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Disclaimer

This Software Manual has been developed for use with the referenced Software. Use of the Software, and use of
this Software Manual are governed by a License Agreement. Among other provisions, the License Agreement sets
certain warranties for the Software and this Manual, disclaims other warranties, limits recoverable damages,
defines permitted uses of the Software, and determines whether you are an authorized user of the Software. All
information set forth in this manual is provided with the warranty set forth in the License Agreement. Please refer
to the License Agreement for important obligations and applicable limitations and restrictions on your rights.
Trimble does not guarantee that the text is free of technical inaccuracies or typographical errors. Trimble reserves
the right to make changes and additions to this manual due to changes in the software or otherwise.

In addition, this Software Manual is protected by copyright law and by international treaties. Unauthorized
reproduction, display, modification, or distribution of this Manual, or any portion of it, may result in severe civil and
criminal penalties, and will be prosecuted to the full extent permitted by law.

Tekla, Tekla Structures, Tekla BIMsight, BIMsight, Tekla Civil, Tedds, Solve, Fastrak and Orion and are either
registered trademarks or trademarks of Trimble Solutions Corporation in the European Union, the United States,
and/or other countries. More about Trimble Solutions trademarks: http://www.tekla.com/tekla- trademarks.
Trimble is a registered trademark or trademark of Trimble Navigation Limited in the European Union, in the United
States and/or other countries. More about Trimble trademarks: http://www.trimble.com/trademarks.aspx. Other
product and company names mentioned in this Manual are or may be trademarks of their respective owners. By
referring to a thirdparty product or brand, Trimble does not intend to suggest an affiliation with or endorsement
by such third party and disclaims any such affiliation or endorsement, except where otherwise expressly stated.

Portions of this software:

D-Cubed 2D DCM © 2010 Siemens Industry Software Limited. All rights reserved.

EPM toolkit © 1995-2004 EPM Technology a.s., Oslo, Norway. All rights reserved.

Open CASCADE Technology © 2001-2014 Open CASCADE SA. All rights reserved.

FLY SDK - CAD SDK © 2012 Visuallntegrity™. All rights reserved.

Teigha © 2003-2014 Open Design Alliance. All rights reserved.

PolyBoolean C++ Library © 2001-2012 Complex A5 Co. Ltd. All rights reserved.

FlexNet Copyright © 2014 Flexera Software LLC. All Rights Reserved.

This product contains proprietary and confidential technology, information and creative

works owned by Flexera Software LLC and its licensors, if any. Any use, copying, publication, distribution, display,
modification, or transmission of such technology in whole or in part in any form or by any means without the prior
express written permission of Flexera Software LLC is strictly prohibited. Except where expressly provided by
Flexera Software LLC in writing, possession of this technology shall not be construed to confer any license or rights
under any Flexera Software LLC intellectual property rights, whether by estoppel, implication, or

otherwise.

To see all the third party licenses, go to Tekla Structures, click Help --> About and click the Third party licenses
button.

The elements of the software described in this Manual are protected by several patents and possibly pending patent
applications in the United Stated and/or other countries. For more information go to page
http://www.tekla.com/tekla-patents.
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1 Introduction

1.1 Welcome
Welcome to the Tekla Structural Designer — Fundamentals training course.

This comprehensive two day course will teach you how to model, analyse and design steel and
concrete buildings effectively using Tekla® Structural Designer. Referencing your existing knowledge,
you will gain a full understanding of how to model with physical objects and undertake gravity and
lateral design. In addition you will grasp the many useful shortcuts that our experts use daily.

1.2 Design Code

This manual has been written based on Eurocode to the UK National Annex. Screenshots throughout
this manual reflect the chosen Eurocode and variations will exist if a different Code of Practice is

selected.

Please refer to Chapter 31 ‘Changing the Design Code’ should you need to design to an alternative
Code of Practice and to understand the implications of switching design code.

1.3 Important Notes Regarding this Documentation
The following conventions have been utilised in the manual;
Step 1. You should undertake these steps so that you learn by “doing” rather than reading.

Tekla Structural Designer from now on will be referred to as “TSD”

Q A tip might introduce a shortcut, or suggest alternative ways of doing things.

A note draws attention to details that you might easily overlook. It can also
point you to other information in this guide that you might find useful.

You should always read very important notes and warnings, like this one.
They will help you avoid making serious mistakes, or wasting your time.

©

This symbol indicates advanced or highly technical information that is
usually of interest only to advanced or technically-oriented reader.

X
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2 The Graphical User Interface

2.1 Introduction

In this section you will understand the Graphical User Interface of TSD and the manipulation of the
screen to enhance your TSD experience.

Step 1. Open the example model file Fundamental Training Completed.tsmd

2.2 TheRibbon
The graphical user interface has been designed so that any aspect of the program can be easily found.
Tabs are created as sub headings with individual commands associated with those sub headings.

g Home Model Edit Load Analyse Design Report Draw Windows I

O 0 a 1] ‘ a ey
2 a 15> 3 ‘g

|| & Open B H E= % (5%} L ) ﬁ-}l The ribbon tabs =
New [ Close Save SaveAs Project Model Manage Find Walk Structural  Tekla Structures  Revit Structure arranged in sub iNgs Materials License
v Wiki Settings Property Sets BIM Import Export Export headin gs Manager

File 7 Project & BIM Integration ings M| Materials ™| Licensing ™

Structure
Individual commands

associated with the
selected tab option

=-ff Structure

#-£Z Levels

@5 Sub Models
(- *12 Members
® % Slabs

[#-&& Slab Openings

2.3 Screen Layout
The initial installation will create a standard program setup similar to that shown below.

Note that individual windows can be resized, repositioned and hidden as per the user’s
requirements.
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ort Draw Windc & @ @
B = B
Structural  Tekla Structures  RevitStructure  IFCExport  Cellbear elbear
HMImport  Expart Export t Import TEL He lmport
o I
b [¥] Loading Geometry
[] 4D Elements Geometry, RigidO...
Moo | [ Smte  PGo. chlom Wind [ R [[] siabs vesh
= ] supports Geometry
[Fropertes CRES o ] Resuitstips Geometry, Centre.
S = e [7] Slab Patches Geometry
[7] Punching Checks Geometry, UCS
7] Fi ion Checks  Geometry, Beams...
ot fffzz 7] Pad &: Geometry
== ] Centre lass Geometry
Dr 7 [7] Centre of Rigidity Geometry
o et
Slab Mesh Size 0.800m
Siab Uniformity Factor 25.00%
Slab Mesh Type Triangul:
L000m
100.00%
Quadpominant 5 P
Looom
i L000m 4 o 0:ana7 Conrete Desion (static) 00:13
Wall Mesh Type QuadDominant A o0:03
o o 0s:ais0 ovior 7
b o eaLss1 Lessthan 1s
v sl Lessthan 1s
o o 02:as3 onio1
o 05:aLsa Lessthan 1s
< 08:4155 00:03
General m | v i wei
¢ Showprocess | | 4| Bl =] none « »[ [22©@ 7 ? © © @ @ | vetc  UnitcdKingdom rocode) [ 2] Y [ & b | aes [ra|eol o
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Briefly the main areas of the interface are:

1.

2.

10.

11.

Modelling View - 3D, plans, elevations, inclined planes al created in a separate tab.

Ribbon — command and settings buttons arranged in a number of tasked based tabs.

Project Workspace — Detailed information (split into sub tabs) about your model.

Project Workspace Sub Tabs — Detailed information arranged in categories.

Properties Window — Displays the properties of a selected item which can be viewed or edited.
Process Window — Displays the process of analysis and design.

Scene Content — On/off settings for displayed objects in the modelling view.

Status Information — Current model situation in analysis and design.

Modelling View Control — Displays alternative views of your model.

Loading Toolbar — Loading control.

3D View Navigation Cube — Displays views by clicking on the corner edges or faces with a rotate
option.

Tekla Structural Designer
Fundamental Training
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2.4 Customising the Graphical Interface

2.4.1 Enabling and moving windows

The graphical interface windows can be turned on and off via the buttons on the Windows tab of
the ribbon. Every window or sub tab (not on main ribbon) can be unlocked and clicked and dragged
to various positions.

Load  Analyse  Design  Report  Draw  Windows | Resuls
X Dl | X Y o Fx Pz My M bottom
Shear Major  MomentMajor | Y Di2 | XRelatve YReltive By Pz Mg Myt xbottom

Fxy M Mdy bottom
5

Fx Mx Fxyz | AualFo

By My Mz

[[] Avchitectral Grids
&[] Grid & Constructon

[ Points.
Main and side window ma
docking positions
(Displayed when
dragging)

flistucre | W oowe  hloadng  [Ewind [ stats I 1

[properties o8 x| ‘ ‘
= = m—— N Window preview
| | when docked
=)
Process = i ax
==

05:46:00.  Wekome to’

© © © © © Meric  united Kingdom Eurocode) [1636,9.1000m | Bz Y || b | aBs [ReL| POl ®

2.4.2 Side-by-side views
Views can be displayed side-by-side or above/below each other (tiled).

When views are opened right-click the vertical tab and choose New Vertical Tab Group from the
context menu.

Close

Close All But This
Float

Mew Horizental Tab Group

Hm

MNew Vertical Tab Group
Duplicate view
Structural view

Solver view

Results view

& <
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[e| structure 30 % | [32 Sk, 1,1 (Truss Bottom) 2D v | Bast2Eavesim x -
® 8 @ [ ® ®
@ ‘ ¢ \ $ | @

| | |
i L) w w v
| ! ! ! !
| | I | I
| 4 / ' !
2 | t t t t 2
‘ L ] T L T
\ | ! I I
1 [ ] L ] [ ] L ]
| ! ! I !
| ! J ! J
3 S | 4 . : SRS, §
® ® © 1] ® ®

The alternative views (Solver, Results, Review) can also be obtained from
right clicking on View tab.

2.5 Navigating the Interface
2.5.1 The ribbon

. [
B = & B
FL& F’Ll Ean® Corresponding commands = m

Loadchses Combinabon Ervelope  Lipdate v Update: Wind L associated with that tab are Point  Line Load

displayed oad

2.5.2 The project workspace and properties window

Under the Structure sub tab of the project window, individual items can be selected and properties
displayed.

Q Note the structure tree can be expanded and individual items selected.
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Structure o R Xx Structure o " x
=-{ Structure H @[l Frames ~
b =2 q

) g S

[-fl Frames ctural Grids

& Headings or individual items els

-2 Architectural Grids selected s

@) - Sub Models crete Beam

[+)-*12 Members - ncrete Column

- Slabs | [=-J Reinforced Concrete

[#)-4&& Slab Openings 2Rt 400x600 C32/40

-5 Trusses @-@P Timber Beam

()-fft Roofs [-*12 Cold Rolled Purlin

& e
@ stucture | %P Groups  hloadng = wind  [3] Status @ stucture | %PGroups  hloadng = wind  [3] Status
Properties o 8§ X Properties o R X

Level(s): 10 items v Save.. Apply.. Reinforced Concrete Columns: 12items v | Save... Apply...
- General - General

Level Name

Floor [w] User name

Type Group

Mesh 2-way Slabs in 3D Analysis O Top level

Short Name Base level St. Base (Base) : 0.000m

Long Name

L“"“’E Selected element zzl"“a'

ISer name . umn

displayed properties
Show grids in plane view piay pIep Beam
Show grids in 3D view Concrete

2.5.3 Generated views

As the model is created, TSD will automatically create views and are listed in the Project Workspace.

-l Structure
-5 Levels
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
..... AL st,
[—]ﬂ Frames

[ o o . N e e

2 (Eaves)
1.1 (Truss Bottam)
1 (Floor)

Base (Base)

9{% Slopes
I B

To display any view, simply double left click mouse button on it under the Structure tree.

2.5.4 Element select and properties window

By default when no comm

Select entities in the

and is activated you are in Select mode.

visible scene by left clicking on the element — the individual element

properties are displayed in the properties window.
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Properties o " x
Reinforced Concrete Beams: 1items |+ | Save.. Apply...
e 0 3 ]
Name | CBFRMB V1
User name |
Group | cReBD2
Plane | FRM B
Conarete type | Normal
Characteristic Beam
Element type | Beam
Material type | Concrete
Construction | Concrete beam
Fabrication | Reinforced
Auttodesion L] Current selected entity is
Rotation 0.0000° 5 z =
Rotation angle [ 0.0000° highiighted
Allow automatic join end 1 |
. Allow automatic join end 2 |
= All spans
Name
User name !
Section | 400800
Concrete dass | C32/40 Properties of that entity is
Linearity | Straight displayed
Releases
[l Alignment
——ry

2.5.5 Clear selection
To clear a selection — press the keyboard Esc key or double right click the mouse button.
2.5.6 Process window

The process window can be activated to appear or permanently docked on the screen. To activate
press this button.

[Frowproces | ] 24 £ [rove
2.5.7 Scene contents

When you have several elements displayed in a modelling view along with their text labels and
rendering styles, the scene can become cluttered and difficult to use.

The Scene Contents allows you to configure what is displayed in the current view.

Scene Content 1 x

Options can
be checked on
or off with sub

3 Grid & Construction
Points
[C] Paint graups
Dimensions
4 [¥] Members 4 §i! 520,
r Steelde IInserﬁonLine, v;
— . | (5elect Al Q.
lhjc,\:::w'[; 'l(:;:['lq'r-'c‘ I St InsertionLine i
ISgocked atine n inal i =
o Fth :_l b st [] LoadingLine ‘:‘

st [] Mormals
o |:| Text
i |:| Direction

Pz [ BoundingBiox -

r ¥ Ct
> Mo [ox [ canel )

B0 AUBIS

gj‘ Each individual modelling view will be controlled by individual Scene Contents
= option.
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2.5.8 Model status information

The green ticks or red crosses will show the current status of the model with respects to:
Analysis Condition
Concrete / Steel Design Condition
Modelling System Units
Model Design Code Adopted

Coordinate Cursor Position

@ €@ © © € | Metic UnitedKingdom (Eurocode) [19.351,20.121]m

2.5.9 Modelling view control
The current modelling view can be visualised in several ways.

The default view is the structure view (rendered 3D of the physical model).

L Structural View — for modelling the structure as a physical model.
Y Solver View — a simplified view of the underlying analysis model.
= Results View — for viewing analysis results.
bo Review Mode - For reviewing and amending certain aspects of the model.

Toggle buttons for changing the view mode can be found at the bottom right of the screen.

[25.977,47271m |2 | Y [ by

f When automated wind is applied to the structure a new icon is created for

Wind View. Y HEQ}

2.5.10 Loading tool bar

The loading toolbar allow for the visualisation of loadcases and combinations.

sl BL [ |none - 4 b

2.5.11 Modelling navigation cube

When in a Structure 3D View — move the cursor over the Navigation Cube.

Click on a Corner, Edge or Face to move the view to the one you wish to see.

&oq

Sy o
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2.6 Mouse Control
2.6.1 Zoom, pan and rotate — 3D

When in a structure 3D view you can navigate the screen as follows:
Scroll mouse wheel to Zoom
Hold down mouse wheel and move cursor to Pan
Hold down right mouse button and move cursor to Rotate
o0 Move cursor vertically to rotate about horizontal axis
0 Move cursor horizontally to rotate about a vertical axis

When an object is selected in the Structure 3D view the model will rotate around that object
2.6.2 Zoom and pan-2D

When in a 2D view you can navigate the screen as follows:
Scroll mouse wheel to Zoom
Also holding the right mouse button allows you to Zoom

Hold down mouse wheel and move cursor to Pan
2.7 Selection Techniques
Step 1. Open the example model file 1_Selection_Properties_Sets_Start.tsmd

When no command is operational you are automatically in Select mode. This will allow you to select
multiple or individual items and will be highlighted in pink when in a 2D or 3D view.

2.7.1 How do I select an individual entity?
Move the cursor over the required entity in one of the 3D or 2D Views.

If the entity is the only one at that location it will become highlighted (it will also be the one
listed in the Select Entity tooltip).
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If several entities exist at the same location they will all be listed in the Select Entity tooltip, with
only the first one being highlighted. If this is not the required entity, use the Tab key or the
Up/Down arrow keys or the Ctrl + mouse wheel to scroll through the list.

When the required entity is highlighted, you can either press the Enter key or left click to select it.

Q The selected entity’s properties are displayed in the Properties window.

2.7.2 How do | add further individual entities to the current selection?
Hold the Ctrl key whilst clicking on each subsequent entity.

2.7.3 How do | deselect a single entity from the current selection?
Hold the Ctrl key whilst clicking on the entity you want to de-select.

2.7.4 How do | select multiple entities?
There are three methods available which will be discussed below.

(1) Ifyou only want to select those entities which are totally encompassed by the box, then:

Move the cursor to the left corner of an imaginary box which will encompass the entities that
you want to select.

Click and hold the left mouse button.

Drag to the opposite right corner (you will see a purple rectangle box on the screen which
follows your mouse movements and helps you to check the area you are selecting).

Release the mouse button.

TSD 2016 Manual
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This will only create a selection for those entities encompassed by the box.

If you drag a box to encompass a stack of a column the entire column will be

Hold the Ctrl key to add to an existing selection.
Q included in the selection.

(2) If you want to select those entities which are totally encompassed by the box, and which it
crosses, then:

Move the cursor to the right corner of an imaginary box which will encompass the entities that
you want to select.

Click and hold the left mouse button.

Drag to the opposite lower left corner creating a green rectangle box.
Release the mouse button.

This will only create a selection for those entities encompassed by the box and which it crosses.
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(3) Ifyou only want to select those entities which cross a line,

Move the cursor to the start of an imaginary line which will encompass the entities that you
want to select.

Hold the Shift key and click and hold the left mouse button.

Release the mouse button then the Shift key.

2.8 How Do | Deselect All Entities?
Double right click mouse button or press the Esc key will deselect all currently selected entities.
2.9 Selection Entities via Structure Tree

Only individual entities or groups of similar entities can be selected from the Structure tree, (it is
not possible to select multiple members in this way).

Expand the Members branch of the Structure tree and then the appropriate sub-branches until
the member references are displayed.
Click either a single entity from the list (to select just this entity) or the folder (to select all).

' Structure o 8 x| [Stucture o5 x|
[ & A stucture N [ & Structure ~|
3£ Levels 5 £ Levels
+ | Frames + | Frames
0 Slopes 0 Slopes
- &8 Architectural Grids ¥ &8 Architectural Grids
5 H subModels @ H subModels
- %13 Members =13 Members
= %3 Steel Beam 5 %13 Steel Beam
5 I Roled 5 2 Roled
- *12 UKB 406x178x54 = u@406x178x$4$355
!] l-lJAIZ © o8 1/A/1-1/A]
5 o8 PRV AT AT AJA/S7 &5 SSFRM A/1/AFRM AJA/*97
& SBFRM AJA/SFRM AJA/*97 v & SBFRM AJA/SFRM AJA/*97 v
Msr. | ¥Yo.. Ado.. Ewnd [f)st. Msr. | ¥o.. do.. Ewnd [f]st.
Properties o8 x Properties o8 x
Steel Beams Rolled Non-Composite: 1items ] v | Save.. Apply Steel Beams Rolled Non-Composite: 69 items l v | Save.. Apply...
 General |  General
Name S8 1/A/1-1/AJ2 Name
User name User name
Growp SER3 Growp
Plane St. 1(1) : 4.000m Plane
Characteristic Beam Characteristic Beam
Blement type Beam Blement type Beam
Material type Steel Material type Steel
Construction Non-composite beam Construction Non-composite beam
Fabrication Rolled Fabrication Roled
Autodesign v v Autodesion 2 v
— || - [Lemert
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Q Right click the required member’s reference or folder and then pick Select in
visible views from the context menu to highlight in the view.

2.10 Properties Window

Structure

= Structure
-5 Levels

[-fl Frames

(-5 Slopes

-2 Architectural Grids
i Sub Models

m

a= B Edit..

x Delete

Open view
Select in visible views
Check Element

Design Member

When a new entity is created, it adopts the properties that are displayed in the Properties window
at that particular time. You should therefore ensure the properties are correct before you place the

entity.

When an existing entity is selected its properties are displayed in the Properties window where they

can be edited.

2.10.1 How do | edit the properties of a single entity?

Select an entity and change the properties as required using the Properties window.

'Properties

Steel Beams Rolled Mon-Composite: 1items

= General
Mame
User name
Group
Flane
Characteristic
Element type
Material type
Construction
Fabrication
Autodesian
Design section order
Gravity only
Rotation
Rotation angle
Major snap level
Major offset
Minor snap level
Minor offset

SE FRM A[1/AFRM A/A["97

| sBRrs

FRM &

Beam

Beam

Steel

Mon-composite beam
Rolled

UKB Beam

O

0.0000%

0.00 .: |:- o

Top

| 0.0mm
| Centre

0.0mm

Individual properties can also be edited via the Properties dialog, by right
Q clicking an entity in the View and choose Edit from the context menu or by
double left clicking on an entity in the View.
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3 Copy
Delete Element

Zoom Out
Create property set...
|G Edesem-cn |
Open Load Analysis View
Properties - SB 1/B/2-1/Cf2
_E General -
.. General Characteristic Beam v
. Gize - .
- Alignment et tip:
- Releases Material type Steel .
- Lateral restraints
- Strut restraints Construction type Mon-composite beal -
- Haunches =
-End plates Fabrication Rolled -
- Deflection limits i i i .
.- Size constraints [¥] Automatic design Section order  UKB Beam - [] Gravity only
- Camber
- Matural frequency
- Instability factor
- Seismic
Ok ] [ Cancel

2.10.2 How do | edit the properties of multiple entities?

If multiple entities of different types are selected, then properties information is displayed
separately for each type.
A dropdown menu at the top of the Properties window is used for moving between types.

| Properties o5 x|
Steel Beams Rolled Mon-Composite: 71items x| fave.. Apply...
[ Architectural Grid{s): 1items £

| Grid Lines: & items
Roofis): 3items
Slab Item(s): 24 items
Steel Beams Rolled Non-Compaosite: 71 items
Steel Braces Rolled: 10 items
Steel Columns Rolled Non-Compaosite: 14 items
Steel Truss Internals: 11items
Steel Truss Members Bottom: 1 items
Steel Truss Members Side: 2 items
Steel Truss Members Top: 2 items
Support{s): 14 items b
TAUTOOESIgT ol

m

The Properties window will show a blank where an item (Reference format,
Q Alignment, Offset, Report etc.) is not identical for all the selected entities.

o If you change a blanked item, the new setting are applied to all the
selected entities.

o If you leave a blank item blank, then the current diverse settings for
the selected entities are maintained.
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Step 1. Select the roof eaves beams highlighted in below (using Ctrl key for multiple selections).
Review the Properties window to confirm 4 entities are selected.

7/

-

YN

\]
L
\ :7,*
%

R

F

: AWAYAS
RIS

YAVA
N
R

W

N/

o

il

'\

X

+

!a‘

N
ANAN

L
'y
-

INE

Step 2. Change the characteristic to a Brace (1), untick Autodesign (2) and assign the Section as a
CHS 88.9x5.0 (3) section. The View is updated to reflect the changes.

H Hame
| Usar name
| Group
Plans |
© Characteristic Beam
| Element type | Beam
| Material type Stesl
" Construction MNon-composite beam
| Fabricaton | Rofed '
Autodesign
[ =
Gravity enly (]
Rataton 0.0000°
Rotabion angls 0.0000"
Major snap level  Top
Mapor offsat 0.0mm
Minor snap level Cenitre
| inor offset 8.0mm
| Allspans -
| Hams
== |
Properties o8 x|

Steel Braces Rolled: 4items

* | Save.. Apply..

Step 3. Undo 3 times the previous changes.

N
X/

V}:’
AN
\/

AN
\

Y%

Pressing Undo once undoes the last property change i.e. Section. Thus you
will need to press undo three times to revert back to the characteristic Beam!
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2.11 Property Sets

In a typical model you may want to apply the same properties to similar members at a number of
different locations. To do this efficiently, once properties have been set up for a member you can
save them away to a named Property Set for subsequent recall.

2.11.1 How do | save properties to a named property set?

Property Sets can be created before you place an entity in the model or can be created from an
existing entity that is already in the model.

How do | create a property set prior to creating an entity in the model?

Properties can only be saved to a Property Set from the Properties window when there are no items
selected - this ensures that unique entries exist for each of the properties in the set.

