Factars |

Stage 3: Stage 3
Stage 5 Stage &
5

Stage 9: Stage 9

Load Load Case

3 Factor

1 .80 ] Creep/Shrinkage =
2 1.00 | Prestreszzsing | |
3 1.00 D Add Compo

Stage 9 — Long Term: There is no extra load at this stage. However, include

virtual load cases.

Load Combinations

Load Combinations  Load Factors |

Stage 3: Stage 3
Stage 5 : Stage B
:Stage B
: Stage 8

Load Load Case

2 Factor
1 (.80 Creep/Shrink.age =
2 1.00 | Prestressing
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Generation of Other Load Combinations

e Use the Load Combination Generation Wizard to generate load

combinations per S6-00 standard.

e In the General Options page of the Wizard, select code S6-00 and activate the
option "Add generated load combinations to existing ones" to avoid
overwriting construction stages.

Generation of Load Combinations - General Options

Specifications
’7 Code:

r— Load Combinations to be Generated

[ Generate an unfactored load combination per load case
™ Generate with seismic loads acting towards the positive direction only

™ Mass

— Particular load cazes to include
— Spectral Envelopes

E0: E0:[ EO3 [ Mon-Linear Time History Envelope [Etnl)

— Time History Enwvelopes

EH: T Exx[ E

— Generation Optiong
= Add generated load combinations to existing ones

"~ Delete load combinations except those edited by user
" Delete all previous load combinations

— Envelopes to be Generated

¥ Generate an envelope per type of load combination

< Back I Mewt > I Caticel

Help

® Press Next.

e In the Specific Options page, activate particular load cases.
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Generation of Load Combinations - Specific Options

— Specifications
Code: CANACSA-5SE-00 [Canada) j
24 Load Factors Value Default
1 Jalpha D1 ULS Min: Min permanent loads | 035 0.55 =
2 | Alpha D1 ULS Max: Max. permanent loads 1.10 1.10 [
3 | alpha D2 ULS Min: Min. cast concrete 0.50 0.30
4 | Alpha D2 ULS Max: Max. cast concrete 1.20 1.20
5 | Alpha D3 ULS Min: Min. wearing suface 0.65 0.65
b6 | &lpha D3 ULS Max : Max. wearing suface 1.50 1.50
¥ | Alpha Dd ULS Min : Min. backfil 0.20 0.20 hal
— Load Combinations to be Generated
¥ ULSL no.1 [D+E+P+L) ¥ ULSL no. 7 [D+E+P+wi+a)
W ULSL no.2 [D+E+P+L+ K] W ULSL o8 [D+E+P+H)
¥ ULSL no.3 [D+E +P+L+k i+ W ULSL no9 [D+E +F)
I UILSL o 4 [D+E +P+k+w) ¥ FLS mo1 [D+E+P+L]
¥ ULSL mo.5 [D+E+P+EQ) ¥ ULST no.l [D+E+P+L+K+5)
¥ ULSL ro.6 [D+E+P+F) ¥ ULST no.2 (L)

— Particular load cazes to include

¥ Moving load Ernvelope [Lim) [- Mo, Load Envelopes_._l]

¥ Prestressing and shiinkage/creep )
[ Combine Seismic Envelopes :100% + 30%

Bridge Evaluation

< Back I Mest = I Cancel | Helx |

e Press the Mov. Load Envelopes button to open the Envelopes spreadsheet for
moving load analysis.

This spreadsheet shows the required load combinations and 2D axle factors, as per
code. The moving load envelopes must be activated in this spreadsheet.

e C(lick in any cell, right click to open contextual menu, and select the function

Select a Code.
Definition of Moving Load Envelopes
Humber To be analyszsed 2D Axle ULs FLS 5L5no1| 55 no 2
10 Factors
to be uzed
‘I L I:I‘I S Y O [] r..1 r1 r..1
T LI w Select a Code... LI

2 | Lm0z [%] 2z [®]
3 | Lm03 L] 2z h Uit L]
4 | L4 ] 21 L]
E li.ne T -1 Find... I

e Select code S6-00 in the drop down list box and press the button "Reinitialize".
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Selection of Code

Code: | CAN/C3A-5E-00 (Canads) =]
Warning:
The definition of moving load enveloppes iz dependent upon

chozen code.

Cancel |

e Activate moving load envelopes Lm01 and Lm02.

Definition of Moving Load Envelopes

Humber To be analyzed | 2D Axle ULs FLS S5LS5no1| S5LS no 2
10 Factors
to be used
1 | Lm i u |2 lanes ar + [x] LI [¥] LI
2 | Lm0D2 W Single lane L] [#] L] [#]
3 | Lm0O3 2 lanes ar + L] L] L] L]

e C(Close the spreadsheet.

e C(Click Next in the Specific Options page.

Generation of Load Combinations - Selections

Load combinations to be Generated:

L@ 1.100+1.05P+1. 70Lmi1
- ULS 2 [4]

M-E LS 3 4]

E-E LS 4 [4]

E-E ULS 3 [2]

E-EFLS1 [1]

@ 1.00D+7.00P+1.00Lm02
-8 SLS_1_ [2]

- KO

e 1.000+1.00P+0. 80K07 +0.90Lm01
- K02

-0 SLE_2_ [1]

Load cazes aliases

o] =D Add Beam

D =D Add Compo

D =Dead

K. = Creep/Shrinkage
Kol = Temp+

k02 = Temp-

< Back I Finish I

Cancel Helx
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e Press Finish.

The definition of load combinations is completed.

Load Combinations

Load Combinations I Load Factars |

a5 Humber Status Definition Stage |
1 | Stage 3 Conztruction Stage Stage 3 3
2 | Stage & Construction Stage Stage 5 ]
3 | Stage B Construction Stage HEE | E
4 | Stage & Conztruction Stage Stage B g
5 | Stage 9 Construction Stage Stage 3 9
6 | ULS T:max02  ULS1 1.100+1.058F+1.70Lm01 0
F | ULS Timind ULS A 0.950+0.95F+1.70Lm01 0
8 | ULS Zmax05  ULS 2 1.100+1.05F+1.15K07+1. 60LmO7 0
9 | ULS Zmax06  ULS 2 1.100+1.08P+1.15K02+1 BOLmO1 0
10| ULS 2min03 LS 2 0.950+0.95F+1.15K01 +1 . B0LmO1 0
11| ULS 2min04 LS 2 0.950+0.95F+1.15K02+1 B0LmO1 0
12| ULS 3mas03  ULS 3 1.100+1.05P+1.00K07 +1, 40Lm01 0
13| ULS 3max10 LS 3 1.100+1.06P+1.00K02+1, 40Lm1 0
14| ULS 3min07  ULS 3 0.950+0.95P+1.00K.07 +1, 40Lm07 0
15| ULS 3min08  ULS 3 0.950+0.95P+1.00K02+1, 40Lm(1 0
16| ULS 4max13  ULS 4 1.100+1.06F+1.25K01 0
17| ULS 4max14 ULS 4 1.100+1.05P+1.25K02 0
18| ULS 4min11  ULS 4 0.950+0.95F+1. 25101 0
19| ULS &min12  ULS 4 0.950+0.95F+1.25K02 0
20| ULS 3max16  ULS 3 1.380+1.05F 0
21| ULS 3min1s  ULS 3 1.380+0.95F 0
22| FLS 117 FLS 1 1.000+1.00P+1.00Lm02 0
23] 5L5_1_18 5L51 1.000+1.00P+0.280K.07 +0,90Lm07 0
2415051119 5L51 1.000+1.00P+0,280K02+0, 90Lm01 0
25505 2 20 5LS 2 0.90Lm02 1]

e Close the spreadsheet.

If you don't want to analyse some load combinations right now, change their
statuses to "Not required".

You are now ready to define and place prestressing cables in the continuous beams.

Rebar Placement Window

You must open the Rebar Placement window to define cable groups and place
cables within continuous system. This window has its own menus and is composed
of an elevation view of continuous system. You can create cross-sections, display
dimensions and rebars, and also display force and resistance diagrams.

e Activate the “Rebar Placement” mode on Activation toolbar and double click
on the continuous system.

VisualDesign will take a few seconds to open the window.
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View Options

e Open the View Options dialog box. Check the General and Dimensions roots
the Rebar Placement tab. Press OK.

Cross-Sections

e  Generate cross-sections: Select Automatic Generation of Cross-Sections in
Rebar Placement menu. VisualDesign generates cross-sections at each
support and at mid-spans.

Editing Cross-Sections

e To move all cross-sections, select the Cross-sections spreadsheet in Rebar
Placement menu. Select column “Y screen” by clicking on its title and right
click. Choose function Replace in the contextual menu and enter another
value. Press Ok.

Crosz-zections Spreadsheet

1 Humber X Screen IR ETREELY £ ContSpst Scale Maszk
Interaction

1]12 200 [«] =

2|13 2.00 [+]

3|14 = [+l —

4 115 Frrenll P eplace Values ] [#]

5 |16 28370 #l

6117 44220 1 New Value : || [=]

7|18 £0070 [+l

8|19 EO720

9

[+]
Cancel | [¥]

20 51370
104 74730 [+]
11] 22 23130 2730 200 [+]

Use the Zoom and Dynamic Pan functions to increase and move the image on the
screen.

To delete a cross-section on screen:
Click on the cross-section outline to highlight it and press the [Delete] key.

To move a line of cut along with the cross-section:

e Activate the Move function, as shown below, and click once on a line of cut to
highlight it. While keeping down the mouse button, glide the line of cut along
continuous system. Release the mouse button.
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Aide

B2 | Ne | Qlal@lal Bl v
15

1o

e Go back to Cursor mode (located left of the Move icon). If you forget to do
that, elements that will be touched by your cursor will move. If it happens, use
the Undo function.

To move the cross-section only:

e Activate the Move function and click on the cross-section outline to highlight
it. While keeping down the mouse button, glide the cross-section. Release the
mouse button. Go back to Cursor mode.

tz Aide

[ olaA| xe ] Qalfal tof vafs] @)

Coupe 7-7 Coupe 9-9
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Defining Cable Groups and Layouts

Cable Groups

You must define at least one group of cables for a prestressed concrete project (pre-
tension or post-tension). In our example, we have many groups because each of
them has a different layout.

e Go to Rebar Placement menu and select Cable Groups and Layouts. Insert
lines in the Groups spreadsheet. Double click in the "Number" cell and give a
name to each group.

X beg and X end represent the transverse end positions of sheath(s) or strands
according to continuous system local x-axis, for post-tensioning and pre-
tensioning.

Cable Groups and Layouts Spreadsheet

Groups I Lapouts I

MNumber Post-tensioning Mumber X beg. X end Humber of Strand

B Mechanizm in width strands/sheath
mm mm

1 J[5pand flat !Null 1 - ] 26 GZ70142
2| Spanl-up Hull 1 - 5 14 GZ70:142
3| Span3-lat Mull 1 - ] 26 GZ70142
4| Span3-up Hull 1 - 5 14 GZ70:142
5| Spanz-flat Mull 1 - ] 42 GZ70142
b | SpanZ-up Hull 1 - 5 22 G042

Cable Groups and Layouts Spreadsheet

Groups | Layouts |

Layout Jacking Delta Delta | Stage Factor

B left nght Development
Length

4 mm mm

1| Intemal with grout 75.00 1] 0 | Initial Pre-tenzioning 50.00
2 | Intemal with grout 7h.00 1] 0 | Initial Pre-tenzioning 50.00
3| Intemal with grout 75.00 1] 0 | Initial Pre-tenzioning 50.00
4 | Intemal with arout FR.00 1] 0 | Initial Pre-tenzsioning A0.00
B | Intemal with grout 75.00 1] 0 | Initial Pre-tenzioning 50.00
B | Intemal with grout 75.00 1] 0| Initial Pre-tenzioning 50.00

Delta left and Delta right are measured from the cone penetration at the left and
right end of continuous system (z-axis), after post-tensioning.
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Cable Layouts

Here are the desired cable layouts for beam M1.

Cable Layouts in Beam M1

‘ 10240 5720 1020 —————+
1

SpanT-up

L

w

SpanTflat
10300

17020

27260

Cable positions (mm) are as follows:

1323?4 |

A

Begin. & End Mid-Span

Select the Layouts tab. In the left part, highlight the name of the first group and
insert a line in the right part. This cable layout is straight and will be positioned at a
distance of 1917mm below the top of the composite section. Columns "Start" and
"End" represent the cable endings. In our case, the cable endings are mobile so, the
Mobile option is selected.

Cable Groups and Layouts Spreadsheet

Groups  Lapouts |

1 HNumber Shape Start End z1 vl
Spatil-up mm mm
Span2fiat 10 [Shaight | Mobile Mabile 000 191700 =
Spat2-up 2 —
Span3-lat =
Spand-up 1 z2 y2 z3 y3
Continved mm mm mm mm
| 1 0.00 0.00 2726000  -1917.00
pl

e Now, highlight the SpanI-up group of cables. To help in defining this layout,
we are going to use a tool. To call up this tool, click once in any cell
(spreadsheet) and right click. Select the Automatic Generation function in
contextual menu. The Cable Layout Models dialog box will open.
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Cable Groups and Layouts Spreadsheet

Groups Layouts I

Spani-flat

Spana-flat
Spanz-up
Span3-flat
Span3-up

Humber

Shape

Start

Aukamatic Generation...

B =1 (e (=0 ]

e Activate the model that corresponds to the layout and enter coordinates.

Cable Layout Models ]

[z1,y1)

o

(zl, vyl Y3

¥
N~ T
71, w11

3
M
di o2 o3

%

e
A [0
w1 IW
y2 IW
P EK
gl [10240
d@ [720
a3 [10240
T

Cancel |

e Press OK.

e You will go back to the Cable Groups and Layouts spreadsheets.

e Give a number to each segment and select appropriate cable endings.

3 Humber Shape Start End z1 [ z2 y2 z3 y3
— mm mm mm mm mm mim
2 IStraight  { Mohils | Continuous BOO0| 32870 0.00 000 1030000 91700
3 Straight Continuous Continuous 1030000 A917.00 0.0o0 000 1702000 1917.00 |
4 Shaight | Continuous  { Mobile 1702000 1917.00 0.00 000 2726000 32870
——

e Follow the same procedure to define other cable layouts (2 layouts/beam) for

beams M3 and M5.
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L 10:300.00 \ N 10:300.00 L L 12200.00
BOJ0 B0 p000
Spanl-up : Tx144-G270:12 SpanZ-up :
iz 3] i |[fe
2] 13 Spant-flat : 1x26-G2r0:1.2 1418
a0 50(L0 a0 50(0
20500 20B.00 2000 20B0
Section 12-12 Section 13-13 Section 14-14 Section 16-16

o Close the Rebar Placement window.

You are ready to analyse the prestressed composite beam. VisualDesign will verify
the resistance with the prestressing cables. It will add main rebars and stirrups
where needed.

Design

e C(Click on the Analysis and Design icon on Tools toolbar or select
Analysis and Design in Analysis menu. The Design dialog box will appear on
your screen. Press the “Analyse” button. Close the dialog box when design is
completed.

The Rebar Placement activation mode IE will be automatically activated along
with the “Continuous System” Iﬁ
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Partial Results

Rebar Placement

e Double click on the continuous system to open the Rebar Placement window
or click once and press the Properties icon. You will notice that VisualDesign
has designed and placed stirrups in the continuous beam, according to Code
S6-00 and the General method.

Display Force and Resistance Diagrams

e Select the View Options dialog box and expand the Beam Diagrams root of
Rebar Placement tab. Check the boxes corresponding to forces and
resistances diagrams that you want to display, as shown below.

-~
[T
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Detail 1

231:10M-172 19020

Spant-up 1x14-G270:152
) / El

e

! 2 /
Spanit-flaf: {=26-G270:10R 1

U‘lMLnJMMM

1_% 4370 4 3290 B24 5310 A44 3600 4 3600 ?uaa
24-15MiE190 © 5-15ME@470 10-15ME590 9-15M@E@450° 13-15ME@30

Detail 2

10300 12200

g300 B740

4550 4410

1700 [ 1950

161 10160
163 10160
162 10160

M1 2504159 10160
50 /2}{1 25NW{1E0 10160 | —2x1:10M-173 18700
1 ia

/ i 7]
[ x26-G2F0:R 26{1:25M-147 35201 Span2-flat :
2p1:25M-145 39201
J41:250-144 3920
J31:250-149 3920
J41:250-148 3920
H31:25M-146 3920
8 3600 45 3600 Slg'; 4370 4%’ 43860 30 42000 g1 12180
9-15MER450 " 13-15M@300° 24-15MiE 1 B SIG 1 9EB-15MiG 180 15-1aME 300 22-15ME5E0
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Reinforcement and Cables

Double click on any longitudinal rebar, stirrup sequence or cable to consult
placement data. The appropriate spreadsheet will open.

Editing Elements

If you modify rebars placement data through spreadsheet (changing rebars
dimensions, spacing, etc.), VisualDesign will automatically recalculate new forces
and resistances diagrams and redraw them.

We are going to consult detailed results (graphical and numerical) for construction
stage load combinations and others. These results are available through the Results
menu of Rebar Placement window.

Graphs

e Select the Graphs heading in Results menu or press the Graphs icon gl on
View toolbar.

e Activate a type of graph in the Graphic Results dialog box shown below.
Then, select a serviceability load combination in the drop-down list box.

Graphical Results for each Construction Stage E
— Type of Graph — Strezzes in Concrete — Ratio of Strezses in Cables
% Sheszes in Concrete V' Section Top Fibre I¥ | itial | Pretensioned Eatle (Stage 2]
¢ Batio of Shesses in Cables ¥ Section Battarn Fibre I it Esttensinned Eatle (Stage 4]
. : v Top of 5lal W | Composte Bosttensioned [Eable[Stage
- ¥ Topof Slab [ C ite B iomed [Eable (5 7|
o DEHE.CEIDH et S (S ¥ Battom of Slab ¥ | Etermal FasttersinredlEane S taa e
Bt Reling iemEtis —Bending and Shear Forces————————— [~ Deflection:
£ Shear Forces I e e e shritkane /e eem effeats [ | kithife Stane.
' Shesses due to fatigus I [ s Diie b secandan pretersiming I | tthits Stame) plis Moying Loads)(min ardimas]
I i e b shriraney Green efents:
J¥ | /e Duie o secondan pretensioning
|lmpeqb WRB Stage - [EEED
Stresses in the section and in the slab at stage 9 = g i
20 =
— Sigma_Ch
0p m——— I _
Sigma_St
s 50 ama=
E Sii Sh
-10.0 igma_
g
-15.0 1t max. Slal
fo manc. Sla
200 . . ' . ' r r . . e T
0.0 a0 18.0 270 3.0 450 540 630 720 81.0 ang k. Tensl
Position m — Max. Comp:
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Note:

Place the cursor on any point on the curve (or elsewhere) and coordinates will be

displayed next to your cursor.

To move the legend out of the box, double click on it.

Use the Graphs toolbar that is supplied with this dialog box to change the look of
the graph, modify the x-axis and y-axis subdivisions, etc. Use the Print Preview

and Print functions to print the graph.

Graphical Results for each Construction Stage E

r Ratio of Stresses in Cables

 Stresses in Concrete
V' Top of Section
V' Bottom of Section
¥ Topof Slab

IV Bottom of Slab

— Type of Graph
& Sheszes in Concrete
" Ratio of Stiesses in Cables

 Dieflection under service loads

I¥ | itial | Pretensioned Eatle (Stage 2]

I it Esttensinned Eatle (Stage 4]

¥ | Cammposite Pasttensioned Eable (Stage 7]
¥ | Etermal FasttersinredlEane S taa e

" Bending moments
" Shear Forces

— Bending and Shear Forces
I e e e shritkane /e eem effeats
I¥ | ks Die ba secondan pretensianing
I i e b shriraney Green efents:
J¥ | /e Duie o secondan pretensioning

' Shesses due to fatigus

— Deflection:

[¥ | St this Stage
[ Ak this Stage plus: oving [Loads (i andlmaz)

|=raeaEWEE Stage:
Stresses in the section and in the slab at stage 9-SLS 1 18 = g @
100 —
-~ — Sigma Ch
— N —— .
s o0 FP if‘*]%._ —_— .“__ ~—— Sigma St
u u —
50 | %o .~ \'“"---—-———--—"""'
E \\_ﬁ_’__/) 'i:‘ ‘//I 53 R Sigma Sh
4 A ———
—_—
50 1t max. Slal
o max. Sl
200 . . . . . . . . . S
on an 180 270 360 450 540 £3.0 720 &0 an. A Tens!
Position m — Max. Comp:
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Numerical Results

Prestress Loss in Cables

e Go to Results menu and select Prestress Loss in Cables. This spreadsheet
includes prestress losses AND gains for each construction stage. Total loss, Ap,
is available at the last column.

Loss of Prestress in Cables Spreadsheet

g Number Stage ES3 Ap3 E55 RELS CRS SHS Aph ES6

MPa MPa MPa MPa MPa MPa MPa MPa
1 5paniflat !InitiaIPre-tensioning -141.91 -141.91 28.23 -16.72 12011 B.E7 115,26 012
2| Spant-up Initial Pre-tensioning -108.40 -108.40 16.76 -16.72 -84.06 6.7 -90.68 013
3| Span-flat Initial Pre-tensioning -207.19 -207.19 43.34 -16.72 -175.36 -B.E7 -155.40 -0.43
4 | SpanZ-up Initial Pre-tensioning -160.86 -160.86 26.60 -16.72 -126.28 -B.E7 -123.06 -0.40
5 | Span3-flat Initial Pre-tensioning -141.64 -141.64 2781 -16.72 -121.55 -B.E7 11712 013
6| Span3-up Initial Pre-tensioning -108.41 108 41 16.84 -16.72 -84.89 667 -51.44 013

Loss of Prestress in Cables Spreadsheet

g RELG CHE SHB Apb ES8 Ap8 ESa REL9 CR9 SH9 Ap9 Ap
MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa
1 -0.42 8.38 -0.61 722 210 210 0.00 -19.09 -0.88 -38.62 -BB.E0 30646 |
2 -0.42 424 -0.61 308 223 223 0.00 -19.09 11.81 -38.62 -45.91 -239.68
3 -0.42 1312 -0.61 11.65 0.29 029 0.00 -19.09 7.72 3862 -B0.00 -400.65
4 -0.42 FAL -0.61 h72 1.60 1.60 0.00 -19.09 21.43 -38.62 -36.28 -312.89
1] -0.42 8.41 -0.61 724 2.08 208 0.00 -19.09 137 3862 -53.08 -308.56
b -0.42 4.26 -0.61 310 223 223 0.00 -19.09 11.63 -38.62 -46.08 -240.60

To know more about the type of prestress losses or gains, refer to On-Line Help,
Chapter 11, at heading Results.

Stresses in Concrete and Prestressing Cables

e (o to Results menu and select Stresses / Stage X.

For each construction stage, you will find minimum and maximum stresses in
concrete (top and bottom of section and slab). Ratio of stresses is also available for
prestressing cables. Minimum and maximum deflections are also computed (with
or without moving loads).