Step 1. Click on the Steel Beam command on the Model tab.

Step 2. Thedrop list at the top of the Properties window should read ‘<unsaved set>'.
Step 3. Specify the properties as required, then click the Save... button.

Properties o R x

{<unsaved set= i Save.. |apply...

Step 4. Enter a name called Trimming Beam for the saved set.

Save State

Specify the the name of the state to save: | . QK

Cancel

How do | create a property set based on an existing entity in the model?

Properties for an existing entity in the model can be saved as a property set by.

Copy

Step 1. Right clicking on an entity (say an edge beam) you wish to x
save the properties for.

Step 2. Select Create property set... from the context menu. Aboh Propesty Set:

Step 3. Enter a unique property set name called Edge Beam. [ Crestepropenty set. |

o Ednt 5B 1787217072

Delete Elament

Zoom Out

2.11.2 How do I recall a previously saved property set?

To create a new entity

Provided you have previously saved a property set, you can recall it again later from the Properties
window - but only when it is applicable to the current command.

For example, assume different steel beam properties have previously been assigned to the main,
secondary and edge beams in a structure, each being saved to a set for re-use. You subsequently
want to re-use the edge beam properties.
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To recall the edge beam property set:

Step 1. Click the Steel Beam command on the Model tab

Step 2. Click the drop list at the top of the Properties window - only the previously saved steel
beam property sets are displayed.

Step 3. Choose the saved Edge Beams property set.

Q Properties previously defined and applicable to steel beams only are
displayed in the Properties window.

To apply to an existing entity

Step 1. Selecta few edge beams in the model

If multiple entities of different types are selected, then property information
Q is displayed separately for each type. A dropdown menu at the top of the
Properties window is used for moving between types.

Step 2. Select the type to work with.

| .P roperties o0 x.

Steel Beams Ru-lim-n:énmnoslte: 2 items ¥ pave.. Apply.

Steel Beams Rolled Mon-Composite; 2 items
Steel Colunl'l_s Rolled Mon-Composite: 1 items

Step 3. Click Apply...

Properties o g x

'Steel Beams Rolled Non-Composite: Zitems = Savel.. Apply...
Steel Beams Rolled Non-Composite! 2 items I
Stesl Columns Rolled Non-Compasite: 1 items I

Step 4. Select on Edge Beam from the list of the property set and click OK to apply the change.

Select property set H
[N x|
|Edoe Beam —_
Cancel
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2.11.3 How do | manage property sets?

Property sets can be managed from the Home tab using the Manage Property Sets command.

Home Maodel Edit Load Analyse Design Report
L (L5 P ] 1] '- i ‘
com M B P2 ¢
= I:. ﬁ rn ‘J‘
New  [4b Close Save Saveds | Project  Model Manage Find  Walk
Wik Settings | Property Sets
File F} Project F}

Q The different property set types such as line elements are listed.
Click the + icon to expand the list to show the sub-items.

To import or export saved property set, select the required property set in the list and click the
Export or Import button. Give a filename and save it.

To delete a saved property set, ensure the property set is ticked and click the Delete button.

Manage Property Sets =)
=-[ Line Element oK
Trimming Beam [_'_]
+-|_ Edge Beam Cancel
Export...
Import...
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3 Model Validation

3.1 Introduction

The purpose of Validation is to trap errors that will cause the solver to fail before the model is
submitted for analysis.

3.2 How Do | Run Model Validation?

Validation is automatically performed as part of an analysis or design. You can however, run a manual
validation at any time from either the Model or Load tab with the Validate command.

The actual validation checks that are performed can be set within Model Settings accessible from
the Home tab.

Step 1. Open the example model file 1_Model_Validation_Start.tsmd.
Step 2. Review Model Settings from the Home tab to see the validation checks that are included
in a validation check.

Model Settings

- Design Codes
Unitsg 1D element length 2D element quality i

k- References Error limit for length 10.0 mm  Error limit for quality 0.10 % Cancel

[ Drawings
- Grouping Warning limit for length  100.0 mm Warning limit for quality  5.00 % —
. Material List [ save.. |
- Beam Lines Check for validation warnings: i
- RigidZones

-

- CurvedBeams .__Ii‘f'1c:del 5
[¥] wall averlap
- Load reductions [¥] Paint, line or patch load applied to a meshed wall i
- EHF [¥] curved Member axially loaded T

[¥] Area load not defined within a panel area
Loads outside the member length

|| Temperature load defined on rigid diaphragm
[¥] Temperature load defined to non-meshed slab
[#] Member may not be supported as intended

| Column solver node is outside the slab plane

[¥] Beam centre-ine is outside slab plane [ boundary

[¥] Opening in slab above member =

Step 3. Click Validate command on either the Model or Load tab.

are displayed as Errors or Warning messages within the Status tab in the

Q The validation checks are performed on the model and if any issues exist these
Project Workspace.

3.3 What are Validation Errors and Warnings?

The results of model validation are broken down into two distinct types; Errors and Warnings.

Error messages must be rectified. You are unable to complete an analysis or design without
resolving.

Warning messages are for your information and usually relate to a design assumption. Review
the message and take action if required or ignore if you are happy with the assumption.
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3.4 Howdol Locate Validation Errors?
3.4.1 Working with the status tab in the project workspace

The Status is used to review the validation status for the model and analysis. The analysis model
validation is performed automatically as part of the analysis process so we will not look at analysis
validation in this session.

Step 1. Go to Status tab (1) in the Project Workspace and expand the Validation > Model branch
by clicking on the “+” icon to display the model validation errors.

Step 2. All model validation errors are listed under the Model sub-branch.

Step 3. Ensure the Structure 3D View is active (2).

Step 4. Double left click the error or warning message you wish to investigate (3).

| Status o x L% Structure 30 X e

E1-3€ Validation ‘ |

General i Double left click the error or

(-3 Member collision Ay £ S e s

-3¢ Member intersection warning message to highlight the

#-3 Slabjroof overlap ssue in the active view

[ Member may not be supported as intended

=3¢ Panel is not surrounded by load carrying members,

x BE

i3
i % s IJ Panel is not surrounded by members and hence load distribution cannot be carried out l

? Analysis

? Design
Model Geometry
Wind Model
Meshing
Decomposition
Solver

BIM

Design

-o-o-o LN -o @

. ﬁ Structure S Groups = Loading E Wind | m Status | o

Step 5. Provided the item is visible in the active view it will be highlighted ready for investigation.
Step 6. Use Scene Content to make the view clearer if necessary.

Q Investigate the highlighted item in the View to determine the issue in
conjunction with the validation message.

3.5 Common Validation Errors
3.5.1 “Panelis not surrounded by load carrying members”

Rl (Roof Item)

Step 1. Locate the reported roof item (Rl 2) by double clicking on it.
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Status

Step 2.

I-i---* validation
E-% Model

5 Generd
F%'J---x Member collision
(3¢ Member intersection
(-3¢ Slabfroof overlap
- & Member may not be supported as intended
3§ Panel is not surrounded by load carrying members.

Review the elements supporting this roof panel.
The panel must be bounded by beam members.

35 (257)

MNote the span direction
Y of the Roof Panel

Review the elements supporting the panel.
Here we have a brace.

Abrace is an axially loaded only element
and hence cannot support the panel.

Select Entity

Rl 2

Steel brace

CHS 88.95.0/5355
| Pass®0.008

Step 3. To resolve, change the supporting element from a Brace to a Beam element.

Step 4. Validate again to see if the issue has been resolved.
Status o R x
-3 Validation ~
=%
E|x General

[

Fe- 3§ Member callision

x Member intersection

B3¢ Slab/roof overlap

(- Member may not be supported as intended

E|x Panel is not surrounded by load carrying members,
=3 SI13

.9 I :"'_"x S[14 The RI (roof item) issue has been
- § Analysis resolved and is no longer displayed
[ ? Design

ﬁ Structure %" Groups =4 Loading IE:—: Wind | E Status |

Sl (Slab Item)

Step 1. Open plan view of St.1 (2) 2D

Step 2.

Step 3. Review the elements supporting this slab panel.
The panel must be bounded by members.
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Review the slab boundary. Note that it does not
follow the wire of the beam.

The slab boundary needs adjusting to follow the
wire of the beam.

T F T

Step 4. To resolve, select the slab panel. Hover over the top right corner of the panel and using the
Select Entity tooltip select the Node on S| 14.

Step 5. Move the cursor over the beam and column intersection and use the Select Entity tooltip
to highlight the required location - use tab to pick on “Inters” (intersection point).

Edit Elerment: Pick Point

Pick Point
Inters [12.000,12.000,8.000]m

N
v[2w e

Step 6. Hit Enter or left mouse click move the panel node to the new location.
Step 7. Repeat Step 3-5 on the other node of the panel to align the panel edge with the beam.
Step 8. Validate again to see if the issue has been resolved.

Both panels have been resolved because the 1st and 2nd levels are duplicate
Q levels. Change something on one level and the change also occurs on the
other level.
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3.5.2 “Members collision”

Step 1. Double click on the reported member under ‘Member Collision’ error list to locate it.

Status 00 x| GSrwwed X | ESt2@D

Double left click the

M General 3
3k Member coison Error to locate in the
= [SB 31381 SR A3 active view.

2 58 37381
—% S8R 3AM1-381
- Member ntersecton
+ 3% Slabjroof overlap
ai-J Member may not be supporied as ntended
=¥ anlves

¥ Desgn v|
M stucire  Wooos  dlosdng  [E wied | [[] Stohs
Proparties 20 ox
[ Geseral
L;:m The two entities are _h ighlighted. _ %
Secson Howver owver the entities and note the Select Entity CHS 88 565 /5355 |
Grade tooltip shows two items in the same location. . Lo |
Linearity

Note there are two entities that collide with each other.

Step 2. Select the entity that is not required, in this case the Brace and Delete.
Step 3. Validate again to see if the issue has been resolved.

Sxatus o§ x

E-16 vabdation ”
-~ m The member collision
| B3 General g hbs besn fesalved J

-3 Member intersection

3 slabfroof overlap

[ (-4, Member may not be supported as mtended
i anslyss
£~ Desgn

.ﬁs-mu.re Viope Jdleadg [Ewnd | [f] sabe
3.5.3 “Member Intersection”

Step 1. Double click on the member under ‘Member Intersection’ error list to locate it in the View.

S (- G Srochre W % | Gnedt 300 30
3R vaclaen _—
M pcdel
% Gorwral =
B Mesber mesechon, B
1 3

Double click to
locate the issue in
the active view

=¥ Slabjroof overlap
Mesber may mot be supported i

Eg‘;;

M irunre. Wooms dlosdg  [Ewnd | [[5es

| emde 5155
- Urearty St

FFC
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Step 2. Use the Scene Content to turn off Slab Items, Trusses, Wind Panels & Roof Panels.

Scene Content o x|
[ §Grid & Construction Lines Geometry, Text2D
Paints Geometry
[] Point groups Geometry
[#] Dimensions Geometry
i [¥] Members InsertionLine, Geometry, Haunch
Geometry, SlabOutline, SpanDire...
/| Slab Openings Geometry
InsertionLine, Geometry, Haunch
3 Portal Frames InsertionLine, Geometry, Haunch

I [B Concrete Walls

3 Bearing Walls
[] wind Panels Geometry, SpanDirection
[ Roof Panels Geometry, SpanDirection

Step 3. Also turn off Geometry of the Members to change the solid shape display to single line
display.

Scene Content B X

|#] Architectural Grids Geometry, Text2D
Grid & Construction ... Geomsatry

o| Points Geometry
Point groups Geometry
| Dimensions Geometry

b [¥] Members Ireser tionling |

Sab ] 1 Text

Step 4. Zoom in to where the entities meet. Note that one entity over sails the other. One entity
should support the other.

Step 5. Select the node at the end of the entity and move the node to snap on the intersection
point of the entities - use tab to pick on “Elm Inters”

Specify Position
Elm Inters [3.000,8.500,8 000]m

Along |3.500 m
Press <F2>to edit
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Step 6. Validate again to see if the issue has been resolved.

Both level member collisions have been resolved because the 1st and 2nd
Q levels are duplicate levels, i.e. change something on one level and the change
also occurs on the other level.

| Status o8 x|
| 1
E|x Validation A

-3 Model

-3 General

-3 Slabfroof overlap
| E-¥ sI1:SI9

; | -3 s12:5110

- ® Analysis

E‘? Design

"""  Model Geometry

----- + Wind Model

| L o Machinn

‘ _@Etr;lcture % Groups = Loading E Wind ! m Status {

The Member collision has been resolved. J

Step 7. In Scene Content check the options to display Members Geometry, Slabs Items and the
Trusses again.

3.5.4 *“Slab Overlap”

Step 1. Double click on ‘Slab Overlap’ to highlight the reported slabs in the View.

Q You will need to have slabs on in Scene Content to be able to identify them in
the active view.

Status ] = | 5cend Content X
-3 validation

{3 Model o] Architechural Grids Geomety, TewtdD

i i E-% General

Gridl & Construction .. Gesmelry

E-3 slabjroof overlap

P sr1:sle Parits Gegmetry

¥ s12:5010 Pt groups Gl
Y s

Popeie

Sy iees): 4 em

Ensure slabs are
visible in the model

| &

Double left click the Slab

] ::“_.:w overlap validation error ool Forels [
j ek i chapd to lacate in the active 4] Losdrg Geomatry
Croerrde st Lk Mo Gaomttry, DOF
j reen 10 Bemerns Gesmetry, Rigd0...
o L —
preLA ¥ Suppers Gesmelry
! Sab tppe Sasby o DT Repdt Bres eometry, Cerdre
Diche bype Hords ted corerets Db Pabrdwes (= i3]
E Dewrmw. Pranichng Treeds e iy, U5
- Shab parssmcters Centre Of Mag Geomalry
Shaly propertes Contre OfRgidity  Geomenry
Covar all dos WA
Conete bpe P
Step 2. Switch to the plan view of St.1 (2) 2D and review the slab boundary edges where the two
slabs intersect.
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Reviewing the slab edges where the
two slabs meet shows that the two
way spanning slab overlaps the single
spanning slab.

Select Entity
EBE:’EQ—ZBG ~

Step 3. Select the Node on SI 2.

Select Entity
B 2/B/2-2/B/3
80

Mode on 512

Step 4. Move it to the intersection point of the two beam entities using the Pick Point - “Inters”
tooltip.

! @~ T Design

o Model Geometry

o Wind Model

ioff Meshing s

%Str,.. Yoo, Ghlea. [Ewnd | [ stetus
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3.6 Right Click Context Menu

Right clicking the mouse either on a selected item or free space of the screen will bring up an
additional menu at the cursor position.

Y Undo Ctrl+Z

Redo Ctrl+Y
By Copy
x Delete Element

Zoom Out

Create property set 3
[} EditCB1HS

Open Load Analysis View

Open Member View

Show Member Loading

| Check Member
) Undo  CtrieZ Design Member
Redo Crl+Y Design...
By Copy Generate Detailing Drawing...
Zoom Out Report for Member
Check Slabs " CheckSlabs
Design Slabs Design Slabs
Redraw Redraw

Save Screenshot Save Screenshot

3.7 Command Activation

When any command is activated a yellow band will be seen across the top of the active view.

| lpstucture3d X | ast Base Base) D | [4FAMAZD | [xFRMB2D
Create Steel Colurmn Rolled Non-Composite: Pick Point 1

Press the Esc key or double right mouse click to exit a command.

Q Use the Scene Contents to simplify the view when it becomes too cluttered.
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4 Tekla Structural Designer Help
To active the help menu press F1 on the keyboard
- = Q i %

q Contents

How to use the Help System
p User Guides
» Engineer’s Handbooks
p Reference Guides

Video Tutorials

Home /

& Tekla

Structural Designer

@ select your code
[from the above
drop list to filter

All Codes

ACL/AISC
Eurocode
BS

the Help content
Welcome to Tekla Structural Designer 2016 - the accordingly.
essential analysis, design and drafting software for

multi-material structures.

Release Notes
To see the fixes in this release see: Tekla Structural Designer 2016 technical release notes

User Guides
General operation of the program.

Reference Guides

Code specific technical information and analysis
verification examples.

Video Tutorials
Self paced e-learning and demos.

Engineer's Handbooks

Guidance on modelling, analysis and
design topics.

How to use the Helo System

©2016 Trimble Sclutions Corporation.
All rights reserved. [
=| Glossary

_; Favorites

owered by Adobe RoboHelp

You can also click on the (g4 button at top right corner of the
program screen.

Y%
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5 Multi Material Modelling 2D

5.1 Introduction

Pre model settings

Construction levels and gridlines

Placing structural elements

Construction lines and free form truss

Element releases

2D loading — loadcases / combinations
Validation, analysis and viewing graphical results

Tabulated results

5.2 Model and Global Settings

5.2.1 Settings

Windows
. L | .
L] o= B By = ﬁc%‘

New

Before creating a new model, the Settings command on the Home tab should be reviewed to ensure
the required options are selected. All new models that are created take these settings to generate
their own model settings for the new file, and includes options for default design codes, analysis and
design options, default section sizes, label and colour settings and detail drawing options.

Step 1. Launch Tekla Structural Designer 2016.
Step 2. Click on the Settings command on the Home tab.

Evnart Ty
O¢
----- -
30 DXF Import
part

Settings Materialz

G| Settings G | Materials

5.2.2 Settings Sets

TSD 2016 Manual

When first opening TSD, you will be prompted to select the country to import the settings for. This
specifies the default active Settings Set, which defines all of the default options in the Settings
window.

The selected Settings Set can be changed by selecting Settings Sets on the left hand side of the
Settings window, then by clicking the Import button. You can import multiple different Settings Sets
for different regions, create new, customised sets to suit specific clients or project types, and edit
existing sets. Settings Sets are edited by selecting the required set in the drop list, and then making
the required changes on the other pages of the Settings window. The Settings Set that is made Active
is the one that will be used to create any subsequent new models. The active settings set can also
be imported into existing models.

Q For more information on this topic, please refer to the Help system.

Tekla Structural Designer
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General

[#- ResultsViewer
C:}- Report

- Design Codes

[#- Design Options
[#- Analysis Options
- Structure Defaults
- Section Defaults

| Select the settings set to edit UK Settings (active)

| Cas ) [oaae ]

[ mmport... | [ Rename |

Remove

Open Folder

==
[ o ]

- Solver
[#- Scene
Help

t- References
- Drawings

Step 3. Ensure you have “UK Settings” set selected and make it Active.

5.2.3 Design Codes

As some regions have multiple different design codes, or with the possibility of you designing a
structure that will be located in a different country, you may need to change the design code to be
used. This is done by selecting Design Codes on the left hand side of the Settings window. You can
then select the Head Code option to make an overall change to all Action and Resistance Codes to
be used, and then adjust the specific design codes and years for specific areas if required.

Y%

Currently Design is only available for British Standards, Indian Codes,
Eurocodes, ACI/AISC codes.

sl e
Settings Sets E
9 Head Code
General g ‘
Results Viewer Select the head code  United Kingdom (Eurocode) v
Report
Units Design Codes
Action Codes | Resistance Codes
Design Options
Analysis Options Resistance Code Design Code Year Info Text
Structure Defaults
Section Defaults Steel Design l BSEN 1993-1-1+ UKNA |v| 2005 |v |
References | oncrete Desig BSEN 1992-1-1+ UKNA |~v| 2004 |~
Drawings Composite Design BSEN 1994-1-1+ UKNA |~ | 2002 |~
Timber Design BSEN 1995-1-1+ UKNA |v| 2004 |v
Masonry Design [ BSEN 1996-1-1+ UKNA |+ | 2005 (v
FoundationDesign |  BSEN1997-1+UKNA || 2004 |~
Seismic Design and Detailing [ BS EN 1998-1 + UK NA vi 2004 |v

TSD 2016 Manual
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Step 4. Ensure “United Kingdom (Eurocode)” head code is selected.
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5.2.4 Section Defaults

If there are certain section sizes that you use regularly, or a section that will be commonly used in a
project, you can also specify default section sizes for concrete beams and columns by selecting

Section Defaults on the left hand side of the Settings window.

- Settings Sets

ﬁ General

L+ Results Viewer
@3- Report

- Units

- Design Codes

(#- Design Options
@- Analysis Options
- Structure Defaults

m

Member Type Section
oncrete Bea 250x500
Concrete Column 400x400
Rolled Steel Beam UKB 406x178x54
Plated Steel Beam PB 400x 150x 10x68.295
Westok Cellular Beam UKB 406x 140x39/UKB 406x178x54

[ ]
-S|

[ x|

Westok Plated Beam WPB 400x150x10x68.295
[#- References
[ Drawings Fabsec Beam FB 400x150x 10x68.295
- Grouping Rolled Steel Column UKC 254x254x89
i z:e';: Plated Steel Column PC 300x300x15x102.4425
L Help Concrete Filled Steel Column CHS 219.1x5.0

Step 5. Accept the default section sizes.

5.2.5 Analysis Options
As well as options for the various different analyses, the key settings for concrete structures are the
concrete Modification Factors, found under Analysis Options > Modification Factors > Concrete.
There are factors for the Building Analysis (i.e. the 1st Order Linear Analysis), the Grillage Chase-
down and the FE Chase-down, and allow you to make adjustments to the stiffness of the various
element types, for cracked and uncracked sections, to allow for long term effects. These adjustments
will naturally have an impact on the analysis results, so it is important to set them as required.
S =
- Units a [I]
- Design Codes Element Type E G Itorsion 1 major I minor Area A || minor A || major t
- Design Options -m
5 Analysis iors] Mid Pier Wall Cracked 0.200 ‘0.200 1.000 1.000 1.000 1.000 1.000 1.000
F A"' lly‘ Orodpe:Non-Linear Mid Pier Wall Uncracked 0.400 0.400 1.000 1.000 1.000 1.000 1.000 1.000 |
~ 27 Order Non-Linear Meshed Wall Cracked 0.200 |0.200 [ 1.000
- 1% Order Vibration T
. 2% Order Buckling Meshed Wall Uncracked 0.400 0.400 1.000
=g r:llodiﬁcmcn Factors = Column Cracked 1.000 1.000 0.200 70.200 0.200 1.000 1.000 1.000
g Conaes Column Uncracked | 1.000 1.000 0.400 0.400 0.400 1.000 1.000 1.000
Grillage chase-dovin Beam Cracked 1.000 1.000 0.010 0.200 0.200 1.000 1.000 1.000
FE chase-dovn Beam Uncracked [ 1.000 1.000 0.010 0.400 0.400 1.000 1.000 1.000
+ .T.f:‘ebler il Flat Slab 0.200 0.200 1.000
@- Cold formed Beam and Slab 0.050 0.050 1.000
+- Cold rolled

Review the various Modification Factors.

TSD 2016 Manual
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5.2.6 Concrete Design Options

All automated concrete designs are completed based on the concrete Design Options. There are
settings available for the designs of beams, columns, walls and slabs, controlling minimum and
maximum bar sizes, spacing, links, reinforcement arrangements and detailing options, amongst

48 (257)

others.
Settngs
.. Units eners
- Design Codes Country UK v
- l_Design Options
i General
i Analysis Longitudinal bars
= Concrete Mk bar size
i~ Reinforcement Parameters
- Beam Maximum bar size
.. Detailing Options B Minimum side bar size
-~ Top Longitudinal Bar Pattern Minimum top steel dear spacing 75.0 mm
- Bottom Longitudinal Bar Pattern
. Link Settings Minimum bottom steel dear spacing  50.0 mm
~ General Parameters Maximum tension steel spacing 200.0 mm
=~ Column
- Reinforcement Layout Maximum compression steel spacing  200.0 mm
- Detailing Options
.. General Parameters Use single bars when beam width <= 150.0 mm
- Wall
- Slab Short Span
- Design Forces
- Design Groups Short span maximum length 3500.0 mm
- Autodesign e

Step 7. Review the numerous concrete Design Options.

5.2.7 Drawings

A wide variety of detail drawing settings are also available within the Settings window. These can
also be set up in anticipation of creating all new models to control content, layers, colours and more,

but these settings will be discussed in more detail in a later section of this course.

Settings

11

T
b
1D

- Analysiz

&

- Composite Beams

-~ Design Groups

nits -
esign Codes

esign Options

- General

Concrete

Design Forces

Drawing Variant

Concrete Beam Detail

Concrete Column Detail
Concrete Wall Detail
Non-concrete Beam Detail
Non-concrete Column Detail

ACTITE STYIE

Avalable Styles

Add copy...