Stresses under Service Loads Spreadsheet : Stage 6

Number Position Section Section Section Section Cable Cable Deflecti Max Deflecti Min Defl
Top Top Bottom Bottom Initial Initial Stage Stage+Truck Stage+Truck
109 Oss min |~ 085 Mmax Osi min Osimax Pre-tension Pre-tension
o/fpu Min.  o/fpu Max.
m MPa MPa MPa MPa mm mm mm
1 M1 ! 0.on -0.07 -0.07 0.07 0.ov7 0.00 0.00 011 01 01
2 | M1 1.36 -4.19 -4.19 4.0 4.0 0.62 0.64 9.30 9.30 9.30
3 | M1 272 -4.82 -4.82 837 837 0.62 0.64 17.88 17.88 17.88
4 | M1 4.08 B.27 B.27 791 791 0.62 0.64 2h.E3 2563 2563
5 | M1 5.44 -5.54 -5.54 -7.63 763 0.62 0.64 3272 3272 3272
6 | M1 6.80 -5.62 5.62 -7.55 -7.55 0.62 0.64 38.83 38.83 38.83
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Stresses - Serviceability Limits States

SLS_1_18 | 515_1_19|

Number Position Section Section Section Section Slab Slab Slab Slab

Top Top Bottom Bottom Top Top Bottom Bottom

109 O£ min O$s max O'si min Osi max Ods min|  Ods max odi min odi max
m MPa MPa MPa MPa MPa MPa MPa MPa

1 Ml 0.00 010 -0.08 0.09 015 0.83 0.86 0.84 0.85
2 |m 1.36 -4.83 -4.29 810 -B.40 -0.07 | 025 0vs
3 |m 272 -B.04 -A.05 S0 4.0 -0.85 058 029 0w
4 | 4.08 -B.97 -B.E1 -6.33 -2.09 -1.50 047 074 062
5 |wh 5.44 -7 B8 -5.98 578 -0.46 211 036 -1.16 054
6 | M1 £.80 B2 -B.15 546 072 280 0z7 -1.49 048

Intermediate Results

e Go to Results menu and select Intermediate Results.

This spreadsheet includes properties and results on shrinkage and creep effects in
the slab and section, according to (cumulative) days.

Prestressed Concrete Intermediate Results 5preadsheet

Stage Member |Shape f'ei Eci Ix Area Compresszion  Tension Creep Shnnkage
25 section gection zection zection Limit Limit  Section Section
Section Section
day MPa MPa 10e6mm4 mm? MPa MPa
16 67 | M1 Type ¥l 5453 30969.62 | 30522075 GF99643.02 3272 1.48 0.000000 0.000000 |
17 67 Type Wl 5453 3096962 305220.75 E9964302 3272 148 0000000  0.000000
18 B7 M3 Type VI 5453 3096962 30522075 G£99643.02 3272 1.48 0.000000 0.000000
19 G7 | M4 Type ¥l 5453 3096962 30522075 GF99643.02 3272 1.48 0.000000 0.000000
20 57 | M5 Type ¥l 5453 30969.62 | 30522075 G99643.02 3272 1.48 0.000000 0.000000
21 10000 | t1 Type vl 5831 HFF249 ) 30522075 £99643.02 20.00 283 0736720 -0.000206°
22 10000 M2 Type vl 5831 ATF249 ) 30522075 G99643.02 20.00 283 0736720 -D.00D0Z06
23 10000 M3 Tupe VI 5831 ATF249) 30522075 G99643.02 20,00 283 0736720 0000206 |

Prestrezzed Concrete Intermediate Rezults Spreadsheet

] Eci Ix Area phi yhi Creep Shrinkage Compresszion Tension

o5 glab glab composite | composite Slab Slab Limit Limit
Slab Slab

MPa MPa 10e6mmd mm mm mm MPa MFPa

16 3272 Z2BB4ETFY | BOBZ2EE4 1211317.78 1349 GB0 | 0.000000 0.000000 1260 0.9z
17 3272 Z2BB4ETFY | BOBZ2EE4 1211317.78 1349 GB0 | 0.000000 0.000000 1260 0.9z
18 3272 Z5B4EFV | BOBZ2ER4  1211317.78 1349 BB0 | 0.000000 0.000000 12,60 0.5z
19 3272 Z5B4EFV | BOBZ2EER4  1211317.78 1345 GB0 |  0.000000 0.000000 12,60 0.2
20 3272 Z5B4EFY | BOBZ2EE4 | 121131778 1343 E80 |  0.000000 0.000000 12,60 0.32
21 3498 2626867 E31838.86 1294919.85 1386 G43 | 2538424 -0.000245 12.00 219
22 3498 2626867 E31838.86 1294919.85 1386 G43 | 2538424 -0.000245 12.00 219
23 3498 2626867 B3183886 129451985 1386 43 2538424 -0.000245 12.00 219
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General Results

e Go to Results menu and select the General Results spreadsheet. This
spreadsheet includes many reinforced concrete design results and some
prestressed concrete design results also.

If a line is marked in yellow, it means that there are one or more parameters in this
line not following the Code requirements.

General Results Spreadsheet - Continuous System : 5_4

Fasitive Bending Maoment | MNegative Bending Moment I Shear Force I Bxial Fu:uru:el

o5 Mcr d dy bw fAs p [ @mp ¢p.fps.Aps ] £x
kM_.m mm mm mm mm? k4 kN

16 238691 1915 1882 3R00 0.00 0.00 0.0z E208.97  0.001686

17 842799 1917 1884 3600 0.00 0.00 0.02 83725 0.001887

18 842799 1917 1884 3600 0.00 0.00 0.0z B837.25 0 0.001953

19 242799 1917 1884 3R00 0.00 0.00 0.0z E237.26 0.002000

20 842799 1917 1884 3600 0.00 0.00 0.02 B337.25 0.001986

General Resultz Spreadsheet - Continuous Spstem : 5_4

Fuozitive Bending Moment I Meqgative Bending Moment  Shear Force I Auial Force I

05 Z| ¥ipMax  ¥iy Min Design Load £x a B Y

mm kN kN X i kN
11 [Seata] 16E.05 -383.85 3454 0.001365 39,32 016 29957
12 Tha6 23530 -803.82 88.08 0.001520 40.80 016 296.592
13 3216 291,24 -740.64 21.34 0.001646 41.49 016 296.72
14 3897 34726 67798 7893 000718 41,95 015 297.92
15 9577 42922 585,51 V262 000726 41.97 015 30556
16 10258 498,92 A09.10 g1.61 0.001686 41.81 015 3268
17 10938 321,60 -631.00 8806 0.001887 4258 015 300,20
18 11619 376.55 -621.02 8.7 [.001958 4284 014 29311
19 12299 432 52 -A61.69 F1.72  0.002000 43.00 014 290.04

General Results Spreadsheet - Continuous System : 5_4

Pozitive Bending Moment I Megative Bending Moment  Shear Force | Auial Force I

205 Ve Ve Vr d dv Qp\l'p)
kM kN kM mm mm kN
11 299,57 £35.30 934.87 1731 1699 -232.48
12 296,92 £15.92 91284 1768 1735 232 48
13 296,72 £13.80 053 1805 1772 -232.48
14 297 92 AE0.49 aha.42 1841 1808 232 48
15 305,56 500.75 206,31 1878 1845 232,48
16 268 A13.58 826,26 1915 1882 232 48
17 300,20 S00.44 200,64 1917 1884 n.an
18 29311 495 86 78897 1917 1884 0.an
19 290.04 493.09 7E313 1917 1884 n.an
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Continuous Beams with Post-tension

Description of the Project

A continuous pre-tensioned beam is composed of a T beam. The specified
compressive strength of concrete is S0MPa. Six sheaths will be placed in one layer
within continuous beams. Each sheath is composed of 19-3/5" strands of grade
1860 MPa. The diameter of each sheath is 75mm and grout will be injected.

Jacking will be done at 80% of maximum stress fpu. Post-tension will be sequential
and applied at initial post-tensioning stage.

Standard T-Beam with Post-Tension

4380

gl

|

l— 1500 —]

The beam spans are as follows:

34.7m

H
[
|
T

+l-

| 34.Tm
0.5m
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Project Configuration

e Go to the Project Configuration dialog box (File menu) and select the
Preferences tab. In section Dialog Box Display, disable this function for nodes
and members to get a quicker editing. Press OK.

e Now, select the Analysis tab and activate a non-linear type of analysis.
Increase the number of iterations to 50 for the non-linear analysis. We will set
number of subdivisions to 20 for concrete beams and members will be split in
ten.

Project Configuration E3

Generall Preferences  Analysis | Foundationl Seismicl Steel I Composite Beaml ASCE 1D-E|?| Con 4 I ’I

— Tupe of analpsiz

 Linear analysis

€ Analysis with release

— Tributary area

¥ Reduction for compression

¥ Reduction for bending

Code: IENE 1995 "I

— Parameters for non-inear analysis

td =, Wanation for P Axial:
bl & wariation for dizplacements:
Mumber of iterations:

Rigidity factor [axial release) :

ID.1 kM
IIJ.1 mrm

1e-005

— Parameters for Cychic Design

Mo, cycles [Optimization):

Mumber of cycles [cormection) ;

I

— General Dynamic Loadings

— Murnber of subdivizions for diagrams

T max ; |2':| sec Loaded members; I
DeltaT: |0.01 — Urloaded merbers: m -
W Serow w6 Idnloaded hinged members: 0 -

Reinforced concrete members:

Plates:

4

o]

Cancel | iy i | HEIR I

e Select the Concrete Design tab. Choose the General method for the design of
prestressed concrete elements.

e Finally, select the Prestressing tab. You must check the Prestressed Concrete
Project box to activate construction stages below.

¢ Check stages 1, 2, 4, 8 & 9 and Sequential Post-tensioning at stage 4.
Specify the day (cumulative) when each construction stage will be applied.
Select a model for shrinkage & creep. The Exposed Surfaces section is
important to compute concrete shrinkage and creep effects.
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Project Configuration

Fnundationl Seismicl Steel I Composite Beaml ASCE 'ID-EI?I Concrete Design  Prestressing |Units 1 I 'I

— Selection of Congtruction Stages

Shrinkage/Creep Model
¥ Prestressed Concrete Projsct ICEB-FIF’ 1972 / SE-00 j

Sequential Pozttenzioning Day Relative Hurnidity

Stages
I?EI F4

¥ Stage 1: Pouring of Concrete

Cure for Section

1]

¥ Stage 2 End of cure IHumid Cure 'I

Cure for Slab
IHumid Cure "I

=
o
[}

[ Stage 3: Transfer of Prestress

W Stage 4 &pplication of post-tensioning :
Integration Conztant

[ Stage 5: Addition of slab 4

<l

[ Stage B : End of the slab humid cure |37 Exposed Surfaces
[ Stage 7: &pplication of post-tenzsioning = |3U r
rC———r

¥ Stage & Addition of extra dead loads |31 |
¥ Stage 3: Long-term |5UDD r
[™ Stage 10; &pplication of posttensioning for repairs r ID I~ E v
[ Stage 11: Long-term (repairs) IU "

ak. I Cancel | il | HEIE

e Press OK to save data and exit the dialog box.

Post-Tension Mechanism

Before selecting the Post-tensioning Mechanisms spreadsheet, make sure that the
strand steel grade and diameter are included in database (Common menu / Cables/
Steel Grades and / Strands)

e Go to Common menu / Cables / Post-Tensioning Mechanisms. Create a new
post-tension mechanism for a 7Smm diameter sheath. Insert a line and enter the
name Sheath_(1 in the "Number" cell. Select a Sheath mechanism in the
"Type" cell . Enter a diameter of 75Smm. Complete other parameters. Press OK.

ID  Humber Type Wobble Friction Sheath
16 Friction, K| Coefficient, Mu Diameter
rad/m mm

10 110 D-5520-6915 Sheath 0.005236 013 95,00 | =
11 111 D-5927-6919 Sheath 0.005236 0.z20 100,00
12 112 D-5932-6922 Sheath 0005236 020 105.00
13 113 D-B937-6927 Sheath 0005236 n.z0 118.00
14 114 D-5905-6337 Sheath 0.005236 0.z20 132.00
15 115 D-B961 Sheath 0.005236 0.z0 178,00
16| 1488449631 Sheath 01 Sheath 0005000 D.2E|i ?E.DDi
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Structural Model

‘
[
|
1

34.Tm |

34.7m

|
1
0.5m

Tl

Select the Nodes spreadsheet and insert three lines. Enter nodes coordinates,

which are 34.7m apart in the global x-direction. Double-click in the "Type"
column and select "Support". Press OK.

ends of continuous beams. Add end members.

Add members between supports with the Add function.

Select the Nodes spreadsheet again and add the end nodes located at 0.5m from

Activate the Support element, select all of them and press the Properties icon.

Free displacements in the x-direction (Rx) and rotations Mz. Restrain
displacements Ry and Rz and rotations Mx and My. Press OK.

If your project includes moving load analysis, select the 2D axles factor that will be
applied to supports (2D axles factors must be defined beforehand in the Loads
menu under 2D Axles Factors).

Mode Characteristics E2

Suppaort |

— Restraints and stiffnesses

Dizplacements Releaze
Conditions kMmm | | 7 Inactive if released
R IFIBB jlﬂ == =
Ay [Fived | E M [+ M [
Rz [Fived Ra|E M [+ M1

— Flotations
Conditions kM.m/rad
btz | Fived =lo
My [Fived R |
bz I Free "I ID

— Foundation tadel

Model's name :

Stratigraphical Profile;

Tributary Area;

I VI Foundatian... |
I ¥ I Profile... |
I.‘] IE

— For Moving Load Analyzis

— Suppart arientation

Orientation Yectors [#. v, 2]
2 |2

|2

Oriented from node;

e

2D Al Factors: | | | Rotatiorangle:  [540
— Pogition far the design of sections
¥ Support centred on section asis
QK I Cancel | e [ | Help |

Double-click on the central support and restraint displacement Rx. Press OK.
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Personalized T-Beam

The T-Beam is not a composite section; we can create it through the T Sections

spreadsheet. (If the T sections were to be composite, we would have created it

through the AASHTO sections spreadsheet. Refer to On-line Help, Chapter 12 -
Topic T-Sections.)

values for d, b, t, and w. VisualDesign will automatically calculate other
properties.

T S5hapes Spreadsheet

Go to Common / Shapes / T Shapes. Click once on the last line and press
[Insert]. Give a name to this section and select a Concrete material. Enter

951 ID | Metric Impenal Material |Canada US| Euwmope Personal Type
Deszignation Designation

346 12345 5715537 STEXZD Steel [] [5] [] L] WT -
347 12346 5T190<32 ST7.521.45 Steel [] [#] [] [] WT

348 12347 | 5T190<37 ST7 =25 Steel [] [¢] [] L] WT

343 12348 S5T230<407  STE€27.36 Steel [] [1] [] L] WT

350 12349 5723052 STH<35 Sheel [] [5] [] [] WT

351 | 2027970292 T1«1400 T1x1400 iEnncrete i [x] [x] [x] [x] WT

ara

T Shapesz Spreadsheet

951 d Mominal d b t w Area Ix
mm mm mm mm mm mne 10ebmm4
346 152.00 1685.00 133.00 16.70 17.40 4720.00 1040 |-
347 191.00 190.00 140.00 15.80 10.40 4060.00 1370
348 191.00 190.00 143.00 15.80 14.00 4740.00 16.90
349 229.00 230.00 152.00 17.60 11.70 5180.00 25.90
350 229.00 230.00 155.00 17.60 18.10 E630.00 35.20
351 { 1400.007) 1400.00 (4380.00 240.00 1EDD.DD-] 2791199.92 B21257.34
D -
Members

If your project includes moving load analysis, select the moving load axis and

specify 2D axles factor. (Refer to the detailed example on 2D Moving Load
Analysis)

Activate the member element and select all of them. Press the Properties icon
to open the Member Characteristics dialog box. Click on the I-Beam icon to
select the T shape. Then, select a S0MPa concrete material. Activate design

criteria. Specify continuous member end conditions (+
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Member Characteristics

Member | Eonnectionl Composzite Beaml Filled HSS I Behaviourl Steel Designl Bolted Eonnectionl Concrete Designl Tin A I 4

— Identification — Properties
Number: I [T1x14m0
~ Incidence [ | HEE it 09 (5 Tk | B O]
MNode i : I
| ivert i mde<es iode | Waterial - IEonDED vl
Maode j: I :
2L or b1 Dist : |-1DDU
~ Geomety ar istance mm
Length Local Asis System Area: |2. 791264008 e
ID " I Orthagonal j Linear Maszs : IBBSB- 2 ka/m
Beta fngle Imitial Pre-tergion
540 - ID W Activate Degign Criteria
Uszage: -
— End Conditioh I J
Campositiar : -
Bending k= : Torsion bz : E I J
Behaviour : =
Bending My - didfe:  [olko S| ! =l
— Moving Load énalysiz — Effective stiffne:
Moving Load Axis 2D Axle Factors: Ihertia T arsion Lasial
s = 1 F E [
ak I Cancel | Ly | H el
Alignment
e Go to the Connection tab. Align beams at the top.
Member Characteristics
Member Connection | Concrete Designl Evaluationl
— Alignment of zection relative to nodes
At Mode i
hd atual b exl mm
I Top j ey -BBE.37 i
I RELUE] j ez mm

I | helude weiaht af gt extension ez

N ElL L

& ()
Noi Moj
Rki = Fri EIL RKj = Frj EIL

Semi-rigid Connection Fri : 1a0a

At Mode |

I RELUE] j (= mm
[Top S e [
I RELUE] j ez mm

I | helude weiaht af gt extension ez

Semi-igid Connection Fri: 1000

IR A

ak I Cancel Lnp HElR
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e (o to the Concrete Design tab. Select an option for Vy max. Press OK to save
data and close the Member Characteristics dialog box.

Split Members

Split the members into ten segments using the Multiple Split function.

Rigid Extensions "ez"

Rigid extensions must be defined through the Connection tab, at each side of a
support (where beams connect). VisualDesign needs rigid extensions to calculate
rebars and cables development lengths. We will specify 100mm rigid extensions.

Rigid extensions at support #3:

i

g d

A B
00emim 100mm

z

—

=g

According to member "A" local axis, the rigid extension will be modeled at node j
and the value will be negative, as shown below. Activate the option to include the
weight of rigid extension.

— Ahgnment of gection relabive to nodes
At Mode i
|T0|:u j ey IW i
IManuaI j ez: ID iy
™ relude weimht afigid externsion ez
Semi-rigid Connection Fri : IW
At Mode |
IManuaI [ TS ID mm
ITDp j By IW |
IManuaI j BZ: -100 mm
¥ Include weight of rigid extenzion ez
Sermni-rigid Connection Frj; I'I aoa
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For member B, rigid extensions will be modeled at node i and j. Values will be
respectively +100mm and —100mm.

Do the same to define other rigid extensions (second and third support).

Specifications

The design will be done according to CAN/CSA-S6-00 standard. Go to Structure/
Specifications/ Concrete and look at default parameters corresponding to this
standard. Modify design options, as you like. The specification will be selected in a
further stage, as you will see.

Concrete Specifications Spreadsheet

General | Beam / Column # Jaist | Slab | Shearwall|

Number Code Type of analysis Maximum Calcul. Method Calcul. Meth
Capacity Factor Mr/v¥r M
%  Positive Megative
1] 423.53-Design CAN/CSAH23 3-95 Deszign 100.00 | b arimize bdr b awimize br
2| A23. 3 e CAN/CSA-023 3-95 erification 100.00 | b arimize br b aimize br
ENCE-U0-Design ([RCK] ] 100.00 | M avirnize: Wt Mawinnize Mr
4 | SE-00- Erif CanAC5A-5S6-00 *erification 100.00 | b zximize br b airnize b
5| AASHTO-Design | AASHTO-LRFD-38 Beta | Design 100,00 | b aximize bdr b aimize br
B | AASHTOVEM. AASHTO-LAFD-398Beta | Verfication 100.00 | M arimize Mr I awimize Mr

Concrete specifications Spreadsheet

General | Beam / Colurn /Joist | Slab | Shearwial |

Epoxy Longitudinal Longitudinal Selection of
£] Coated Optimization Reinforcement  Longitidunal Rebar
M aterial
1 L] Wieight G30.18-400R 20k 258 30M
2 L] Wieight G30.18-400R 20k 25k 300
3 Wieight G30.15-4000 20k 25k 30M
4 L] Wwigight G30.18-400R 20k 25k 30k
L] [] Wieight G30.18-400R E7HEHS
[ L] Weight G30.18-400R gr#ags

Concrete Specifications Spreadsheet

General  Beam / Column / Joist | Slab I Shear WaIII

Mumber M aximum M aximum | Transverse Transverse Selection of
B Mo. of Layers Mo. of Lapers Optimization  Reinforcement  Transverse Rebar
in Tension _in Compression Material
1 §423 3-Design | 4 4 wieight G30.18-400R 100 15k
2 | 8233 Venl 4 4 wieight 530.18-400R 10M 15k
3| 56-00-Design 4 2 weight (G307 8-4000 20M
4 | 5E-00-'érif 4 4 wieight (530.18-400R 100 1504
5| A45HTO-Design 4 4 wieight G30.18-400R Ha4#5
B | AASHTOVeEnL 4 4 weight (530.18-400R 485

e A maximum of 2 layers of rebars can be placed in the flange of the T-Beam so
double-click in the appropriate cell and enter "2".

e Select 20M rebars as transverse reinforcement and press OK.
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Continuous Systems

The concrete specification S6-00 Design must be selected in the Continuous
Systems spreadsheet. Concrete cover and other parameters must be specified.

Go to Structure / Continuous Systems. VisualDesign automatically created
continuous system.

Select the $6-00-Design specification and enter concrete covers. (When the
S6-00 standard is selected, the Manual option is automatically chosen.
Concrete covers are considered from the outside diameter of stirrups.)

a

Continuous Systems Spreadsheet

Mumber Specification Type Interaction Description Exposure Top Exposzure
1 Top Cover Bottom
mm
|1 S5 3 I 56-00-Design Beam/Columi | Bending S5_3 td arwial E0.00 | kanual

Continuous Systems Spreadsheet

Bottom Exposure Left | Exposure Right Crack Crack Primary Lateral
1 Cover | Left Cover Right Cover Control Control Resistance
Top Bottom
mm mm mm kN/m kM/m
|1 50.00 | Manual 50.00 | Manual 50.00 5000000 50000.00 [«]

e Press OK to close the spreadsheet.

Load Cases

All load case types and titles that will be used in the project must be defined in the
Load Definition spreadsheet, including construction stage loads.

e Go to Loads/ Load Cases / Definition. It is very important to select the right
type of load if you plan to use the Load Combination Generation Wizard.

Here are the load cases that we will need:

Loads Definition

Load Case |Dynamic| lee |

Number Type Family Stage Auto Generation
a combinaizons
1 jiDead ![D'I | Frefab Components R 1] [=]
2| Dz Surface D3 wWearing Surface M 0 [=]
3| D:Conc deck. [D2] Cazt Concrete R 1] [=]
4 | D:Barrier [0 Prefab Components M 0 [=]
BlE+ [K) Temperature R E 0 [=]
6 | Diaphragm [02] Cazt Concrete M 0 [=]
F|D:Cub [D2] Cazt Concrete R 1] [=]
gk [k.] Temperature M8 0 [=]

CivilDesign Inc. Engineering Software

267



Practical Examples — Version 2.2

Now, apply these load cases graphically to the structure.

Load Combinations

Construction Stage Load Combinations

Before calling up the Load Combination Generation Wizard, we must define
construction stage load combinations in the Load Combination spreadsheet.

e Go to Loads menu and select Load Combinations / Definition.

e Insert three lines and define stage load combination numbers, statuses (must be
a Construction Stage status), and stage numbers.

Load Combinations

Load Combinations | Load Factors I

73 Humber Status Definition Stage
1 Stage 4 !Eunstructinn Stage Stage 4 [Post-tengion) 4
2 | Stage 8 Construction Stage Stage 8 [&dd. dead loads) g
3 | Stage 9 Construction Stage Stage 3 [Long term] 9

Load Factors

e Go to the Load Factors tab.

Stage 4 — Application of Post-tensioning

e Highlight Stage4 load combination in the left part of the dialog box. Place your
cursor at line 1 and insert lines. Double click in the Load Case cell and select
the right type of load case in the drop-down list box. Enter ULS load factors
according to CAN/CSA-S6-00.

Load Combinations

Load Combinations  Load Factors |

Stage 4 : Stage 4 [Paost-tenzion] Load Load Case
Stage 8 : Stage 8 [Add. dead loads) 4 Factor
Stage 9 : Stage 9 [Long term]

0.80§ Creep/Shnnkage =
1.00 | Diaphragm

1.00 | D:Conc deck

1.00  Prestreszing

T e Ll =
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Stage 8 — Additional Dead Load

Load Combinations ~ Load Factars |

Stage 9 — Long Term

Load Combinations

Load Combinations — Load Factars |

Load Load Case
Factor

.80 ! Creep/Shiinkage

1.00 Prestreszing
1.00 | D:Curb
1.00 | D:Barmer
1.00 | Ds Surface

Stage 4 : Stage 4 [Post-tenzion)

Load Load Caze
2 Factor
1 0.80 ! CreepsShrink age
2 1.00  Prestressing

Load Combination Generation Wizard

e Use the Load Combination Generation Wizard to generate other load

combinations according to S6-00 standard. Include "Prestressing -

Shrinkage/Creep" and "Moving Load Envelope" as special loadings. Activate
option "Add generated load combinations to existing ones".

Load Combinations

Load Connbinations | Load Factaors |

)
[T5]

Number Status

Definition

Stage

| NEE SCPE YUY Y ) U Y T U DU Y Y gy
WM =S wm ;e wh = o PR @ AR =

Stage 4 !Constructinn Stage

Stage 8 Conztruction Stage
Stage 9 Congtruction Stage
ULS 1imax02 | ULS 1
ULS 1:min01  ULS 1
ULS Zmax05 LS 2
ULS Zmaxds | ULS 2
ULS Zmin03 | ULS 2
ULS Zmin04 | ULS 2
ULS 3max03 LS 3
ULS Imax10 ULS 3
ULS 3Imindy ULS 3
ULS Zmin028 ULS 3
ULS 4max13  ULS 4
ULS d:max1d  ULS 4
ULS d:mini1 ULS 4
ULS &min12 | ULS 4
ULS Bmaxle  ULS 3
ULS Bminl5s  ULS 3
FLS 117 FLS 1
5L5.1_18 SL51
5L5_1_19 SLS51
SL5_2 20 5L5 2

Stage 4 [Post-tenszion]

Stage 8 [Add. dead loads]

Stage 9 [Long term)
1.100+1.05F+1.70Lm01

0.950+0 95F+1.70Lm01
1.100+1.05F+1.15K01+1.60Lm01
1.100+1.05F+1.15K02+1.600Lm01
0,980 +0,95F+1.15K01+1.60Lm01
0,950 +0,95F+1.15K02+1.60Lm01
1.100+1.05F+1.00K0T+1.40Lm01
1.100+1.05F+1.00K02+1 . 40Lm01
0,950 +0,95F+1.00K07+1.400m01
0,950 +0,95F+1.00K.02+1.40Lm01
1.100+1.05F+1.25kK.01
1.100+1.05F+1.25K.02
0,950 +0 95F+1.25k.01

0,950 +0.95F+1.25K.02
1.350+1.05P

1.350+0.95P

1.000+1 00F+1.00Lm02

1.000+1. 00FP+0.80K01+0.90Lm01
1.000+1,00P+0.80K02+0.900m01
0.90Lm02

o e e e R e s s e s e s e e e e e e e
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Rebar Placement Window

Y ou must open the Rebar Placement window to place cables within continuous
system. This window has its own menus and is composed of an elevation view of
continuous system. You can create cross-sections, display dimensions and rebars,
and display forces and resistances diagrams as you will see further on.

e Activate the "Rebar Placement" mode on Activation toolbar and double click
on continuous system.

VisualDesign will take a few seconds to open the window.

View Options

e Open the View Options dialog box. Check the General and Dimensions roots
in the Rebar Placement tab. Press OK.

Cross-Sections

VisualDesign generates cross-sections at supports and mid-spans with the function
Automatic Generation of Cross-sections (Rebar Placement menu).

You will notice that two cross-sections are overlapped at intermediate supports. To
delete a cross-section, click on its outline to highlight it and press the [Delete] key.

Group of Cables

Position of Sheaths in the T-Beam

.- 8

IS T:4 ==
ST

le— 1500 —| le—— 1500 —] le— 1500 —]

End of Layout At Mid-Spans At Central Support

e Go to Rebar Placement menu and select Cable Groups and Layouts. Insert a
line and enter/select parameters as follows:

Cable Groups and Layouts Spreadsheet

Groups | Layouts |

Humber Post-tensioning Humber * beg. X end Humber of | Strand
1 Mechanizm in width strands/sheath
mm mm
1|1 | Sheath_01 B -R00.00 BO0.00 19 G270:3/5
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Cable Groups and Layouts Spreadsheet

Groups | Lapauts |

Layout Jacking Delta Delta Stage Factor
1 left right Development
Length
= mm mm
|1 Internal with grout a0.00 10.00 10.00 | Inkial Pozt-tensioning 50,00

X beg and X end represent the transverse end positions of sheaths/strands according
to continuous system local x-axis for post-tensioning and pre-tensioning.

Delta left and Delta right are measured from the cone penetration at the left and
right end of continuous system (z-axis), after post-tensioning.

Cable Layout

The completed layout must be as follows:

M

Cables must be positioned from their centre of gravity to continuous system
longitudinal axis. The latter is located at the top of the section. The centre of
gravity of the section is located at —556.37mm from the top of the section, as we
saw in the Connection tab.

N.B. At mid-spans, dimension 1279.4mm was obtained considering a concrete
cover of 75mm, M15 stirrups (diameter of 16.2mm), and sheath diameter, which is
equal to 75mm.

e Go to the Layouts tab.

e Open the Cable Layout Models dialog box (Click a cell, right click, and select
Automatic Generation).

e Activate the third model and enter coordinates. This model corresponds to the
cable layout located in the first span.

CivilDesign Inc. Engineering Software 271



Practical Examples — Version 2.2

K Canicel

[z1,%1] —mm
e v
y2 z1 ID
di 0z o3
1, %1) W3 | |-55Ei.3?
-
Y2
ol |dZ A3 | dd y2 |-12?9.4
1yl Y3
o g2 |d3
d1 |11?33
z1, 1) 5
e M a2 [11733
| oz d3
D - a [11734
i d4 ID

b

o ]
o
()

e Press OK. You will go back to the Layouts tab.

e VisualDesign has created three segments for this layout and has calculated
inflexion points. Give a number to each segment and select a Mobile cable
ending at the beginning of the layout. Press OK.

1., ) | . )"LL’
’-___\_-_ﬁ_‘—__

! o

The cable layout is now completed for the first span, and is displayed on screen:

e Define the cable layout for the second span. Open the Cable Layout Models
dialog box and activate the forth model. Enter coordinates and, once back in
the Layouts tab, select Mobile endings at each end of this layout.

The final layout coordinates are the following:

g Humber Shape Start End zl 1] z2 p2 z3 3
mm mm mm mm mm mm
11 !Parabolic tabile Continuous 0.oa 566,37 7190.00 109864 | 14380.00 127340
212 Parabolic | Continuous | Continuous 14380.00 1279400 19790.00 118215 2620000 S04
3|3 Parabolic Continuous Continuous 2520000 77041 30200.00 41760 35200.00 -300.00
414 Parabolic Conbinuous Continuous 3520000 -300.00 0 40200.00 41760 45200.00 7041
5]5 Parabolic | Continuous | Continuous 45200.00 7041 BOE10.00 118215 BRO20.00 -1279.40
6|6 Parabolic | Continuous | Mobile HE020.00 1279400 E3210.00 -1098.64 | 7040000 BB, 37

e C(Close the Rebar Placement window.

You are ready to analyze the prestressed composite beam and design stirrups.
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Design

e Click on the Analysis and Design icon on Tools toolbar or select
Analysis and Design in Analysis menu. The Design dialog box will appear on
your screen. Press the “Analyze” button. Close the dialog box when design is
completed.

Detailed Results

Rebar Placement window

e Activate the Rebar Placement mode IE and double-click on the continuous
system to open the Rebar Placement window.

You will notice that VisualDesign has designed and placed stirrups in continuous
beams, according to Code S6-00 and the General method.

Display Force and Resistance Diagrams

o Seclect the View Options dialog box and expand the Beam Diagrams root of
Rebar Placement tab. Check the boxes corresponding to the force and
resistance diagrams that you want to display, as shown below.
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We can see that the cable layout is not appropriate because it does not take the
shape of the bending moment diagram. The design in the zone of negative bending
moment is not right, either.

We have to find the position of maximum bending moment. Then, a new cable
layout will be defined with this position.

e Open the General Results spreadsheet (Results menu) and look in the
Positive Bending Moment tab.

Maximum bending moment is located at 14380mm from origin of continuous
system. This is the first coordinate that we are looking for.

General Results Spreadsheet - 5_3

Fasitive Bending Moment | Negative Bending Moment | Shear Force | dsial Force | Cable Pasitions |

400 Z  Mix Max R* F* Mrx Mnx Mpx Design Load
mm kN.m kN kN kN.m kN.m kN.m %

105 1385950 2494347 2742232 22396000 I1EB2AB4 0 33B28.11 43976.54 8167 &
106 1403300 2493003 2741983 2246410 3160600  3374655| 4387052 81.93
1420650 2502572 2741715 2252819 3152142 3365BE2| 437RE.Z0 8217

| 14353000 [ 2253826 314 5| 3356433 2

110 14380000 24785714 2741427 2255252 3143072 3356433 | 4363362 82,27
111 1455350 2482853 2741126 22628960 3133611 33E3E7| 4380277 8255

The maximum bending moment in the second beam is located at 56020mm from
origin of continuous system.

General Results Spreadsheet - 5_3

Positive Bending Moment | Negative Bending Moment | Shear Force | Auial Force | Cable Positions |

480 Z  Mix Max R* F* Mrx Mnx Mpx Deszign Load

mm kH.m kM kN kN_m kH_.m kN_.m X
369 BRE7Z.00 2487272 2740801 2271367 3233160 333/BIAE 43361.97 82.87| ~
370 RRE4E50 0 2482860 27411240 22629440 313348 3346230 4350093 82,56
371 BEO20.00 0 2478521 2741425 2255441 425934 3356288 4363175 8227
372
373 EEEENDD] 2504091 | 2741432 2268993 343148 3 436731.75
374 RE19280) 25025550 27417140 22528480 #51996 0 33657.09 0 437542 3217 _I

Modification of Cable Layouts

e Uncheck the Beam Diagrams root in the Rebar Placement tab of View
Options dialog box to avoid recalculations of diagrams while you edit.

e Open the Cable Groups and Layouts spreadsheet. Select the Layouts tab and
delete all the lines. Open the Cable Layout Models dialog box and activate the
third model. Enter new coordinates, as follows:
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Cable Layowut Models

I
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Cancel |

e Define the cable layout for the second beam, placing the lowest point at a
distance of 56020mm from origin. Press OK.

Cable Layout Models E |

-

z1, vl

[z1, 1] v3
v

o1 o2 d3

71, %11 y3

i
dl |2 o3 | dd

(z1, vl Y3

Y]

H

<l=f :

<

=l

[

o
(W)
o
()

=
¥ W
v W
ya W
g1 [10000
dz [10820
da 14380
a [

Cancel |

e Seclect appropriate cable endings in the Layouts tab and close the spreadsheet.

o Close the Rebar Placement window.

e Launch the design again.

e Double click on the continuous system to open the Rebar Placement window.
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Select the View Options dialog box and display forces and resistances

diagrams again.

Partial Results

Design Loads

Stay in VisualDesign main window and activate the Design Results mode on

Activation toolbar.

Go to Results / Structure Design / Concrete and look at calculated design

loads for this continuous system.

Design Results for Continuous Systems

Beam /doist | Column | Shear'wal | Siab |

Number Design load Design load | Design load Cracking Cracking
1 Positive moment Megative moment . Shear force . Positive moment Hegative moment
k4 * k4 k4 F4

1§53 2311 93.92 95,49 0.00 0.00)

Graphical Results

Activate the Rebar Placement mode on Activation toolbar and double click on
continuous system.
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The design is adequate.

We are going to consult detailed results (graphical and numerical) for construction
stage load combinations and other serviceability load combinations. These results are

available through the Results menu of Rebar Placement window.

Graphs

Graphic results are available for Serviceability load combinations.

e (Go to Results / Graphs to open the Graphical Results dialog box or click the
icon gl on View toolbar.

e In the Graphs dialog box, select a graph and select a load combination.

To move the legend out of the box, double click on it.

Place the cursor on any point on the curve and coordinates will be displayed next to

your cursor.

Use the Graphs toolbar that is supplied with this dialog box to change the look of the
graph and x-axis and y-axis subdivisions. Use the Print Preview and Print functions

to print the graph.

Graphical Results for each Construction Stage
— Type of Graph — Stresges in Concrete — Ratio of Stesszes in Cable
O Slizsscs i Famesie ¥ Top of Section ¥ | [itial Pre fensmned EatbleStage 2
' Fatio of Skrasses in Cablas ¥ Bottom of Section [ it F'olst-tensioned. [Eable [Staged]
-~ . . ¥ Top of Slab ¥ | Eamposite Fosttensioned Eatle (Stage 7
- DB”BF:[IDH Rocebepicalooss ¥ Baottom of Slab ¥ | Extemal Posttensioned Catle (Stage 10]
Bl memE — Bending and Shear Force: — Deflection
' Shear Forces [V | ff: Due b shrinkage/creep effects [V | b this Stage
 Sthesses due to fatigue ¥ s e b secondan pretersioning I | Athis Stage. plus Moving Laads: (mir ardimas]
[ i e to shitlage/creep effects
[# | i e b secandan pretensishing
JJ&%QEML&\_ Stage : IStageS j
Stresses in the section and in the siab at stage 9 — Sigma Ct
2.0 —
— Sigma Ch
0.0 —
Sigma =t
§ 50
E Si Sh
-10.0 igma
&
-15.0 t mac. Sla
fo mae. Sla
=200 T T T T T T T T T [ U J T ! — Max. Tensi
on 5.0 100 150 200 250 3000 350 400 450 250 E0.0 B5.0 oo 750 :
Position m — Max. Comp
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Graphical Results for each Construction Stage
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Numerical Results

Prestress Loss in Cables

e Go to Results menu and select Prestress Loss in Cables. This spreadsheet

includes prestress losses AND gains for each construction stage. Total loss, Ap,
is equal to -200.34 MPa.

Lozs of Prestress in Cables Spreadzheet

1 Mumber Stage ES4 Apd ESS RELS CR8
MPa MPa MPa MPa MPa
| 111 I Initial Post-tersioning -30.26 -30.26 5.98 541 -37.a0

Lozs of Prezstress in Cables Spreadzheet

1 SHE Ap8 REL9 CR3 SHa Apa Ap
MPa MPa MPa MPa MPa MPa MPa
| 1 -0.44 aFT -24.74 75,91 -31.65 13231 -200.34 ;l

Stresses in Concrete and Prestressing Cables for each
Construction stage

e (Go to Results / Stresses / Stage X. This spreadsheet supplies minimum and
maximum stresses in concrete, at the top (oss) and bottom (osi) of the T-Beam.
Stress ratios are also given for post-tensioning cables. Mask useless columns.

Stresses under Service Loads Spreadsheet : Stage 4

Number Position Section Section Section Section Cable Cable Deflection Max Deflection Min Deflection
Top Top  Bottom B ottom Initial Initial Stage Stage+Truck Stage+Truck
433 Oss min | OFss max | Osimin | Osi max  Post-tension | Post-tension
o/fpu Min. | O/fpu Max.
m MPa MPa MPa MPa mm mm mm
380 )26 087 053 053 -1817 -18.17 071 0.7 3298 32,92 32.98
381 |26 1.04 052 .52 -18.17 -18.17 071 0.7 3296 3296 3296
382 |6 1.21 052 .52 -18.15 -18.15 071 0.7 3292 3292 3292
383|226 1.3 -0.53 053 -18.11 1811 0.7 0.7 3287 3287 3287
384 | 26 1.56 -0.54 -0.54 -18.07 -18.07 071 07 3281 3281 3281
385 |6 1.74 055 0.55 -18.04 -18.04 071 0.7 3273 3273 3273
386 | 26 1.91 -0.55 .55 -18.01 -18.01 070 070 3264 3264 3264
387 | 26 208 058 .55 -17.99 -17.99 07a 0za 3283 3253 3283
388 | 6 2.26 -0.56 -0.56 -17.96 -17.96 07a 07 324 324 324

Intermediate Results

e Go to Results menu and select Intermediate Results. This spreadsheet
includes properties and results on shrinkage and creep effects, for all
construction stages, according to cumulated days.

CivilDesign Inc. Engineering Software 279



Practical Examples — Version 2.2

Prestressed Concrete Intermediate Results Spreadsheet

Stage Member Shape f'ci Eci Ix Area Compression| Tension Creep Shrinkage
£ section section section section Li_mit Li_mil Section Section
Section Section
day MPa MPa 10ebmm4 mm? MPa MPa
41 E1Rh T1w1400 S0.700 30124400 52125734 279119992 042 1.42] 07158437 -0.000002
42 28 T1«1400 B0.70 30124400 52125734 279119992 042 142 0188437 -0.000002
13 N2 T1«1400 50700 30124400 52125734 2791199.92 042 142 0158437 -0.000002
44 4 T1«1400 BO.70 30124400 52125734 279119992 3042 142 0158437 -0.000002
45 5000 10 T1«1400 5828 NVEEFI 52125734 279119992 20.00 283 1122911 -0.000168
46 5000 2 T1w1400 AE.28 0 NYEETI B21257.34 279119992 20.00 283 1122911 0000168 ©
a7 5000 22 T1x1400 G828 NYEEFI 52125734 279119992 20.00 283 1122911 -0.000168
| 48| . §DDD 23 T1«1400 5828 NVEEFI 52125734 279119992 20.00 2830 1122911 -EI.DDD‘IBBJ

General Results

e Go to Results menu and select the General Results spreadsheet. Lines that are
marked in yellow mean that one or more parameters in these lines do not
follow the Code requirements.

The Positive Bending Moment tab

Pastive Bending Mament | Meqgative Bending Maoment | Shear Force | Auial Force | Cable Positions |

Member Z  Mix Max R* F Mix Mnx Mpx Design Load fer Mcr d dv

483 | Humber
mm kN.m kN kN kN.m kN.m kN.m k4 kN.m mm mm
111 |25 14380.00 0 2854548 27RE972 0 2232687 3230340 3448274 4482756 80.92 . 2327203 127963 117085
112 |25 1455350 ZA56E.93  27RE9.42 0 2233987 3229946 3447852 4482208 80.97 . 2324137 127343 117072

25 147,

0

2058838 2758891 & 25 32 1 34466.43 91.04 2320453 1273.10

ES| 1400050 | 2560195 2 3444666 | 44 L0 5 ]
11525 15074.00 25535.53  27587.27 | 2238065 3224321 34415.04 8113 3 2311664 127754 116877
116 | 25 1524750  25591.35 2758614 22391.56 0 32209.65 | 3438362 4463570 8117 3 2306551 1276.37  1167.60
117 |25 1542100 25581.93 27584.80 2240300 3216870 3434040  44R4252 g1.22 3 2300962 1274594 116617

General Results Spreadsheet - 5_3

Pasitive Bending Moment | Megative Bending Moment I Shear Force I Azial Force I Cable F'ositionsl

bw As P op dp.fps.Aps £x 3] B c/d  c/dMax Stresses leff ICr
433 Var. Rebars

mm mm % kN * MFPa
111 | 1500.00 400.00 0.0z 0.30 2743181 0000645 0.z20 0.20 0.50 23945 1.00 0.95
112 | 1500.00 400.00 0.0z 0.30 27431.35 0.000660 0.20 0.20 0.50 240.33 1.00 0.94
113 | 1500.00 400.00 0.02 0.30 0.000676 0.20 0.20 0.50 241.44 1.00 0.93

1500.00 400.00 2 ; 0.000692 K 5 24

115 | 1500.00 400.00 0.02 0.30 2742863 0000704 32.33 0.20 0.20 0.50 24346 1.00 0.90
116 | 150000 400.00 0.02 0.30 2742729 0000718 3253 0.20 0.20 0.50 244 B2 1.00 0.as
117 | 1500.00 400.00 0.0z 0.30 2742574 0000732 3274 0.z20 0.20 0.50 245.88 1.00 087

The Negative Bending Moment tab

Positive Bending Momert  Megative Bending Mament | Shear Force I Awial Force I Cable Positions I

403 Member z Mix Min R* F' Mix Mnx Mpx Design Load fer Mcr d dv
Number mm kN.m kN kN kN.m kN.m kN.m % MPa kN.m mm mm

239 |5 3476293 -24701.38 2615877 2585910 2191075 2486462 32324.01 98.85 283 1716427 113813 83761

240 |5 34331.48 25380600 2615062 2585910 2191795 24872230 3233397 98.89 2831715284 113863 83814

241 |5 38093.98  -26065.92 2614026 2585910 21918.63 ) 2487263 3233450 98.92 2831713741 113887 83850

242

43 H

244 |3 3546850 25380077 2615061 2585910 2191795 24872230 3233397 98.89 2831715283 113863 83814

24513 38637.000 -24701.54 2615877 2888910 2191075 2486462 32324.00 98.85 2831716427 113819 83761

246 | 3 35805.50  -24028.57 ) 2616458 2585910 21897.00 24845660 3230455 98.83 2831717147 113755 83640
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General Results Spreadsheet - 5_3

Puositive Bending Moment  Wegative Bending Moment I Shear Force I Axial Force I Cable Positions I

482 bw As 4] op dp.fps.Aps ex 5] B c/d cfd Max leff ICr
mm mm’ z kN *

239| 150000  16200.00 0.9a 032 2011078 0.002000 39.27 01z 0.63 0.50 1.00 0.35
240 1500.00 16800.00 0.958 032 2010263 0.002000 3912 012 063 0.50 1.00 0.35
241 | 150000  16200.00 033 032 2009227 1 0.002000 2893 01z 063 050 1.00 0.34
242

244 | 1500.00 16800.00 0.958 032 2010262 0.002000 3912 012 0E3 0.50 1.00 0.35
245 150000 1680000 038 03z 2011078 0.002000 3927 01z 0E3 0&0 1.00 035
246 | 150000  16200.00 0.9a 033 20116.58 | 0.002000 39.42 01z 0.63 0.50 1.00 0.36

The Shear Force tab

General Results Spreadsheet - 5_3

Positive Bending Mumenll Megative Bending Moment  Shear Force |Axial Force I Cable Positions |

483 Member Z VWiyMax  Viy Min| Design Load =31 ;] B Yoy Vsp Viy dy dvyp $pVp

Number mm kN kN 4 * kN kN kN mm mm kN
193 |15 278EE.00 2128.88 410.66 B7.04 1 -0.003741 27.00 0,41 2780.85 97117 373203 859.88  1008.00 113098
194 |15 2773350 2193.27 464.67 5877 -0.003611 Z27.00 0,41 2760.85 97117 373203 87115 1008.00 1103.82

-0.003480 27.00 041 276085 97117 373203 88218 100800 1076.73

195] 15 2791300 2257 53 518.56 E0.49
9 i ] 5

6 1H 50 5 5210] -0. 5 10 10.
197 |15 28260.00 238.91 £24.09 2427 -0.003215 27.00 041 276085 7051.060 9811.91 903.36 | 1002.00 1023.08
198
19930 28260.00 238.91 £24.09 2410 -0.003214 27.00 041 276085 712192 988278 90360 1008.00 1022.46
200 | 30 28433580 244577 E7E.92 2475 0003079 27.00 041 27E0.85 712182 988278 91375 100200 955,89
201 | 30 28607.00 2509.60 723.56 2533 -0.002343 27.00 041 27B0.85 712182 988278 92378 100200 963.07

The Cable Positions tab

Poszitive Bending Moment I Megative Bending b oment | Shear Force | dial Force  Cable Positions I
Member z 1 1 1
483 | Number v Slope Area
mm mm M mm:
63 |22 709300 -109373 292 15595397 -
64 |22 V2EEED| 110247 -2.85 | 15559597
b5 | 22 744000 1110490 -278| 1555997 _I
b6
67 |23 7440000 -1111.09 -278| 15595957
68 |23 7E13500 11193 271 | 155953597
B9 |23 F78v.00 112741 -264 | 1555997
70 |23 VIE0.B0 113831 -257 | 1855997 -

On-Line Help:

Press the F1 key to open VisualDesign On-line Help and obtain the description of
columns included in the displayed spreadsheet.
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Summary of Procedure

[

. Project Configuration

Go to File / Project Configuration and select the Analysis tab. Specify a
greater number of iterations, such as 50, because of construction stages.
Specify the number of subdivisions for concrete members.