- Autodesign -
- Display Limits Name Beam Detail
- Steel Joists Layers:

[+~ Analysis Options =
firetire Dl = Description MName i Merged with Color Repore Line Type ;inzrx'at i
Section Defaults Merged e e Color ¥p e
[+~ References o - z S = =

[ Drawings Grid Lines. Grid Lines | E 1 :-.-[Dash Dot - | |
b+ Export Preferences Auds Text Axs Text ] | ~|[me []s0
g t::: E;T;gurauans Axis Balloons ;Amsrﬁalloons B --1 Solid -
i Planar Drawings Section Text | Section Text | @ | I | e v [ v|a2s
Dimensions Dimensions |:| i - || Tt |25
i Member Schedules - - T . ————t T
L P ations i Thick Symbol Lines __Thn:k Symbol Lines | LJ | | - |
[=- Options Thin Symbol Lines | Thin Symbol Lines B | | -
& Blanar Drowings Bkt R (ol A o SR 1 | - = =
b Small Text | smel Text | 8 | I - Tt [+]25
+ ember Schedules Steel Bar Lines Steel Bar Lines B | --[ Solid hd =
[ Foundations -
Step 8. Review the Drawing settings, then click OK to confirm all setting changes.
TSD 2016 Manual Tekla Structural Designer

© Trimble Solutions Corporation | April 12,2016

Fundamental Training




5 Multi Material Modelling 2D 49 (257)

5.3 Materials

As well as the variety of analysis, design and general settings, the Materials command on the Home
tab should also be reviewed to ensure the required options are selected. All new models that are
created also take these material settings to generate their own model settings for the new file, and
includes options for default concrete and reinforcement grades and rebar sizes.

Step 1. Click the Materials command on the Home tab.

5.3.1 Concrete Grades

The Head Code setting under the Material options allows you to choose concrete grades from a
variety of different regions. You can then set the default concrete grade to be used, and add
additional grades if the one you want to use is unavailable.

Step 2. Review the Material settings.

Materials (3]
i Reinforcement Current database version: 12
i Metal Decking
# Shear Connectors Head Code United Kingdom (Eurocode) =
e Modd
Material Type Concrete -
Concrete Type Normal -
Available Grades
Default Grade C32/40
C16/20 Add...
cz0f25
o
28035 Lo
C30/37
R | e
C35/45
c40/50 > Default |
C45/55
C50/60
C55/67
C60/75

5.3.2 Reinforcement

TSD 2016 Manual

As with the Material options, the Head Code setting under the Reinforcement options allows you to
choose steel grades from a variety of differentregions. You can then set the default rebar steel grade
to be used, and select which bar sizes are available for the design of your structure. Additional bar
sizes can also be assed to the list for selection.

Materials

Current database version; 10

Metal Uiecking
&~ Shear Connectors Head Code  United Kingdom (Eurocode]
Modd

Country UK -
Type Loose bars -
Rib Type Type2 o
Available dasses Kralable coes
O s —— | A, ..
View...
Delete

Step 3. Review the Reinforcement settings, then click Close to confirm them.

Tekla Structural Designer
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54 Templates

As well as being able to use the Settings and Materials options to generate the Model Settings for a
new project, another option is to use Templates. A Template can be used to specify all of the same
settings as detailed above, but they can also include modelling, such as grid lines and elements. This
could useful for when you have multiple models to create that all use the same gridlines, or perhaps
have a common core area.

New templates are created by first creating a new file by clicking the New command on the Home
tab. Once this blank project is created, you can then edit the Model Settings as required, as well as
insert any particular grids, section sizes and elements that you want in the template. Once this is
done, simply go to File > Save As, choose a name and location of where you want to save the
template, and set the Save as Type file format to *.tsmdt.

File narme: Testl.tsmdt =

Save as type: |Tek|a Structural Designer template file (*tsmdt) v]

Once a template file has been created and saved, you can then use the drop down arrow under the
New command on the Home tab and choose your template. This will actually open the template
file, so you then just need to save thisas a *.tsmd file so that you can continue to model the structure
and leave the template file as it is.

File. Home Windows

| ] = B K
Mew 4 Close Save SaveAs

Testl !
= Open Template
T

5.5 Starting a New Project and the Project Wiki

TSD 2016 Manual

Step 1. Click on the New command on the Home tab to start a new project.

Click on this button B & R
to start a new project s

Settings Materials License
Manager
| Licansing &

(=]
(=]

&

To enter details about the project into TSD click the Project Wiki command on the Home tab.

Home | Model  Edi__ load  Analyse  Design  Foundations Report  Draw  Windows

De~BEHEB R & 6 B « K ¢y pom &

New [4 Close Save Saveds | Project | Model  Manage  MenogeView Fid  Wok | Stuchral TekaStuchres RevitStuctre FCExport Celbeam Celbeam Settings
- Wik [settings Property Sets  Configurations BMImport  Export Export Export  Import TEL'File Import

E 5

Structure

S Preject Wi
- Stucture

Project Chedked By

Name Name

i Changes

& Metris 1b Date 3/ 301 B
Struchwre
Approved sy
Enoneer  teyka Name
History Date 3/ 32016 B | approve

Created: 28/3/2016 10:13:47 AM
by teyka (v. 16.0.0.35)

Last saved: <not saved yet>

Total time 00:00:00

Lastimported from: ~ Origiated n TSD.

DXF imported: No

st | [Jstaws Yoo —

Properties

Tekla Structural Designer
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Q Within the Project Wiki the Metrics of the model can be displayed — number
count of analysis and physical elements

5.5.1 Model Settings

When a new model is created the settings and parameters of that open model is contained in the
Model Settings.

File Home Model Edit Load Analyse Design Foundations Report Craw Windows

‘j [ Open E EJ EI‘:E :Fé @é ‘?‘ ﬁ ’ ! & IFC Export

A Celbeam Export
New  [4h Close Save SaveAs | Project | Model Manage Manage View  Find  Walk Structural  Teka Structures  Revit Structure
X: Wiki | Settings [Property Sets Configurations BIM Impart Expart Export AP Cellbeam Import

File ] Project 1 BIM Integration

The Model Settings are specific to each model and are based on the previously defined Settings
and Materials options, as detailed previously. This means when they’re edited, they will only affect
the currently open model. If required, you can load your currently active global settings into an
existing model by clicking the Load button in the Model Settings window. This may also be
necessary in other windows, such as the Analysis or Design Options windows.

Model Settings (=)
 Design Codes [E
Units Objed Reference Format Edit -
EEEEN e e 2 e Con. ) | (om)
Save...
Steel Brace Ml c v Jf ey = 2 [ [e2 Edit...
=)~ Drawings -
- General Steel Joist Ml c u HEE e lE Load...
i Types Steel Truss Member Top - & L1 B el BN L2 B lP2
(L)ai‘_! Styles Steel Truss Member Bottom | [l '€ L1 i feall BN 2 i [P2
- Options
- Grouping Steel Truss Member Side | Jlfil] /'€ L1 B P =N L2 N P2
- Beam Lines Steel Truss Internal - C L1 B P1N SN L2 BN (P2

5.6 Modelling — Establishing the Structural Geometry

5.6.1 Construction Levels

TSD 2016 Manual

The methodology we are going to adopt to create this structure is to create an individual frame and
copy and repeat to produce the building. First let’s establish the initial levels of the building.

Step 1. Select on the Construction Levels command from the Model tab.
Step 2. Click the Insert Above button to generate the levels as seen below.
Step 3. Enter the details as shown.

Step 4. Press OK when finished.

Home Model Edit Load Analyse Design Report Draw Windows
. —
7 " o i v Hem '
E® - - e M| . z
—— —j o % — . -
Construction | Frame  Sloped Grid Line  Construction Dimension Steel Steel Steel Steel Steel Portal Concrete Concaete  Concrete
Levels Flane ¥ Line = Column~ Beam ™ Brace™ Joist Truss ™ Frame wall Calumn Beam
Lejvels F} Grid & Construction Lines F} Steel ] Conaete L
SHUBLI Construction Levels
= Structure
E'g Levels Ref Name Type [Level[m] Epacing[m] Source Slab Th. [mm] Floor OK
-2 Sub Models gl = i L L i -
3 Eaves TOS = 9.000 1.500 | -unigue- - | Cancel
1 First Floor T8 B 4,000 4,000 | -unigue- ~ 1
Base Base TOE b 0.000 -unique- 7 | | LR ey

Tekla Structural Designer
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§ TSD will automatically generate levels where appropriate.
Q 8 The Construction Levels dialogue requires the information to be entered
sequentially.

5.6.2 Grid and Construction Lines

TSD 2016 Manual

To place any structural element in the modelling environment an intersection position has to be
created.

An intersection point can be created using Grid Lines or Construction Lines and the crossing of two
lines will allow a structural element to be placed at that point.

Q 8 Grid Lines are created on a horizontal plane.
8 Construction lines are created on sloped, vertical and inclined planes.

We will used a wizard to create a rectangular grid system in the model.

Step 1. Click on the drop list of the Grid Line command and select Rectangular Wizard.

File Home Model Edit Load Analyse Design
= B H -~ O §
o
Construction Frame Sloped Rectangular | Construction Dimension Steel
Levels Plane Wizard ~ Line ¥ Column ~
= Grid Line =
Structure £ Parallel B & x|[[zs
= Structure * Parallel (quick) [
1-£F Levels Perpendicular

+)- 5 Sub Models

Sector Wizard
Arc
Import DXF

EH Rectangular Wizard
\

Step 2. The first page of the wizard allows you to enter a name for the grid and set which levels it
will appear (this can be edited after creation) press Next.

Rectangular Grid Wizard @
Levels and Grid Name
Grid Mame Levels
[Main Grid| | 5t 3 (Eaves ) 2,000
Grid Color St. 2 (Truss Bottom ) 7.500
- St. 1 {First Floar ) 4,000
St, Base (Base) 0.000
Cancel Previous Mext Finish

Step 3. Set the grid origin position at the defaulted values of X=0, Y=0 and press Next.

Tekla Structural Designer
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Rectangular Grid Wizard

Select Ongin
k3 0.000 m
¥ 0.000 m

Step 4. The next dialogue will ask the directions of lines to be generated — accept the defaults (All
Lines) and control the style of the lines - press Next.
Step 5. Generating lines in the X direction enter Count=5 & Length=6m and press Next.

X direction extents

Bays Derection

® Regular Count 5 Length  6.000 m @ Positive X

) Irregular  Lengths m _) Negative X
Mame Grids by Alphanumeric v

8 Ifanirregular pattern of grids is required — use a “,” as a separator or “*”

§ Labelling of the gridlines can be selected by letters or numbers.
Q for multiples.

Step 6. Generating lines in the Y direction enter Count=2 & Length=12m and press Next.

Rectangular Grid Wizard
Y direction extents
Bays Direction
i®) Reqular Count |2 Length |12 m (®) Positive ¥
() Irreqular  Lengths m () Negative ¥
Name Grids by Numeric v .
Cancel Previous Next Firiish

screen (base level) will adjust accordingly.

§ Pan and Zoom will be functioning as mentioned in the mouse controls
earlier.

Q 8 Asinformation of the grid is being placed into the wizard the background

TSD 2016 Manual
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Step 7. Grid Rotate — accept default values of 0 degree.
Step 8. Axis Angle (rectangular grid skewed) accept default values of 90 degrees relative to X axis

and press Finish.

The following will be displayed in a 2D and 3D view:

[ Structure 3 %

v | laStBase@ase) D X
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§ The view above is tiled — see customising the graphical interface.
§ Currently the 3D view only shows the Grid System at a single level.

5.6.3 Graphically displaying Grids

Currently TSD is showing the Architectural Grids at the lowest level in the 3D view.

To make the gridlines visible on the level you wish.

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Structure o R x|

Select the Structure 3D view.
Turn on Grids and Construction Lines display from the Scene Content.
Expand the Levels branch under the Structure in the Project Workspace - Structure tab.
Highlight an individual level.
In the Properties window, tick the Show grids in 3D view option.

|| brsvrggp |
E-fFl Structure

[E =T = |
Expand Levels
T ]

- oAb 5t, 3 (Eaves )

5t. 2 (Truss Bottom

E 5t. 1 (First Floor )
Highlight
Individual
Level

25 St Base (Base
£ Architectural Grids
 sub Models

| f# structure i_%’ Groups  hloadng |= Wind  [5] Status =
Properties
Level(s): Litems +| Save.. Apply.. |
~ General
Level 9.000m
Fioor
Type T.0.5
Mesh 2-way Slabs in 30 Analysis O Select to Show
Short Name 3 2
Long Name Eaves Grids
Name St. 3 (Eaves )
User name
Show grids in plane view
Show grids in 3 view ]
TSD 2016 Manual
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Select 3D View

~ | scene content
|

Architectural Grids

B x

Geometry, TextaD

[ Ponts
[] Point groups
[¥] Dimensions
b [#] Members
[¥] Siab Ttems
[¥] Slab Openings
b [¥] Trusses
b [¥] Portal Frames
¢ [@ Concete Wals
3 Bearing Walls
[¥] Wind Panels
[ Roof Panels
[ Loading
b [] Solver Nodes
[] 1D Elements
¢ [] 2D Elements
[C] Slabs
Supports
b [ Result Strips
[ Siab Patches
[] Punching Checks
[¥] Centre Of Mass
Centre Of Rigidity

b [#] Grid & Construction Lines  Geometry

Geometry
Geometry
Geometry
InsertionLing, Geametry
Geometry, SlabOutin...
Geometry
Insertionine, Geometry
InsertionLine, Geometry

Geametry, SpanDirec...
Geometry, SpanDirec...
Geometry

Geometry, DOF
Geomelry, RigidOffs...
Geometry

Mesh

Geometry

Geametry, Centreline
Geometry

Geometry, LCS
Geometry

Geometry

Tekla Structural Designer
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Q The same process can be adopted for the plan 2D views.

Vertical lines can be displayed to make intersection viewing easier between levels.

Step 6. Open the Scene Content.
Step 7. Next to Grids and Construction Lines, click on the ‘arrow head’ to display more options.
Step 8. Select Vertical Lines and press OK to display.

5.6.4 Adding additional gridlines
In this section we will add two additional gridlines to the main grid.

Step 1. Go to St. Base (Base) 2D view and select the Model tab.
Step 2. Pick the drop list option under Rectangular Wizard / Grid Line command.
Step 3. Pick the option Parallel (quick).

“ Home Model Edit Load Analyse D

= 8@ B8 - o
fam— . ==
Construction Frame Slo Rectangular | Construction Dimension

Levels Plane Wizard ~ Line ¥
,#* Grid Line
Structure 47 Parallel o g
[ A Structure I £+ Parallel (quick)
- 55 Levels % Perpendicular
A St. 3 (Eaves)

B, st. 2 (Truss Bottom EH Rectangular Wizard
A St. 1 (First Floor ) @ Sector Wizard

) A St. Base (Base) ™| Arc
+-(2 Architectural Grids
+- 5 Sub Models Import DXF

Launching this operation will place a yellow information bar across the active window.

Step 4. Select on gridline 2 to act as a reference position (position to measure from).
Step5. Move the cursor vertically to specify an offset direction.

Q You can click any position graphically to specify a parallel gridline on screen.

Step 6. Specify an actual distance by pressing the F2 key and enter a value of 6m.
Step 7. Place parallel gridlines above and below the reference line.

TSD 2016 Manual Tekla Structural Designer
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m Home Model Edit Load Analyse Design Report Draw Windows

= < . 4 . _ = = B
= B @®| . o g HREN @B O P E £ B E
Construction Frame S d Parallel | Construction Dimension Steel Steel Steel Steel Steel Portal Concrete Concrete  Concrete Slabon  Slab Opening Slab Split  Slab Join
Levels (quick) ~ Line ¥ Column~ Beam~ Brace~ Joist Truss™~ Frame wal Column Beam Beams ¥ ~
evels Grid § Construction Lines = Stee ™ Concrete = Slabs &
Structure o 8 X| [ Bastuctrea || GzSt Base @ase) 20 x]|
[ =-ff Structure |Add Parallel Copy: Specify Distance(s) \
=-£F Levels 1
A st. 3 (Eaves) |
A St. 2 (Truss Bottom ) @ ® © E @ @ ®
A St. 1 (First Floor ) !
A St. Base (Base) @ ‘ ] [ (€))
+)-2 Architectural Grids 1
45 Sub Models ‘ ! [
i
' { 1
i
\ ! [
' i ,
|
® +-——-— s e f——— @
' | |
i
\ ! [
i
| 1
|
\ ! \
|
i )
|
\ : [
T i
ffl stuctre | ¥PGroups b loadng = Wind  [§] Status \ i |
i H
|
Properties o/ x ‘ 6.000 i [
— i i i
Save... Apply ‘ e .
'~ General ‘ [
Architectural Grid Main Grid Distances  6.000 m ;
Detect Name Type | Press <F2>to edt [
Vertical Grid Name Alphanumeric Esaon £
LineStyle DashDot ‘ E [
Extend Line O i \
Extension Length 500 P +-—-—-— - —-— == oo — - — -] |-—-—-—]- [}
i
i
® ® © i © ® ®
i

Step 8. Press Esc or double right mouse click to exit the operation.

5.7 Selecting Elements for Editing
5.7.1 Gridline Properties
The new horizontal lines have grid label out of sequence with the rest of the grid system.

To change the properties of any gridlines the element need to be selected and the grid label re-
referenced.

Step 1. Selecton gridline 4 to be changed by left clicking on the item (notice the pink selection
colour).

Look at the Properties window and the editing options for the selected gridline are displayed.

Step 2. Go to User name and enter the new name as la.

Step 3. Press Enter to apply the change.

Step 4. Press Esc to exit the selection process.

Step 5. Repeat the same procedure to rename gridline 5 to 2a.
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® ® © @ ® ®

@ T | @
| \ \
| \ \
I I
I fHfl stucture | %9® Groups sk Loading E Wind m Status | ‘ ‘
kb ) ' I I

Properties on X @ ST | ! _____________ —?_ ______ ! ________ @

Grid Lines: 1items - | Save.. Apply. | ‘ ‘
= ' I |
Name 1a | ‘ !

Grid Main Grid R e B 1/ 7/ B R 1 @
Style DashDot | ‘ ‘
Show Name Both ! ! !
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5.8 Dimensioning and Measuring Tools
5.8.1 Dimensions
A dimension can be added to the scene in either the 2D or 3D view.

Step 1. Go to Base 2D view.

Step 2. Click on the Dimension command and follow the instructions given in the operation yellow
bar — create some dimensions.

Step 3. Press Esc to exit the operation.

File Home Model Edit Load Analyse Design Report Draw Windows

= B® 7 0§ =@ 0 o

Construction Frame

Parallel  Construction | Dimension Steel Steel Steel Steel Steel  Portal Concrete Concrete Concrete

Levels (quick) ¥ ¥ Column~ Beam~ Brace~ Joist Truss~ Frame wall Column Beam
Levels i Grid on Lines = Steel ~ Concrete ]
Structure O 8 X | | [3sStructure 30 52 St. Base (Base) 0 X |
=-ff Structure |Create Dirmension: Pick Point 1
=-£F Levels [

5.8.2 Measuring tool

Under the Home tab there are options for Measure and Measure Angle command — follow the
instructions given in yellow information bar.

(7]

DA« fmm 9 9 & 00

(=4 Measure Angle
Timber Timber Timber  Timber Truss Roof Panel  Wal Panel Support  Element - Validate
Column Beam Brace ™ Truss™ M Brace ~ x @ Bearing Wall

Timber F Cold Formed [} Panels [F1 Miscellaneous G| Validate =

5.9 Deleting Elements
5.9.1 Delete command

There are several methods to delete an established object in the model. To delete any object
(dimension), from the Quick Access toolbar click the Delete button.

Ue=a9 o~ ax[E]
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Q The quick access toolbar is an access point for popular commands, use the
drop down arrow to modify.

Step 1. Follow the instructions given in the yellow command bar — delete a dimension.

3] lz] = TSD2 (C:\Users\teyka\Desktop\TSD2.tsmd) - Tekla Structural Designer
Model Edit Load Analyse Design Foundations Report Draw Windows
[ ] o el Cloud Export 13
HE "B & R o B &« R 8 3 po 0
L] 4 RobotExport 3D DXF Import
Save SavelAs | Project  Model Manage Manage View  Find  Walk Structural  Tekda Structures  RevitStructure  IFC Export  Celbeam  Cellbeam Settings

Wiki  Setings PropertySets Configurations BIM Import Export Export Export  Import 'TEL'File Import

1 Project [F] BIM Integratior Iu| Settings N

8 8 x| lStuctre 3D X

|i||De\ete ; Select Item ]

Options for Delete:
Single Left Click on an individual element.

Left Click and Hold - Create a blue box (upper left to lower right) and delete any element
totally contained within the box.

Left Click and Hold — Create a green box (upper right to lower left) and delete.

When multiple elements are selected for deletion a filter box will appear for confirmation.

Entities to be deleted

4 [¥] Dimension
[¥] Dim B/3-C/3

4 [¥] Construction Line
] A

D

HEE

2
2a
5.9.2 Prior selecting before delete

In selection mode, elements can be pre-selected and then the command of delete activated.

Step 1. Make a multiple selection of different elements.

Step 2. To delete the selection press the Delete button on the keyboard or click on the Delete icon
in the quick access toolbar.

Step 3. Delete all dimensions.

Step 4. Press Esc to exit the operation.
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6 Creating Structural Elements

6.1 Concrete Columns

We wish to create five concrete columns on the intersections of gridline B.

The outer columns extending to eaves level and the internal columns to the first floor level.

Step 1. Activate the 2D Base view.
Step 2. Click on the Concrete Column command on the Model tab.

Design Report

B 7 H =

Steel Steel Portal

Steel Steel
Column *  Beam ™

Step 3.

Windows

™| ] (Y

F] Concrete r}

In the Properties window under Section pick the option New/Edit.

Step 4. Edit the rectangular section to have a depth of 600mm.

Rotation angle
Conaete dass
Autodesign

Select bars starting from

Automatic aignment
Major alignment offset
Minor alignment offset
=I Reinforcement
Rib type - vertical
Class - vertical

59 (257)

9 = 2 |

Concrete § Concrete |Concrete Slabon  Slab Opening  Slab Split  Slab Join
Joist  Truss ™  Frame wWall Column Beam Beams ~ v

¥]
]

F]

+ Geometry
0.0000°
e Shape Redanguia
M Breadth 400.0 mm
Minima
400%400 v | Depth 600.0 mm
400x400
<New\Edit...> |

| 0.0mm

| Type 2

| 500

Step 5. Then press the OK button to accept the new section size.

Y%

=

Take note of all the different concrete column shapes that can be designed in TSD.

8

[ <1 ]

6
s

=
%
%

]

10 9
1

K
3

o

-

Step 6.

intersection points indicating a column is going to be created.
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Step 7. Press Esc to exit the operation.

Y%

6.1.1 Editing column properties — levels

In the 2D base view take note of the concrete column alignment which is an option
in the property grid — we will be changing these later.

Section 400x600

N I

Changing the column heights of the internal columns.

Step 1. In either the 2D or 3D view select the internal columns.
Step 2. In the Properties window adjust the Top level of these columns to St. 1(First Floor).
Step 3. Press Esc to exit the selection process.

Properties o § x

. Reinforced Concrete Columns: 3 items || Save.. Apply..

< " Genera
: | Name

| User name |

| Group CRC2D1

T . oo ) s00om [V

| Base level St, 3 (Eaves ) : 9.000m
| Plane St, 2 {Truss Bottom ) : 7.500m
~ Concrete type St. 1 (First Floer ) : 4.000m

J Element type
-_ Material type
| Construction
| Fabrication

| Autodesign
 Select bars starting from
-_ Rotation
| Rotation angle
Assume extra floors supported
eSS ==

| Characteristic | Column

| Bean

| Concrete

| Concrete column

Reinforced

,

i

0.0000°

| 0.0000°
|0

6.1.2 Editing column properties — alignment
Ensure that the outer concrete columns Alignment is set to Centre / Centre.

Step 1. Select the two outer columns.
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Step 2. In the Properties window, under Alignment set Major snap level and Minor snap level to
be both Centre.