Go to the Concrete Design tab. Select the General Method for concrete
design.

Go to the Prestressing tab. Check the "Prestressed Concrete Project" box and
activate appropriate construction stages.

. Concrete Specification and Selection of Reinforcement

Select the Concrete Specifications spreadsheet in the Structure menu.
Consult the design specification and modify default parameters, if needed.
Select transverse reinforcement that will be used for the design of stirrups.

. Slab — Composite beam

For composite beams, go to Structure menu and create a slab in the Slabs
spreadsheet.

4. Member Characteristics Dialog Box

Select a shape and material and activate design criteria in the Member tab of
Member Characteristics dialog box..

For a composite section (AASHTO, NEBT or T shape), select Composite
Beam in the "Composition" field. Then, in the Composite Beam tab, select the
slab that you created before. Choose the beam end conditions on strong axis
during construction stages 1 to 5. Never check option “Add dead load of slab”’.

Model members' rigid extensions in the Connection tab and align members at
the top. Include the mass of rigid extensions for all members.

In the Concrete Design tab, select an option for the calculation of Vy: at the
face of support or at d or dv of support.

5. Continuous Systems Spreadsheet

Go to Structure / Continuous Systems. Select a concrete specification. Enter
concrete covers and specify the cracking parameters.
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6. Load Cases and Load Combinations

Go to Loads/Load Cases / Definition. Enter load case title and types that will
be apply during construction stages.

Go to Loads / Load Combinations / Definition. Define construction stage
load combinations. Select a Construction stage status for each one. Click in the
"Stage" cell and specify the stage number.

Select the Load Factors tab. For each stage load combination, select
appropriate load cases (virtual loads also) in the Load Case cell. Enter load
factors.

Use the Load Combination Generation Wizard to create other load
combinations as per selected building code or standard.

7. Definition of Strands and Post-Tensioning Mechanisms

Go to Common menu. Make sure that cable steel grades and strands are listed
in the spreadsheets.

Open the Post-tension Mechanisms spreadsheet and define the post-tension
mechanism that will be used in your project.

8. Group of Cables and Cable Layouts

Activate the “Rebar Placement” mode and double-click on any continuous
system to open the Rebar Placement window.

Select Cable Groups and Layouts in the Rebar Placement menu. Insert
appropriate number of lines to define each cable group, and complete the
required information. Specify the tension at jacking and pre- or post-tensioning
stage where it will be applied.

Select the Layouts tab and enter data yourself or use the Cable Layout
Models dialog box, which is a tool accessible through the contextual menu
(mouse right click, command Automatic Generation).

In the Layouts tab, give a name to each segment of cable layout. Select the
appropriate cable endings at each end of segments (Mobile, Fixed or
Continuous). If there is some cable degradation, enter a percentage of
deterioration in the Deterioration column.

Close the Rebar Placement window.

9. Design

Launch the design. The Moving Load Analysis will be launched automatically.
VisualDesign™ will verify or design the prestressed concrete beam according
to the prestressing cables that were placed in the continuous system.
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10. Consult Design Results

e Activate the "Design Results" mode and go to Results / Structure Design /
Concrete and consult calculated design loads for continuous systems.

e Activate the "Rebar Placement" mode and double-click on a continuous system
to open the Rebar Placement window.

e Open the View Options dialog box and check the Dimensions and General
roots. Expand the Beam Diagrams root in the Rebar Placement tab and
choose the diagrams that you want to look at. (Notice: Some results are
included in the General Results spreadsheet only if the corresponding diagram
is displayed on screen, such as Variation of stresses in rebars and Cracking)..

e Go to Results menu. Look at results in the form of graphs by selecting
Graphs. Numerical results are available in the following spreadsheets:
Prestress Loss in cables, Stresses in cables and in concrete, Intermediate
Results, and General Results.
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EXAMPLES 14, 15 & 16

Foundation Design
Footings

Soil-Structure Interaction
Piles
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General - Foundation Design

Project Configuration - Foundation tab

The first step is to configure the foundation parameters. Go to File / Project
Configuration and select the Foundation tab.

Among other parameters, users must specify the global resistance factor for
shallow and deep foundations. Once that analysis is completed, this factor must be
multiplied to the ultimate bearing capacity of foundation.

Project Configuration

Generall F'referenu:e&l Analpsiz  Foundation ISeismicI Steel I Composite Eeaml ASCE 1EI-E|?'| Cor 4 I ’I

— General Infarmation

Found up dimensions ta:

| m
Load Factor &lpha D fdax |1-25 Min - IEI.S
ID.5

Friction %/ all/Soil - Delta/FPhi:

— Shallow Foundatiohs

Global Resistance Factors——— [~ Calculation Model for Max Eccentricity
Capacily: 05 [OHBDC /5600: 2 < 0.3B i
Fazsive: ID-5 Calurn factor [FC - IIj
Harizantal: ID-E= E coentricity factar (EF): |3-33333
Allowable settlement : |25 mm

— Pile Foundations
Global Resistance Factors

IU.4 Tension ID-3
Comprezzion/Paint ; IU-4 Harizantal pazsive: IU-5
Q. I

Campression/Friction:

Allowable lateral deflection :

|25 mm

Cancel | Al Helm

Murmber of subdivizions per pile :

e
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Soils

Make sure that types of soils that you will be using in your project are included in

VisualDesign. Three spreadsheets are available, namely: Cohesive Soils,

Granular Soils, and Rocks. They are located in Common/Soils menu. To add a
soil in the database, select the appropriate spreadsheet, insert a line and complete
the required parameters.

Important Parameters

You must, at least, define the following parameters:

Calculation of Bearing Capacity

Calculation of Settlements

COHESIVE SOILS

Name of the soil

Undrained shear resistance (not
necessary if qult is known)
Saturated and humid unit weights

Young's modulus
Poisson's ratio

GRANULAR SOILS

Name of the soil
Effective angle of internal friction
Saturated and Humid Unit Weights

Young's modulus
Poisson's ratio

Stratigraphical Profile

Define the stratigraphical profile over which will lay the foundation before
selecting any foundation model. A geotechnical study may show that more than
one profile is required. You must indicate, for each stratigraphical profile, the
elevation of natural ground and water table. Enter data in the Stratigraphical
Profiles spreadsheet (Structure menu).

Soil Layers

Usually, a stratigraphical profile is composed of many soil layers. The Layers tab

allows you to define soil layers for each stratigraphical profile.

Specifications

A standard or building code must be selected in appropriate specifications

spreadsheets (deep or shallow) and the type of analysis (design or check) must be

specified. Then, a specification is assigned to each foundation model, deep or
shallow, through Foundation Models.
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Shallow Foundations

Enter the footing maximum dimensions if you plan to design the footings. For a
check of foundations, enter current dimensions.

Definition of Foundation Models

The selection of a foundation model must be done according to theoretical and
empirical calculation models. To learn more about these, refer to On-Line Help
Chapter 7 Foundation Design.

Through Spreadsheets and Dialog Boxes

Data can be entered in the Shallow Foundations spreadsheet and the Deep
Foundations spreadsheet, which are located in Structure / Foundation Models.
Define as many models as you think there will be in the project.

We recommend that you enter data in the dialog box because it contains more
information and it is much easier this way. To open the dialog box, click in any cell
(Shallow Foundations or Deep Foundations spreadsheets), right click, and select
Details in the contextual menu.

In the dialog box, data are divided into several tabs: Foundation Model, Footing,
Column, Design, Piles, and Piles Layout.

Use the Foundation Modelling Wizard

Create foundation models in a quick way by using the Wizard. Users have to
specify lesser parameters when this Wizard is used. VisualDesign creates a
stratigraphical profile and a specification for the user. When the foundation model
is completed, data are transferred in appropriate spreadsheets (Shallow or Deep
Foundation spreadsheet) and can be modified afterwards. There is no limit to the
number of models created with the Wizard.

Assigning Foundation Models to supports

Foundation models must be assigned to one support node or more. Usually, the
same model is assigned to supports that carry approximately the same load to the
foundation. A foundation model is assigned to a support through the Support tab
of Node Characteristics dialog box.
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Soil/Structure Interaction

Soil/structure interaction can be considered so that internal forces created by
footing settlements are redistributed into the structure. The program performs
iterations until it reaches convergence between calculated settlements and
calculated forces to attain force/settlement compatibility.

VisualDesign calculates the footing settlements using the secant modulus of soil.
However, to consider this modulus, the option "Secant modulus, K" must be
selected as degrees of freedom, in the Support tab, for each foundation support.

You must create an Interaction type of load case and generate serviceability load
combinations. You will find an example of such analysis further on.

Static Analysis

Shallow Foundations

In Design mode, the footings are optimized according to the bearing capacity
(ultimate limit states) or settlement (serviceability limit states). Eccentricities
caused by moments or eccentric loads are taken into account. Eccentricities may be
limited as specified. Reinforcement is supplied in a results spreadsheet and can be
edited.

Deep Foundations

Deep foundations (piles) cannot be designed. They are verified using the selected
steel shape and maximum length of piles, which is specified in the Deep
Foundation Specifications spreadsheet.
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Design of Shallow Foundations

Shallow foundations will be defined and designed for the following steel building:

Project Configuration

We keep the default values included in the Foundation tab of Project
Configuration dialog box.

Soil Parameters

Geotechnical Study

A geotechnical study is recommended to obtain the stratigraphical profile below
foundations. Results can vary much from a type of soil to another.

In our case, the study supplied the following profile:
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Hatural ground m

0.0m
Concrete 1
Silty Sand Column
Footing I
L
-5.0m
Water Tabl
er Table  —
Firm Clay
s s s
Rock

6m

Soils spreadsheets

Silty sand and firm clay are composing the stratigraphical profile. They are

cohesive soils. Select Common /Soils /Cohesive. We added these soils in the
database (by inserting lines at the end of the spreadsheet) and entered properties

supplied by the geotechnical study.

Mame Undrained ¢ g ultimate ¥ Humid ¥ Saturated E T qc Ip N1-60

o Shear
Resistance. Cu
kPa v kPa kN /m* kN /m* MPa kPa

1 [ Cla[1]5 0k 40.00 0.0o 250,00 1E.00 17.00 20.00 040 0.0o 1.00 3
2 | Clap[2IM edium 7500 0.0 500.00 16.00 17.00 35.00 0.50 0.0 1.00 10
3| Clap[ 315t 100.00 0.00 7R0.00 16.00 17.00 75.00 050 0.00 1.00 20
4 | Clap[4]vemwStift 200,00 0.00 1000.00 16.00 17.00 15000 050 0.00 1.00 35
5 | ClaglEHard 300,00 0.0 1500.00 1E.00 1700 10000 0.50 0.0 1.00 35
6 | Claol0TvereS oft 10.00 0.00 o000 1600 1700 200 040 0.00 1.00 3
Fl] Firmi Clay 200,00 0.00 500.00 15.70 1570 75.00 030 0.00 0.00 15
Bll Silty Sand 750 36.00 28728 18.50 18,50 75.00 0.45 0.00 0.00 D]
arl

Click OK to save data and exit the spreadsheet.

Stratigraphical Profile

Select Structure / Stratigraphical Profiles. Insert a line, give a name to the

profile, and enter elevation of natural ground and water table.
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Stratigraphical Profiles Spreadsheet

Stratigraphic profiles I Definition of layers I

Profile Elevation Elevation
1 Topsoil Water
m m
1 J Frofiled | 0.000 -5.000 =
2

e Select the Layer Definition tab and insert two lines in the spreadsheet. For
each layer, enter its rank (rank 1 is the first layer below natural ground) and
thickness. Double click in the Soil Name cell and select type of soils that is
composing the layer. Click OK.

Stratigraphical Profiles Spreadsheet

Stratigraphic profiles D efinition of lapers |

7 Hank Thickness Soil Hame

m
1 1 4.000 | Silty Sand =]
2 2 £.000 | Firrn Clay

Specifications for Shallow Foundations

A design code or standard must be selected in the specification spreadsheet and the
type of analysis, design or check, must be specified.

e (o to Structure / Specifications / Shallow Foundations. Insert a line and
give a name to this specification. Select the option Design as type of analysis,
and enter the footing maximum dimensions, which is 2m x 2m. Select code
A23.3 and rebars material.

Shallow Foundation Specifications Spreadsheet

1 Humber Code Type of analysis Bx Max Bz Max Optimize a Sal ‘Wafl Rebars
m m | Dimension M aterial
| 111 CAMN/CSA-423.3-95 Design | 2.0000 2000|Bx=Bz 1.25 1.50 G30.18-400R

This specification will be selected while defining foundation models.
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Shallow Foundation Models

Three types of footings will be defined: Corner footings (4), intermediate footings
(4), and the centre one (1).

e Select Structure / Foundation Models/ Shallow. Insert a line. To open the
dialog box, click in any cell, right click, and select the command Detail in
contextual menu.

Spread Foundation Models Spreadsheet

Foundation | Colurnr I Footingl Designl

ID  Mumber Profile M aterial Backfill
1 Concrete M aterial
1 5 I Ml [ LN rLl
2
!_

e In the first tab, give a name to this model, choose the concrete material, select
the stratigraphical profile, and specify the backfill soil above corner footings.

Shallow Foundation Models

Definition of Modsls IEqumnI Fanting | Design |

r— Idertification
Foundation name

Corner

— Faating / Calurit
Concrete Material

Con030 =
— Sails
Stratigraphical profile B ackfill =il
| Prafile? =l | Gravell2IMedium =l
—Slab

Dd

Position, HDd IU i L
Thickness, Dd: IU m

QK I Cancel Lpply M ow HEelz
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o Select the Column tab and enter the dimensions of concrete column.

Shallow Foundation Models

e Seclect the Footing tab.

Shallow Foundation Models
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e Define the footing dimensions and thickness. Bx and Bz are specified as
maximum dimensions for the design in the Shallow Foundations

Specifications spreadsheet.

e Specify the backfill around the footing by checking appropriate boxes.

If bearing capacity is insufficient, dimensions must be increased in the
specification and another analysis must be carried on until bearing capacity is OK.

e Select the Design tab. Enter required parameters needed for the design.

Shallow Foundation Models E2

Definition nfModeIsI I:Dlumnl Fooling ~Design |

r— Caleulation method
Bearing Capacity
CMBLC/CFEM

— Parameters for Stability

&dhesion, Ca 210 kPa

— Diezign of Footing and Reinforcement

Specification:

— Concrete Cover

1
m

Top: ID.D?E
I—

B ottom: 0.075

Sides

—Rebar Dezign
Rebar = dir. Rebars Layout
|15M j Preference hx j
Rebar z dir.
[ 15M =l
Ok I Cancel Apply Mow HElm
e (Click OK.

Back in the Shallow Foundation Models spreadsheet, we will copy the first model
to create the second and third model. To do this operation quickly, highlight the
line, right click, and choose Duplicate in contextual menu. Change the names of
foundation models only because parameters are the same as the corner footing.

Click OK to exit the spreadsheet.
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Shallow Foundation Models Spreadsheet

Foundation | I:::-Iumnl Fu:u:utingl Designl

Humber Profile M aterial Backfill Slab Slab

3 Concrete M aterial Thickness Position
Dd HDd

m m

1| Carner Prafile1 Conl30 ravel[Z]Medium 0.0ao 0.000
2 | Intermediate Prafile1 Conl30 aravel[2]Medium 0000 0.000
3 ) Central Prafile1 Conl30 Gravel[2]Medium 0000 0.000

The next step is to assign foundation models to supports.

Assigning Foundation Models to Supports

Corner Footings

e Activate the Support icon on Elements toolbar and click once on each corner
support while keeping the [Ctrl] key down. Select the Properties function

e Select the name of foundation model in the drop-down list box and click OK.

MNode Characteristics ) E
Suppart |
— Festraints and stiffnesses
Dizplacements Releaze————— ~Rotations
Conditions kMNmm | | 7 Inactive if released Conditions kM. mdrad
Rx | =l P M| =
Ry I jlﬂ i+ F Myl j ID
fe | ~I[ PP we <
— Foundation kodel — Suppart crientation

Model's name : 'I Foundation... | Origntation Yectars [+, y. 2)
Stratigraphical Profile: Egrl!llral Prafile... | |2 |2 |2

Carner

Tributary Area; Oriented from node:;
— For toving Load Analyzis I
20 Axle Factors: | j Ratation angle : 540

— Pogition for the design of sections

[¥ Support centred on section asxis

0k I Cancel | s mm Help

e Do the same to assign other foundation models to supports.
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View Options

Footing Dimensions and Models

To display footings on screen, open the View Options dialog box and activate the
Foundation box in the View tab. You can also display dimensions and names.
Press OK.

<

<& ‘> <

.
A

Display the Stratigraphical Profile

You can display the stratigraphical profile under a selected foundation support,
through the Supports spreadsheet (Structure menu).

Supports Spreadsheet

Standards |Springs| Released |

ID | Humber Rx Ry Rz

9

1 1 aal Fixed Fimed Fixed
2 2 bBAD Fixed Fimed Fixed
3 3 cal Fixed Fimed Fixed
4 4] aB0 e ——— Eiod Fixed
5 | Dotal- i Fixed
[ G cBO ~ Fixed
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e (lick in a cell (in the line corresponding to the support that interests you), right
click, and select the function Details in the contextual menu.

The stratigraphical profile will be displayed in the following dialog box. Double-
click in the "Legend" box and move it elsewhere.

Foundation - Stratigraphical Profile

— Foundation Model and Support

Foundation Model ; Ilntelmediate Support ; akl
= Foundstian Graund Elesvation
—— Bottomn of Profile — Wiatertable Elevation
|= &
Foundation - Stratigraphical Profile
an
| |1
L 1
=20
E -4.0
[
2
B o
(1]
w
-5.0
-10.0 T T T T
-3.0 -2.0 -1.0 0.0 1.0 20 3.0

Cloze

Static Analysis or Design

e Launch the static analysis by pressing icon on Tools toolbar.
VisualDesign will iterate until an optimum solution is found for each load
combination and each support.

If you own a Design module (Steel, Concrete, or Timber), launch the design by

clicking the icon . The foundation design will be part of the design process.
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Graphical Results

View Options

e Open the View Options dialog box and check options "Dimensions" and
"Name of Model" in the View tab.

The designed footings are as follows:

rmer
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Structural and Geotechnical Design Load

Activate the Design Results mode and open the View Options dialog box. Select
the Results tab and activate the geotechnical or structural design load.

Yiew Options E

Wiew I .-’-\ttributesl Loads Results I FE Hesultsl Lirnits I I:Dluursl
— Suppartz — Memberz
Graphic: Humnerical Graphic Murnerical
B IR "
LRy r [y r
I Re Ty F
[ M I 1N r
[ My r [ Mz r
[ Me r [Tz r
[ Pressure and Capacity [ I Deflection wl v
—IG_eneraI [ Stresses r
v |egend for Results
g [ Design Load r
Font... |
— Foundationz
™ Geotechnical Design Load
¥ Stuctural Design Load
Ok I [Eanze] I Spply | pl=e] |

The table below includes structural and geotechnical design load obtained through
the coloured legend.

Model Structural Design Load Geotechnical Design Load
Corner Between 40% and 60% Between 0% and 90%
Intermediate Between 80% and 90% Between 40% and 90%
Centre 100% and + Between 80% and 90%

Numerical Results

Exact computed design loads are available in Results / Foundations menu:

e Sclect Footings and look at the calculated bearing capacity and geotechnical
design loads.

e Seclect Footing Reinforcement to obtain structural design loads, minimum
thickness, and calculated reinforcing bars.
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Bearing Capacity and Geotechnical Design Loads

Go to Results / Foundations / Footings. The Shallow Foundation Results

spreadsheet presents geotechnical results for each support and load
combination. It includes many results: Stability (sliding and overturning),
reactions, bending moments, and much more.

N. B. Some columns have been masked.

Shallow Foundation Results Spreadsheet

Support  Load Combination Bx Bz Bx Bz Bearing Calculated Az Ry Rfz Mz Mfz Design Load
- Effect Effect » P
qr qf
m m m m kPa kPa kN kN kN kN.m kN.m %
1 Jadl 10L1 1.100 1.100 1.089 0935 881.08 295.09 0B 315992 705 16.76 -1.70 33.49
2 [at0 oLz 1.100 1.100 1.086 0.360 861.43 196.21 053 20466 B.02 14.28 -1.44 22.78
3 |aCo oL 1.100 1.100 0.680 1.062 E00.17 493.98 FREF | 36006 297 -6.89 -Fh.E7 [ CERT)
4 |aCo oLz 1.100 1.100 0.561 1.050 B2212 404.20 B4.20 23813 -2.85 -5.89 -64.20 7.2
5 [cal oL 1.100 1.100 1.086 06387 60071 477.90 093] 356.42 T3E6 T3E6 247 7956
6 | cal DL2 1.100 1.100 1.082 0569 h22.67 381.90 080 23496 62.43 62.43 210 Fa.07
7 | cCo oL 1.100 1.100 1.100 1.100 940.93 318.10 0.0 384.82 0.03 0.04 -0.00 33.81
8 | cCO DLz 1.100 1.100 1.100 1100 340.89 215.04 000 26015 0.03 0.03 -0.00 22.86
9
10| aB0 oL 1.200 1.200 1172 1194 927.36 47017 355 B58.28 0.0 191 -9.08 50.70
11| aB0 DLz 1.200 1.200 1.169 1194 925.48 356.70 307 a97ve 0.50 1.59 RAL 38.54
12| bad bL1 1.200 1.200 1157 1127 899.39 519.49 0,25 FO00.7E 10.90 2565 1.00 57.76
13| bao oLz 1.200 1.200 1157 1118 834.33 333.01 023 53385 934 21.91 086 44 62
14| bCO oL 1.200 1.200 0.963 1.048 776.68 £29.91 7545 BI5E7 -21.30 -48.18 7545 {8109
15| bCO oLz 1.200 1.200 0.932 1.027 78711 498.71 B396 | 4734 -18.26 -41.29 6396 E5.57
16| cBO oL 1.200 1.200 1172 0974 7217 528.00 316 BO2.64 6817 -68.24 83 F0.20
17| cBO DL2 1.200 1.200 1.168 0943 728.75 40772 275 44319 7.6 5775 703 55.95
18
19| tED oL 1.300 1.300 1.233 1.298 340.76 826.22 013 133360 013 1.08 063
20| bBO DL2 1.300 1.300 1.253 1.293 340.76 E71.23 013 113210 016 0.89 053 71.35

Shallow Foundation Results Spreadsheet

Hrs Hn Hf Hr | Design Load H¥ Hr Design Load Ratio for Ratio for Uplift  Result
a0 Dir. = Dir. x Shding Dir. z Dir. z Sliding | Eccentnicity | Eccentricity Hatio
Dir. x z-Dir. Dir. » Dir. z
kN kN kN kN % kN kN % % % %

1 38923 38823 069 40944 01y 705 40844 1.72 1.61 15.88 0.00 Qb
2 32223 32 059 34244 01y 602 34244 1.76 213 21.14 0.00 Ok,
3 1256 41256 FREF . 43277 17.49 297 43277 063 53.69 580 0.00 Ok
4 34163 34169 F4.200  3R1.89 17.74 285 361.89 U] a1.70 T.A0 0.00 ak
5 1044 044 0.93 43085 0.1 TIEE 43065 17.10 210 EZE3 0.00 Ok,
5 33985 33985 080 3R005 nzz E243  3B0.05 17.34 271 a0.52 0.00 Ok
7 42695 42695 0.0 426.95 0.00 003 44718 0.0 0.00 o3 0.00 ak
8 3B443 38449 000 35449 0.00 003 37469 0. 0.00 o3 0.00 Qb
9

10 F2454 B2454 355 GR4R13 055 0G0 R4E13 n.o3 3.83 0.a 0.00 ak
11 531 53134 307 BRZER 056 050 B528R n.o3 4.3 nas 0.00 Qb
12 E49.23  EB49.23 025  670.88 0.04 10090 E70.83 1.62 0.40 1017 0.00 Ok,
13 5E2 M 5R2.M 023 57386 0.04 934 BF38R 1.63 0.45 11.40 0.00 ak
14 F11.33  EB11.33 7h4R B3298 11.592 .30 B32498 336 32.98 21.06 0.00 Qb
15 519.37  519.37 B398 &4.01 11.82 18260 54101 338 .22 24.03 0.00 Ok,
16 592200 R9z2z0 316 B13.84 052 EB17 B13.84 11.11 3.83 .46 0.00 Ok
17 50300 AO3.00 275 B24E5 052 A7 BB B24E5 10,99 438 3/ 0.00 ak
18

19| 109393 109393 013 1117.m 0o 013 1117m ooz 013 020 0.00 Ok
20 34194 94194 013 9BR03 0.0 016 96503 0oz 013 0.0 0.00 Ok

Bearing capacities and geotechnical design loads are OK. Close the spreadsheet.
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Footing Reinforcement

Go to Results / Foundations / Footing Reinforcement. The spreadsheet supplies
the required number of rebars, length and spacing, for each footing model. Look at
footing shear forces and resistance (Qf and Qr), punching shear (vf and vc), and
minimum required thickness (Hmin).

Yellow columns are editable. Double click to modify rebar dimensions. Then,
VisualDesign will automatically recalculate spacing and resistances in the

spreadsheet.
Design of Footing Reinforcement Spreadsheet

Hame Quantity Bz Bz Hs Hmin. Material | Steel Rebars Minimum Side Saf wal
3 Concrete Layout Cover Cover

m m m m m m

1 JCarner 4 1.100 1.100 0.400 0.360 | Can030 G30.18-400R | Preference Mx 0.075 0.075 1.25 150
2 | Intermediate 4 1.200 1.200 0.400 0.415 | Con030 G30.18-400R | Preference Mx 0.075 0.075 1.258 1.50
3| Central 1 1.300 1.300 0.400 0.483 Con030 G30.18-400R  Preference Mx 0.075 0.075 1.50

Design of Footing Reinforcement Spreadsheet

FRebar dim. = No. Rebars Spacing c/c px Length d Mix Mrx Qfxz Grx Rebar dim. | No. Rebars
3| x dir. x dir. Rebars x-dir. % Dir. % dir. z dir. z dir.
m % m m__ kN.m/m _ kN.m/m kN/m kN/m
1|15 5 0.234 0.29 0.950 037 3352 57.25 18.06 205.66 15M 5
2| 15 5 0.259 0.26 1.060 037 4713 55,15 48.90 205.66 15M 5
3|15 8 0162 0.3 1.150 0.37 83.58 85,39 109.79 20566 15M El

Design of Footing Reinforcement Spreadsheet

Mo. Rebars Spacing c/c pz Length d Miz Mrz Qfz Qrz vl vc Design Load Message
3 z dir. Rebars z-dir. z Dir. z Dir.
m % m m _ kN.m/m  kN.m/m kN/m kN/m MPa MPa %
1 5 0.234 0.30 0.950 0.3m 3278 57.25 26.23 197.69 0.57 1.31 58.56 Ok
2 5 0.259 0.28 1.080 0.30m 44.05 55.15 54.51 197.69 0.96 1.31 85,46 Ok
3 & 0142 0.46 1.150 0.30 83.63 96.06 123.07 19769 (184 1.31 12124 iz ve ]
1 5 7

The central footing is not adequate. The punching shear is too high and the
structural design load is 124%. We can see that the minimum required thickness for
this footing is 483mm.

e Go back to the Shallow Foundation Models spreadsheet and specify a
thickness of 475mm for the central footing. Launch another static analysis.

Design of Footing Reinforcement Spreadsheet

Mame Quantity Bx Bz Hs Hmin. Maternial Steel Rebars Minimum

3 Concrete Layout Cover
m m m m m
1 JCormer ! 4 1.100 1.100 0.400 0355 | Con30 30.18-400R | Preference b 0.075
2 | Intermediate 4 1100 1100 0400 [1.398  Con030 530.18-400F | Preference My 0.075
3| Cenbral 1 (_1.2EIU 1.200 0.475 0.4551]:on030 G30.15-400R  Preference Ms 0.075
|
Design of Footing Reinforcement Spreadsheet
Mz Mrz Qfz Qrz wf v | Design Load Meszage
3
kN.m/m  kN.m/m kN/m kN /m MFPa MFa %

1 31.73 57,25 25.43 197.69 049 1.3 57.07 Ok
2 38.27 A7.25 3061 19763 0.83 1.31 7207 Ok
3 VE.E3 2841 22,939 233.48 -:’_'I.'I'I 1.31 86,68 Ok -]

The thickness is sufficient and dimensions have dropped to 1.2m x1.2m.
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Soil-Structure Interaction

General

You can consider soil-structure interaction in a structural analysis and shallow
foundation design. An Interaction type of load must be defined in the Loads
Definition spreadsheet and included in appropriate load combinations.

To obtain settlements, foundation supports must be modeled using the option
Secant modulus K, which is available as degrees of freedom in the Support tab of
Node Characteristics dialog box. With this option, VisualDesign calculates
settlements using the secant modulus of soils that are part of the stratigraphical
profile, for each footing. The calculated soil stiffness is supplied in the Support tab
when a foundation model is assigned to a foundation support.

When the soil-structure interaction is considered, the program performs iterations
until it reaches compatibility between footing settlements, stresses in the structure
and support reactions caused by footing settlements.

The iterative process is stopped when the number of iterations exceeds the
maximum specified. Then, a message can be displayed on screen such as: "The
solution is acceptable but footing dimensions could not be optimized." The iterative
process rarely requires more than five iterations. If more than five iterations are
required, the solution cannot be optimized. However, results are valid since
calculated capacities are greater than 100%.

Shallow Foundation Design with Soil/Structure
Interaction

In the next example, soil-structure interaction will be considered. We will use the
structural model that we previously analysed (the last one).

Foundation parameters and footing models are already defined. The next step is to
model foundation supports, define the Interaction type of load, and include this
load in appropriate serviceability load combinations.
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Foundation Supports

Secant Modulus, K

e Use the option Secant modulus K for appropriate degrees of freedom to model
spring supports under the footings and automatically obtain the soil stiffness.
This soil stiffness is required for the calculation of footing settlements.

N. B. In this example, foundation models are already assigned to foundation
supports.

e Activate the Support icon, select all supports and press the short cut keys
[Ctrl]+H to open the Supports spreadsheet. Use the Replace function of
contextual menu and modify degrees of freedom to Secant modulus K.

Supports Spreadsheet

Standards ISplingsI Released |

Mumber R= Ry Rz Mz My Mz Foundation
9
1§a0 !Secant mad. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Corner
2| ban Secant mod. K Secatt mod. K Secant mod. K Secart mod. K Secant mod. K Secart mod. K |ntermediate
3| can Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Corner
4| B0 Secant mod. K Secart mod. K Secant mod. K Secart mod. K Secant mod. K Secart mod. K Intermediate
5| EED Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mad. K Secant mod. K Central
6| cBO Secant mod. K Secart mod. K Secant mod. K Secart mod. K Secant mod. K Secart mod. K Intermediate
7| aco Secant mod. K Secatt mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Corner
8| bCo Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Intermediate
9| cC0 Secant mod. K Secatt mod. K Secant mod. K Secant mod. K Secant mod. K Secant mod. K Corner

Linear stiffness (Kx, Ky, and Kz) and torsional rotation (Krx, Kry, and Krz) are
automatically calculated and written in the Springs tab.

Supports Spreadsheet

Standard:  Springs I Fleleasedl

Humber Kx Ky Kz Krx Kiy Kiz Tnbutary FProfile
3 Area
kM/mm kM /mm kM /mm kN_m/rad kN_m/rad kM_m/rad me
1 §adl 098 TR0 038 97682 | 36979e+008 976.82 000 Mul
2| ban 098 TR0 038 97682 | 3.69753e+008 97682 000 Ml
3| cal 098 TR0 098 976,82 | 3.6979e+008 97682 0,00 Mul
4| B0 098 7RO 038 97682 | 3.6979=+008 97682 0,00 Mul
5| bBO 1.10 8450 1.10 1267 43| 3.6979e+008 126743 000 Mul
6| cBO 049s TR0 038 97682 | 36979e+008 976.82 000 Mul
7| aCo 098 TR0 038 976.82 | 3.6979=e+008 97682 0,00 Ml
8| bCo 098 F7.E0 098 976,82 | 3.6979e+008 97682 0,00 Mul
9| cC0 098 77 R0 098 97682 | 36979=+008 976.82 000 Nul

e (lose the spreadsheet.
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Interaction Load Case

e Seclect the Loads Definition spreadsheet and insert a line. Give a number
(name) to this load case, double-click in the "Type" column, expand the
appropriate root, and select Inferaction.

Loads Definition

Load Case | Dynamic | lee |

Number Type Family Stage Trnbutary Area
4 Reduction
1] Dead [0 Dead M, 0 Mone
2| Live [L] Live M 0 Mone
3| Add. dead (0] Dead A 0 Mone
4 | Interaction 1[T] Interaction I A 0 Mone
(3

e (lose the spreadsheet.

Load Combinations

Serviceability load combinations are required to consider soil/structure interaction.
Use the Load Combination Generation Wizard to generate load combinations
according to the Canadian National Building Code.

Generation of Load Combinations - General Options

S pecifications
’V Code:

— Load Combinations to be Generated
™ Gererate an unfactored load combination per load case

[~ Generate with seismic loads acting towards the positive direction only
[T Mass

— Particular load cases to include

Spectral Envelopes
’7 E0l: Enz" Enz: ™ MareLirear Tirme Hiztory Envelope (F o]

"Time Histary Envelopes

EH: [T E2l  Ex[

— Generation Optian:
 4dd generated load combinations o existing ones

" Delete load combinations except thoze edited by user
& Delete all previous load combinations

— Envelopes ta be Generated

™ Generate an envelope per type of load combination

< Back I Mext > I Cancel HelE
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Generation of Load Combinations - Specific Options

— Specification:
Code: MBC-35 L5D [Canada) j

14 Load Factors VYalue Default ‘

1 Jalpha D: Dead loads: | 1.5 1.25 -
2 | Alpha DS: Dead loads - Uphft 088 0.85

3 | Alpha DE: Dead loads combined with earthquake 1.00 1.00

4 | Alpha L: Live loads 150 1.60

5 | Alpha LE: Live lnads combined with earthquake 050 0.50

6 | Alpha SE: Snow Load: combined with E arthquake 025 0.25

7 | Alpha ' Wind loads 1.50 1.50 x

r~ Load Combinations to be Generated
I iitimate Limits States 4132

W Serviceability Limits States 4.1.3.3

Ceflection Load Combinations
[~ Instant. deflection

Load cazes to include:

™ Live(L)

™ Snow (L]

™ wind [w)

™ Temperature [T]

Particular load cazes to include
[~ Maving load Envelope (L)
™ Prestressing and shrink age/cresp

Mov. Load Envelopes. |

< Back I Mext » I

Cancel

Generation of Load Combinations - Selections

Load combinations to be Generated:

mate: ]
8 1.250 + 1.5L
@ 0.850 + 150
B 1.260 + 1.25T
g 1.250+1.25T
@ 0850 +1.25T
#1.250 + 0.7(1.5L + 1.25T)
E||E| T
L. 1.250+0.88T+1.05Ly
@ 0.850 + 0.7[1.5L + 1.25T)
-8 Service  [3]
0@ DL
D+T
@ 1.000+1.00T
@D +0T7L+T]
23T
L@ 1.00D+0.70T+0.70Lx

Load cases aliases

D =Add. dead
o] =Dead

L= = Live

T = Interaction

< Back I Finish I Cancel Helm
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The following load combinations were generated:

Load Combinations

Load Combinations I Load Factars |

q Mumber Status Definition Stage
1§0U ltimate 1.280+1. 500 1]
2|0L2 ltimate 0.850+1 501 1]
3| OLTS ltimate 1.280+0 88T +1.050Lx 1]
4| DLTE Iltirmate 0850 +0. 88T +1.050x 1]
R|0T3 Iltirmate 1.250+1.26T 1]
6|DT4 ltimate 0.850+1.28T 1]
T|DLY Service 1.000+1.00L= 1]
8| DLTS Service 1.000+0, 707 +0.70Lx 1]
9|0T78 Service 1.000+1.00T I

Static Analysis or Design

e Launch the static analysis or design.

Results

Footing Dimensions and

The corner and intermediate footings are smaller than before (static analysis
without soil/structure interaction).

arner

Design Loads

e Activate the Design Results mode.

e Open the View Options dialog box, go to Results tab and activate the display
of foundation design loads.
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The geotechnical and structural design loads are the same as before.

Model Structural Design Load | Geotechnical Design Load
Corner Between 20% and 40% Between 70% and 90%
Intermediate Between 40% and 60% Between 70% and 90%
Centre Between 90% and 100% Between 90% and 100%

Settlements (Footings)

¢ Go to Results / Foundations / Footings. Settlements are calculated at each
support, for each serviceability load combinations:

Shallow Foundation Results Spreadsheet

Model Support | Load Combination Bx Bz Bx Bz Bearing Calculated Settlement
a3 Effective Effective Capacity Pressure dy
qr qf

m m m m kPa kPa mm

75| Central w sl CL1 1.200 1.200 1173 1174 986.03 94587 0.00 |
76 | Central w sl oLz 1.200 1.200 1174 1174 986,35 801.83 0.00
77 | Central bED LT3 1.200 1.200 1174 1.174 986,48 442,10 0.00
78| Central bED LT4 1.200 1.200 1174 1.174 98E.48 299,35 0.00
79| Central bED CLTS 1.200 1.200 1174 1.174 986,38 793,93 0.00
80| Central bED CLTE 1.200 1.200 1174 1.174 986,46 E50.80 00,00
81| Cental  bBO DL7 1200 1.200 1174 1174 986.45 eaaaz____T0m)
82| Central bED oTa 1.200 1.200 1174 1174 956,48 35361 533 ¢
83| Central [wsi] DLTS 1.200 1.200 1174 1174 986,49 586.92 92

Bearing capacities are OK.

At the far right of this spreadsheet, you will find geotechnical design loads and
others, including the settlement ratio according to allowable settlements (25mm).

Shallow Foundation Results Spreadsheet

Design Load Design Load Design Load Design Load | Result
aa Shding Shding  Settlement
Dir. x z-Dir.

4 % k4 4
1 7223 0.2a 1.04 000 Ok
2 E0.70 0.23 0.93 000 Ok
3 34,98 016 0.52 0.00 Ok
4 2365 012 0.43 000 Ok
5 E0.93 0.23 091 000 Ok
6 43,54 0.20 n.az 000 Ok
7 52 B4 021 084 1498 Ok
] 27.97 014 0.54 7.E7 Ok
9 45.23 013 0.76 1279 Ok
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Footing Reinforcements and Structural Design Loads

e Results / Foundations / Footing reinforcements.

Design of Footing Reinforcement Spreadsheet

Hame Quantity Bx Bz Hs Hmin. | Matenal | Steel Rebars Minimum

3 Concrete Layout Cover
m m m m m

1 ) Corner 4 0.600 0.600 0.400 0.214 | Con30 G3012-400R | Preference Mx 0.078
2| Intermediate 4 0.900 0.900 0.400 0,331  Conb30 G3018-400R | Preference M 0.075
2| Central 1 1.200 1.200 0.475 0,462 Conb30d G30.18-400F | Preference My 0.075

Design of Footing Reinforcement Spreadsheet

Miz Mrz Qfz Qrz vl vc Design Load Message Steel Concrete
3
kM_m/m kM_m/m kM /m kMN/m MPa MPa X kg e
1 4.05 19.20 0.aa 197.69 033 1.3 25,32 Ok 16.96 096
2 24.39 4267 0.aa 197.69 072 1.3 5715 Ok I7.E8 1.68
3 T4.54 2584 2236 23348 1.08 1.3 95,45 Ok 2143 0.7g
The design is OK.
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Pile Foundations

We will add piles below the footings that we designed (shallow foundations, page
176). However, footing dimensions will be increased to 3m x 3m and thickness
will be fixed to S00mm because of punching shear and shear forces developed
around pile heads. The stratigraphical profile will also be modified.

The procedure to define pile foundations is the same as for shallow foundations
except that more tabs (Definition of piles) are included in the Deep Foundation
Models dialog box.

Stratigraphical Profile

e Open the Stratigraphical Profiles spreadsheet and enter the following data.

Stratigraphical Profiles Spreadsheet

Stratigraphic prafiles | D efinition of layers |

Profile Elevation Elevation
1 Topszoil Water
m m

F Profile? ] 0.000 -5.000 -

Stratigraphical Profiles Spreadsheet

Stratigraphic profiles  Definition af lapers |

7 Rank Thickness | Soil Hame

m
1 1 10.000 | Clay[1]5oft -
2 2 5.000 | Rock[2]5 edimentary |
| -

Specifications for Pile Foundations

Piles cannot be structurally designed. Piles will be verified according to the chosen
steel shape, maximum length, and steel specification.

e Select Structure / Specifications / Deep Foundations. Insert a line and give a
name to the specification. Enter the maximum pile length and select a steel
specification that will be used for the structural verification of the pile.
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Deep Foundation Specifications Spreadsheet

1 Mumber Type of analysis Max. L  Steel Specihication
m
‘1 Spec-check Werification 10.000 | 516-Weérit il
2

e Close the spreadsheet.

Definition of Foundation Model

e Select Structure / Foundation Models / Deep. Insert a line in the spreadsheet
and open the dialog box. (Select a cell, right click and choose Detail in the
contextual menu.)

The Definition tab

e Give a name to the model, select the concrete material, stratigraphical profile,
and backfill soil among lists box.

Deep Foundation Models E2

Definition of Madels | Column | Foating | Piles | File Layout |

 ldentification
Foundation name
Piles]

— Footing # Colurin
Caoncrete Material

Con030 =l
—Soils
Stratigraphical prafile BackFill il
Frofils2 = | 5and[zMedium =
~5lab

Dd

Pasition, HDd ID m N
Thickness, Dd: IU m

HDd

(1] I Cancel Apply Mow Hel
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The Column tab

e Go to the Column tab and enter the concrete column dimensions and height
according to global axis system.

Deep Foundation Models
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The Footing tab

e Select the Footing tab and enter the footing dimensions and thickness. Specify
the location of backfill over the footing.

Deep Foundation Models

Drefinition ofModeIsI Colurn  Footing |F'i|es I File Layoutl

— Backfill Around Footing——————————————

(2 N 2 B
L =
(2 N 2 B

z

L

Curmrent Bx:
Current Bz:
Thickness, Ds : 05
QK I Cancel Apply Mo el
The Piles tab

e Select the Piles tab. Many parameters must be specified for the verification of
pile foundations. To know more, press F1 while the dialog box is open and
VisualDesign On-line Help will open at this specific topic.