=/ Alignment
Major snap level
Major offset 0.0mm
Mnor snaplevel
Minor offset 0.0mm

6.1.3 Changing column characteristics — central steel column

Step 1. Ineither the 2D or 3D view, select the central column.

Step 2. In the Properties window and change the Material Type to Steel.
Step 3. Set the Construction to Non-composite column.

Step 4. Tick the Autodesign option.

Plane . - s L) .
Characteristic Column . e - N
Element type Beam ! .

Material type Steel o®

Construction Mon-composite column . 1
Fabrication Rolled ;

Autodesign v ®

Design section order .

Gravity only [] e

Step 5. Press Esc to exit the operation.

6.1.4 Changing column properties using property sets

Now that we have established the properties of the central column, we can create a Property Set
and use those properties to apply to other elements.

Step 1. Eitherina 2D or 3D view, right click over the central steel column (highlights green).
Step 2. Select Create property set...” from the context menu.

Step 3. Enter the name Steel Column 1 for the property set.

Step4. Press OK.

S
Redo

|

55 Copy
Delete El t

g o5 Hewicn Enter property set name
Zoom Out
Create property set... Name Steel Column 1|

[Z} Edit SCB/2

Step 5. Select the remaining two internal columns and check the property grid that you have 2
columns selected.
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- i
‘ N - : * -~ %
ﬁ Structure | %" Groups =k Loading r::—: Wind El Status N . g # \'\__ T o
SR PR AP
‘ropertias o & x Il g S /‘»<
IReinf‘omed Concrete Columns: 2 items I - | Save.J Apply... o - ;- o " :
| Name . - g
| User name | < /,/ ‘\\ ’ %
. Group | CRC2D1 s S Sl ] gt
| Top level | St. 1 (First Floor ) : 4.000m ] W EE Ty o
| Base level | St. Base (Base) : 0.000m K -
| Flane | @ 3 .3 D
Congret= type | Normal \ T "
| Characteristic Column .. = -
| Element type Beam & i A . s
| Material type | Concrete @ ™ ; \’
| Construction | Conc;rete clolumn % o o @

Step 6. With the columns selected press the Apply button.

Step 7. The pop up screen will allow you to pick the Property Set you want to apply — select on
Steel Column 1 and press OK.

Select property set

Step 8. Press Esc to exit the selection operation.

The Internal columns will have the property set now of steel, created from an element already

established in the model.

6.1.5 Managing property sets

X

Cancel

All created property sets can be deleted or imported/exported to other projects.

Step 9. On the Home tab, select Manage Property Sets command.

Model  Edit

Load Analyse Design Report Draw Windows
E L1} o [12] i Cloud Export
e M EH T B e B F R
l + RobotExport 3D DXF Import
New [ close Save SaveAs | Project  Model Manage Find  Wak Structural  Tekla Structures  Revit Structure s Settings
- Wiki  Settings | Property Sets BIM Import Expart Expart ‘TEL' File Import
File & TojeC I BIM Integration | Setings & |
Structure on x H lgz Structure 30 % ‘
-l Structure o
£F Levels Manage Property Sets =
112 Architectural Grids
i 5ub Models &8l Line Element oK
4 Members : o
Cancel
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6.2 Obtaining Model Views
6.2.1 Obtaining a 2D frame / elevation view

Step 1. Go to Structure 3D view and in the Model tab click the Frame command.

Step 2. Move the cursor over Grid Line B and left click to execute (blue boundary box will appear
to show the elevation you are creating).

File Home Edt  Load Report  Draw Wi

= E@ mr:m v HA

Construction | _Frame | Sloped Grid Line Construction Dimension Steel Steel Steel Steel
Levels Y Plane ¥ Line Column ¥ Beam~ Brace™  Joist
Levels ™ Grid & Construction Lines ] Steel

Structure o R X-‘ 192 Structure 30 X
(= Flstuctre | |[Create Frame: Pick Grid Line <
®-£F Levels T3
-2 Architectural Grids P £
- H Sub Models R
(#-*12 Members h
L o
N 2
= N
N

Move cursor
over gridline

7\

[Dronarties ‘o.m ol

Step 3. In the Project Workspace — Structure tab, under Structure tree expand the Frames branch.
Step 4. Double click FRM B to display its 2D view.

(9 @ @

@ ®
Structure B r >
=-f Structure
-5 Levels
Bﬁ Frames
A 5
&)

-2 Architectural Grids
- H Sub Models

(-2 Members @ @' @ @

6.2.2 Obtaining a plan / level view

Information entered into the Construction Level dialogue will automatically generate a 2D plan level
which can be extracted as a working view.

Step 1. In the Project Workspace — Structure tab, under Structure tree expand the Levels branch.
Step 2. Double click the level name St. 1(First Floor) to open the 2D plan view.
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| liast Base (Base) 20 | 52 5t 1 FirstFloor ) 20 ><|
& ® © L] ® ®
i R L i S T @
| | |
| | |
. R B @
| | | |
| | | |
e e Aann it auncceanse paamcen. 2 @
| | | |
| | | |
T (e o @
| | |
| | |
o | | | : ®
@® ® © ] ® ®
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Q Zooming into the plan view will show the definition of the structural elements

placed into the project

6.3 Concrete Beams

In this section, we will place the following concrete and steel beams at the first floor level along

gridline B.

Concrete Beam size — Breath 400mm x Depth 900mm

Steel Beam — Auto Design

Step 1. Obtain either a 2D elevation\frame view of gridline B or a 2D plan view of the First Floor.

Step 2. On the Model tab, click the Concrete Beam command.

Step 3. In the Properties window, create a new section size of 400mm breath and 900mm depth.

Step4. Press OK.

Select bars starting from Minima Geometry
250x500 v shape
Automatic alignment 250x500
. . — Breadth
Major alignment [<Newgdt..> |
Major alignment offset 0.0mm Depth

6.3.1 Creating a property set from a new element

ol Jom

When a new element is being placed into the model the properties can be saved.

Step 1. Pressthe Save button in the Properties window.

Step 2. Enter the Property Set name to be Concrete Beam 1.

Step 3. Press OK.
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z | - ~—
Properties a R x|
<unsaved set> - ISa\.re... i;ppl\__.... |
Save State
Spedify the the name of the state to save: |C0ncrete Beam 1 |I | oK
Cancel

Q This property set can be applied to element in the structure by pressing the Apply
button.

Step 4. Either in the 2D Plan view or Frame view, place 2 concrete beams in the outer bays.

If in a frame view use the Intersection option in the context menu (select by the
Q arrow keys or tab key to pick the point required).

Pick Point 1
Distance 3.995m
X (0.500 m
Y |4.000 m
File Home Model Edit Load Analyse Design Report Draw Windows
= T g M ﬁ [ﬁ E\i g S = E’ (£ 3] ﬂﬁl @ M [§ colu
= B A = - a8 + -
Construction Frame  Sloped GridLine Construction Dimension Steel Steel Steel Steel Steel Portal Concrete  Concrete | Concrete Slabon  SlabOpening Slab Split  Slab Join Timber Timber Timber  Timber
Levels Plane o Line = Column ¥ Beam ~ Brace ™ Joist  Truss ™ Frame wiall Column Beam Beams ~ % Column Beam Brace~ Truss ™~ H Brac
Levels & Grid & Construction Lines (] Steel ir} Concrete ] Stabs F] Timber ] Cold
| structure o 8 x| [ iseucwesn | pramMemd X | - | bestbase(pase) | best 1(FrstFoor) D X
| I
=-fl Structure | Create Reinforced Concrete Bearn: Pick Point 1 <press ESC to cancel =
-5 Levels
- Frames ® ® ) [} ® ®
12 Architectural Grids P L | PPV || MRS (SPOP | |1 @
- EH Sub Models -T —?— f
- %12 Members ‘ | |
@ @ @ @ @ @T-—-—‘—-—-T-—-—i ----------- &®
@t 2
. @ R s i o i 4 e 4 e e e i A @
welve & E @ | T
[Properties o8 x| ‘ | |
|Prop ‘ ® @ @ @ ® |
| =] Save... Apply.. @ | | | T @
H ‘ ® ® © o ® ®

6.4 Steel Beams

Using the same methodology, we will place first floor steel beams in the remaining proportion of the
frame.

Step 1. Obtain either a 2D Plan or Frame view of gridline B.
Step 2. On the Model tab, click the Steel Beam command.

Step 3. Tick the AutoDesign option in the Properties window.
Step 4. Place the steel beams in the remaining area of the floor.
Step 5. Press Esc to exit the operation.
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Edit Load Analyse Design Report Draw Windows
.
= ~ T 0@k
.'. s — ‘ i g M @ ﬁ ﬁ Ei g g é E ==
Sloped | Gridline Construction Dimension |  Steel Steel Steel Steel Portal | Concrete Concrete  Concrete Slabon Slab Dpenmg Slab Split  Slab Join Timber  Timber  Timb
Flane = | bt Line ~ | Column ~ | Beam ~ Brace' Joist  Truss ™ Frame =~ wal Column Beam Beams ™ umn Beam EBrace
i Grid & Construction Lines A Steel i Concrete ] Slabs | Timber
a8 x | 32 Structure 3 ‘ 32 FRMB 20 x| ‘L&as_tﬂa_se(aase)m | [2 St 1 (FirstFloor) 2D %
P Create Steel Bearmn Rolled Non-Cornposite: Pick Peint 1
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7 Construction Lines and Free Form Truss

In this section, we will be creating a faceted freeform truss comprised of steel members. We will be
using construction lines to create the form of steel truss.

Gridlines are placed on the horizontal level.
Construction lines placed on sloped or vertical views.

Steel Sections to be placed in the model — these can be saved as property sets.
7.1 Construction Lines
We will be using construction lines to create the faceted curve of the truss.

Step 1. Select the Frame View of gridline B.

Step 2. On the Model tab, click the Construction Line command.

Step 3. From the drop list option, pick Parallel (Quick).

Step 4. On the frame view of gridline B, click the gridline for the base level to act as a reference
line then move the mouse cursor down to indicate the offset direction.

Step 5. Press the keyboard F2 button to access the distance entry box.

Step 6. Type an offset distance of 26m and press the Enter key to create that line.

Step 7. Press Esc to exit the operation.

Edit Load Analyse Design Report Draw Windows

8 [Fl0 E#gHo=n @ 0 9

GridLine | Parallel | Dimension Steel Steel Steel Steel Steel  Portal Concrete Concrete Conare
N quick) ¥ Column ¥ Beam~ Brace ™ Joist Truss~ Frame wall Column Beam
[ [ Tt

o8 x| | 32 Structure 30 zFrRMB2D X
~ || /Add Parallel Copy: Specify Distance(s)i <press ESC to cani
®
-al Grids
s v
o ] =5l [
o8 x
Dash
O

500

Click Reference
Line

Specify Distance(s)

Distances |26 m

26.000

Now we need to create a vertical line to intersect this line.

Step 8. From the same drop list option, choose Construction Line.

Step 9. Click on the bottom of the existing middle vertical line to start.

Step 10. Move the cursor vertically down to pass the new created horizontal line.
Step 11. Click to create a new vertical line.
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Pick Point 2

: Distance30600m
30,600 Mong |30.600 |m

: Press <F2: to edit

: / Click to End ]

Creating an arc to describe the top of the truss.

Step 12. On the same drop list option, pick Arc.

Edit Load Analyse Design Report
.
4 - 1 &
S' :" o — E
Steel

F‘Si;onp:d Gnd}une | I Dimension Al B::nel'

> S " Construction Line .
o R x} # Parallel WB2D X

#7  Parallel (quick) ck Point 1

" Perpendicular

Rectangular Wizard

2\ Sector Wizard

™ Arc

Step 13. To create the arc — click on the lower intersection just created.

68 (257)

Step 14. Then click on the Right Hand Eaves position to define the beginning of the radius.

Step 15. Finally click on the Left Hand Eaves position to define the end of the radius.

2nd Click

'12.000
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Y%

To create a series of vertical lines to define the truss bays, we use the rectangular wizard in the same
frame view.

69 (257)

When several objects are displayed in a view — Zoom in to pick on the correct
intersection point.

If a mistake has been made during the process right mouse click to go back a
step.

Step 1. On the same drop list option, pick Rectangular Wizard.

Home Edit Load Analyse Design Report
.
+ == 7 k
Frame Sloped Grid Line | Arc | Dimension Steel Steel Ste
Plane ¥ b Column = Beam ™ Brac
S Al G E .~ Construction Line i
o R x .-_:."-' Parallel m‘_
cture .-'_:."-" Parallel (quick)
:evels " Perpendicular
;:?::i::ch.lral Grids [ Rectangular Wizard
Sub Models Y Sector Wizard
Vembers ~ Arc

Step 2. When pic

king the Origin position pick the bottom left of truss bottom level.

I Model I Edit Load Analyse Design Report Draw Windows
>4 - r_’] TR 3
N - /= =
2 —
Sloped Grid Line | Rectangular | Dimension Steel Steel Steel Steel Steel  Portal Concete Concrete Concrete
Plane . Wizard ¥ Column~ Beam~ Brace~ Joist Truss~ Frame wall Column Beam
[ Grid & Construction Lines ] Steel N Concrete (7
O R x|| zRMB2D X
Create Rectangular Giid: Set Origin /L
| .
Click to Define
Origin
Set Origin
Rectangular Grid Wizard
Select Origin
X 0.000 m
Y 0.000 m

Step 3. Generate

() X Direction Lines Only

Y Direction Lines Only to construct vertical lines at a distance of 4m.

Length 24000 m

I[EJ ¥ Direction Lines Only I ILengfﬂ |q.|

E

) All Lines

Line Style | DashDot

Step 4. Press Next to continue.
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Step 5. Inthe X direction extents, generate 11 Count of vertical lines at 2m intervals.

Rectangular Grid Wizard [-z=

X direction extents

Bays Direction
(®) Reqular I Count |11 Lenath |2 |m (@ Positive X
() Irreqular  Lengths m ) Negative X

Step 6. Press Next.
Step 7. Accept the defaults for Rotation Angle and Axis Angle.
Step 8. Press Finish to create the vertical lines.

@ @ |-

® @ ® @ ®

The arrangement of the construction lines to define the truss is now complete.

7.2 Steel Truss
7.2.1 Free Form truss properties

Step 1. On the Model tab, click Steel Truss command.
Step 2. From the drop list option, pick Free Form.
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Moc;IeI | Edit Load Analyse Design Report Draw Windows
Y - o O 7 H = m
sloped GridLine  Construction  Dimension Steel Steel Steel Steel Portal .
lane ~ i Line = Column~ Beam ™ Brace ™  Joist Frame
] Grid & Construction Lines ] Steel = Steel Truss
5 %% .
| | Free Form |
Step 3. In the Properties window, establish the following sections and save individual Property
Set:
Characteristics Truss member top
Grade 5355
Section 150x150x8.0

Design section order SHS Hollow
Property set name Truss Top Boom

Characteristics Truss member bottom
Grade S355
Section 150x150x8.0

Design section order SHS Hollow
Property set name  Truss Bottom Boom
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Characteristics Truss Internal
Grade S355
Section 100x100x4.0

Design section order SHS Hollow
Property set name  Truss Internal

Propastesy a p x
cunsreed pek> .l P t g
I ew v
= G P
—
| Maberial tyrer ool
- e
Lige kgt Groupeeg J
Pt bon [l
P — [
Grade £355
Aastpdengn
Cospgn ecion orger 5 Holarw
Sechen SHE 100 s
Corredion g
Majer algrmend Sove e
| Major slgrment offoet S—
| Mieor shoreent Specfy B the rme of the state b e | o
e st e
=

7.2.2 Modelling booms
Place individual faceted members to create the top boom of the truss.

Step 1. Ensure that the saved property set Truss Top Boom is selected from Properties window
drop list.

Step 2. Click onindividual intersections to pick point to insert truss element.

Step 3. Repeat the placing of the truss elements until the centreline (at gridline 2).

Properties o R x

T Repeat !
ITruss Top Boom I = Save.. Apply..

<unsaved set>
Steel Column 1

Concrete Beam 1
Truss Bottom Boom
| Truss Internals
300x800

 Timber Beam
Truss Top Boom

Step 4. Create a single truss element to the centreline (at gridline 2) for the bottom boom —
remember to change the Property Set to Truss Bottom Boom.

!_ﬁ Stuctre | %P Grovps  [E Wind 4 loadng  [§] Status

Properties ofx
— i
Truss Bottom Boom 'vl Save.. Apply...
- General o

Truss sT2

Characteristi | Truss member battom ‘ !

M:':r:tv';: -EZ‘" EEEEE NN NN E NN NN EEEE I NN NS NN NN NS NN NN NN EEEEEEEEEE
Construction Steel uss member bottom .
Fabricztion | Roled EEEEEEEEEEEE NSNS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEE"
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7.2.3 Modelling internals
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Step 5. Set to use the Truss Internal property set in the Properties window grid and place the
following truss elements up to gridline 2.

@

(

7.2.4 Member Releases

Step 1. Select all the elements of the top boom and ensure the releases of both ends are Fully

Fixed.
Linearity | Straight
| Rotation 0° 7
| Rotation angle 0.0000°
Gamma angle
| Top flange cont, rest, Mo
_Bothom flange cont. rest. No
BrE
ee end 1 il
Fixity en&l 1

Axial load release end 1

. Auial load release end 2

Torsional load release end 1

Step 2. Now select the first (individual) member that is connected to the column and set releases

at Fixity end 1 to Pin.

HoLguo u-
Rotation angle 0.0000
Gamma angle 0.0000
Top flange cont. rest. Mo
Bottom flange cont. rest. Mo

Fixity end 2

Fully fixed

Axial load release end 1

Axial load release end 2

Torsional load release end 1

Torsional load release end 2

®

Q End 1 — start of the member / End 2 — end of the member.
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Use Scene Contents and turn on the truss element direction - tick Trusses >
Q Direction.

[ Members InsertionLing, Di
Slab Items Geometry, SlabC
| Slab Openin s Geometry

b7 Trusses TnsertiorLine, ...

i+ (] Portal]E| (Select Al

=] Concr InsertionLine

b 7] Beari LoadinlgLine
71 wind Mormals

B Lola || BoundingBox

[ Solver
] DEe. | ok [] can

i+ [] 2D Elements Geometry
[7] Slabs Mesh

Step 3. Repeat the same process for the bottom boom to set it fixed at its end along gridline 2
and pinned at the end at the column.

To view the releases on the model, use Scene Contents — ticked 1D Element >

Q Releases.

i+ |E| 2D Elements
[] Slabs
Supparts

&[] Result Strips
[] Slab Patches
[] Punching Checks
Centre of Mass
Centre of Rigidity

/] Releases |

éGeometry, RigidOffset, Elastic... i |

(Select All
Geometry

|:| Text
RigidOffset
ElasticExtension

Kl
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8 Mirror Command

We will use the Mirror command to establish the remaining elements of the truss.

Step 1. In the frame view of gridline B, select all elements of the truss.

Q The Select operation will give you the option to pick individual members of the
truss or the whole truss.

Step 2. Under the Edit tab, pick Mirror command.

Home Model Load Analyse Design
=a | = = R
YR sE= o D X

Copy Move | Mirror | Delete Join Split Reverse Beamlines Cutting
Flanes

Edit [}

Step 3. Ensure that the Mirror Mode is in the “XZPlane” and you pick the reference point at
gridline B bottom boom level.

-

R X|| sz FRMB 2D ><|
|||Mirror Elernents: Pick Reference Node
Ll

| <press ESC to cancel =

[+| save.. Apply... |
— — ® !

firrorMode XZPlane _iz |

@ q @ @ @
| |
i il
|

@ (e @ @ )

Step4. Place in the final Internal truss member and Save the Project.

Tekla Structural Designer
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The following loading will be placed on the frame considering centres at 6 meters (unfactored).

9.1 Loadcases

Frame Self Weight

Floor Imposed (line load on first floor beams) 3.5 kN/m?

Roof Imposed (point loads on top boom of truss) 0.6 kN/m?

— Automatically Calculated
Dead (line load on first floor beams) considering 200 thick slab — 0.2 x 25 x 6 =30 kN/m

Step 1. Obtain a Frame/Elevation view of the structure.
Step 2. On the Load tab, click the Loadcases command.

-35x%x6
-0.6x6x2

=21 kN/m
=7.2kN

Home Model Edit Analyse Design Report Draw Windows
1 = | i
f&l = E b = 38 Delete Wind % @f’ @
[Gadcases  Combination Envelope  Update Wind Wizard... Update WindLoadcases  pecomposition Seismic Decomposition Point  Lineload Patch Var. Patch Areaload W
Patterns Zones Wizard... Load Load Load
Structure (F] Wind Load I |Seismic ... ™| Decomposition T Panel Loads
e
Structure || gadir 'g'
B@ Sin
= l‘,,il Loadcases |4, Combinations Envelopes
g =5 # Loadease Title Type Calc Automaticaly  Includein Generator
= - 0 Self weight - excludingslabs
e - 15lab self weight 0 Selfweight |w i |
a I
g - 2Dead 1 Slab self weight SebDry v
Moz i e 2 Dead Dead W
w4 Imposed
3 Services Dead W
4 Imposed Imposed v
H H 1] H ”
Step 3. Turn off the option of Calculate Automatically for the “Slab self weight” loadcase.
# Loadcase Title Type Calc Automatically  Includein Generator Imposad_Load Pattern Load
Reductions
0 | Sek weight - excluding slabs I Selfweight | v | |
sabory vl v
2 Dead Dead | v
*
3 SEVices gl Un-check this Option
4 Imposed Imposed | % \

Step 4. Delete the “Services” loadcase by highlighting the line and pressing the Delete button.

ImposedLoad

£ Loadease Title Type Calc Automatically  Includein Generator Raductions Pattern Load et |
1] Sel weight - excluding slabs SelfWeight w
1, Slab seF weight Slab Dry v
2 Dead Dead v fxd
Dead ™ I Cop_y:___i
4 |Imposed Imposed W i ] | Delete |
Step 5. Change the name and type of the Imposed to Roof Imposed.
Step 6. Add a “Floor Imposed” loadcase
a SelfWeight W ¥
i Slab seF weight Slah Dry v O
2 _Dead Dead sl
4 Roof Imposed Roof Imposed | v
5 Floor Imposed Imposed i w
TSD 2016 Manual Tekla Structural Designer
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Step 7. Press OK to exit this dialogue

78 (257)

Y%

In this dialogue, unlimited number of loadcases can be created and automatically
merged into combinations for a specific design head code.

9.2 Applying Member Loads

All loading is applied graphically by selecting the individual loadcase and then applying the load.

Step 1. Select the Slab self weight loadcase from the drop list option.

0 Self weight - exduding slabs

| 1 Slab self weight

2Dead
4 Imposed

noneg

Show Process

= =

1 Slab self weight

Step 2. Under the Load tab, click the Full UDL command.

Analyse

+~
4+
-

s
—
=

Wind Wizard, .,
Zones

Wind Load

Step 3. Enter the load value 30 kN/m in the Properties window and set the direction to Global Z.
Step 4. Graphically left click on the beam in the frame view to apply the load.

Design

Update  Wind Loadcases  pecomposition

Report Draw

El_l % Delete Wind

Windows

L]

. il

Seismic
Wizard. ..

Properties

o8 x

[+] save.. Apply.

| Load Type
Mermber Load Type

Member Load
Full DL

Direction
Measuring

Global Z
Along Element
Load 30.0kN/m

F LB A E RN B

Decompaosition

[ | Seismic ... ™| Decompesition T

Point Lineload Patch Var, Patch Areaload Var, Area  Level

Load Load

Load

Load
Panel Loads

Load

Slab Load

G

25}

Full UDL

i

uDL

g

==
VDI

30,08 4im

30, DkN/m

30 0kMN/m

Step 5. Use the Scene Contents to display the loading text on the screen.

3 Loading

iGeometry, Text | =

b [ Solver [¥] (Select All

[ 10 Bk ¥ Geometry
o

b O 20 pd) Text |
s o )lema]
SUPPOI e ¥

30.0kN/m

Step 6. Set to Floor Imposed loadcase and apply Full UDL of 21 kN/m on the same beams.
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Properties o " x

| = | Sawve.. Apply...