VisualDesign will calculate the geotechnical capacity and structural strength of

piles according to the deep foundation specification and the steel shape chosen in
this tab.
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Deep Foundation Models E

Drefinition of Modelsl Eolumnl Footing Files | Pile Layoutl

— Charactenistics —————— [~ Shape and Material
Inztallation Shape
[Hs102e48 [+]
Wik, Section Material
| Point and Friction =l | 540.21M-350w =~
Pile Head HSS Shape
IFiHBd Head j ™ HSS with 0.9t [A5TH A500)
Fils End |7 Filled Secﬁtion
IFiHBd End ﬂ |tfilling b4 aterial
_ { Conaz0 =l
Buckling Length
IIj % End Area
Effective stiffness——— IB'I 0732 e
Inertia I'I
Torsion I1
Aial I'I
r— Structural Design of Piles
Specification: ISpec-check j |

0k I Cancel Apply How HE

The Pile Layout tab

e Sclect the Pile Layout tab and define the pile layout under the footing. To do
that quickly, use one of the three buttons posted in the upper part of the dialog
box. Each button represents a layout and opens a specific dialog box. In our
example, we pressed the first button.

e In the Grid Layout dialog box, enter the number of pile lines (longitudinal)
and columns (transverse). Specify the edge distance, which is from border to
centre of pile.
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Deep Foundation Models x|

Definition of Modelsl Columnl Fl:n:utingl Piles  Pile Lapout |

0 Coord. 2 Coord. X B Angle Lateral angle  Vertical ang
m m . .

—

Grid Layout

»

— Pile Layaout

Mo, of Lines: E dge to pile centre : 0.25

Ma. of Columns : Hariz. gap. c/c piles: 25

1]
1]

Max. Mo, of Piles |4 Wert. gap cfc piles: 25

Iv | B gitnwittn 2ie arn [Fr= L, « =11

[]:4 Canicel |

I8

e C(Click OK to close the Grid Layout dialog box.

Definition ochu:IeIsl Eolumnl Fnotingl Piles  Pile Layout |

2|

4 Coord. Z Coord. X B Angle Lateral angle  Vertical ang

m m . *
1 El.250! 0.250 0.00 0.00 0/«
2 0.250 2750 0.00 0.00 0|
3 2750 0.250 0.00 0.00 0.
4 2750 2,750 0.00 0.00 0.
5

-
1| | 3

, Pile Layout
= ) )
N
B
]
3
L] L]
0]
0] &
Coord X
Qg Cancel Apply Mow H el
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Piles' coordinates are written in the spreadsheet and the layout is displayed in a
box. The layout can be printed.

The Pile Layout spreadsheet includes other parameters: Beta angle of steel section,
Lateral Angle and Vertical Angle, which are the pile slope relatively to xz and xy
planes.

e C(Click OK to exit the dialog box and save data.

Assigning the Model to Supports

e Activate the Support icon. Select all supports and press the Properties icon.
Select the Piles model in the Support tab and click OK.

View Options

Select the View Options dialog box and display foundation dimensions and name
through the View tab. Click OK.
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Static Analysis

e Launch the static analysis by pressing icon . VisualDesign will iterate until
an optimum solution is found for each load combination and each support. If
you possess one of design modules (steel, timber, or concrete), press the

Design icon.

Results

Piles' Structural and Geotechnical Design Load

e Verify the piles' design load through the coloured legend. Select The Design
results mode on Activation toolbar and open the View Options dialog box.
Activate a type of results and corresponding legend in the Results tab. Click

OK.
Yiew Options
Wi I attibutes | Loads  Results |FE Hesultsl Lirnits I Enloursl
— Supports — Members
Graphic Mumerical Graphic Whmrssizs]
I s T Me ~
LRy S i r
™ Re T T My =
[ M« = I v Il
[ My = I Nz r
[ Mz =72 r
[T Pressure and Capacity [ ™ Deflection uwl v
—IG_eneraI [T Shesses r
v Legend for Resulks
d [ Design Load |_
Font... |
— Foundations
¥ Geotechnical Design Load
[ Shuctual Design Load
K I Cancel | Lol Helm

We can see that the design of piles is OK.
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Geotechnical Results

e Sclect Results / Foundation / Piles. This spreadsheet includes geotechnical

results at each support, for each load combination.

Geotechnical Results for Pile Groups Spreadsheet

Model Support Load Combination Length Cr Geo. Tr Geo. Settlement REx Rfy Rfz Mz Mfz Geotech. Result
18 Group Group dy Design Load
Compression
m kN kN m kM kN kN kN.m kN.m x
1 JPies !aAD DLl 10.000 4920.99 12957 -0.001 074 551.98 6.22 17.36 217 11.22 Ok -
2 [Fles abil DLz 10.000 457093 12357 0.0 k3 39965 530 1474 184 812 0k I
3 [Piles [ oL 10.000 4520.93 12357 0003 043 931.09 a4 2429 202 18.92 Ok
4 |Pies [ DLz 10.000 4570.93 12357 0003 038 FZIE0 7.8 070 1.71 1470 Ok
5 |Pies oAl oL 10.000 4520.93 12357 -0.001 -1.08 58825 9.54 14.71 355 11.85 Ok
6 |Pies oAl oLz 10.000 4520.93 12357 -0.001 08 42385 2.42 1258 304 274 Ok
7 |Pies 20 DL 10.000 45920.93 12957 0.002 EE] 82796 0.08 005 1157 18.04 Ok
8 | Piles sB0 DLz 10.000 4920.99 12957 0.003 329 G86.92 0.0 -0.07 -9.83 1396 Ok
9 [Pies b [i]K] 10.000 457093 12357 4007 038 1E01ER 4168 X 216 3256 Ok
10| Piles bED oLz 10.000 4520.93 12357 0006 03 129847 457 207 1.88 .39 Ok
11 | Piles B0 oL 10.000 4570.93 12357 0003 -3E9 83690 455 EAE] 11.72 16.39 Ok
12 | Piles B0 oLz 10.000 4520.93 12357 400z a2 B4136 412 5,98 10.01 13.03 Ok
13| Piles a0 oL 10.000 4520.93 12357 -0.001 B4 59176 314 a4 1314 1203 Ok
14| Piles a0 oLz 10.000 45920.93 12957 -0.00 FAE] 43295 268 .82 1122 290 Ok
15| Piles bC0 DLl 10.000 4920.99 12957 0.003 -7.55 869.75 -16.66 -40.63 11.88 17.67 Ok
16 | Piles bz DLz 10.000 457093 12357 a00E A B70G0 1476 4 7R EEN 1362 Ok
17 | Files of oL 10.000 4520.93 12357 .00z 004 §13.70 0.0z 003 003 1247 Ok
18 | Files oC0 DLz 10.000 4570.93 12357 0.00 0oz 45242 0.0z -0.08 0.05 219 Ok
19 .
[l I ]
Close
Graphic results are available through this spreadsheet. Select a line and click the
button located at the bottom of dialog box.
. . .
Ultimate Pile Capacity vs. Embedment
Pile Foundation Results
Capacity vs Embedment | Meutral Plane |
r— Foundation Model and Support
Foundation tModel : Support I'JBD
{E=ReW A=) N[ ==
Uliimate Pile Capacity ¥s Embadrment
0.0
—_—r
-20
4.0-
E
B EQ-
£ B0 Ghr
a.
& -e0-
-10.0- |
-12.0 | @t atea =0
0.0 2000 4000 EO0.0 8000 10000 12000 1400.0
Resistance (kN}
QK I Cancel | ) ) | Hels |
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This graph shows the point bearing capacity and compression/friction bearing
capacity of piles.

Where:

Qr = Qbr + Qst
Qbr = gcp * Qb
Qsr = des * Qs

Qb is the nominal point bearing capacity and ¢cp, the resistance factor for
compression/point bearing;

Qs is the nominal friction capacity and et ¢cs, the resistance factor for
compression/friction bearing;

This graph indicates that the total ultimate capacity (Qr) of the pile is around 1200
kN because it is bearing on rock. (Place your cursor on the graph to obtain the
numerical value at this point.)

Location of Neutral Plane

The neutral plane corresponds to the depth where negative lateral friction on pile
becomes positive, i.e. where the two curves meet. In this example, piles are bearing
on rocks, so, this graph is not relevant.

Qd represents the distribution of dead load according to depth of pile and Qr, the
variation of total capacity of pile (Qbu + Qs) with its depth.

Pile Foundation Results E

Capacity vs Embedment  Neutral Plane |

— Foundation Model and Support

Suppart : I'JBD

Foundation kodel :

|lma@paRilEa

Meutral Plane - Foundation ; Piles

0o

20—

—_—r

-4.0

6.0

Efevation ()

-5.0

-10.0

el

-120
oo 200.0 400.0 600.0 800.0 10000 12000 14000

Resistance, Load (kN}

Ok I Cancel Sl i H el
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Forces and Reactions in Each Pile

e (o to Results / Foundations / Piles Reactions. This spreadsheet includes
results for each pile within a pile group, for each load combination.

We selected the central foundation, which is the most critical.

This part of spreadsheet shows the minimum and maximum axial forces acting on
each pile, for each load combinations. "x" is the lateral deflection of each pile, and
"%x", the calculated ratio according to allowable lateral deflection.

Structural and Geotechnical Resistance for each Pile

Support | Load Combination Pile Nz Max. Mz Min. Miyp Yix X xx Mix Yiy

72 Number
kN kN kM.m kM mm k4 kN.m kN
33 JLED 0oL 5 -399.39 -399.39 0.04 0.03 0.05 0.1 0.03 0.0o8
34| bBO DL g -400.33 -400.33 013 013 0.05 0.25 0.03 0.8
35| B0 CL1 v -400.45 -400.45 007 0.05 0.05 0.1 015 0.24
36 | bBO CL1 = -401.39 -401.39 016 0.23 0.0y 0.29 015 0.24
37| bBO oL ] 32373 33T 003 noz 0.05 0.20 0.0z 0.8
38| bEO oLz 5 324.56 32456 011 017 0.05 0.23 0.0z 0.08
39| B0 oLz 7 324 B7 324 B 0.05 003 0.05 0.20 013 0.20
40| RO oL ] -325.60 32860 014 020 0.05 0.26 013 0.1

Then, further right, you will find results about the pressure acting on spring
supports located along the pile, and the resistance of negative earth pressure, Kp.

Structural and Geotechnical Resistance for each Pile

y %y  Soil Pressure | (Kp) Soil P/[Kp)  Soil Pressure [Kp] Saoil P/kp) Mr Mrx
73 %-Dir Dir. x Dir. x p-Dir. p-Dir. Dir y Structure Structure
mm % kPa kPa % kPa kPa % kN kN.m

33 0.08 0.35 018 EE.E7 0.2y 013 254 018 989.45! 14.11 !
34 0.08 0.35 0.07 78.89 0.08 013 254 018 9E9.45 1411
35 0.08 0.37 0.33 £1.57 0.53 n.o9 989 011 9E9.45 1411
36 0.08 0.37 0.08 78.89 010 n.o9 989 011 9E9.45 1411
37 0.08 0.3 013 EE.E7 013 011 254 015 9E9.45 1411
38 0.08 0.3 0.08 78.89 0.07 011 254 015 9E9.45 1411
33 0.08 0.32 0.2z EE.E7 0.34 n.os 989 010 9E9.45 1411
40 0.08 0.32 0.07 ¥59.89 0.03 n.os 989 010 9E9.45 1411

Finally, you will find structural and geotechnical capacity of each pile.

Structural and Geotechnical Resistance For each Pile

Yy Mry ¥z Design Load Cr Tr Geotech. Geotech.
72 Structure Structure Structure Structural Geotech. Geotech. | Design Load Design Load
Compression Tension
kN kN.m kN % kN kN % %
33 152,94 14.11 192,54 41.49 123025 3239 32.48! EI.EID!
34 192,94 1411 192,54 421 123025 32.39 32.54 0.00
35 192.94 14.11 192,94 42.47 123025 3239 32.55 0.00
36 152,94 14.11 192,54 42.98 123025 3239 3263 0.00
37 132,94 14.11 192,34 3363 123025 3239 2831 000 ¢
38 152.94 14.11 192,54 34.27 123025 3239 26.38 0.00
39 192,94 1411 192,54 34.45 1230.25 32.39 26.39 0.00
40 192.94 1411 192,94 34.91 123025 3239 2E.46 0.00

CivilDesign Inc. Engineering Software 323






Moving Load Analysis

EXAMPLES 17 & 18

2D & 3D Moving Load
Analysis
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Moving Load Analysis

Basic Principles

General

The Moving Load analysis module computes internal forces, influence lines, and
envelopes generated by moving loads such as trucks, trains, or crane runways. The
module was developed in such a way that it allows the application of customized
trucks and design codes. In fact, engineers can use standardized moving loads, as
per codes, or they can create their own.

Pre-Defined Trucks

VisualDesign includes a list of predefined trucks in the Moving Load Definition
spreadsheet, which is accessible through Common/Trucks. These trucks are
described in several standards (CAN/CSA-S6-88, S6-00 and AASHTO LRFD-04).
Each one of these trucks represents a different moving load case according to the
position of axles and dynamic load allowance (DLA) factor. Refer to clause 3.8.4.5
of CAN/CSA-S6-00 standard.

Data cannot be modified in this spreadsheet. However, new "customized" trucks
can be added at the end of the spreadsheet. For a quicker editing, duplicate an
existing line and modify duplicated parameters.

To know the weight and the number of axles that are considered for each truck
(load case) listed in the spreadsheet, select the Axles/Wheels tab.

Trucks’ Nomenclature

VisualDesign is using the following nomenclature to describe trucks listed in the
Trucks spreadsheet:

Examples:

[3D] — CL1-625 — 0.25: 3D structural model using a CL-625 truck, Level: Normal
and 1, and DLA factor of 0.25.

[2D] — CL123-625 — 0.30a: 2D structural model using a CL-625 truck, Level 1, 2
& 3, and DLA factor of 0.3. The letter "a" means that an axle has been removed.
This case is different from case "b" and "c".

Definition of Mobile Axis

Three moving load axes are available to study forces and displacements induced by
trucks that are moving on different axes.
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Axes can be located along members, plates (one side), and floors (one side). The
axis number is selected in respective dialog boxes.

Road Surface

For a 3D model, floors or plates must be included in a structural model, creating a
road surface where moving loads can be applied. Floors must not be modeled as
rigid diaphragms.

Load Cases

It is recommended to include all required moving load cases that correspond to a
given truck (Ex. CL-W). Each one has a different DLA factor so that all cases can
be covered in the analysis (as required per clause 3.8.4.5 of CAN/CSA-S6-00
standard).

Moving load cases are entered in the Moving Load Cases spreadsheet, which is
accessible through Loads / Moving Load Cases/ Definition.

Moving Load Cases Generator

A generator is available, which quickly generates all moving load cases, according
to a chosen code or standard, and according to the user parameters. This generator
is accessible through Loads / Moving Load Cases / Generation Wizard.

Axle/Wheel Factors for a 2D Model

2D axle factors must be defined in the 2D Axle Factors spreadsheet, accessible
through the Loads menu. These factors will be applied to forces that are
transmitted to spans and supports.

Use the tables included in section 5.7.1 (Code S6-00) and calculate Fv and Fm.
Then, from these values, calculate Vg and Mg along with axle factors.

In VisualDesign, the axle factor, Fa, will multiply the total maximum force (shear
and bending moment) as follows:

Vg =Fa*Vt
where Vt is the maximum shear force per lane acting on a section of the studied
span.

And

Mg =Fa * Mt
where Mt is the maximum bending moment for a sole truck on a section of the
studied span.
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Moving Load Envelopes

Moving load envelopes must be activated through the Moving Load Envelopes
spreadsheet before launching a moving load analysis. This spreadsheet is located in
the Loads menu.

A maximum of 10 envelopes can be generated in a single analysis. Concomitant
values (Mx, Vy, Nz, etc.) can be obtained for critical forces, for each envelope.
These concomitant values must be selected in the Moving Load Analysis dialog
box.

Generation of Load Combinations

Use the Load Combination Generation Wizard to generate the required load
combinations as per selected building code. Activate the option that includes
envelopes Lmi in the generation.

Moving Load Analysis

Open the Moving Load Analysis dialog box by clicking this icon or go to
Analysis menu.

In the displayed dialog box, activate options such as envelopes, concomitant
values, critical scenario (load case), etc.

Results

Results are in the form of envelopes (Lmi), which can be included in load
combinations. Individual envelope results can be read through the Envelope
activation mode. Use the View Options for graphic results and go to Results /
Envelope to obtain numerical results.

Design

When a design is launched, the moving load analysis is automatically launched at
each cycle of design because it is part of the design iterative process.

Before launching a design, open the Moving Load Analysis dialog box, activate
some options and close it. Then, launch the design process.

CivilDesign Inc. Engineering Software 329






3D Moving Load Analysis

3D Moving Load Analysis

Definition of the Project

Length of bridge: +/- 50,000 m
Maximum width: 25,200 m
Number of spans: (2) spans
Length of spans: +/- 23,500 m

Bridge Deck:
Semi-continuous /Prefab Prestressed Concrete Beams NEBT 1200 and slab 220
mm with transverse post-tensioning

Moving Loads:
1 moving load axis and 12 moving load cases

Standard: CAN/CSA-S6-00.

The 3D model is as follows:
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Definition of Moving Load Axis

Floors

The moving load axis is located along the sides of floors that are located in the
centre of bridge.

Activate the Structure mode and the Floor icon.

Select the strip of floors located at the center.

Click the Properties icon to open the Floor Characteristics dialog box. Select
the moving load axis number and specify the location of this axis through the
side of floors. In our case, side jk. (To know on which side is passing the axis,
display the floor local axis system through the View Options, as shown
below.)

Detail 1

Hode k Moving Load Axis

Hode i
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Floor Characteristics

— ldentification

MHumber: I Type: I j
—Incidence
MHode i: I Mode | I
Mode j: I Maode k I
— Characteristics
mim
Area
Lengthij: ID
IEI e
Lengthjk : ID
Floor Dead Load
ID kPa Length k| ID
¥ Rigid Diaphragm Length i IIj
(_ . . ™
Slab Direction : Mavving Load Axis
| diis 1 =]
Position

—Joists

MHumber: |1

Diirection :

\ .
j (=10 5 L

Lazt Spacing:

=
—
|

Cancel |

e Press OK to close the dialog box and save data.

Trucks and Load Cases

The CL-625 truck will be used for the design of this bridge (CAN/CSA-S6-00).

If you want to consult the list of pre-defined trucks, go to Common / Trucks. Sort
data to group the [3D]-CL-625 load cases.

Definition of Moving Loads

Trucks |AHIesMheeIs|
Mumber Total W DLA DLA o Overload DLA Lane Remove
B4 [Truck] [Truck/Lane) W Lane) Width Axle
kN % kN/m m
32 J[3D]CL1-625-25 | £25.00 025 n.00 80.00 3.00 0.00 3.00 [¥]
33| [3D]-CL1-625-30b £25.00 0.30 n.00 20.00 9.00 0.00 3.00 L]
34 | [3D]-CL1-6280N-25 £25.00 0.25 0.0 80.00 9.00 0.00 2.00 [¥]
35| [3D]-CL1-6280M- 300 £25.00 0.0 n.00 80.00 9.00 0.o0 3.00 L]
36 | [3D]-CL12-625-30c £25.00 0.30 n.o0 80.00 9.00 0.00 3.00 L]
37 | [3D]-CL12-625-40 £25.00 0.40 n.o0 80.00 9.00 0.00 3.00 L]
38| [3D]-CL12-6250M-30c £25.00 0.30 n.00 80.00 3.00 0.00 3.00 L]
39| [3D]-CL1 2-6250M-40 £25.00 0.40 0.0 80.00 9.00 0.00 3.00 L]
40| [3D]-CL1 23-625-30a £25.00 0.0 n.00 80.00 9.00 0.o0 3.00 [¥]
41 | [3D]-CL1 23-6250M-30a £25.00 0.0 n.o0 80.00 5.00 0.00 3.00 [#]
42 | [3D]CL2-525-25 £25.00 025 n.o0 80.00 9.00 0.00 3.00 [¢]
43 | [3D]-CL2-6250M-25 £25.00 025 n.00 80.00 3.00 0.00 3.00 [¥]
44 | [3D]-CL3-E25-40 £25.00 0.40 0.00 20.00 9.00 0.00 3.00 L]
45 | [3D]-CL3-6250N-40 £25.00 0.40 0.0 80.00 9.00 0.00 3.00 L]
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Moving Load Cases

Moving Load Case Generation Wizard

Moving load cases must be defined in the Moving Load Cases spreadsheet, which
is accessible through Loads / Moving Load Cases / Definition. To quickly define
them, we will use the Generation Wizard, available in the same submenu.

In the Options page of the generator, select code CAN/CSA-S6-00 in the list
box. The type of transitory loads will be Normal and Level 1.

Just below the code, activate the "3D" radio button. Select moving load axis 1.

The traffic on this axis is two-ways.

Generation of Moving Load Cases - Options [X]

— Specification: v
&
Code Transitary Loads | ﬂ
0 [Canada) I Mormal & Level 1 j ﬂ -z lﬂ‘
— Maoving Load Cases to be Generated | _,l'ﬂl_
20 i+ 3D Maoving Loads: Hull j xd *1

— Characteriztics of Moving Load Case

Prefix Maorving Load Axis Traffic on Moving Load Axis

| s 1

N =l

— Managing Moving Load Caze:
€ Add generated cases to exizting ones

" Delete cazes except those created or modified by user
' Delete all exizting moving lnad cazes

3D

— Lateral Dizplacements

Left 2] |?350 o

Lateral pitch between caszes [dx)
Right [#1] : I'?35D TN |3DDD ]
— Mumber of lanes simultaneously loaded

v 1 vz v 3 v 4 5

[zo00 o

Distance centre to centre between 2 tucks [db]:

w2 w1

< Bachk I Mest > I

Cancel | HelE |

Lateral displacements of trucks must be specified for 3D project only (at the far left
and right of moving load axis), according to the chosen layout.

Go to the 3D section. Look at the four available layouts. Activate the first one,
which will generate displacements of trucks at the left and right of moving load

axis.

Then, enter the distance at the far left (x2) and far right (x1). VisualDesign will

generate moving loads between these two ends.
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Sign Convention

According to local axis of moving load axis, x2 will be positive and x1,

negative

Local axiz of
mawing load axis

—

Yi

-

cihd

1

— 30 - Lateral Dizplacements

-

i

=
=

r€

]
!a

t

3

Four lanes can be loaded simultaneously. By default, the distance centre-to-centre
of trucks (dM) is 3m. We keep this value.

e Activate boxes #1, #2, #3, and #4 at the section Number of lanes
simultaneously loaded.

e Press the Next button.

The second page of generator shows the moving loads that are to be generated (at
the right) according to the offsets listed in the left part of the dialog box. Moving
loads are all selected by default, meaning that each one will be generated using the
listed offsets. To withdraw a moving load, click on the name to cancel the

selection.

Generation of Moving Load Cases - Truck Offsets and Selection

Maoving Loads to be Generated

[EI[:I]-I_ 23-625-30

Truck Offzets
Lane Lane Lane Lane Lane
15 1 2 3 4 5
mm mm mm mm mm
1 F’SEDi Mull Mull Ml Mull -
2 i Mull Hull Mull MNull
3 7350 Hull Hull Mull Null
4
5 7350 4350 Hull Mull Null
[ 1500 1500 Mull Ml Mull
7 -4350 7350 Hull Mull MNull
8
9 7380 4350 1350 Mull MNull
10 3000 1} -3000 Mull Null
11 1350 -4350 7350 ol Mull
12
13 7380 4350 1350 -1650 Mull
14 4500 1500 1500 -4500 MNull
15 1650 1350 -4350 7380 Mull
16
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VisualDesign is planning the generation of five trucks (listed at the right) using the
12 offsets (listed at the left), which correspond to 1, 2, 3, and 4 loaded lane2.
Consequently, a minimum of 60 moving load cases will be generated. Fatigue
moving load cases, which are not considering the lane overload, will be added to
these by VisualDesign.

e Press the Finish button. The Moving Load Cases spreadsheet appears on
screen.

We can see that 15 moving load cases were generated for Fatigue (without lane
overload). The corresponding moving load envelope is named Lm02.

Moving Load Cases

Cases | Maoving Load Cases Components I

Mumber Truck Envelope Moving Load Axis | Traffic DLA DLA | Imbalance Add
sl on axis [Truck] ([Truck/Lane]) Factor Overload
1 | 1F_1«1+000 [30]-CL123-625-30a Truck : Lm02 Az 1 »> e 030 0.an 0.00 L]

2 | 1F_1«14073 [30}CL123-625-30a Truck : Lm02 Az 1 ke 030 0.00 0.00 L]
3 | 1F_141-073 [30CL123-625-30a Truck : Lm02 Az 1 »e ke 030 0.00 0.o0 L]
4 | 1F_2«1+000 [30]-CL12-625-30c Truck : Lm02 Az 1 »> e 030 0.0 0.00 L]
5 | 1F_241+073 [30]-CL12-625-30c Truck : Lm02 Az 1 32 ke 030 0.an 0.00 L]
6 | 1F_2x1-073 [30CL12-625-30c Truck : Lm02 Az 1 > ke 0.30 0.00 0.00 L]
7 | 1F_3«1+000 [30}CL12-625-40 Truck : Lm02 Az 1 »5 ke 0.40 0.0 0.00 L]
8 | 1F_3x1+073 [30]-CL12-E25-40 Truck : Lm02 Az 1 »> e 0.40 0.0 0.00 L]
9 | 1F_3x1-073 [30]-CL12-625-40 Truck : Lm02 Az 1 ke 0.40 0.00 0.00 L]
10 1F_4=1+000 [30}CL1-B25-25 Truck : Lm02 Az 1 ke 0.25 0.0 0.00 L]
11| 1F_4x1+073 [30FCL1-B25-25 Truck : Lm02 Az 1 ke 025 0.0 0.00 L]
12| 1F_4x1-073 [30]CL1-625-25 Truck : Lm02 Az 1 »> e 0.25 0.00 0.00 L]
13| 1F_B=1+000 [30-CL1-625-300 Truck : Lm02 Az 1 ke 030 0.0 0.00 L]
14| 1F_5a1+073 [301-CL1-625-30b Truck : Lm02 Az 1 »e ke 030 0.0 0.00 L]
| 15] 1F_5:1-073 [30]-CL1-B25-30b Truck : Lm02 Az 1 3> ke 030 0.00 0.00 L]

Below the list of fatigue moving load cases, we find 60 Resistance moving load
cases, which are used for ultimate limits states design. The corresponding moving
load envelope is named LmO1.

Moving Load Cases

Cazes | Moving Load Cazes Compaonents |

Humber Truck Envelope Moving Load Axis | Traffic DLA DLA | Imbalance Add
sl on axis [Truck] | [Truck/Lane) Factor  Overload
16 J1R_1x1+000 | [3D}-CL123-625-30a Truck : Lm01 Az 1 3> k<< 0.30 0.0 0.an [x]

17 | 1R_1x1+073 [3D]-CL123-625-30a Truck : Lm01 Az 1 33 k< 0.30 0.an 0.0 [#]
18| 1R_1:1-073 [3D]-CL123-625-30a Truck : Lm01 Az 1 23 k< 0.30 0.00 0.00 [#]
19| 1R_1x2+015 [30]-CL123-625-30a Truck : Lm01 Aiis 1 3> k<< 0.30 0.00 0.00 [#]
20 | 1R_1x2+073 [3D]-CL123-625-30a Truck : Lm01 Aiis 1 »> k<< 0.30 0.0 0.an [1]
21 | 1R_1=2-043 [3D]-CL123-625-30a Truck : Lm01 Az 1 3> k<< 0.30 0.00 0.00 [¢]
22 | 1R_1x3+030 [3D]-CL123-625-30a Truck : Lm01 Az 1 33 k< 0.30 0.an 0.0 [x]
23 | 1R_1x3+073 [3D]-CL123-625-30a Truck : Lm01 Az 1 23 k< 0.30 0.an 0.0 [4]
24 | 1R_1:3-013 [30]-CL123-625-30a Truck : Lm01 Az 1 jo g X 0.30 0.00 0.00 [¢]
25 | 1R_1xd+017 [3D]-CL123-625-30a Truck : Lm01 Ais 1 3> ke 0.30 0.0 0.an [#]
26 | 1R_1xd+045 [3D]-CL123-625-30a Truck : Lm01 Az 1 3> k¢ 0.30 0.0 0.an [x]
27 | 1R_1xd+073 [3D]-CL123-625-30a Truck : Lm01 Az 1 3> k<< 0.30 0.0 0.an [x]
28 | 1R_2«1+000 [3D]-CL1 2-625-30c Truck : Lm01 Az 1 33 k< 0.30 0.an 0.0 [#]
29| 1R_2x1+073 [3D]-CL12-625-30c Truck : Lm01 Az 1 23 k< 0.30 0.0a 0.an [4]
| 30| 1R_2x1-073 [30]-CL1 2-625-30c Truck : Lm01 Aiis 1 33 k<< 0.30 0.00 0.00 [#]
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The nomenclature of generated numbers is as follows:

1F: Fatigue moving load case applied to moving load axis #1;
IR: Resistance moving load case applied to moving load axis #1;

1x14+043: First moving load applied when only one lane is loaded, with a 4.3m
offset;

5x2+073: Fifth moving load applied when two lanes are loaded, with a 7.3m offset.
(To know the second offset, go to the Components tab.)

e Select the line that corresponds to the moving load case 1R_5x2+073. In the
spreadsheet, we can see that the second offset is equal to 4350mm.

Moving Load Cases

Cazez Moving Load Cazes Components |

1R_5:1-073 - Factor Offzet
1R Bw2+(15 e mm

1 ER 7350 =
1hR_Sx2-043 2 TER 4350 —
1R_Bx3+030 — ' |
1R_5x3+073 =3 =

N. B. The "Factor" column: This factor is applied to concentrated loads and lane

overload. It is used as Modification Factor when a 3D model, when many lanes are
loaded.

View Options

Display Moving Load axis and Moving Load Cases

Open the View Options dialog box and select the Attributes tab. Choose the
moving load axis number and select a moving load case in the drop-down list box.
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¥iew Dptions

Wiew  Attributes anads] Fiesults] FE Hesults] Lirnitz I I:Dlours]

Members Floors

[ End Conditions [ Invalid geometry

[ Local axis system [ with no dead load

[ Shape outline [ Local asis spstem

N W!th no shape. [ Trbutary area [2-44ay)
[ With no material

[ Oneway slab spmbol

R [ Twosway slab syrbal

[ with pre-tenzion

[ Elastoplastic Mumerical [ Plates

[ Lateral Support [ Irwalid geometry
[ Mater}al [ ith no thickness
[ 3D Display [ With no material

[ Dizplay no extenzions

™ Design Graup [ Local axis spstem

[ Material
| =] [ 3D Display
Trucks
General W Moving Load Axis
v Orientation cube -
[¥ Global axis system |'&HIS 1 J
¥ Project |dentification ¥ Position of Moving Load
Font... [1R_5x3+073 =]
1R_Bx2+05 -
TR_Bx2+073
0k || Cancel 1R G:2043 J
1R_Bx3+073 bl

Moving Load Case #1R_5x3+030
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Definition of Moving Load Envelopes

Moving load envelopes must be activated in this spreadsheet before launching a
moving load analysis. When a code is selected in this spreadsheet, you obtain the
required load combinations, and corresponding envelopes.

e Go to Loads / Moving Load Envelopes.

e Click in any cell and right click to open contextual menu. Choose the

command Select a code.

Definition of Moving Load Envelopes

Humber To be analysed 2D Axle ULs FLS SLS5no1| 5LS no 2
10 Factors
to be used

1 | Lm0l (| ! Single lane

2 | Lm02 L] 2 lanes or + Ehanae its..

3 | Lm03 (| 2 lanes or + Find. ..

4 | Lm04 L] 2lanes or + Calumn width, .. | | |
AutemurmEering . =I_|
adi .

e In the Selection dialog box, select code S6-00 and click the "Reinitialize"

button.

Selection of Code E

Code: | CAN/CSA-56-00 [Canada)

Wfarning:
The definition of moving load enveloppes iz dependent upan
chozen code.

Cancel |

=

e Activate (double-click) moving load envelopes Lm01 and Lm02.

Definition of Moving Load Envelopes

MNumber To be analysed 2D Axle ULs FLS | 5L5no1 5L% no2
10 Factors
to be uzed

1 | Lm1 i 2 lanes or + [=] L] [=] []
2 | Lm02 ] | Single lane ] [¥] ] [¥]
3 | Lm032 B 2lanesz or + L] L] L] L]
4 | Lm0O4 L] 2 lanes or + L] L] L] L]
5 | Lm05 L] 2 lanes or + L] L] L] L]
6 | Lm0& L] 2 lanes or + L] L] L] L]
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Load Cases

Loads Definition Spreadsheet

e Go to Loads / Load Cases / Definition and create load case titles and types
according to code S6-00.

Loads Definition

Load Case | D_I,Inamiu:l [ I

MNumber Type Family Stage  Tributary Area
E R eduction
1| Cead [D1] Prefab Compongnts M A, 0| Haone
2 | 5lab+Brace [D'2] Cast Concrete M A 0 Mone
3| Bitumem D3] WwWearing Surface M s 0 Mone
4 | Sidewalks [D2] Cast Concrete M, 0| MHaone
5| Temp+ (K] Temperature M, 0| MHaone
B | Temp- [K.] Temperature M, 0| Haone

Load Combinations

Construction Stages

e Goto Loads / Load Combinations / Definition and create construction stage
load combinations according to the activated stages in the Prestressing tab
(Project Configuration).

Load Combinations

Load Combinationz | Load Factars I

5 Humber Status Definition Stage D
1 | Stage 3 Construction Stage Stage 3 3

2 | Stage b Construction Stage Stage & al

3| Stage b Conztruction Stage Stage B =

4 | Stage 8 Construction Stage Stage 3 g

H | Stage 9 Construction Stage Stage 9 i Eli

e Select the Load Factors tab. Select appropriate load cases and enter load

factors.

e C(Close the spreadsheet.

340

CivilDesign Inc. Engineering Software



3D Moving Load Analysis

Load Combination Generation Wizard

e Go to Loads / Load Combinations / Generation Wizard.

e In the General Options page, select code S6-00 among the drop-down list
box. Activate option Add generated load combinations to existing ones to
avoid the deletion of construction stages. Generate standard envelopes.

Generation of Load Combinations - General Options

Specifications
’7 Code;

r— Load Combinations bo be Generated
™ Generate an unfactared load combination per load case
I Generate with seismic lnads acting bowards the positive direction anly

I tass

r— Particular load cases to include

Spectral Envelopes
[ EOT ED2 EDz I Mon-Linear Time History Ervelope [Etrl)

Time History Envelopes
[Et'l:r Etz. [T Et [

— Generatioh Options
' Add generated load combinations to existing ones

" Delete load combinations except those edited by user
" Delete all previous load combinations

— Envelopes to be Generated

¥ Generate an envelope per type of load combination

< Bank I Mest > I Cancel Helq

e C(Click Next.

e Activate the insertion of moving load envelopes in the Specific Options page
of the generator.

N. B. The "Mov. Load Envelopes" button opens the Moving Load Envelopes
spreadsheet. We have already activated envelopes (page 297).
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Generation of Load Combinations - Specific Dptions

— Specification
Code: CANACSA-SE-00 [Canada) j

24 Load Factors VYalue Default ‘

1 JAlpha D1 ULS Min: Min. permanent loads ] 095 0.95 .
2 | Alpha 071 ULS Maw: Max, permanent loads 1.10 1.10

3 | Alpha 02 ULS Min: Min. cast concrete 030 040

4 | Alpha D2 ULS Max: Max cast concrete 1.20 1.20

b | Alpha D3 ULS Min: Min. wearing surface 0.65 0.65

b | Alpha D3 ULS Max : Max. wearing surface 1.50 1560

7 | Alpha D4 ULS ik : Min. backfil 0.80 0.20 hd

— Load Combinations to be Generated
¥ ULSL no.1 [D+E+P+L]

¥ LILSL no.2 [D+E+P+L+ K]

¥ ULSL no.3 [D+E-+P+L K+
¥ ULSL no. 4 [D+E +P+K+4w]

¥ LILSL no 5 [D+E+P+EQ)

¥ ULSL no.B [D4E+P+F)

[V ULSL no.7 [D+E +P+wi+d)
¥ ULSL no.g [D+E+P+H)

¥ ULSL no.9 [D+E+P)

¥ FLS nol [D+E+P+L)

[ ULST nod (D+E+P+L+K+5)
¥ ULST ma2 [L]

Particular load cazes to include
V¥ Maving load Envelope [Lm)
I Prestressing and shrinkage/creep

[ Combine Seismic Envelopes :100% + 30%

Mo, Load Envelopes...l

Bridge Evaluation

¢ Back I Mest » I

Cancel

Helx

e C(Click Next.

Generation of Load Combinations - Selections

Load combinations to be Generated:

& 0.950+1.70Lmin
] bl ax
& 1.100+1.70Lmin
~@ULS 2 [4]
~@ULS 3 [4]
~@ULS 4 [4]
~@ULS 9 [2]
~EFL51 1]
of@ 1.000+71.00Lm02
@ 5LS_1_ [
=l K01
@ 1.000+0.50K 01 +0.90Lm01
=& ko2
g 1.000 +0.80K02+0.90Lm01
H-ESL52 ]

Load cazes aliazes

D = Biturnem

D =Dead

D = Sidewalks
D = Slab+Brace
rm =Temp+
=Temp-

< Back

I Finish I

Cancel

HElm
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e Press Finish.

The Load Combination spreadsheet will be displayed on screen.

Load Combinations

Load Combinations | Load Factors |

25 Mumber Status Definition Stage
1 Stage 3 lEDnstructiun Stage Stage 3 K
2 | 5tage b Congtruction Stage Stage B 5
3 | Stage B Congtruction Stage Stage B =
4 | Stage 8 Constuction Stage Stage g
5 | Stage S Constuction Stage Stage 3 g
6 | ULS 1:max02  LLSA 1.100+1.700Lm07 1]
7 ULS T:min01  ULSA 0950 +1.70Lm01 1]
8 | ULS Zmaxd5s  ULS 2 1.100+1.15kK01+1.60Lm01 a
9 | ULS Zmaxle  ULS 2 1.100+1.15kK02+1.60Lm01 a
10| ULS Zmin03  |1JLS 2 0.950+1.15kK07+1.60Lm01 a
11| ULS Zmin04  |1JLS 2 0.950+1.15kK02+1.60Lm01 a
12 ULS Fma=09 |1JLS 3 1.100+7.00k.07+1.40Lm07 a
13| ULS Fma=10 |[IJLS 3 1.100+1.00kK.02+1. 40Lm07 a
14| ULS Zmin07 | 1JLS 3 0.950+1.00k.07+1.40Lm07 i
15 ULS Zmin03 | 1JLS 3 0.950+1.00kK.02+1.40Lm07 i
16| ULS 4:ma=13 |1JLS 4 1.100+1.25k01 1]
17 ULS 4ma=1d4 |1JLS 4 1.100+1.25K02 1]
18| ULS 4min11  |IJLS 4 0.950+1.25kK01 1]
19| ULS 4minl2 |IJLS 4 0.950+1.25K02 1]
20 ULS Ima16 |IULS 9 1.380 1]
21 ULS IminlS  |IJLS 9 1.380 1]
22 FLS 117 FLS1 1.000+1.00Lm02 i
23] 5L5_1 18 5L51 1.000+0.20k.07+0.90Lm07 i
2415L5.1_19 SL51 1.000+0.80k.02+0.90Lm07 i
25505 2 20 S5L52 0.90Lm02 1]

e C(Close the spreadsheet.

Moving Load Analysis

e Open the Moving Load Analysis dialog box by pressing icon on Tools
toolbar and select analysis options.

CivilDesign Inc. Engineering Software

343



Practical Examples - Version 2.2

Moving Load Analysis

Aiz 1 I 300 rarm I 18000 mm
Axis 2 I 200 I 0
Axig 3 200 I 0

r Structure
Mame : IPrestressed Concrete Bridge Design
MNodes: 361 Flates: Iu Members: IESB
Triangles : ID Floors: |254
- Calculation Paranmeters
Truck Load Step : Eefare bridge : After bridge :

[ 750 m
—
—

~ Structure with cables

= Include non linearn effects

Load Combination for Weight : I vl

~ Result

o] =]
r— Comesponding Walues to Ewvaluate —

Mu [ Rz [

W v Ry v

My Rz [

Va [ Mu [

Tz [ by [~

Mz [ Mz [

~ Most critical case for

bu v Rz [

Wy ¥ Ry

MWy [ Fz [

v [ Me [

Tz [ My

Mz [ Mz [
Maow, Load Envelopes... i
Analyss | IrRtermpEt |
Cancel | Cloze |

e  Click the Analyse button to launch the analysis. Close the dialog box when

analysis is completed.

Results — Moving Load Envelopes

Graphic Results

The Envelope mode is automatically activated when analysis is completed.

e Seclect envelope Lm0 or Lm02.

| Lm0t

I e e =

e Open the View Options dialog and go to the Results tab. Select a type of

graph.

The image below is showing bending moments on strong axis (Mx), for moving

load envelope Lm01.
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e Go back to the Results tab of View Options dialog box and activate the

Deflection diagram.

CivilDesign Inc. Engineering Software

345



Practical Examples — Version 2.2

Member Forces and Concomitant Values

Double click on a member to open this spreadsheet. Minimum and maximum
forces are listed and concomitant values also (if they were activated in the Moving
Load Analysis dialog box).

Internal Forces and Deflections Spreadsheet {Lm01)

5 Mumber Shape Position ¥Value Bending Mx | Mx Shear Vy Vy Bending My Shear ¥x | Axial Nz| Torsion Tz | Strong axis v

mm kN.m Case kN Case kN.m kN kN kN.m mm
1 Jmz23 JHEBT 1200 0 Mxbdax 859,65 E1.14 104.30 BB.63 -25.54 059 -5.58
2 | m223 MEBT 1200 236 | MxMax 845.69 2473 8262 E4.21 -25.14 -1.64 .56
3 | m223 MEBT 1200 472 | MxMax 83772 54.72 91.49 56.37 1251 am .64
4 | mz223 MEBT 1200 709 | MxMax g33.80 57.76 76.28 52.70 207 379 561
5 | mz23 MEBT 1200 945 | MM ax §29.25 11.61 E5.87 53.44 11,60 363 5.56
6 | mz23 MEBT 1200 1181 MaMax g18.87 130 55.31 56.65 -17.08 297 5.51
7 | mz23 MEBT 1200 1417 MaMax 808.70 E3.EE 41.93 56.65 -17.08 297 5.51
8 | mz23 MEBT 1200 1653 | MaMax 800.60 B1.37 29.87 50.84 1256 -4.04 5.45
9 | mzz23 MEBT 1200 1889 MaMax 795.56 5E.45 21.00 4515 1303 527 541
10| m223 MEBT 1200 2126 MaMax 793.08 2232 -2.84 45.00 -14.43 .21 5.40
11| m223 MEBT 1200 2362 MaMax 796.61 2702 832 4267 4.3 .93 5.42
12| m223 MEBT 1200 0 Mutdin 15812 17.46 -26.53 7.54 9.9 1.43 163
13| m223 MEBT 1200 236 | Mxbin -163.24 17.46 283 7.54 9.9 1.43 165
14| m223 MEBT 1200 472 | MxMin -67.37 17.46 30,09 7.54 9.9 1.43 168
15| m223 MEBT 1200 709 | Mxhin -171.439 17.46 -31.87 7.54 9.9 1.43 1.70
16 | m223 MEBT 1200 945 | Mahin 7561 17.46 3365 7.54 9.9 1.43 1.72
17 | m223 MEBT 1200 1181 MaMin 7874 17.46 3643 7.54 9.9 1.43 1.74
18| m223 MEBT 1200 1417 MaMin -183.86 17.46 ara 7.54 9.9 1.43 1.76
19| m223 MEBT 1200 1663 | MuMin -187.98 17.46 3893 7.54 9.9 1.43 1.77
20| m223 MEBT 1200 1889 | MuMin 15211 17.46 -40.77 7.54 9.9 1.43 1.73
21 | m223 MEBT 1200 2126 | MuMin -196.23 17.46 -4285 7.54 9.9 1.43 1.80
22 | m223 MEBT 1200 2362 | MuMin -200.35 17.46 -44.33 7.54 9.9 1.43 1.82

Internal Forces and Deflections Spreadsheet {Lm01})

6 Mumber  Shape Position Value  Bending Mx Mx Shear Vy Vyp Bending My Shear Vx| Axial Nz Torsion Tz Strong axis v

mm kN.m Case kN Case kN.m kN kN kH.m mm
23| m223 MEBT 1200 0 Wyhax 538.m 11284 4550 41.04 -17.08 378 -2.87
24 | m223 MEBT 1200 236 | WyMax 53657 115.99 4590 48.93 -16.42 505 -2.92
25| m223 MEBT 1200 472 | WyMax 53035 116.54 anar 4532 -16.57 383 -2.94
26 | m223 MEBT 1200 709 | Wybax 52095 12022 16.42 4132 2121 303 -3.05
27 | m223 MEBT 1200 945 | Vyhax 439256 12022 E.BE 4132 2121 303 -3.03
28| m223 MEBT 1200 1181 Vykax 433.80 125.40 243 4330 -21.70 327 =310
29| m223 MEBT 1200 1417 WyMax 431.08 12762 1152 4816 2125 3488 316
30| m223 MEBT 1200 1663 VyMan 460.94 127.62 2280 4816 21.25 398 313
3 | m223 MEBT 1200 1883 VyMan 430.80 127.62 3427 4816 21.25 398 303
32| m223 MEBT 7200 2126 VyMan 400.65 127.62 -45.65 4816 21.25 398 306
33| m223 MEBT 1200 2362 MyMan Ir0E 127.62 Ar.0z2 4816 21.25 398 am
34 | m223 MEBT 1200 0 Wi E31.45 6670 BE1Z2 3675 -23.04 .85 -4.47
35 | m223 MEBT 1200 236 | YyMin B47.21 6670 57.68 3675 -23.04 .85 -4.61
36 | m223 MEBT 1200 472 | VyMin EE2.96 6670 43.24 3675 -23.04 .85 -4.56
37 | m223 MEBT 1200 709 | Yykin E7871 6670 40.79 3675 -23.04 .85 -4.60
38 | m223 MEBT 1200 945 | Yydin £94.47 6670 3235 3B75 2304 .85 -4.63
39| m223 MEBT 1200 1181 VyMin E30.15 -£5.78 2240 3302 2325 -7.29 -4.56
40 | m223 MEBT 1200 1417 VyMin EE4.63 6319 14.96 30,87 -22.85 738 -4.48
41 | m223 MEBT 1200 1653 | VyMin E27.00 £3.15 n0m 2557 -22.80 -8.04 -4.30
42 | m223 MEBT 1200 1889 VyMin £41.92 £3.15 398 2557 -22.50 £.04 -4.3
43 | m223 MEBT 1200 2126 VyMin B56.83 £3.15 206 2557 -22.50 8.04 -4.33
44 | m223 MEBT 1200 2362 VyMin E71.63 £2.31 810 2557 -22.50 8.04 -4.34