Along Element

Load 21.0kN/m

9.3 Applying Nodal Load

210

79 (257)

On the top boom of the truss, we will place individual nodal loads at the intersection of internals.

Step 1. Setto Dead loadcase.

Step 2. Under the Load tab, pick the Nodal Load command.

oo

e -
— e~
-

Design R'.eporl_ Draw

N x

- m ﬂ /A E @ f@.‘ % | | [T Nodal Load | |
W Wi ate Wi as: & L |
Wi Winerd... . Updete  Wand Loadmes | Decon | il Temperature Load

s Full UDL Trapezoidal Point Moment Torsion Torsion Torsion

i Wind Load

load load FulUBL UDL VDL | [f* Settlementload

Member Loads G| Structure Loads |

Step 3. Apply vertical load of 3 kN / 6 kN at the intersections on the top boom.

R [ PR P, s

roperties o x

[ =] Save.. Apphy...

Nodal Load
[0.0, 0.0, 3.01kN
0.0kN

oiol___..

3.0kN |

[6.0, 0.0, 0.0 kNm

Step 4. Setto Roof Imposed loadcase.

5.0kN B.0kMNB.0KN 6 DkN 5 pkN
n B-0kN B.0KN g nny

Step 5. Apply vertical load of 3.6 kN / 7.2 kN at the same intersections on the top boom.

| |
-| ﬁ Structure | %" Groups E Wind =& Loading El Status

Properties o R x

[+ Save.. Apply...

| Nodal Load

[0.0, 0.0, 0.0] kNm
0.0kNm
0.0kNm
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10 Load Combinations

TSD 2016 Manual
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Tekla Structural Designer has an inbuilt wizard which will produce code based combinations.

Step 1.
Step 2.
Step 3.
Step 4.

Under the Load tab, click the Combination command.

Click on the Generate... button in the combination dialogue.
Pick the option of Table A1.2(B) — Eq 6.10a&b.

Press Finish and OK to exit the combinations dialogue.

=l

Model Edit Analyse Design Report Draw Windows
q
=N & [] xowem & @ @
= | =h £ X o B &
Loadcases |Combination | Envelope Update . Update Wind Loadcases pecomposition Seismic Decomposition Point Lineload Patch
Pat Zone: Wizard... Load Load
Structure o Wind Load i | Seismic ... | Decomposition f&
Structi
Loading
=)
# 4 Loadcases 2 oK
] _ £ Design Combination Title Class Active Strength  Service Cancel
2]
®
) Combination Generator 5] Add
Initial Parameters Copy
B Delete
Combinations for design of structural members (STR)
O Table A1.2(B) - Eq 6.10
GEO combinations - Table A1.2(C) -Eq 6.10
Acddental combinations - Table A2.5 - Eq 6.11a8b
Seismic combinations - Table A2.5 - Eq 6.12a8b
A S
Properf
- Cancel eviou: Next Finish
-l Gel
]

This will generate two gravity combinations to the model — they can be inspected and edited by
selecting the individual combination in the list on the left.

.Loatiwg

5
=& Loadcases =% Ok
& Combinations Name [ETR:-1.35G+L5y:Q+L 5yRQ [ o
i 2 STR.-1.355G+1.50Q+ 1.5 Parameters | Second order effects
Active Add
Patte
[] Pattern Copy
Strength 3
Delete
Service
Available Loadcases == 25 Induded
| Loadase Title Type Loadase Title Strength Service 5LS Quasi
EHFp [ 1 Slab seF weight |13m0  |vo00  |vo00
EHFez. 2 Dead 135 [1000 |1.000
EHFze 5 Floar Imposed 1.050 1.000 0,300
4 Roof Imposed 1.050 1.000 0.000
4 X Generate. ..
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11 Validation

Before running any analysis or design it is recommended to validate the model — TSD will check for
any modelling errors that can cause problems with the model.

Step 1. Click the Validate command on either Model or Load tab.
Step 2. Go to the Project Workspace and click on Status tab to check if there is any issue reported
on the model.

[T Nodal Load E

§| Temperature Load
Validate

E Settlement Load
i 5| Status o x

? alysis
[ ? Design
""" « Model Geometry
:'|---? Wind Madel
----- ? Meshing
----- ? Decomposition

Solver W

,-,...{
mv o E[O]

Validation has the following status:
@ § « -Status OK, no issues found
§ 2. status unknown / Not yet checked
§ A -FYI (For your information) issues to consider but will not prevent

analysis/design
§ & _Errors that must be resolved

If an error existed it would be highlighted in the Status / Project Window and can
Q be double clicked to be highlighted.

Status 8 8 x| | psteme@as)m | eRMED x|

E-3 validation
-3 Model

General
-9 Member intersection}
-3 STIFRM B/B/*25-FRM B/29/°22 ; STI FRM B/°22/°28

-3 STIFRM B/B/*25-FRM B/29/°22 ; STI FRM B/"22/°2%¢
-3 STIFRM B/B/*25-FRM B/29/°22 : STI FRM B/*22/°%]
£33 STIFRM B/B/*25-FRM B/*29/°22 : STI FRM B/*22/°2%
[:1-3€ STIFRM B/*22/*26-FRM B/B/*28 : STI FRM B/B/*25F =
[~ STLFRM B/*22/"27-FRM B/B/*27 : STI FRM B/B/25+
i -3 STIFRM B/°22/°25-FRM B/1a/8 : STLFRM B/5/"25-F|
- P Analysis
- ? Design
~ Model Geometry
T Wind Model
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12 Analysis and Viewing Graphical Results

Even after performing a validation check there still maybe issues with your model in analysis such
as large deflections, degrees of freedom, buckling etc.

12.1 Running 1%t Order Linear Analysis

Step 1. Select the Analyse tab and click the Show Process button (at left bottom corner of the
screen).

Home Maodel Edit Load Design Report Draw Windows

{g}} Process B X jodes
Message Duration
Options i o = =
| Welcome to Teka Structural Designer i
Options | agms &

Step 2. In the Analysis tab, click the 1st Order Linear command.

Home Model Edit Load Design Report Draw Windows
E@ 2nd Order Linear FE chase-down Mesh Slabs Toogle Nodes

1st Order Non-inear 2nd Order Non-inear Tabular Data

Options Grillage chase-down Update Wall Beams

1st Order Vibration 2nd Order Budding

st Order Analysis & Ind Order Analysis & Chase-dowr ] Sohve F} Meshing = | Diaphragms 0

Step 3. Select all loadcases and combination to be analysed.

Select loading

4 [¥] Combinations
[#] 1 5TR:-1.35G+1.5w0+1.5u R0
[¥] 2 STR;-1.35:G+1.5Q+1.5RQ
4 V] Loadeses
0 Self weight - excluding slabs
[#] 1 Slab seff weight
[¥] 2 Dead
[¥] 4 Roof Imposed
5 Floor Imposed

with the model.

When the analysis is complete the Project Workspace will switch to the Status
tab — any analysis problems will be displayed.

Q - Take note of the Process window which will reveal any potential problems

Status onx ’J [edrrme x|

£ ¥ validation

o Model Geometry Process o x|

Jz W\nd.Mada\ Time Message Duration
\i Meshing - a Welcome to Tekla Structural Designer

- 8 Decomposition o e S 7

o Solver o b5 Bl ol S0 \,'(
B First-order linear: b oof 145441 3D pre-Analysis Less than 1s ¥ i ¥
B Model [ o 19:54:42 3D analysis: First-order linear Less than 1s
' Grilage chase-down 14:54:43 Calculating foundation forces. Less than 1s
ioff FE chase-down

£- ¥ BIv

A— EIEI‘ H‘_l_’P
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12.2 Loading Summary Table
Do the applied loads equal the reactions? TSD automatically does this mathematical check for you.

The Loading tab within the Project Workspace is used to organise the loadcases and combinations
into a hierarchical structure. It also provides a summary of each loadcase that can be used to cross
check against the load applied.

Step 1. Select the Loading tab in the Project Workspace.
Step 2. Highlight a loadcase or combination to examine the Total Load on Structure vs Total
Reactions.

| Loading o § x

gl 0 Self weight - excuding slabs

o 150ab self weight

. Eev' 2Dead

E‘w/ 4 Roof Imposed

: ‘o 5 Floor Imposed

= i‘fﬂ Combinations
B 1 ST 1,356 +1, 55,0+ 1 5uRG
[+ 25TR;-1.355G+1,50+1.5Q

i ﬁ .Struct_lre v Groups I =y Loading I li:—: Wind m Status

éProperties o x

Combination(s): 1items - | Save.. Apply.
- General

Mame | 15TR_{1;-1.35G+1.5psi_{0jQ+1...

User name | STR_{1}-1.35G+1. 5\psi_{0}Q+1....

Member Loads | [0.0,0.0, 1758. 11 kN

Modal Loads | [0.0, 0.0, 187.9T kN

Total MHF Dir 1 | [0.0, 0.0, 0.0 kN

Total MHF Dir2 [0.0, 0.0,

Decomposable Loads [0.0, 0.0,

1 Way Decomp Results | 0.0, 0.0,

2 Way Decomp Results | 0.0, 0.0, 0.01kN

Total User Applied Load [0.0, 0.0, 1946.01 kN

Total Load on Structure | [0.0, 0.0, 1946.01 kN

Total Reaction [0.0, 0.0, 1946.01 kN

@ If there is discrepancy between total load on structure and total reaction, you need
to investigate and check on the model for any incorrect input or modelling mistake.

12.3 View Analysis Results
Results for the model are available both graphically and numerically.

Step 1. Inthe currentview, select the Analysis Results View found at the bottom of the screen.
Activating this view will open the ribbon tab for Results.

United Kingdom (Eurocode)  [31.269,11.012]m | L “f‘b% ABS |REL| POL @ 3D
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Home Model Edit Load Analyse Design Report Draw Windows Results
* ~ W] - . -
1st Order Linear [ Strength F = 1D Forces Fx Mx Fxyz Axial Force  Torsion X Dirl X i EHF Fx Fxz My Mdx bottom
Nor 2D Forces Fy My Mxyz Shear Major Moment Major Y Dir2 X Relative Y Relative Fy Fyz Mxy Mdy top x bottom
Redi ial Force Service Faciors Deflections| Fz Mz Total Shear Minor  Moment Minor Z Total Dir1Shear Dir2 Shear Semic Fxy Mx Mdxtop Mdy bottom
Result Type ~ Scele Settings s [qupport Reacti... 1D Results | peflections 4 Sway and Storey Shear & | Notion... & 2D Results = AsReq
Stat o 8l ||[zrven v
: i Deflections
Analysis Type for Deflection Scale
Viewing Results
Combination Support Reactions Forces
Factor Option
Grillage chase-dowrh,_
o FE chase-down

- ® _AM .

f#l stucture %P Groups  Jyloadng = wind | [§] Status |
Properties o8 x ‘

v | Save.. Apply...

[ |

1D Results represents single wire elements (such as beams and columns), while

2D Results represents area elements which are finite element results (such for

slabs and walls).

§ Multiple results can be displayed on the screen at any one time, example
support reactions along with axial forces and deflections.

§ Please remember to pick the appropriate loadcase or combination.

Select a loadcase or combination of the result you would like to view using the toggle buttons and
drop down list.

Select to View
el Welgnt - exduding slabs

1 5lab self weight
2 Dead

4 Roof Imposed

5 Floor Imposed

none

Toggle
Buttons

er Model used for 1st Ol

Iéﬂlnone - 4 »

Show Process

Create the following graphical results display: Z deflections, axial, vertical support reactions for the
combination 1 STR;-1.35G+1.5Q+1.5RQ.

Step 2. Under Result Type - select 1st Order Linear.
Step 3. Under Deflections — click on Z.

Step 4. Under 1D Results — click on Axial Force.
Step 5. Under Support Reactions — click on Fz.

Home Maode! Edit Load Analyse Design Report Draw Windows Results
1st Order Linear = Strength F : 1D Forees | L Fx Mx Fxyz Torsion X Dirl X Y
None 20 Forces e Fy My Muxyz Shear Major  Moment Major ¥ Dir2 ¥ Relative ¥ Relative
Service Factors | p———
Reduce Axial Force Deflections| — L.} Mz  Total Shear Minor  Moment Minor Total Dir1Shear Dir2 Shear
Result Type P Scale Settings & |Support React... @ 1D Results T | Deflections I | Sway and Storey Shear [

Step 6. Set the combination to 1 STR;-1.35G+1.5Q+1.5RQ from the drop down list option.

L
;lfﬁ,&,_l | 15TR,-1.356+1.50+1.5R0 | I P

TSD 2016 Manual
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The following results is displayed:

Element Deflection Z min/max=0.0/31.8mm

AxialForce1D min/m ax=-133. 4/439 5kN 160.4 167.9 169.8 159.8 167.9 44 4
i

18.8 140 e 118.8
£8.7 1 1 18l &_19

1914 1817 17D 1 68.7
D 53_ ; » g \ \4 ?/_ ; —~_1. e —
120 a7 h &

T i it B
=)

5 bl (i3 1) HIA tele A

Ba)

1 Sy — 4 Sy -
439, 426, 422 426 439,
439 bkN 426, 2kN 422 1kN 426 DN 439, 5N

Step 7. Toggle the 2D button to view the fame in 3D.

e Y [l Ly ABSF‘.ELPOL

Element Deflection Z min/max=0.0/31.8mm
AxialForce1D minfmax=-133 4/439.5kN

ga 7 118.8 1456 160.4 4579

~ 90.0mm
-+ 67.5mm
+ 45.0mm
—+ 22.5mm

438 bkN
0.0mm

Q The forces diagram and deflection diagram can be animated or scaled using the
sliders.

When viewing deflections remember to select the appropriate Strength / Service
@ Factor.

1st Order Linear AR 1D Forces
n eg F

Mone D Farc

Service Factors
Redice A rare s

Result Type I Scale Settings
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The steel beams were initially set to Autodesign, TSD will assign an initial size for the
purpose of analysis (notice the large deflections). Home tab > Settings > Section
Defaults.

We will design an appropriate size later in the exercise.

12.4 Filtering Results Graphically

You can further filter/simplify the current view by using the scene contents to turn off/on elements.

Step 1. Open the Scene Contents and turn off the top and bottom booms display.

Step 2. Turn them back on when finished.

12.5 Tabulated Results

TSD 2016 Manual

[] slab Ttems Geometry, SlabOutline, SpanDirec. .,
[ Slab Openings Geometry
4 |8 Trusses LoadingLine
- [¥] Steel LoadingLine
4 =] Timber LoadingLine
|| Timber Truss Members Top LoadingLine
[] Timber Truss Members Bottom  Loadingline
[#] Timber Truss Members Side LoadingLine
|| Timber Truss Internals LoadingLine
[+ [¥] Cold Formed LoadingLine
[ [#] Portal Frames LoadingLine

b [E] Concrete Walls
1 [¥] Bearing Walls
|] Wind Panels
[] Roof Panels

I [] Loading
I [] Solver Modes

Numerical input and results data can be obtained in tabulated form.

Step 1. Select the Analysis tab and then Tabular Data.
Step 2. Then select a number of inputs and results data tables from the drop down list on the

ribbon.
Model Edit Load
_inear 2nd Order Linear
Nondinear | 2nd Order Nondinear
Vibration 2nd Order Budding
nalysis s | 2nd Order Analysis

o & x| [l FRMB 2D B

(F)

=

FE chase-down

Grillage chase-down

Chase-down

[}

Report Draw

lesh Slabs

er T Meshing

Solver Model Data X

Tabular Data
Update Wal Beams

Windows

1st Order Linear =

Nodes
Elements

Nodal Forces

© Trimble Solutions Corporation | April 12,2016

L AT c;::;[ﬁ-m DFEIF DEF DFSF D%F D%F Db:;F
P oo |
.2 [6.000,6.000,4.000] Free | Free | Free Free:Free Free.
3 [6.000,12.000,4.000] | Free -Frea ETHEE
4 [6.000,18.000,4.000] | Free | Fres | Free | Free| Free| Free |
E [6.000,24.000,4.000] | Free | Free | Free | Free| Free | Free |
6 [6.000,24.000,9.000] | Free Vﬁzr Fres ?Ee’.a Free

Geometry, SpanDirection
Geometry, SpanDirection
Geometry

Geometry, DOF

Nodal Deflections
Element End Forces

Wall Lines
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13 Right Click Context Menu

In any view, hovering the mouse pointer over any element will shade the outline of that element.

Right click on the mouse, hover over an element to produce more options for modelling /
information / design.

Redo

Copy
Delete Element

Highlighted
Element

Zoom Out
Apply Property Set...
Create property set...
[ EditSB 1/B/1a-1/B/2 e
Open Load Analysis View

Open Member View mformaﬁon
Show Member Loading Options
Check Member
Design Member
Generate Detailing Drawing... M

Report for Member

Graphic Options

Step 1. Edit Member — Same options as the Properties window, individual modification of the
element but in a pop up dialogue.

Design
Options

Redraw

Save Screenshot

Properties - 58 1/8/2-1/8/2a [

_E @ wneral

.. [T — Characteristic Beam v

Size

- Alignment

~ Releases Material type Steal w
- Lateral restraints T :
- Strut restraints Construction type Non-composite bear w |
- Haunches
. End plates Fabrication Rolled W
- Deflection limits : :
- Size constraints

- Camber

- Natural frequency
- Instability factor
- Seismic

Element type

Automatic design Section order | UKE Beam v| [ Gravity only

Step 2. Open Load Analysis View — Choose this option to see detailed individual analysis results
from the altered ribbon options.

Q Remember to pick the appropriate loadcase/combination.
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Home Model Edit Load Analyse Design Report Draw \Windows | Loading Analysis | & W &
ist Order Li i Accial
S| roer Linear 13 Mext
Refresh Loading Strength Factors Major
Service Factors Minor e
Data ] Result Type | Direction ™
| Structure o8 x| | i FRME 2D [£]58 1/B/1a-1/B/2 loading % ar
| | |z
- Structure " a
h 00 0000 60000 (o]
-E£F Levels i R ekttt =1
@ H Frames g
(- Architectural Grids i)
@ﬁ Sub Models
(- B2 Members
@% Trusses 208.9 kN i\

(@ ¥. A E. @O-

j.Pronerties o g x'} \

| ~ | Save.. Apply... | Z& T
2 | Graphically slide the

Show moment

Show relative deflection |
Show dimensions

Show extreme.

Pistance 1924 o | bar to investigate

oo Wiholebeam | positions along the

Shear left | 123.8kN element

Shear right | 123.8kN b

| Moment left | 203.2kNm :

Moment right | 203.2kNm |

Relative deflection [ 18.6mm |

Applied load left | 51.5kN/m |

Applied load right 51.5kN/m |

Applied force 0.0kN |

Applied moment |

Show loading |

| Show shear
A s

“General
Show Process I =4 ?;Ji [=] 2STR:-1.35:G+1.5Q+1L.5RQ * d ’I @ @ @ Q @ Q Metric | United Kingdem {Eurocode)
N You can also adjust the Distance property by hovering the cursor over the vertical
b . . . . . |
e& red line in the loading analysis view. When the cursor changes to .« hold the left
= mouse button down and drag the cursor to a new location. The Distance property
is adjusted and co-existent values are displayed for the distance set.
TSD 2016 Manual Tekla Structural Designer

© Trimble Solutions Corporation | April 12,2016 Fundamental Training



14 The Solver View 93 (257)

14 The Solver View

The underlying creation of the solver model can be viewed and settings for support fixities, member
releases etc. can be interrogated / edited.

Step 1. To open the Solver View click the toggle button in the bottom right of the window.

) D e

Step 2. To see the properties of any element — left click and look to the Properties window.

i Properties o R x |
Solver Element(s): 1items ¥ | Save... Apply...

Active | True

| Type | Beam

| Fabrication | Rolled

| Construction | Non-composite beam
Material | 5355

Gamma angle | 0.0000°

| Assume cracked Na

Length 3000.0mm

= Startreleases :

| Fx | Fixed

| Fy | Fixed

Fz | Fixed

M Fixed

My | Released

Mz Released

Fx | Fixed
| Fy | Fined
| Fz | Fixed

M | Fixed J?—-
My Fixed

Mz | Fixed

TSD 2016 Manual Tekla Structural Designer

© Trimble Solutions Corporation | April 12,2016 Fundamental Training



94 (257)

TSD 2016 Manual Tekla Structural Designer
© Trimble Solutions Corporation | April 12,2016 Fundamental Training



15 Creating a More Complex 3D Structure 95 (257)

15 Creating a More Complex 3D Structure

15.1 Copy Command
We will use the frame to produce the rest of the 3D Structure.

Step 1. Go to Load tab, click on Loadcases command.
Step 2. Delete all the existing loadcases (as shown below) and tick the Calc Automatically option
for “Slab self weight” loadcase.

Loading

3

<k Loadcases | 24 Combinations

5 < Calc Includein I
=ik # Loadase Title Type ;
i 0 Self weight - excluding slabs ; Automaticaly Generator
i 15lab self weight 0 | seF weight - excluding slabs | SelfWweight |w | |

o

swen v] 2 IR

Step 3. In Structure 3D view and turn on the base Grid Lines display from Scene Contents.
Step 4. Select all the elements of the Frame — **Do not select any gridlines.

Step 5. Go the Edit tab and click the Copy command.

|--Home |I Model_| Load Analyse Design
YPRsc=o @ ¥«

Copy Move  Mirror  Delete Join Split | Reverse Beamlines Cutting
Planes

Edit ]

Step 6. Follow the instructions in the yellow information bar — pick the Reference Node at the
location as shown in below.

TSD 2016 Manual Tekla Structural Designer
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[ structure 30 %

opy Elermnents: Pick Reference Node |

Step 7. Pick the new positions of 1/C, D and E.

[z Structure 30 >
|Copy Elements: Pick New Position ] <press

Distance 0.000m
Inters [24.000.0.000.0.000im
Difset [0.000,0.000,0.000)m

X 24000 m ‘

¥ 0.000 m
Z 0000 m

Step 8. Press Esc twice to exit the operation and clear the selection.
15.2 Placing Concrete Beams

Step 1. Open St. 1 (First Floor) 2D plan view.

Step 2. Go to Model tab and click the Concrete Beam command.

Step 3. Edit the section to be Rectangular 300 x 600 — then save as a property set.
Step 4. Click and drag two boxed to connect the frames.

TSD 2016 Manual Tekla Structural Designer
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File Home Load

iz
= B8

Construction Frame  Sloped Grid Line  Construction Dimension
Levels Plane ¥ Line ¥
Levels ]

Analyse Design Report Draw
= 7 A
— =]

Steel Steel Steel

Column ¥ Beam ~ Brace ¥
Steel

Windows
Steel  Steel Portal | Concete Conaete
Joist Truss~ Frame wall Column Beam Beams ¥
[ [

Grid & Construction Lines ] Concrete

Structure o 8 x| [ Gastucwed | best 1@rstroon) D x |
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& = m

Slabon  Slab Opening  Slab Split

Slabs

& Structure Create Reinforced Concrete Beam: Pick Point 1

=-£F Levels
A St. 3 (Eaves)
.4 st. 2 (Truss Bottom )
A St. 1 (First Floor )
A st. Base (Base)
-f Frames
-6 Architectural Grids
& Main Grid
- Sub Models
[#-*13 Members
-5 Trusses

®.[vY. 4 E. @-

o8 x

Properties

v | Save..| Apply...

Characﬁem

® —® © ©

Element type
Material type

Construction

Use Automatic Grouping
Concrete type

Rotation

Rotation angle

Concrete dass

Select bars starting from
5

15.3 Placing Steel Beams

Step 1.

| 0.0000°

‘

Beam
Concrete
Concrete beam
Reinforced
Straight
Normal

0.0000°
C32/40

Minima

o]

In the current view, click the Steel Beam command

Step 2. Set to AutoDesign in the Properties window

Step 3. Individually pick the intersection points to place them along gridline 2.
----- - ——le
| 1st Click 2nd Click ‘
{L{ !
~~~~~ H =2 B —B-———Fo
[Pick Point 2 | 2
***** = Offset Y 1642 m
Press <F2>to edit

15.4 Placing Intermediate Steel Beams

Place intermediate steel beams horizontally between gridlines 1a, 2 and 2a.

Step 4. Still in create beam mode place the cursor over the vertical beam and pick the central

node point and pick the similar point on the other corresponding beam.

TSD 2016 Manual
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The forces diagram and deflection diagram can be animated or scaled using the

Q sliders.
_ y——— - ®

Pick Point 2

Distance3000m

Mong | 3.000 m b (2]
Press <F2: to edit

Step 5. Repeat this process for all steel bays.
Step 6. Add addition steel beams as shown below, all split at a 50% ratio.

ol p—

| |
| |
! [ 4 T . d !
@—i ————— —i : : ———:— @
i L 4 + - i
| |
® 1 | | e

15.5 Creating Slabs

In the concrete area of the floor we will be placing Slabs on Beams and in the steel area placing a
Composite Slab.

15.5.1 Concrete slabs

Step 1. Stillin the 2D plan view, click the Slab on Beams command.

Step 2. In the Properties window, enter slab depth to be 200mm, C32/40, with Two-way
Decomposition.

Step 3. Use the click and drag method to create all slabs in individual bays.

Q Slabs can be placed by picking the individual points — untick the option Select bays.

TSD 2016 Manual Tekla Structural Designer
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e [ Gt Load
o %
= Be - ﬁ f-Z Hmmﬁﬁi &El&E =
Construction Frame Sloped GndLne Construcbon Dmenson Portal Concrete  Concrete  Concrete Slab on | Slab Opening  Slab Split
Levels Plane ~ Columnv Beam' Braoe' Jmst Tn.:ss' Frame wall Column Beam Beams ¥ =
Levels ] Grid & Conswucuon Lines Il Steel ] Concrete ~ Slabs
Properties 2 x| [ 32 Structure 3 52 St. 1 (First Floor ) 2D ><|

[+] save... Apply...

Create Slab Item: Select Bay

@® ® © ()] ® ®
® +- - =——zr—b @
1st Click -~ ER ER !
and Hold |
- - _|L @

Drag and
Release

C32/40

Concrete density dass | Class 1.8
Dry density | 2500kg/m*
Wet density 2600kg/n?*

Diaphragm option Rigid

15.5.2 Composite slabs

Step 1. From the drop list, select the Composite Slabs command.
Step 2. In the Properties window, set to the followings:

Composite Slab — One-way Decomposition
Depth — 200mm, C32/40

Rotated 90 degrees

Country of Origin UK, manufacturer RLSD
Reference — Ribdeck AL @ 0.9 Gauge

.

= [§

- g P E|E BE

Constructon Frame  Sloped GndLne Construction Dimension Steel Steel Steel Steel Steel  Portal Concete Conaete Concete Composite | Slab Opening Slab Split  Slab Joir

Levels Y Plane ~ Line ¥

Column~ Beam~ Brace~ Joist Truss~ Frame wall Column Beam Slab ~

Levels ] Grid & Construction Lines Ll Steel ] Concrete ] Slabs
Properties B X | | [ structure 30 (52 st. 1 (FirstFloor) 20 X

v | Save.. Apply...

1 Profiled metal decking
\ One-way

I —

Dry density 2500kg/m’
Wet density | 2600kg/m*
Short term elastic mo... \ 33346N/mm?
Long term elastic mo... | 3.000
Diaphragm option |

Ponding allowance o... |

Ponding allowance v...

Apply ponding to con... |

TSD 2016 Manual
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and Release

Tekla Structural Designer
© Trimble Solutions Corporation | April 12,2016 Fundamental Training



15 Creating a More Complex 3D Structure 100 (257)

Take note of the graphical C.0.G (Centre of Gravity) position as you build the model.

® ® © © ® ®
® +-— - — - fpr——— -~} ®
- 4- 4
@ - @
ical C.0. ! !
[ e 1
[
® - — )
! 1 1
1 1 1
) C)
- = -
@ @
oy ® © © ® ®

15.6 Deleting and Rotating Slabs

Step 1. Delete and Rotate the following slabs in the model.

e

@ Openings which exist in one way decomposition slab are usually framed with beam
elements.

15.7 Openings for Two-way Slab
When the decomposition of the slab is two-way, openings can be placed anywhere within the area.
Step 1. Inthe Model tab, click the Slab Opening command.

Step 2. Within a two-way slab, single click to pick 1st corner of opening, move the cursor and
single click to pick the diagonal corner of opening.

TSD 2016 Manual Tekla Structural Designer
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Q The F2 button can be pressed to define offsets and dimensions of the opening.

&

In the Properties window you have options for shape (rectangular and circular) and
any rotation.

Home Edt  Load
B @ . ﬁlé&%mmm@ﬂggéE
Constructon Frame Sloped GndLne Construction Dimension Portal Concrete Concrete  Concrete Composite | Slab Opening | Slab Spl
Levels Plane Line ¥ Colurm N Beam S Brace b Jost Truss v  Frame wall Column Beam Slab > >
Levels ~ Grid & Construction Lines &~ Steel ~ Concrete ~ Slabs
Properties o 8 X || [5stucture 30 (52 st. 1 (FirstFloor) 20 X I
<] Save.. Apply.. || Add Slab Opening: Pick Corner bf Opening =) E s
5 ..2.020
. I R T —— L ®
Opening Type Rectangular '
Rotation 0.0000° |
Offset X |2.020 |m i
—= Offset Y |-1.490 m; = o= I— @
1 1 Press <F2>to ecl |
| B | |
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16 Floor Panel Loading

Step 1. Go to Loads tab and click the Loadcases command.

Step 2. Inthe Loadcases dialogue, delete the existing Dead, Roof Imposed and Floor Imposed
loadcases.

Step 3. Then create two new loadcases:

First Floor Additional Dead — Type set as Dead
First Floor Imposed — Type set as Imposed

Step 4. Ensure for Slab self weight the option Calc Automatically is ticked.

Loa(i;\g
=+ Loadcases | BL Combinations i
B"_ = Loadcase Title Type Al Hdilean Imposed_Load Pattern Load
i 0 Self weight - excluding slabs Automatically Generator Reductions
15lah sef weight ] seF weight - excluding slabs selfweight [w
- 7 First Floor Additiondl Dead || 1 | Slab se weight Slab Dry |w
‘- B First Floor I ad T
chniitibib 7. !First Floor Additional Dead Dead |v
Imposed | v ] |

Step 5. Press OK to confirm the above.
Step 6. In the Loading List option, select the loadcase First Floor Additional Dead.

‘ | 0 Self weight - exduding slabs

15lah =1
| First Floor Additional Dead
| | 3 First Floor Impose:

! none
| Show Process E?’L‘l =1 |none v 4

Step 7. Click the Level Load command, set the load value in the Properties window to be 1 kN/m?.
Step 8. Click on any slab panel to apply this load.

Home Model Edit Analyse Design Report Draw Windows

Y B OE & ] %< 80| & &£ &8 F £ R[M

Loadcases Combination Envelope Update Wind Wizard... Update WindLoadcases  pecomposition Seismic Decompaosition Point Lineload Patch Var.Patch Areaload Var. Area | Level |!
Patterns Zones Wizard... Load Load Load Load Load
Structure F] Wind Load T | Seismic ... ™| Decompositon & Panel Loads
Properties on ox [2 5t. 1 (FirstFloor ) 20 %
+| save.. Apply.. Create Level Load: Pick Slab Itermn
- General ; ® @ L+ o ® ®
Load Type | Level Load e B el oy
Direction | Global
Measuring Along Element 5 E
Lt + &
@ = R e
| 1 !
Click any individual
!
] ] — slab to place a level
@ - @ load
1 1 }
1 1 |
@ - @
- + -
@ @
® -1 @ @ ® ®
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Step 9. Switch the 2D plan view into a 3D view — click on the 3D icon in the bottom right corner.
(82| Y & by | es [repoc

16.1 Displaying Loading Text
Use the Scene Content to display the magnitude of the loads applied.

Step 1. Open the Scene Contents window and find the Loading option.
Step 2. Open the addition options next to loading and select the Text option then press OK.

Scene Content | 5 X
> Grid & Construction ... Geometry, Text2D
Points Geometry
[T] Point groups Geometry
Dimensions Geometry
b [¥] Members Insertionine, Geo...
Slab Items Geometry, SlabOu...
Slab Openings Geometry
3 Trusses InsertionLine, Geo...
b [¥] Portal Frames InsertionLine, Geo...
> b [8 Concrete Walls
(3 Bearing Walls
> Wind Panels Geometry, SpanDi...
Roof Panels Geometry, SpanDi...
b [@] Loading

A4

[ Solver Noc [¥] (Select Al
[] 1D Elemen [¥] Geometry
[7] 20 ElemenliaaLIexXt

AR —
s oo

v

Supports

> [] Result Strips Geometry, Centre...
[7] slab Patches Geometry
[T] Punching Checks Geometry, UCS
Centre Of Mass Geometry

Centre Of Rigidity Geometry

Step 3. Switch the loadcase to First Floor Imposed and apply 3.5 kN/m? on the floor as a Level Load.

Home Model Edit Load Analyse Design Report Draw Windows

kL B OE @ ] xe B8 o & @EAA E RS

Loadcases Combination Envelope Update | Wind Wizard... Update Wind Loadcases pecompasition Seismic Decomposition | Point Lineload Patch Var Psich Areaload Var Area] Level |[Slabload
Patterns | Zones Wizard, .. | Lead Load Load Load Load
Structure i Wind Load Ms | Seismic .., | Decompositon | Panel Loads (]

Properties O B X || [5stucture 30 [i2 5t 1 (FirstFloor) 2D %

Create Lewvel Load: Pick Slab Item |

?v Save.. Apply.

e @
P

Level Load
Global Z

Along Element
| 3.500kN/m |

5o

® -
st

Select any individual
slab to place a level
load
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Structure

17 Creating 3D Roof Structure

17.1 Creating Eaves Beams

We will now use purlins and eaves beams to connect the remaining frames.

Step 1. Switch to the Structure 3D View.

Step 2. Create a single Steel Beam at the eaves level.
Step 3. Select the steel beam and change its properties to the followings:

Characteristic to Eaves Beam
Material type to Cold rolled

Section to KingSpan Eaves Beams 265x2.0x21 (UK)

Grade to S450GD

Properties

oR x

Cold Rolled Eaves Beams: 1items

~ | Save.. Apply...

o]
Name
User name
Group
Hane
Characteristic
Element type
Material type
Construction
Fabrication
Autodesign
Design section order
Rotation
Rotation angle
Major snap level
Major offset
Minor snap level
Moz atket
Name
User name

Linearity
Rotation

| Rotation angle
Gamma angle
N

Step 4.
Step 5.
Step 6.

TSD 2016 Manual

E 265x2.0x21 -
Grade 5450GD

CREB 3/B/1-3/C/1

Eaves Beams

St. 3 (3) : 9.000m
Eaves beam
Beam

i —
Esves beam

Cold rolled

0.0000°
0.0000°
Bottom
0.0mm
Centre

il

CRED 3B/1-3/c/1

Straight
o=

0.0000°
IO

105 (257)

E265x2.0x21

UK

<no section filter>

<no geometry filter> D

t Pitch

Albion Eaves Beams 185

14 |6 -3 0 3 6 9 12 15
18 21 24 272 30

Hi-Span Eaves Beams 215

1.7 (-6 -3 o 3 & 9 12 15
18 21 24 27 30

_ 2_55

Metsec Eaves Beams

Structural Sections Eaves Beams

15 (-6 -3 0 3 6 e 12 15
18 21 24 27 30

j20]6 3 0 3 6 98 12 15

18 i|21 Izq 77 30

Tegral Eoves Beams

Steadmans Eaves Beams

[Cselect | [(add... | | peiete | [ Detais |

=5

Right click on the eaves beam, select Create property set > Span 1 in the context menu.
Save this property set as Eaves Beam.

Either create and place new eaves beams using the saved property set or use the Copy
function.
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17 Creating 3D Roof Structure 106 (257)

17.2 Creating Purlins
Between the intersections of the curved top boom truss we will place purlins to connect the frame.

Step 1. In the Structure 3D View.
Step 2. Create a single Steel Beam at the first top boom truss node position.
Step 3. Select the steel beam and change to the following properties:

Characteristic to Purlin

Material type to Cold rolled

Section to KingSpan MultiBeam 205x2.0
Grade to S450GD

Step 4. Save this property set as Purlin (using right click context menu option).
Step 5. Place purlins throughout the structure with a technique of placing place new purlin beam
and then using the Copy / Mirror function.

Copy function:

Step 1. Select all the purlins (using Ctrl key for multiple selection).
Step 2. Following the instructions given in the information bar — first pick on a reference point and
then pick on new location to paste the purlins.

TSD 2016 Manual Tekla Structural Designer
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Mirror function:

Step 1. Pick a Front view from the 3D view cube.
Step 2. Holding the Ctrl key (adding to the selection) and using select entity by window crossing to
select on all purlins.

Q Drag a window from right to left, having it crosses the purlins — careful not to select
the eaves beam

Drag and
Release l select the

eaves

Step 3. Switch back to 3D perspective view.

Step 4. Go to Edit tab, click the Mirror command.

Step 5. In the Properties window, set MirrorMode to XZPlane.
Step 6. Pick on the central node in the truss as the Reference Node.

Copy  Move | Mirror Delete  Join Split  Reverse Beamlines Cutting
Planes
Edit (-]

Properties 2 8 x| Grstucre3n x| estBse@se)m | bemmam |
Mirror Elernents: Pick Reference Node =press ESC to cancel =

~ | Save.. Apply..

| MirrorMods l | XZPlane ’

Step 7. Press Esc twice to exit the operation and clear the selection.
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17.3 Placing Roof Panels

Roof panels are loading decomposition panel which span in a single direction. They offer no
additional stiffness to the model and must be supported in the span direction by a beam element.

Step 1. Inthe Model tab pick the Roof Panel command.

Draw Windows

alyse Design Report
e R A GERL NI A N Y YRR
= m = =

ension Steel Steel Steel Steel Steel Portal Concrete  Concrete  Concrete Slabon  Column SlabSphit  Slab Join Timber  Timber  Timber Timber Truss Roof Panel | Wall Panel

Coumn~ Beam~ Brace™ Jost TrussT Frame Wal  Colmn  Beam | Beams~ Drop~ Coumn  Beam Brace~ Trussv | p Brace -
& Grid & Construction Lines. Steel r. Concrate 5 Siabs - Timber 5l CodFomed & Panels 5

Q Roof or wall panels must be placed in a planer position (no creases in the panel)
otherwise load decomposition cannot occur.

Step 2. Click each corner of the panel in sequence to place the panel.

P

4th Position
Double Click to

Flnish Or Return to

the Origin

Q The panels will highlight in Red and Green when the appropriate node position is
selected.

Step 3. The span direction of the panel of the panel needs to be altered — Select the roof panel item.
Step 4. In the Properties window set the rotation to 90 degrees.

Properties o R x
Roof(s): 1items | Savei. Apply.
T Gencral

[P1

Rotation angle [s0.0000°
Indude in diaphragm | |:| )
RoofType | Default

Step 5. Repeat this process and add half of the roof panels taking account of the rotation.
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Step 6. Select the roof panels and use the Mirror command in the XZplane to place the remaining
panels. Pick the central top boom node as the Reference Node.

Home Model Load Analyse Design Report Draw Windows

DY MKsE= o D K

Copy Move | Mirror | Delete  Join Split Reverse Beamlines Cutting
nes
Edit )

Properties o R x‘ 192 Structure 30 X I 132 St. 1 (First Floor ) 2D

] Save... Apply.. Mirror Elements: Pick Reference Node

=/ General
| MirrorMode |XzPlane

Step 7. Press Esc twice to exit the operation and clear the selection.

17.4 Loading the Roof Structure
Step 1. Go to the Load tab, click the Loadcases command.
Step 2. In the Loadcases dialogue, create another two new cases —

Roof Dead — Type set as Dead
Roof Imposed — Type set as Roof Imposed

Loading
B4 Combinations i
E‘"_ = Loadase Title Type Cale Includein — ImposedLoad o) oag

b 0 Self weiaht - excluding slabs Automatically  Generator Reductions

- 1Slab seff weight 0 Self weight - excluding slabs SelfWeight |

7 First Floor Additional Dead 1 Slab sel weight Slab Dry | v

i 8 First Floor I ed I

MG i 7 | FirstFloor Additional Dead Dead | v

10 Roof Imposad 3 First Floor Imposed Imposed iv O O
9 Roof Dead Dead |v

TSD 2016 Manual Tekla Structural Designer

© Trimble Solutions Corporation | April 12,2016 Fundamental Training



17 Creating 3D Roof Structure 110 (257)

Step 3. Press OK to exit the dialogue.

We will be using Area Loads to place loading on the roof structure.

Step 4. In the Structure 3D view.
Step 5. Select the loadcase Roof Dead from the Loading List option.
Step 6. In the Loads tab, click the Area Loads command.
Step 7. Adjust the load value in the Properties window to 0.6 kN/m?,
Step 8. Pick a Front view and drag a crossing window (from right to left) across the roof panel items.
File Home  Model Edit Analyse  Desgn  Report  Draw  Windows
AW IR & e @B g @A RB]R MM
Loadcases Combination Envelope Update Wind Wizard... Update WindLoadcases pecomposition Seismic Decomposition Point Lineload Patch Var.Patch| Areaload | Var. Area Level Slablo
Patterns Zones Wizard... Load Load Load Load Load
Structure ~ Wind Load M | Seismic ... | Decomposition f Panel Loads
Properties o R x I (32 Structure 30 X I 132 St. 1 (First Floor ) 2D ‘
~| Save... Apply.. Create Area Load: Pick Area Itemn [
Load Type AreaLoad First Click and

alald

Direction Global Z Hold

E [JFRONT[|

\
‘ -
[
Measuring Along Element |
oo T —(
Gravitational [ -~
Drag and
Release

| RERELS

m';s. [ |9 Roof Dead

Step 9. Repeat the same process to apply Area Load of 0.5 kN/m? for Roof Imposed loadcase.
Step 10. Check the applied loading in the Structure 3D View.

Q Remember to use the Scene Contents to turn on the load value text display.

[ Members

Slab Items

Slab Openings
Trusses

Partal Frames
Concrete Walls
Bearing Walls

Wind Panels

Roof Panels

P Loading

[[] Solver [¥] {select All)
[[] 10 Ele[¥] Geometry

InsertionLine, Gea...
Geometry, SlabOu...
Geometry

Insertionline, Geo...
InsertionLine, Geo...

Geomefry, SpanDi...
Geometry, SpanDi

‘Geometry, Text

Step 11. Set the loadcase to None to remove the loading from the view.
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SUppO uy

["] Result Strips Geometry, Centre...
[] Slab Patches Geametry

[ Punching Checks Geometry, UCS
Centre Of Mass Geometry

Centre Of Rigidity Geometry
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18 Steel Floor

18.1 Placing Steel Beams

111 (257)

At the truss bottom boom level we will place a floor comprised of steel beams and steel deck of 200
mm thick.

When any floor is established in the model the Floors option must be ticked in the Construction

Levels.

Q More information on this option can be found in the Help System by pressing F1.

Step 1.

In the Model tab, click the Construction Levels command.
Step 2. Place a tick next to Truss Bottom in the Floors option.

Home Edit Load Analyse Design Report Draw Windows
.
=B - - O 0 FHnmN
= @ _J r" — |
Construction | Frame Sloped Grid Line  Construction Dimension Steel Steel Steel Steel Steel  Portal C
Levels lane n i Line = Column ~ Beam > Brace ™ Joist Truss™ Frame
Levels ] Grid & Construction Lines F] Steel (F}
Prol Construction Levels
<] =
S Ref Name Type  Level[m] Sp[anslng Source Slab Th. [mm]  Floor ™ OK
= ) | | | LI
T05 = 10,946 0,163 | -unigue- = D Cancel
L TS5 +| 10.783 0.273 | -unique-  *
| | | i | . D | Insert Above
T.05 < | 10,510 0,385 | -unique- = O
T.05 - | 10,125 0.502 | -unique-  ~ | 'O ecitichn
T.05 - 9,623 0.623 | -unique- | g Quick Above...
i ey ot i P 7
3 :Eaves :TO 5 | 9,000 | 1,500 | unlgue | Quick Below. .
2 Truss Bottom T.0.5 ~ 7.500 3.500 | -unique- T
| | | | | . Delete
1 |First Floar T0S ~| 4000 4.000 | -unique-  + £E
Base Base T.05 = 0,000 | -unique- |

Step 3. Open a 2D view of the Truss Bottom level.

Use the Steel Beam command in the Model tab, set in Properties window the followings:

Establish the floor layout shown below — Place the primary beam as shown below in a

| Ltz 5t, Base (Base) 2D

| l2Frme2D ‘ lzst 2> x‘

©

|

Step 4.
Grade to be S355
Tick on the option Autodesign
Save this property set as Steel Beam
Step 5.
single bay.
Praparties O F X | [istuctre D
Steel beam hd }Savem Apply..
= General -~ ®
Continuous [ |
=/ Element Parameters
Characteristic Beam
Element type Beam
Material type Stesl
Construction Ion-composite beam L ]
Fabrication Rolled
Linearity Straight
Use Automatic Grouping || L ]
Rotation I
Rotation angle :
Grade _[ ,‘
Autodesign 3 »
Diesign section order UKE Beam
(_Sravity only | D_ _ 1§
TSD 2016 Manual
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]

=press ESC to cancel

® ®
" ®
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18 Steel Floor 112 (257)

Step 6. Now place the secondary beams at % point , %2 point and % point in the single bay.

® ® © © ® ®

@ [ ] | @
L L ] |
|
9 L |

& -4 -———- - — - —i— @
L L ] q L] !

® ® © ) ® ®
® P ®
L L d L L J |
|
L L L L ] |
@ —————+—++t++t+++++t+¢—— — + @
L L L L !
|
|
@ - @
L L L L ] !
|
L L L L ] i
®  t+++t++t+t+++++1 + ®
L L J L L J |
|
L L d 4 L J |
@ - @
® ® © ) ® ®

18.2 Placing a Steel Deck

Step 1. Inthe Model tab, in the slab area use the drop list to select the Steel Deck command.

) o
Concrede  Concrele  Corcrete |
Wl La- T Beam H

* FRM B XD | BrSL2(AD =
7 <press E

= Slab parameters

[=I 5lab properties
Step 2. In the Properties window, set the slab Depth to be i ———
200mm.
Step 3. Drag a window encompassing the whole floor area to place the steel deck items.

TSD 2016 Manual Tekla Structural Designer
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18 Steel Floor

18.3 Steel Floor Loading

113 (257)

Step 1. Create a new loadcase Imposed Steel Floor with Type set as Imposed.

B4 Combinations [ Envelopes
= i Calc Includein Imposed Load -
i 1 5elf weight - excludingslabs = s LoadaseTitle Type Automatically Generator Reductions Patternload =
i 2 5lab seff weight T SeF weight - excluding slab{ SelfWeight | =
3 First Floor Imposad 2 | Slab seF weight slabDry [+
4 Roof Dead . =
5 Roof Imposed 3 First Floor Imposed Imposed [F ]
& First Floor Additional Dead 4 | Roof Dead Dead |~
* 7 Imposed Slab Floor 5 Roof Imposed ..of Impo.... | = g
6 | FirstFloor Additional Dead Dead |-
Sz I Imposed Slab Floor Imposed | I ] ]

Step 2. Place a Slab Load of 1.5kN/m? by clicking any slab item on that level.

File Home Model Edit Load Analyse Design Report Draw Windows |
o M @[] R B s @A A B R
o4 : X osce T it
Loadcases Combination Envelope Update Wind Wizard... Update Wind Loadcases pecomposition Seismic Point Lineload Patch Var.Patch Areaload Var.Area Level | SlabLoad
Patterns Zones Wizard... Load Load Load Load Load

Structure & Wind Load T | Seismic ... ™| Decomposition Panel Loads ]

Properties B 8 x| | [astuctred | [ast 1(stFoor)2d | [z St 2(TrussBottom) 2 xl
S

~ | Save.. Apply...

18.4 Combinations