Internal Forces and Deflections Spreadsheet {Lm01)

5 Humber  Shape Pozition Yalue Bending Mx Mx Shear ¥y Vy Bending My | Shear ¥V Axial Mz| Torsion Tz Stiong axis v

mm kN.m Case kN Case kN.m kN kN kN.m mm
45| m223 MEBT 1200 0 Max 85965 1R_dx2-043 112.84 1R_1x1-073 12437 E8.93 2592 5.61 163
46 | m223 MEBT 1200 236 Max 84569 1R_d4x2-043 118,99 1R_1«1-073 111.04 EB.93 25492 5.61 165
47 | m223 MEBT 1200 472 Max 837.72 1R_4x3013 T1E.54 1R_T#1-073 1n0.27 E8.95 25492 561 1.68
48 | m223 MEBT 1200 709 Max 833.80 1R_4x3013 12022 1R_4x1-073 2351 E8.93 25492 561 1.7
49 | m223 MEBT 1200 945 hay 829.25 1R_4x3013 12022 1R_4x1-073 86.28 E8.95 25492 561 172
50 | m223 MEBT 1200 1181 Mar B18.87 1R_4x3013 12640 1R_4x1-073 2511 E8.95 25492 561 1.74
51| m223 MEBT 1200 1417 Max 802.70 1R_4x3013 127.62 1R_4x1-073 24.70 E8.99 2592 561 1.76
52 | m223 MEBT 1200 1653 Max BO0.ED 1R_4x3013 127.62 1R_4x1-073 86.24 E8.99 2592 561 1.77
53 | m223 MEBT 1200 1889 Max 79556 1R_4x3-M3 127.62 TR_4x1-073 88.24 £8.93 2592 5.61 179
54 | m223 MEBT 1200 2126 Max 79306 1R_4x3-M3 127.62 TA_4x1-073 90.24 E8.93 2592 5.61 1.80
55 | m223 MEBT 1200 2362 Max 79661 1R_4x3-M3 127.62 TA_4x1-073 9224 E8.93 2592 5.61 1.82
56 | m223 MEBT 1200 0 in 15812 1R_4x3-M3 -BE.F0 TR_4x2-043 3871 -22.42 -36.92 245 A7
57 | m223 MEBT 1200 236 Min -162.24 1R_4x3-013 -BE.70 1R_4x2-043 -4.76 -22.42 -36.92 245 574
58 | m223 MEBT 1200 472 Min -IE7.37 1R_4x3-013 -BE.F0 1R_4x2-043 -44.81 -22.42 -36.32 245 B.7E
59 | m223 MEBT 1200 709 Min -171.49 1R_4x3-M13 -BE.70 1R_4x2-043 -47.86 -22.42 -36.32 -B.45 .78
B0 | m223 MEBT 1200 345 Min -I7EET 1R_4x3013 -BE.70 1R_4x2-043 -60.32 -22.42 -36.32 -B.45 .74
B1 | m223 MEBT 1200 1181 Min 17974 1R_4x3M3 -B.7E 1R_4x2-043 -53.97 -22.42 -36.32 -B.45 580
B2 | m223 MEBT 1200 1417 din 18386 1R_4x3013 6319 1R_4x2-043 -B7.02 -22.42 -36.32 -B.45 580
63 | m223 MEBT 1200 1653 Min -187.98 1R_4x3-013 -63.15 1R_4x2-043 £0.07 -22.42 -36.92 -8.45 579
64 | m223 MEBT 1200 1889 Min -192.11 |1R_4x3-013 -6315 1R_4x2-043 £312 2242 -36.92 -8.45 578
65 | m223 MEBT 1200 2126 Min -196.23  1R_4x3-013 -6315 1R_4x2-043 6617 -22.42 -36.92 -8.45 576
66 | m223 MEBT 1200 2362 Min -200.35 1R_4x3-013 6231 1R_4x2-043 £9.23 -22.42 -36.32 845 574
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Support Reactions (min/max)

Double-click on a support to open this spreadsheet or select many supports and go
to Results / Envelope / Support Reactions (min / max).

Support Reactions Spreadsheet {min/max)

29 Number Value Rx Ry Ry Rz Mx My Mz
kN kN Caze kN kN.m kN.m kM.m
1 Inli3%1 !HyMax 0.00 53.05 40.46 0.00 0.00 0.00]
2 | n113%1 Ryhdin 0.00 -21.40 -10.66 0.00 0.00 0.00
3 |
4 | n113%1 EN 0.00 59.05  1R_4x2+073 43,81 0.00 nan 0o
5 | nl13%1 bdin 0.00 -21.40 1R_4x3+073 -15.38 0.00 n.aa 0.aad
3
¥ | n114z1 Fiyhd ax 0.00 247.19 44 85 0.00 0.00 0.00
8 | n11431 Ryhdin 0.00 -14.30 1676 0.00 0.00 0.00
9
10| nl1431 EN 0.00 24719 1R_4x2+073 £1.50 0.00 nan 0o
11 | nl1421 kin 0.00 -14.30 1R_4rd+073 -22.39 0.00 n.aa 0.aad
12
13| n11531 Fiyhd ax 0.00 349.03 -16.33 0.00 0.00 0.00
14| n1153%1 Ryhdin 0.00 -15.35 -7.78 0.00 0.00 0.00
15
16 | n11531 ES 0.00 349.03 1R_4x2+073 £0.89 0.00 0aa 0.aa
17 | n11531 bdin 0.00 -15.35 1R_4rd+073 -B3.05 0.00 n.aa 0.aad
18
19| nl1631 Fivhd ax 0.00 330.33 -13.98 0.00 0.00 0.00
20| n11631 Rybdin 0.00 -15.16 313 0.00 0.00 0.00

Load Combinations and Design Results

Launch a bridge design by clicking the Design icon .

The moving load analysis will be part of the design iterative process. It will
automatically be launched at each cycle of design (steel, concrete, or prestressed
concrete design, etc.). Therefore, we suggest selecting options in the Moving Load
Analysis dialog box before launching the design.
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2D Moving Load Analysis

Definition of the Project

Composite beam of 20m long on a single span;
Stud: Neilson 22mm,;
Concrete slab of 200mm.

Moving Loads: According to CAN/CSA-S6-00;
One moving load axis.

The 2D model is as follows:

Definition of Moving Load Axis

The moving load axis must be located on the beam (there is only one beam).
e Activate the Structure mode and double click on the beam.

e In the Member Characteristics dialog box, go to section "Moving Load
Axis", click the arrow to open the drop-down list box and select Axis .
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Member Characteristics E
tember IEUnnectionl Compogite Beaml Steel Designl Bolted Connectionl Evaluationl
— ldentification — Properties
MHurnber: IaAU-X gwgzgxgg?
~ Incidence I HE S itk S S ST MBI
Modei: IaAD |
Invert Made i <> Mode | .
MNode|: IbAU Materisl : IBEDGMMTHAT j
2L or b1 Distance : IU i
— Geometiy
Length Local Axis Spstem PACER |493EID il
|2D " IDrthogonal j Linear Mass : |38?- m kg/m
Beta Angle Initial Pre-tension
ID ° ID Jh ¥ Activate Design Criteria
Usage : Standard =
r— End Condition: I J
Composition : C ite B =
Bending Mx : Torsion Mz : 2 I £MROSIE Beam J
Behaviour : Standard -
Bending My ialfz: [olo =] FHEMEHL [Standar [
— Moving Load Analysiz b — Effective stiffness
Maoving Load Axis 20 Aule Factors: Inertia Torsion Al
Buis 1 =1 | [na = 1 [
Mot required

Ok, I Cancel | Spn | HEelg

2D Axle Factors

Axles factors are required for a 2D project. These factors will be applied to
calculated forces that are transmitted to supports and spans.

Use the tables included in section 5.7.1 and calculate Fv and Fm. Then, from these
values, calculate Vg and Mg along with axle factors.

In VisualDesign, the axle factor, Fa, will multiply the total maximum force (shear
and bending moment) as follows:

Vg =Fa*Vt

Where Vt is the maximum shear force per lane acting on a section of the studied
span.

Mg =Fa * Mt

Where Mt is the maximum bending moment induced by one truck on a section of
the studied span.
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2D Axles Factors Spreadsheet

When axle factors are calculated:
e Open the 2D Axles Factors spreadsheet (Loads menu)
e [nsert a line and give a name to axles factors (spans and supports).

e (Click in each cell and enter factors.

2D Axle Factors

Span | Suppart I
Humber 2lanesor+ Z2Llanesor+ 2Llanes or+ 2 Lanes or + 2 lanes or +
1 Mx + Mx - Yy My, ¥ Nz, Tz Dizplac.
|1 Span_1 1 1.00 1.00 1.00 1.00 1.00

2D Axle Factors

Span | Suppartl
Single lane | Single lane Single lane Single Lane Single Lane
1 Mx+ Mx- Yy My Wx Nz Tz Displac.
|1 1.00 1.00 1.00 1.00 1.00

2D Axle Factors

Span  Suppart |
Humber 2Lanes or+ 2 Lanes or + Single Lane Single Lane
1 Moment HReaction Moment Reaction
|1 Suppart_1 | 1.00 1.00 1.00 1.00

e (lose the spreadsheet.

Assign 2D Axles Factors to Span and Supports

e Activate the Member element and double click on the beam. In the Member
Characteristics dialog box, select the name Span_[ as 2D axles factors.

b oving Load &nalysis

toving Load Axis 20 Axle Factors:

i | 2 O =]

Hull

e Activate the Support element and select both supports. Click the Properties
icon. In the Support tab of Node Characteristics dialog box, select the name
Support 1 as 2D axles factors.
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For Moving Load Analyziz
20 Axle Factors:

Trucks

Hull

|—F'|:|siti|:|n for the dezign of sectionz

CL-625 trucks will be used, according to CAN/CSA-S6-00 code. To consult the list
of available pre-defined [2D]-CL-625 trucks, go to menu Common / Trucks.

Moving Load Cases

Generation Wizard

Use the Moving Load Case Generation Wizard, located under Loads /
Moving Load Cases / Generation Wizard to quickly generate required cases
according to code S6-00.

In the first page, select code S6-00 and the type of transitory loads. Activate the
"2D" radio button, select the moving load axis, and specify the direction of

traffic on the bridge.

Generation of Moving Load Cases - Options [ x|

— Specification: T
i
Code Tranzitary Loads | m
| Can/C3-56-00 (Canada) =] |Mormal & Level 1 =] ﬂ e b ﬂ
—Moving Load Cases to be Generated | LE
2D M oving Loads: I Hull j w2 *1
— Characteristics of Moving Load Caze: m m
Prefix Moving Load Asis Tratfic on Moving Load Axis l T 11 I 1 ‘.
| Az 1 = |>> L343 =] | ar
x2 1

—Managing Moving Load Case:
" Add generated cases to existing ones

& Delete all existing moving load cases

" Delete cazes except those created or modified by user

t

—aD

— Lateral Dizplacement:
Left [22] : ID m Lateral pitch between cazes (dx)
Riight (¥1): |D m |3 m

— Mumber of lanez simultaneously loaded

I 1 Il 2

I~z

Digtance centre to centre between 2 trucks [di):

=4 Bl's

|3 m ("I

< Back

I Mest > I

Cancel | Hel |
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e (Click the Next button.

In the next page, we can see that five moving loads will be applied at an offset of
0.0m from moving load axis because it is a 2D project. To withdraw a moving
load from the list, click on the name to cancel the selection.

Generation of Moving Load Cases - Truck Offsets and Selection

Truck Offzets Maoving Loads to be Generated

Lane
1 1

m
D.DDi -

-

e Press the Finish button.

The following moving load cases were generated. Please refer to the previous
example to know the nomenclature that is used for the numbering of cases.

Moving Load Cases

Cases | Moving Load Cazes Components I

Humber Truck Envelope Moving Load Axis | Traffic DLA DLA | Imbalance Add

10 on axig [Truck]l [Truck/Lane] Factor Overload
1 J1F _1x1+000 ![2D]-CL1 23-625-30a Truck : Lm02 Az 1 kg 030 0.0 0.00 L]
2 11F_2«1+000 [2D])-CL12-625-30c Truck : Lm02 Aiz 1 sr ke 0.30 0.00 0.00 L]
3 | 1F_3x1+000 [2D]-CL12-625-40 Truck : Lm02 Auiz 1 s k4 0.40 0.00 0.00 L]
4 | 1F_4x1+000 [2D]-CL1-625-25 Truck : Lm02 Auiz 1 s kg 0.25 0.00 0.00 L]
5 | 1F_5x1+000 [2D]-CL1-625-30b Truck : Lm02 Bz 1 kg 0.30 0.00 0.00 L]
6 | 1R_1x1+000 [2D]-CL123-625-304 Truck : Lm0 Az 1 kg 030 0.00 0.00 [#]
7 | 1R_2«1+000 [2D])-CL12-625-30c Truck : Lm01 Aiz 1 sr k4 0.30 0.00 0.00 [#]
8 | 1R_3«1+000 [2D])-CL12-625-40 Truck : Lm01 Bz 1 s kg 0.40 0.00 0.00 [#]
9 | 1R_4«1+000 [2D]-CL1-625-25 Truck : Lm0 Auiz 1 s kg 0.25 0.00 0.00 [x]
10| 1R_5+1+000 [20]-CL1-625-30b Truck : Lm01 Az 1 kg 0.30 0.00 0.00 []

e (lose the spreadsheet.

Moving Load Envelopes

Moving load envelopes must be activated in this spreadsheet before launching a
moving load analysis. When a code is selected in this spreadsheet, you obtain the
required load combinations, and corresponding envelopes.

e Go to Loads / Moving Load Envelopes.

e (Click in any cell and right click to open contextual menu. Choose the command
Select a code.
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Definition of Moving Load Envelopes

Humber To be analysed | 2D Axle uLs FLS 5L5no1 SLS no2
10 Factors
to be used

1 | Lmi1 L] !Single lane

2 | LmO2 L] 2 lanesz or + ahange ks,

3 | Lm03 L] 2 lanes or + Find. ..

4 | Lm04 L] 2 lanes or + Calumnn width, . | |
BUtanUmEEring ... |
[

e [n the Selection dialog box, select code S6-00 and click the "Reinitialize"

button.
Selection of Code E3
Cods: | CAN/CSA-56-00 [Canada) |
af arning:

The definition of moving load enveloppes iz dependent upon
chozen code.

Cancel |

e Activate (double click) moving load envelopes Lm01 and Lm02.

Definition of Moving Load Envelopes

Humber To be analysed 2D Axle uLs FLS SLSno1 S5LS5 no 2
10 Factors
to be used

1 | Lm0l b 2 lanes or + [] [] [#] L]
2 | Lm02 ] 3 | Single lane L] [%] L] [¥]
3 | Lm0O3 [ 2 lanes or + ] L] L] L]
4 | Lm0D4 L] 2 lanes or + L] L] L] L]
5 | Lm05 [ 2 lanes or + [ [ [ [
b6 | Lm0& L] 2 lanes or + ] L] L] L]

Load Cases and Load Combinations

Load Cases

The following load cases have been defined in the Loads Definition spreadsheet
(Loads / Load Cases / Definition) for the composite beam. They correspond to
construction stages that we specified in the Composite Beam tab of Project
Configuration dialog box.
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Loads Definition

Load Caze | D_I,Inamicl Ice I

Number Type Family Stage | Auto Generation |
4 combinaisons
1) Dead [01] Pretab Components [ 0 [w] |
2| 5lab [02] Cast Concrete [ 0 [w] |
3| Biturmmen D3] Wiearing Surface [ 0 [w] |
4 | Newjerzeys [02] Cast Concrete M A 1] [x] |

Load Combinations

Construction stage load combinations must be defined in the Load Combination

spreadsheet before using the Load Combination Generation Wizard.

Load Combinations |

Load Combinations I Load Factors |

When it is done, go to Loads / Load Combinations / Generation Wizard.
Activate generation options.

e In the General Options page, select code S6-00 among the drop-down list box.
Activate option Add generated load combinations to existing ones to avoid the

deletion of construction stages. Generate standard envelopes.

4 Mumber Status Definition Stage | Du

1 | Stage 1 Construchion Stage Stage 1 1 =
2 | Stage 2 Conztruction Stage Stage 2 2 [
3| Stage B Congtruction Stage Stage B [

4 | Stage ¥ Construchion Stage Stage ¥ i ?"i

[
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Generation of Load Combinations - General Options

Spedifications
Code:

Load Combinations to be Generated

[T Generate an unfactored load combination per load case
[T Generate with seismic loads acting towards the positive direction anly

[ Mass

Particular load cases to include
Spectral Envelopes

E0:[™ E0[
Time Hiztory Envelopes
Et: T Etz [ Et3 [

Generation Options
{* Add generated load combinations to existing ones

™ Delete lnad combination: except those edited by user

" Delete all previous load combinations

Envelopes to be Generated

¥ Generate an envelope per type of lnad combination

Enz:™ [ Man-Linear Time Histary Ervelope [Etal)

Cancel

| Meut » |

o (lick Next.

Generation of Load Combinations - Specific Options

Specifications
Code:

e Load Factors

Alpha D7 ULS Min: Min. permanent loads

Alpha D1 ULS Max Max. permanant lnads
Alpha D2 ULS Min: Min, cast concrete
Alpha D2 ULS Max: Max. cast concrete
Alpha D3 ULS Min: Min. wearing suface
Alpha D3 ULS Max : Max wearing surface
Alpha D4 ULS Min : Min. backfil

e BRI N T

Value Default ‘

| 0% 0.95 -
1.10 1.10
0,50 0.50
1.20 1.20
0.65 0.65
1.50 1.50
0.80 0.80 i

Load Combinations to be Generated
W ULSL nod [D+E+P+L)

[V ULSL ho.2 [D+E+P+L+ K]

IV ULSL no.3 [D+E +P+L+K +w/+4]
[V ULSL no.d [D+E +P+k+]

¥ ULSL no.5 [D+E+P+EQ)

W ULSL no B [D+E+P+F)

Particular load cases o include

v Moving load Envelope [Lm]

[ Prestressing and shrink age/creep

[ Combine Seismic Envelopes :100% + 303

Bridge E valuation

WV ULSL no 7 [D+E+P+f+d)
W ULSL no.B [D+E+P+H]

M LILSL no S [D+E+F)

W FLS no1 [D+E+P+L]

W ULST no 1 [D+E+P+L+K+5]
W ULST na2 (L)

Mov. Load Envelopes...

Cancel

< Back | Mext > |
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e Activate the insertion of moving load envelopes in the Specific Options page

of the generator and click Next.

N. B. The "Mov. Load Envelopes" button opens the Moving L.oad Envelopes

spreadsheet. We have already activated envelopes (page 297).

Generation of Load Combinations - Selections

ions to be Generated:

2

L@ 09601 70Lm
B3 Max

@ 1.100+1.70Lm01
S-@ULS Y (2]
£ Min
L@ 135D
Bl Mas

L@ 135D
=-@FLET [1]
@ 1.000+1.00Lm02

B 1.00D+0 90Lm01
=-@5s_2 [1]
{ @ 0.90Lm0z

Load cazes aliases

= Bitumen
=Dead

ooog

=5lab

< Back I Finizh I

Cancel

HEelx

e Press Finish.

The Load Combination spreadsheet will be displayed on screen.

Load Combinations

Load Combinations | Load Factors |

11 Humber Status Defimtion Stage
1 §5tage Consgtruction Stage Stage 1 1
2 | Stage 2 Conztruction Stage Stage 2 2
3 | Stage b Consgtruction Stage Stage B [
4 | Stage 7 Conztruction Stage Stage 7 7
B JULS T:max2  ULS1 1.100+1.70Lm01 I
6 | ULS 1:minl LS 1 0.950+1.70Lm01 I
FlULS Imaxd ULS S 1.380 i
8 | ULS 9:min3 LS 9 1.380 i
9 |FL5 15 FLS 1 1.000+1.00Lm02 I
10 5L5_1_6 5151 1.000+0.90Lm01 1]
11|55 2 7 5052 0.90Lm02 ]

e Close the spreadsheet.
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Steel Specification

Open the Steel Specifications spreadsheet through the Structure /
Specifications menu. Consult the default values associated to specification S6-
00 Verification. Modify parameters if necessary.

After having activated design criteria in the Member Characteristics dialog

box, go to the Steel Design tab and select specification S6-00 Verification in
the drop-down list box.

Member Characteristics

Memberl Eonnectionl Composite Beam  Steel Design | Bolted Eonnectionl Evaluationl

— Dezign parameter.

Design or verification
Werification

- L
Specifications

=,

SE-00-enf.

=1 L.

Top Fiber :
Bottom Fiber :

Position of Load:

full

— Support definition for bending - Lateryl| 250 -Design

I | el
¥ Mol

ASD e,
LRFD-Design
LRFD-AErif.
S16-Deszign
STB-erif,
S37-Design

337 et

— Effective Compressive Length
" Factor Kx [strong axis)

I1 v Auto

SE-O0-Eval
SE-88-Design
SE-BE-VErL.

Design Group

|Hui

gl

Cantilewver

s |2.5 ¥ Auto

INot applicable Vl

I'I ¥ Auto

—FactorKtorkz—————

Hale ‘width :

i~ Calculation of effective net area, with or without reduction

ID mm

A'ne = Ane ® I'I

kLA b ax

—Max Slendemess————

— Stiffeners Antermittent Fillers [2L]

—dllowable D eflection [Lx = strong axiz)

200
ID

Spacing : ID mim I~ Ft=0 Lz ID Ly /
. —HS5 or Round (Rods) Shapes
km Factar: |1
™| eallstress - elieved
QK. I Cancel SEpli HEel
e Close the dialog box.

Moving Load Analysis

e Open the Moving Load Analysis dialog box by pressing icon on Tools
toolbar or go to Analysis menu. Select options and Press the Analyse button to

launch the analysis.

For more details, refer to previous example on 3D moving load analysis.

Close the dialog box when analysis is completed.
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Results

Envelopes

The Envelope mode is automatically activated when the analysis is completed and
the dialog box closed.

e Select envelope Lm01I or Lm02 on Activation toolbar.
e Open the View Options dialog box and display a diagram;

e Access to numerical results through Results / Envelopes.

Design

The moving load analysis is part of any design (steel, reinforced concrete, and
prestressed concrete) iterative process and will be automatically launched at each
cycle of design. Therefore, we recommend that you select options (concomitant
values) in the Moving Load Analysis dialog box before launching a design (steel,
reinforced concrete or prestressed concrete design).

When the design is done, design results and load combinations results will be
available, including envelope LmO1 and Lm02.
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