Since new loadcases have been added to the model, the current load combination list are not up to
date.

EL 4

Avadable Loadcases Induded

Loadase Title Swrength  Service  5LS Quast

8 First Floor Impozed
% Roof Dead

10 Rocf Imposed

11 Imposed Sl Floor

Impased
Dead
Rmf Impnsa.:i
Imposed

Loadcases Not
Included

Step 3.
Step 4.
Step 5.
Step 6.

Pick the same options as previous.

In the Load tab, click the Combination command.

Delete the previous established combinations.

Click the Generate... button in the combination dialogue (at bottom right).

TSD 2016 Manual
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18 Steel Floor

Step 7. Pick the

option of Table A1.2(B) — Eq 6.10a&b.

Step 8. Untick all other combinations options.

Step 9. PressFi

nish.

114 (257)

Fie Home  Model Edit Analyse  Desgn  Report  Draw  Windows
[ -
AR E F o# [] xwe 8| & & &7
Loadcases |Combination | Envelope Update Wind Wizard... Update WindLoadcases pecomposition Seismic Decomposition Point Lineload Patch \
Patterns Zones Wizard... Load Load
Structure (] Wind Load | Seismic ... ™| Decomposition ™
Strug =
Loading [
=]
# .4 Loadcases 2 oK
3
m | _ = Design Combination Title Class Active  Strength  Service Cancel
®)
) = — - = = =
&) Combination Generator s i
Initial Parameters Copy
e : Delete
Combinations for design of structural members (STR)
(O Table A1.2(8) -Eq6.10
Indude
[ GEO combinations - Table A1.2(C) - Eq 6.10
[ Accidental combinations - Table A2.5 - Eq 6. 11a8h
|| seismic combinations - Table A2.5 - Eq 6. 12a8h
1 i 5
Prope
- Cancel Previous Next | Finish |
- Ge
| ] Generate...
E |
[Eo— ===
Loading ==
A Losdesses :
- £ Design Combination Title Class Active Strength Service Cancel
STR-1.35G+1.5w0+1.5w R0 | | = . =
L 25TR-1.3556+1.5Q15RQ 1 Gravity 2 y Y y
2 | STRy135:G+L50+15RQ Gravityy - | = -
Copy

Step 10. Check the individual combinations that the combinations contain all the loadcases.

x

Avalable Loadcases ks Inchuded
Loades Title Type Loadoss Title Srength Sarvica  SLS Quasi
EHFie 1 Slab seF weight 1.350 L.000 1.000
EMFees. 7 First Fioor Additional Dead 1.350 1000 1.000
EMFo % Roof Dead 1.350 | 1.000 1.000
& First Floor Imposed [ Loso 1.000 l0.300
11 enossd Sz Fiour [Losa  |Looo  0.30
10 Roof ﬁpnse.d ) “I:J.?SG : 1000 ﬂ'DO':I

Step 11. Press OK to exit the combinations dialogue.
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19 3D Model Validation and Analysis Results 115 (257)

19 3D Model Validation and Analysis Results

With the 3D model created we will perform the validation to check for modelling errors and then the

analysis for any issues in the solver.
19.1 Validation

Step 1. Pressthe Validate button either off the quick access button or the end of the ribbon.

£

A EExX -
“ Homs: Madsl Edit Load Analyss Design Report Dra Windeows il
% F s i e {0 Pat 0 A\ POl A Trapezoidalload FE) TorsonFlluoL | [T I
é:é? 2 s B S  Ek i l I
= | & {0 var, Pa A% Level Load 8 uo 4 Pontioad 3, Torsion LOL "
Loadcases Sesmic | Decomposibon . = Valdate
=" Losd ™ - BB sceatoad e Stab Load & Moment Load

& o

Ry Torson vou P

Step 2. Checkin the Status tab under Project Workspace to see if there are any issues reported.

Status

*? Analysis
i @-? Design
i« Model Geometry
+- ¥ Wind Model

Y%

Geometry.

The model has passed validation showing green ticks next to Model and Model

19.2 Analysis Options

Before we undertake the analysis we will have a look at the analysis option for the model created.

Step 1. Inthe Analyse tab, click the Options command.
File Home Model Edit Load Design Report Draw Windows Results
1zt Order Li 2nd Order Li
@ i A L Siaindiad FE chase-down Mesh Slabs oagle Nodes
1st Order Non-inear 2nd Order Non-inear Tabular Data
Options i Wi A
e i and Order Buckling Grillage chase-down Update Wall Beams
Options | 1st Order Analysis M| 2nd Order Analysis & Chase-down F] Solver [F] Meshing F] F]

The following dialogue is displayed — here is where we can control the different options for analysis
and the control of inertias in the model. These settings will be carried through to the design module

As shown below we have made alterations to inertial properties concerning concrete and separated
them to be ‘Cracked’ and ‘Uncracked’. Each element will allow you to specify which option is

applicable.

Assume cracked

TSD 2016 Manual
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19.3 Analysis Process

19 3D Model Validation and Analysis Results 116 (257)
1% Order Mon-Linear ~
2™ Order Non-Linear Element Type E G Itorsion Imajor I minaor Area A || minor A || major t
1¥ Order Vibration — = T
oo : Mid Pier Wall Cracked 0.200 1.000 1.000 1.000 1.000 1.000 1.000
27 OrderBuckling
17 Order Seismic Mid Pier Wall Uncracked 0.400 0,400 1.000 1.000 1.000 1,000 1,000 1,000
Meshed Wall Cracked 0.200 0.200 1.000
Concrete
Building Analysis Meshed Wall Uncracked 0.400 0.400 1.000
Grillage chase-down Column Cracked |L.000  |1000 0,200 |0.200 [0.200 |1.000 |1.000 1.000
FE chase-down T
Col U cked 1.000 1.000 0.400 0.400 0,400 1,000 1,000 1,000
- Vibration Analysis {and RSA) bbb
a Stae| Beam Cracked 1.000 1.000 0.010 0.200 0,200 1.000 1.000 1.000
¢ = Building Analysis Beam Uncracked 1000 1000 |0.010 (0,400 (0,400 | 1000|1000  |1.000
- Timber
R R Flat Slab 0.200 |0.200 1.000
E Cold formed Beam and Slab 0.050 50.050 1.000
Step 1. Open the Show Process window.
Step 2. Run the 1st Order Linear analysis in the Analyse tab.
Step 3. Select to analyse all loadcases and combinations and press OK.
Home Model Edit Load Design Foundations Report Draw Windows
{[/é)} IbOrder Lneax A Drecliner 1st Order RSA Seismic Mesh Slabs j
1st Order Nondinear 2nd Order Non-ingar Tabular Data ‘ i Update
Options = rder RSA Seismi Analyse Al
P {5t Order Vibration 2nd Order Bucking 2nd Order RSA Seismic Update Wall Beams (Séﬁ:)
Options ©| 1stOrder Analysis M| 2nd Order Analysis Seismic (] Salver £} Meshing G| Analyze | Disphragms &
Status g 8 x &2 Structure 3D -2 % |
? validation
" Model Geometry
? Wind Model I )
« Meshing LEEsilE
H :;:Er 1 STR,-1.35G+1.50,0+ L5WRQ
? Design 2 5TR,-135:G+1.50+1.5RQ =

1 Self weight - excludingslabs

2 Slab self weight

3 First Floor Imposed

4 Roof Dead

5 Roof Imposed

6 First Floor Additional Dead

7 Imposed Slab Floor =

[Process | o x|

12:26:58 ‘Welcome to Tekla Structural Designer

i se

Propertias -
aln =

oF
o
o
oF

@ Metric | United Kingdom (Eurocode)

Step 4. Check the process window to ensure the analysis has completed.

Process o x
Time Message Duration
F] 18:57:30 Welcome to Tekla Structural Designer

[ o 20:34:13 First-order linear 00003
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19.4 Loading Summaries

Step 1. Check the Loading Summaries in the Loading tab under Project Workspace. Check for
load applied on the structure against the total reaction.

Loading o R ox

Bl‘:ﬂ Loading
=] Loadcases

; +" 0 Self weight - exduding slabs
B+ 1 5lab self weight
«" 7 First Floor Additional Dead
+ 8 First Floor Imposed
+ 9 Roof Dead
+" 10 Roof Imposed
-+ 11 Impaosed Slab Floor
Bl‘ﬁ Combinations
v

[ 45TR,-1.355G+1.5Q+1.5RQ

fist. Yo "_E\Mind st

Properties on x

Combination(s): 1items

« | Save.. Apply...

- General
ame 35TR_{1}-1.35G+1.54psi_...
User name STR_{1}-1.35G+1.5\psi_{0...
Member Loads | 0.0, 0.0, 2655, 1] kN
| Nodal Loads | 0.0, 0.0, 0.01 kN
Total NHF Dir1 | [0.0,0.0,0.01 ky
Total NHF Dir2 | 0.0, 0.0, 0.01 kN

| Decomposable Loads
1 Way Decomp Results
2 Way Decomp Results

Total User Applied Load .
Total Load on Structure | 0.0, 0.0, 8489.4] ki
Total Reaction [0.0, 0.0, 8439.41 kN

Q The green ticks in the Project workspace window indicates correct loading
decomposition.

19.5 Deflections

Step 1. Check the deflections of the structure by switching to the Results View.

% Y []bs  es [re|poL |

Step 2. Display the following results in the 3D view:

Vertical Z Deflections
Combination - STR3-1.35xG+1.5Q+1.5RQ
Vertical Z Reactions

TSD 2016 Manual Tekla Structural Designer
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Home Model Edit Load Analyse Design Report Draw Windows Results
= (o | i i i
1st Order Linear Strength F = 1D Forces Fx Mx Fxyz Axial Force  Torsion X Dirl X ) BHF Fx Fxz
None 2D Forces | " Fy My Mxyz Shear Major Moment Major Y Dir2 X Relative Y Relative Fy Fyz
Reduce Axial Force Service Eactors Deflections ~\J Mz Total Shear Minor Moment Minor Total Dir1Shear Dir2 Shear S Fxy Mx
Result Type [} Scale Settings % [Support Reacti... & 1D Results x| Deflections ™ | Sway and Storey Shear | Notion... = 1
o 8 x| | [stuctured X | 32 St. 1 (First Floor ) 2D | [i=]]st. 2 (Truss Bottom ) 2
Element Deflection Z min/max=0.0/106.5mm
0.3 4 4
0.
0- /|
fst. %Por.. hlo. [Ewnd | []st. | 0
Properties o R x
v | Save... Apply... 0.0
337V i
462.5kN
800.0mm
600.0mm
400.0mm
200.0mm
- NNmm

Q Remember you can visualise deflection at service and ultimate.

Step 3. Explore other diagrams and tabulated results — ensure all deflections are less than 1m.

o

It is always recommended that you have a stable model (deflections less than
Imin all directions) before you conduct any form of design.

TSD 2016 Manual
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20 The Design

TSD will combine the Analysis and Design of elements and reinforcement into a single operation.
Currently the only materials which are allowed for design are Steel and Concrete.

In the Design tab, the commands for design are split by material - Steel, Concrete or
All and then by the terms Gravity, Static and RSA.

Model Edit Load Analyse Report Draw Windows
) ] — o~ - S » =
Vi 7 W VY / W (| [/ B

Design Steel  Design Steel Design Concrete  Design Concrete D
(Gravity) (Static) (Gravity) {Static) Cona

[ Analysis & Design Steel Analysis & Design Concret

Design Al Design Al
(Gravity)  (Static)

D=

==
ANGlysIs o

an T

20.1 Design Options

Before any design is undertaken the Design Options for the model must be reviewed.

Click the Options command and the following dialogue is displayed — this area is explained
in more detail in the material specific courses but we will review some of the options.

Design Options
- Analysis
* Concrete (®) First-order (Elastic) analysis
i~ Design Forces [Suitable when second-order effects are small enough to ignore (e = 10) or when

i~ Design Groups they are not under consideration.]
Autodesign
i Display Limits
.. SteelJoists

() Second-order (P-A) analysis - BS EN 1993-1-1Cl 5.2.2 (6)B - Amp. forces method
[Suitable for second-order effects for buildings where o 2 3.0.]

() second-order (P-A) analysis
[Suitable for all buildings with o 2 2.0.]

v Indude sway stability analysis

Note if non-inear members/supports exist, a non-inear analysis will automatically
be run as appropriate during design

20.1.1 Analysis

As mentioned before the analysis and design is performed as a single operation, but this dialogue
you have control of which type of analysis is performed (1st Order, P-Delta, 2nd Order).

: TSD will pick the appropriate analysis type depending if non-linear geometric objects
f}" existed in the model. Example — tension-only bracing, compression/tension only
= spring or support.

Q More information on this topic will be discussed in the later chapter.

TSD 2016 Manual Tekla Structural Designer
© Trimble Solutions Corporation | April 12,2016 Fundamental Training



20 The Design

20.1.2 Concrete

120 (257)

This is the reinforcement settings for individual concrete elements.

Design Options
+ Analysis
i Concrete General
Reinforcement Parameters Country UK v
- Reinforcement Settings o
... Detailing Options Longitudinal bars
- Top Longitudinal Bar Pattern Minimum bar size 12
- Bottom Longitudinal Bar Patt
- Link Settings Maximum bar size 32
- General Parameters . =
5 Column Minimum side bar size
- Reinforcement Layout Minimum top steel clear spacing 75.0 mm
- Detailing Options
.. General Parameters Minimum bottom steel dear spacing  |50.0 mm
=- Wall ; . .
Maximum tension steel spaci i mm
- Reinforcement Layout S 2o.g
- Detailing Options Maximum compression steel spacing | 200.0 mm
- General Parameters
5. Slab Use single bars when beam width <= |150.0 mm
- Reinforcement Layout
- Patches Short Span
- General Parameters
- Design Forces Short span maximum length 3500.0 mm

20.1.3 Design Forces

During the design process the individual elements can encounter other (secondary) forces
preventing the design (example, axial force encountered in a concrete beam design).

Any design forces smaller than the values defined here are ignored in the design calculations.

Design Options
Analysis ; = o
41 Concrete gnore Forces Below
Torsion Force 0.1 kNm
- Design Groups
- Autodesign Axial Force 0.5 kN
i~ Display Limits ) ) 5
i.. SteelJoists Minor Axis Shear Force 1 KN
Minor Axis Moment 0.1 kNm
Major Axis Shear Force 0.5 KN
Major Axis Moment 0.1 kNm
Slab Design Moment 0.000 kNm/m
Concrete Beams
Torsion force % of concrete resistance | 20.00 %

This dialogue gives a permissible limit which is controlled by the user.

Some forces greater than the values set above will be ignored by the individual
member design, since they cannot be handled by the element type. The element
will be flagged as a warning (a yellow triangle) to advise of this and the member
design results will clearly detail this.

TSD 2016 Manual

© Trimble Solutions Corporation | April 12,2016

Tekla Structural Designer
Fundamental Training



20 The Design

20.1.4 Design Groups

121 (257)

Design groups are based on the geometric properties of the element, vertical or horizontal.
These elements are placed together in a group and the worst case design of section or
reinforcement applied to all members of the same group.

| Groups

iz

o X'| 3 Structure 30 -2 ><|

g
=
i

]

]
]

Déﬁgn

Steel Beams Rolled
Steel Columns Rolled

[~[3 Timber Truss Members Top
F1-£3 Timber Truss Members Sottom
{8 Timber Truss Internals

3
@

Concrete Reinforced Beams
Concrete Reinforced Columns
Timber Beams

Timber Trusses

Purling

Eaves Beams

= ""EI‘:E Detailing

[F-foeff

Concrete Reinforced Beams
Concrete Reinforced Columns

@Snuct..‘ | %" Groups I 4 Loading E

Design Options

oo Analysis
Concrete
Composite Beams
Desion Enrces

Display Limits
i- SteelJoists

Members to design using groups

[¥] Concrete Beams

[¥] concrete Columns

[ steel Beams

T_I Composite Beams
[T Truss Members
[7] steel Columns
[T steel Braces

[] steel Joists

7] Isolated Foundations

Concrete elements are grouped together while steel elements are designed

individually.

Individual groups can be controlled via the Project Workspace — Groups tab.

Y%

More information on this topic will be discussed in the later chapter.

20.1.5 Autodesign

TSD predominately has two modes for design:

Design Mode — automatically select a section size / reinforcement which is adequate to pass
the design of the element

Check Mode —asection size / reinforcement is already prescribed and the program will check
if they are adequate to pass the design of the elements.

The Autodesign option controls what happens to individual steel and concrete member

Autodesign settings at the end of the design process.

Design Options

TSD 2016 Manual

-~ Analysis

[~ Concrete

- Composte Beams
- Design Forces

i 5
Elspw Elml[

- Steel Joists
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Steel Members

Reset Autodesign to off...
@ Always

) MNever

) When check status is at worst

Concrete Members

Reset Autodesign to off...
) Always

@ Mever

(7) When check status is at worst

Isolated Foundations
Reset Autodesign to off...
@ Always

) Never

(71 When check statug is at worst
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20.2 Gravity Design

122 (257)

The first two options determine if the individual members Autodesign setting are cleared or not
as follows:

Always - The Autodesign setting is automatically cleared at the end of the design process -
putting every member into check mode.

Never - The Autodesign setting (either checked, or unchecked) is always retained at the end
of the design process.

The third option “When check status is at worst” makes the change from Autodesign, conditional
upon the design status (following a design) as follows:

Pass - The Autodesign setting is only automatically cleared at the end of the design process
for members with design status: Pass.

Warning - The Autodesign setting is only automatically cleared at the end of the design
process for members with design status: Pass, or Warning.

Fail - The Autodesign setting is only automatically cleared at the end of the design process
for members with design status: Pass, Warning, or Fail.

Invalid - The Autodesign setting is only automatically cleared at the end of the design process
for members with design status: Pass, Warning, Fail or Invalid.

Beyond Scope - The Autodesign setting is only automatically cleared at the end of the design
process for members with design status: Pass, Warning, Fail, Invalid or Beyond Scope.

The most practical use of the “When check is at worst” status would be to set it to

Q Pass and start with all members in Autodesign mode. At the end of the first design

run passing members would be set to “Check mode”, allowing you to focus on the
remaining members still in “Autodesign mode”.

For Concrete elements Auto design mode is default set to ‘Never’ — reinforcement is checked
and if failing a manual integration must be performed.

For Steel elements Auto design mode is default set to ‘Always’ — a passing section is always
sought for the design.

For initial sizing of steel members and reinforcement we can perform a gravity design which will only
analyse and design elements/reinforcement to the gravity combinations.

TSD 2016 Manual

Only 2 combinations have been created and classified as Gravity, therefore only
L

these two combinations will be analysed and the design produced from the results.
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Loading

|7| »
I
4 Loadcases LE"*‘ Combinations |

Design Combination Title Class Active Strength Service

3 STR,-1.35G+1.5w,0+1 5w
i 45TR-135:G+1.5Q+1.5RQ |[[3

4

| 5TR,-1.35:G+1.50+ 1.5R

Step 1. Open the Show Process window.
Step 2. In the Design tab, click the Design All (Gravity) command.

Report Draw Windows

-~ - ' - e
Y / [a / W
Design Concrete  Design Concrete Design Design All
{Gravity) (Static) Concrete ( L] (St=tic) Al

é" This button will design both steel and concrete elements (for gravity combinations).

The following message will appear in the bottom right of the screen.

: ; x
fﬁi Tekla Structural Designer

il Tekla Structural Designer has finished
the design process

Step 3. Review the Show Process window to ensure all aspects of the design have been completed.

4  16:59:37 Steel & Concrete Design (Gravity) 00:02
[« 16:59:37 30 pre-Analysis Less than 1=
[ « 16:59:38 3D analysis: First-order linear Less than 1s
[« 16:59:38 Grillage chase-down Less than 1s
¥ 16:59:33 Calculating chase-down combinations Less than 1s
[« 16:59:38 FE chase-down Less than 1s
» 16:59:39 Calculating chase-down combinations Less than 1s
< 16:59:39 Running design of 4 concrete element groups Less than 1s
& 16:59:39 Running chedk of 20 elements Less than 1s
W 16:59:40 Running chedk of 31 elements Less than 1s
Step 4. Check the Loading Summaries in the Loading tab under Project Workspace. Check for

load applied on the structure against the total reaction.
Step 5. Check the deflections for the structure in the Results View.

B2 Yl;;g ABS |REL POL

20.3 Design Review Mode

Once a design has been undertaken you are automatically switched to the Review View where the
model design status and other information can be displayed on the screen and reviewed.

L;;,e"f'@' ABS |REL | POL
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idvm  Desn  Fourdaters

Hone  Modd Loed Brprt O rdow e
BRrzz~~ |B BRBBEB ® % . E 8 B & — | &
| mor L T = s L) i + i
(710 Suas Aty Suas  Rato SRS Members Auto\Cherk Diaphvage  Restraned | Braced | Fued| BMStats SabRenforcement Swed  Copy Propertes Aegort SubSruckres Aunch O Corerete Gravaty Ordy oA Tabudar

5
Ratn Desgr: Onicff  Uenestained  Braong  Prmed e Wﬂ Beam Planges Catn

|
ombared *

=

1

a8 x| hareee D x|

i FRMB D

**§§§’**

i

Design Tabular

Model Design Data

Adjustement

Model Design
(Show/Alter Stae)

Information

Most these options will be covered in detail in the later chapters, but we will review a few of them
now.

20.3.1 Design Status

The Design - Status command uses colour codes to graphically display the design status of each
member.

The key displays Pass, Fail, Warning, Error, Beyond Scope or Unknown status of the entities.

Home Model Edit Load Analyse Design Foundations Report Draw Windows Review

BEzzz==_ B BBER BE®B & &% u 28

Statue | Ratio Depth | Status Ratio Status  Ratio SFRS Members | Auto\Check Diaphragm Restrained | Braced | Fixed| BIM Status SlabReinforcement Steel  Copy Properties Rep.. rt  Sub Structures
Ratio Design On\off  Unrestrained Bradng  Pinned Filter
Desian | Foundations & Slab Design Ir] Seismic Fl ShowlAlter State

Combined ~

=l
i
-

Unknown

Beyond Scope

Error

Warning

Fal =<l

Pass

20.3.2 Design Ratio

The Design - Ratio command uses colour codes to graphically display the design ratio of each

member.
Home Model Edit Load Analyse Design Foundations Repart Draw Windows Rewew
M e
HEH =22 22 B BREREB
Overall =
Status | Ratio | Depth Status  Ratio Status  Ratio SFRS Members | Auto\Check Diaphragm Restrained |\ Braced\ Fixed | BIMStatus 5
Ratio Design On\off  Unrestrained Bradng  Pinned
Design | Foundations M Slab Design P Seismic P
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'f”“ The ‘N/A’ colour code is assigned to those members that are either beyond scope

or have yet to be designed.

\S

N

<0.000, 0.200)

<D.200_ 0. 400y

| 1] P

<0. 400, 0.600)

<0600, 0.800)

<0 800, 1.000)

20.3.3 Show\Alter State — Auto\Check Design

Graphical switch for concrete/steel elements from Design to Check Mode.

Home Mode! Edit Load Analyse Design Foundations Report Draw Windows Review

=] ; ™ iz
B E£s == o || R A
= Overal = L ) 18
Status | Ratin Depth Status | Ratio Status  Ratio SFRSMembers | Auto\Chedk | Diaphragm Restrained | Braced\| Fixed)| BIMStatus SlabReinforcement Steel Copr
Design

On\Off  Unrestrained  Bracing  Pinned

/]

Ratio
Design | Foundations Slab Design G| Sesmic

Each member is colour coded to indicate its Autodesign setting (On or Off).
Clicking on an individual member toggles its Autodesign setting.

Dragging a box from left to right toggles the Autodesign setting for all members totally
enclosed by the box.

Dragging a box from right to left toggles the Autodesign setting for all members that are
either enclosed by the box, or are cut by the box perimeter.

Depressing the SHIFT key and dragging a line toggles the Autodesign setting for all members
that cross the line.
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20.3.4 Show\Alter State — Steel button

The Steel command provides a means to graphically review and modify the section size and or grade
applied to steel members.

Analyze Deesian Repart Draw Windows
-

o o B & [&

Auto'Check Diaphragm RestrainediJnrestrained Fixed\Pinned BIM Status  Slab Reinforcement || Steel |} Copy Properties
Design on\Off

To graphically copy the section size and grade between members:

1. Click Review > Auto\Check Design and ensure that Autodesign is off for the members in
question then click Review > Steel

2. Inthe Properties window, select the parameter to copy (Section, Grade or Both).
3. Click on the member containing the steel to be copied.

4. Click on the member(s) to which you want to apply the steel.

@ The member clicked on has to be of the same type (beam, column, or brace) as the
source member.

Q To change the source being copied from, press Esc and then select a different
member.

M. Y. 4. E.| @ KB 203x133x25

roperties o B ox

L s - KB 406x140x39
e

Characteristic | Beam
Parameters Section |\

Apply

20.3.5 Design Tabular Data

Tabular design information such as Design Summary, Sway, and Storey Drift etc. can be displayed on

the screen.
Report Draw Windows Rg_\:'_jﬂe!v
B s e e
e e [t - =
Restrained\Unrestrained  Fixed'\Pinned BIM Status  Slab Reinforcement | Steel | Copy Properties  Feport  Sub Structures  Punch Chedk Concrete Tabular
£ | Filter Position Beam Flanges Data
Show\Alter State 5 | Design Data
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This will open up another window — select the relevant options.

Home Model Edit Load Analyze Design Report Draw Windows
Cold Formed

Design Summary v Concrete Columns Trusses
Cold Rolled
Timber Braces
View Type ] Material Type ™ ™

o R X']Qsmuem l [ Review Data xI

? validation Design Summary
VMV?::::;;FEW Member Reference  Group Ref. Span No. Section Grade Length No.Connectors Utilizaton  Status Results
Meshing SB 1/B/1a-1/8/2 1 6.000 0.864 | Results... |
Decomposition SB 1/B/2-1/8/2a SBR1 1 UKB 457x152x52 | S355 |6.000 0.864 |« Pass Results...
:;’Mlve' SB 1/C/12-1/C/2 :ssm :1 | uke 457x152x52:5355 :6.000 :04853 | Pass Resuls...
Design SB 1/C/2-1/Cf2a SBR1 1 UKB 457x152x52 | $355 |6.000 0.853 | Pass Resuls...
S8 1D/1a-1/D2 | SBRI [1 | UKe 4s7x152x52| 355 |6.000 | 0.853 |« Pass [ Resuts.... |
S8 1/D/2-1/Df2a | SBR1 |1 | Uke 4s7x152x52| 355 6,000 | lo.841 |« pass Resuits... |
SB 1/E/1a-1/E[2 | ser1 1 | uke 40614039 | 355 [6.000 | 069 |A Warning | Results... |
SB 1/E/2-1/E/2a | ser1 1 | uke 40sx140x39 | 355 |6.000 | 0.593  |A Warningv Results...

20.4 Right Click Context Menu
Individual element design information can be displayed by right click on an element in the model.

20.4.1 Concrete Elements

auy WMIUSIS SR | WAV W8N MERGH) | OGUS | WU CEWiEs

rsis & Design Concrete 1 Analysis & Design G| Slabs & Patches i} Punchirl ) Undo (6 (ETAN (1
Red Ctrl+Y
b2 structwre 30 % the !

Copy
Save View Configuration...

% Delete Element

Zoom Qut

Apply Property Set...

Create property set 3
Edit C1

Open Load Analysis View

Open Member View
Show Member Loading
Check Member

Design Member

Interactive Design... 3
Generate Detailing Drawing...

Report for Member

Check Slabs
Design Slabs

Redraw

Save Screenshot

RSA: Unknown &0.000

20.4.2 Check Member — Concrete

Check Member will display the design results for that element to the set design code of practice.

C16 results (BS EN 1992-1-1 + UK NA, 2004)

o S orotudeo ors Summory
oo Links Summary Stack| Section |Longitudinal Bars Analysis Com hination|Critical position |Ratio| Status
j: i:?;;:ggi:gg 3 | 400x600 10H1Z 30 Building Analysis [ Bottom 0.207 |  Fass
__/; Stack 1 400x600 2 A00x600 10H12 FE Chase Down 4 Bottom 0478 |« Pass
1 A400x600 10H12 FE Chase Down 4 Top 0.297 | « Pass
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Showing summary as well as individual element information by expanding the tree.
Highlight any option in the tree to display the information.

C16 resilts (BS EN 1992-1-1 + UK NA, 2004)

Longitudinal Bars

3D Building Analysis

« 3 5TR:-135G+1.5w0+1.5¢
4 §TR;-1.35:G+1.5Q+1.5R(
- Ultimate Axial Resistanc
- Design moments major

>

Stack 3 400x600 - Longitudinal Bars - 3D Building Analysis - 4 5TR-1.358G+1.5Q+1.5RQ - Design moments minor

Braced stack in this diredion
[z Second-order moment

[= Top end design moment

M= MINCM, o M 1= 0.0 kNm
Moy, = M, o= 2.9 khm
Mgy e =M, o= 10.9 kMM

My =M= 7.2 kNm

[ Bottom end design moment
[ Mid-fifth design moment

btm2

-of  Top

- Mid-fifth

L s Bottom

[ FE Chase Down
[« Grillage Chase Down
.. Bar Limit Checks

P

Settings

Close

20.4.3 Design Member — Concrete

An individual element can be auto-designed to find a reinforcement design configuration to all

combinations.
C16 results (BS EN 1952-1-1 + UK NA, 2004) =
o Longitudinal Bars Summary
o Lk ey Stack| Section |Longitudinal Bars Analysis Combination | Critical position |Ratio | Status
iy j: ?Eiitgjgﬂigﬂg 3| A00%600 10H12 30 Building Analysis 4 Bottom 0.207 | « Pass
SR 2
#-s Stack 1400x600 2 A00x600 10H12 FE Chase Down 4 Bottom 0.478 | ' Pass
1 400x%600 10H12 FE Chase Down 4 Top 0.297 | ¥ Pass

Settings

Close

The blue exclamation mark indicates the critical option in the design, along with any

relevant causes in the codes of practice.

€16 results (BS EN 1992-1-1 + UK NA, 2004)

[}-® FE Chase Down -~

1 Stack 2 400x600 - Shear Links - 3D Building Analysis - 4 STR,-1.356G+1.50+1.5RQ - Major Load Direction

[l 3 STR,-1.35G+1.5y,
B8 4 STR:-1.35:G+1.5
(- Grillage Chase Down
+ BarLimit Checks
Shear Links

3D Building Analysis

« 3 5TR:-135G+1.5y,
4 5TR;-1.358G+1.5(
o

L of  MinorLoad Dire

Largest design shear force in stack

Stress state factor

Concrete design compressive shear strength
Cracked concrete reduction facor
Maximum angle of compression stnt
Maximum allowed shear stress

Shear area

L

Ed.max

= 22.0kh

o= 1.000 EM1992-1-1:2004 Section 6,

a

fa=213 N/mm® EN 1992-1-1:2004 Section 3,

vy = 0.523 EMN 1992-1-1:2004 Section 6,

6, ..= 45.0000 ° EMN 1392-1-1:2004 Section &,

Vo ma = 0.9 3 0, 5 vy 2 F L, f (COR(E, )+ tan(8,,,))= 5.0 M mm’

8,,= 220400 mm®

Bl FE Chase Down A Waximurm shear resistance of sedion Mg man = Yag ma X A, = 11070 KN

[l Grillage Chase Down [ Unreinforced shear resistance of sedion ey = Ve %A, = 1088 kN

~of  Bar Limit Checks v | /4 Unreinforced shear resistance suffidert v

< M > |« >
Settings Close
Individual combination design results will be listed in the tree — but the critical
combination listed in the summary.
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20.4.4 Design... - Interactive Reinforcement Concrete Design

Manual interactive reinforcement design can be conducted for all concrete elements in the project.

- Longitudinal Bar Design

Interactive Column Design
e C16-3, max UR = 0,207 Longitudinal | Links | Interaction Diagrams
' C16-2, maxUR = 0.478 Longitudinal Bars
o C16-1, maxUR = 0.297 A0awE00
Principal bar size Hi2 v Stack length = 4000 mm
Intermediate bar size | H12 W Containment status: Pass
[ Ctr spacing i Ctrspacing 1 3
Int. length I Count | il .Int‘ length | Count mml
1 151.0 | 34 1 151.0 b
23 | 2 | w673 || 41 | 2 | w3 |«
E
B
Longitudinal Bars A
Position Top Mid-fifth | Bottom
I, [khim] 31.0 3.9 9.6
I, [kim] 1717 173.1 165.7 1 2
Ratig 0,297 « |0.184 « |0.058 « 400 mm
M, [kn] 314.1 3291 3391 Minor
M_,, [kN] 4294.2 .
Ratio 0.073 « [0.077 # [0.073 > Pt
- Link Design
Interactive Column Design
e e ——
o C16-3, max UR = 0,207 ‘ Longitudinal | Links |Inberachon Diagrams
 C16-2, max UR = 0478 Links
= = 400x600
o e ma URS 0257 [] Use suppart link regions
. Stack length = 4000 mm
Link spacing 1250 | mm Containment status: Pass
4 3
Link size H8 w
Links
T
Armsarae (MM /ml| 0 g
N | £
T 3
A, lmm’fm] 1608
Ratio 0.000
1 2
400 mum
Minor
Major

- Interaction Diagrams

Longitudinal | Links | Interaction Diagrams

N-M Interaction Diagram M-M Interaction Diagram at N, = 309.3 ki
4 5TR;-1.35EG+1.5Q+1.5R(Q, FE chase-down
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20.4.5 Generating Detailed Drawings

Single element DXF drawing can be produced showing reinforcement details for the element.

DXF Export Preferences

=
Use gutomatic file name

Q C:\UsersljesanAppDatalLocal Temp\C 1 detailing. dxf

Drawing
Layer Configuration Column Detail -
Layer st CelimEA |-
Scale 1:25 -
Minimum Text Block Spacing 50 mm
e =
T
D
e
T [T
CEED
Lkl B
D
CEED
|
i
i
|
2o I
2 I
2 FRT | ==
a8 |
| | =1
|
|
i
N |
S~ N AU O oy | jP-'-_.___._
.
| E
!
_+ H
|
|
|
|
N
[
T
|
i
i
|
senma W LT DT 2 4.
|
-
TSD 2016 Manual Tekla Structural Designer

© Trimble Solutions Corporation | April 12,2016 Fundamental Training



20 The Design

20.4.6 Report for Member

131 (257)

A simple defaulted element report can be obtained — these can be modified as explained later in the

manual.
@:Trimble. @ Trimble. |
€16 - - : - Longitudinal Bars Summary
G Stack | Section | Longitudinal Bars Ratio
&) = [<o0ws00 10H1Z 30 Building Anarysis B sottom 0207 | o Pras
._5_‘ 2 [so00s00 11z 7E Chiase Dawn 4 3atzam 0478 | of Frss
|—< 1 200000 10H1Z FE Chase Down 4 Top 0297 | of Fass
i Links Sumemary
= = I=H Stack | S=ction | Topsupport | Span Bottom, Traiysis  |Combination | Ratio | Status.
I o s o
T T - THE-IY 20 Buileing ) 0482 | o Pass
- I vl . 3 z | <omson THE-ZY ZI:':;:I;I:;:; a 020 | Fams
Analysis
1*3 } i g I. 1 [somms00 ZHE-1LY =zcrm:auwn 2 0083 | o Paas
&
~
i
= 1 il l
&
H e,
i
i o @»_[]
| o
i
—H—
20.5 Steel Elements
s Edit SCE/2
Open Load Analysis View
Open Member View
Show Member Loading
Check Member
Design Member
G te Detailing D g
Report for Member
Check Slabs
Design Slabs
Redraw
Save Screenshot
Non-composite column
UKC 254x254x89/5355
Pass@0.099
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20.5.1 Check Member — Steel

This provides the steel section size design results to a specific code of practice.

SC E/2 results (BS EN 1993-1-1 + UK NA, 2005)
7’m """"""""""""""""""" 5l |Summary UKC 254x254x89(5355)
- o C'“““@‘”” | Design Condition Combhination Name | Design Value | Design Capacity |Units | U.R. Status
:% z::m:z = | Classification 3 Class 1 B = « Pass
Fl-of Buckling Shear Web Shear Wajar M Significant Farces kM - | Mot reguired
- Moment Major Shear Minor Mo Significart Forces kM - [Mot required
[ Moment Minor = | Buckling Shear Web - 21,913 59,423 - ' Pass
(- Axial [ |Moment Major 4 -0.5 422.2| kim|0.001 « Pass
By Axial Bending Combined [ [Mament Minor 4 7.7 198.5| kNm|0.039 « Fass
j ::Et}::gtzt;:r';isf"“‘ o> [aid 4 1513 3909.2| kN [0.083 « Pass
[ Buckling Combined > | Axial Bending Combined 4 - - -| 0,039 ' Pass
[ |Buckling Lateral Torsional 4 -0.5 410.3 | kRm|0.001 « Pass
> [Buckling Compression 4 19158 2617.5 kM| 0.073 « Pass
[= [Buckling Combined 4 - - -|0.089 ¥ Pass

All aspects of the design can be interrogated and the blue exclamation mark
indicated the critical condition.

5C Ef2 results (BS EN 1993-1-1 + UK NA, 2005)

Summary UKC 254x254x89(5355) | ¢Moment Major - 4 STR,-1.355G+1.5Q+1.5RQ - Stack 1 (4.000) UKC 254x254x89 5355 - Position 4.000
[# o Classification | Majar Axis
' Shear Major Designvalue Moment, M, =-0.5 kNm
[£7] Shear Minor
i o =1.000
« Buckling Shear Web 3
+ Moment Major | Flasticsectionmodulus, W, =~ =1223.9 cm’
I ¥ 3 STR-135G+L5WQ+15URY vigldstrength,f, =345.0 Nfmm®

s 4 5TR;-1.355G+1.5Q+1.5R! x 7

‘—{, o Stack 1 {4.000)%»« 253:(255 Designresistance, M.z
s |EBETHONSROHOR Ratio

Moment Minor ¥ Pass

Axial

Axial Bending Combined

Buckling Lateral Torsional

Buckling Compression

Buckling Combined

=422.2 kNm EM1933-1-1: 2005 Cl 6.2.5(2)
=0.001 EMN1953-1-1: 2005 Cl 6.2.5(1)

LRALAL

20.5.2 Design Member — Steel

An individual steel element can be auto-designed to find a section size, satisfying all design
combinations which have been analysed.

SC Ef2 results (BS EN 1993-1-1 + UK NA, 2005)

oy UK 8 [Summary UKC 254x254x89(5355)

#-o  Classifiction Design Condition Combination Name | Design Value | Design Capacity | Units | U.R. Status

& @] Shear Major : s

= e - | Classification 3 Class1 - - - ' Pass

Bi-« Buckling Shear Web Shear Major Mo Significant Forces kM - | Mot required

- Moment Major shear Minor Mo significart Forces kN - | Mot required

-+ Moment Minor = |Buckling Shear Web 21.913 59.423 - « Pass

By Axial Moment hMajor 4 -0.5 422.2| kNm |0.001 « Pass

-+ ix'a;‘ﬁe"d‘”g erﬁﬂ“"-‘i Moment Minor 4 T 198.5| kMNm|0.033  Pass

Bt arera Tarsiars - [Aid 4 1513 3305.2] kN |0.043 < FPass

-« Buckling Compression 2 -

5 « Buckling Combined - | axial Bending Combined 4 - - -|0.039 « Pass
Buckling Lateral Torsional 4 -0.5 410.3| kNm|0.001 « Pass
Buckling Cormpression 4 191.9 2617.5 kN |0.073 « Pass
Buckling Combined 4 -|0.0%8 + Pass
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20.5.3 Generating Detail Drawing — Steel

Individual element drawing.

DXF Export Preferences

et

[¥] Use automatic file name
Cancel

C:\Users\jesan‘AppData'LocaliTemp\sC B_1a detailing. dxf

Drawing

Layer Configuration Column Detail -

Layer Style Column Detail - ]Eiza

Scale 1:25 - s Sl —
g | o =k

Minimum Text Blodk Spacing 5.0 mm

w—————— — = = — = — — — —]

20.5.4 Report for Member — Steel

A simple defaulted element report can be obtained — these can be modified as explained later in the
manual.

= = T
& Trimble. ... N
ay=t
o B = =E] T
SCER
©
B T
AR J_ e e
!
i
|
I )
| T
! =
= | (}""E‘I"'
i |
I
|
I
I
1
i
I
|
A U] S, | _____ i
|
)
Summery UKL 25425489555
D=sign Condition Combination Name | Design Value | Dasign Capacity | Units | UR. Stetus
Clrasification 3 Ches 1 = = ]
Shemr Wagar Ma Snificant Fanoss Ll = | Mot raquirsd
Shesr Minor L] Sx=nificant Foroes L] =| Mot reguired
Buckling Shear Wel + 21913 iz & o Pamg
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20.6 Design Status

Once a design has been conducted the status of the model can be visualised.

AMetric  United Kingdom

(1) Load Condition —Wind / Seismic
(2) Analysis Condition

(3) Design Condition Steel Gravity

(4) Design Condition Steel All

(5) Design Condition Concrete Gravity
(6) Design Condition Concrete All

Q § Red Cross — Not valid
§ Green Tick — Valid

Step 1. Edit a steel beam by double left clicking on it - change the section size to UKB 533x165x66

Properties - 5B 1/0/*108-1/E/°109
‘E @ Size -
R Span 6000.0 mm
- Size
Alignment
- Releases Steel | 5355 v
- Lateral restraints
Strut restraints
= Haunches
el lats Section KB S33xtSKSE | v

- Web openings
-~ Deflection imits
Size constraints

o

Camber
- Natural frequency
- Instability factor
- Seismic

= m - Pess o .

The graphical status area shows question marks.

OK Cancel

- AE

§ This indicates that the model status is unknown and there has been some of

f"" adjustment which has invalidated the design.
— 8 TSDwill retain (where possible) the previous design/analysis results obtained in
the model.

Step 2. Right click on the same steel beam as in above and select Check Member.

TSD 2016 Manual Tekla Structural Designer
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5B 1/D/°108-1/E/109 results (BS EN 1993-1-1 + UK NA, 2005)
; ummary UKB 533x210x138(5355)
By Classifiction Design Condition  |# |Design Value | Design Capacity|Units | U.R. Status
lil z:::m:z: [ | Classification 3 Class 1 - %  Pass
.o BucklingShear Web [= |Shear Major 4 113.3 1685.7 kM | 0,067 « Pass
[Hf Moment Major Shear Minor - Mo Forces kM - | Mot required
- Moment Minor [ | Buckling Shear Weh 34.143 59.423 o Pass
LIy axial [ |Moment Major 4 169.9 1246.4| kMm | 0,136 « Pass
il Axial Bending Combined rdoment Minor - Mo Forces| kim - | Mot reguired
-5 i S Axial - Mo Farces| kN - Mot reguired
[ % Buckling Compression
- Buckling Combined Axial Bending Combined | - Mo Forces - - | Mot required
[ Deflection Buckling Lateral Torsional | - Mo Forces - - | Mot required
Buckling Compression - Mo Faorces - - | Mat required
Buckling Comhbined - Mo Faorces - - | Mat required
[== | Deflection Self weight 3 0.1 -l mm 2 =
= |Deflection Slab 3 1.3 240 mm | 0,055 " Pass

8 Since the previous results are retained, TSD can perform a check on this

# ;
& member.

§ Aword of caution if the end fixities are changed and the analysis and design not
updated, the element may show design results not to the correct forces.

Step 3. Right click again on the same steel beam and select Design Member.

The individual element will run through the Autodesign process and select a section
: size which is adequate for the previous analysis results.

20.6.1 Analysis warnings

As mentioned previously the design procedure can encounter other analysis forces which will
invalidate the design — these are control in the design options.

Design Options
- Analysis I F Bel
A Contehs gnore Forces Below
- Reinforcement Parameters Torsion Farce .1 KMm
[~ Beam
- Column Axial Force 0.5 kM
- Reinfarcement Layout § e 10
- Detailing Options Minor Axis Shear Force . kN
- General Parameters Minor Axis Moment 0.1 kim
Major Axis Shear Force 0.5 kN
Major Axis Moment 0.1 kMm
- Autodesign Slab Design Moment 0.000 kimjm
Display Limits
- Steel Joists

Concrete Beams

Torsion force % of concrete resistance || 20.00 %

If any element has a force exceeding the values stated above, it will be highlighted as a warning.

The design will still continue but ignoring this offending force value. This value can be seen in the
Forces Ignored area of the design results.
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o Summary UKB 203x133x25(5355) |Forces Ignored - 6 Str,-vg, . ;D +YoI+
« Classification ﬂAxiaIload, Ng, 1.0 kN I
« Shear Major
« Buckling Shear Web

-/ Moment Major
&y
v
A

Buckling Lateral Torsional
Deflection
A Forces Ignored

B A 6 Stry-Tgy s D+/gI+7gRI

Step 4. Re-run the Design All (Static) for the model to update the analysis and design results.
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21 Lateral Loading

21.1 EHF’s —Equivalent Horizontal Forces

The application of EHF’s (Equivalent Horizontal Loads) and wind will be covered in the following
sections.

W For a gravity design a model can have all elements passing, but when lateral
2 combinations are applied and checked, these elements can now fail.

EHF’s are automatically calculated by TSD and can be easily applied to the model

EHF’s are used to represent frame imperfections. The Eurocode requires they are applied to all
combinations. (Lateral wind combinations therefore should also have EHF’s applied).

EHF’s are automatically derived from the factored load cases within the current combination. They
are applied in the analysis as a horizontal force at each beam column intersection with a magnitude
of 0.5% of the vertical load in the column at the column/beam intersection.

They are applied to the structure in X and Y global directions as follows: EHF X+, EHF X-, EHF Y+ and
EHF Y-

However they are then combined to act in the +Dirl, -Dirl, +Dir2 and -Dir2 directions (because many
structures do not have their primary axes along X and Y).

This is achieved by applying the loads themselves in global X and Y as above, and then using the
combination factors to set them in Dirl and Dir2 as required.

@ Example if the angle between X and Dirl is +60 degs - TSD applies +X factor 0.5 and
+Y factor 0.866. (i.e. cos 60 degs and sin 60 degs).

The net result is that any combination is able to have up to 2 EHFs applied within it - one from X (+
or -) and one from Y (+ or -).

In addition, you are able to set up the combinations manually and apply factors to each as required.
21.2 EHF Control

The control for EHF can be found in the Model Settings > EHF and this is used to control the
magnitude of the EHF applied to the structure.
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Model Settings

+ Design Codes
i Units

+1- References
+ Drawings
Grouping

i Material List
Beam Lines
i~ RigidZones
CurvedBeams
i Validation
Load reductions

138 (257)

Height of the structure 0.000 m Set Default
Number of columns in X direction 1
Number of columns in Y direction |1

Global initial sway imperfections

o,

O 1.000

oy 1.000

O = o X 0 X Oy 0.50 %
by = b X 0, X Oy 0.50 %

Height of structure - to specify the effective height of the structure to be used in the EHF
calculations.

Set Default button - sets the height to the highest construction level.

Number of Columns in X and Y directions — default set as 1

Y%

In the Eurocode CI 5.2(5) the calculation of the reduction factor an depends on the
number of contributing members, m.

&

Valid input for “m” in the X and Y directions is any whole number from 1 to 1000.
The default value is 1 which results in am = 1.000. If a value of 1000 is entered then
am would reduce to 0.707.

Global initial sway imperfections - Displays the calculated alpha (&) and phi (f) values for the
above input.

21.3 Applying Equivalent Horizontal Forces (EHF’s)

Keeping the defaulted values in the EHF settings, we will apply EHFs to our structure.

Step 1. Inthe Load tab, click the Load Combination command.
Step 2. In the combinations dialogue, delete all previous combinations.
Step 3. Press the Generate... button.

Loading

=4 Loadcases

# Design Combination Title Class Active Strength Service Cancel

Add

Copy

Delete

Step 4. Pick the option “Table A1.2(B) — Eq 6.20a&b”.
Step 5. Un-tick the options Geo, Accidental and Seismic combinations - press Next.
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Initial Parameters

Combinations for design of structural members (5TR)
(Z) Table A1.2(8) -Eq 6.10
|@ Table A1.2(8) - Eq 6. 10a&h |

Indude
[] GEO combinations - Table A1.2(C) - Eq 6.10
[] Accidental combinations - Table A2.5 - Eq 6.11a8b

[liseismic combinations - Table A2,5 - Eq 6. 19a8D |

Step 6. Accept the defaults on the combinations equation generator — press Next.

Combinations
Combination Generate Dead Imposed Roof Imposed
— 135 1s00  [1s00
STR:-1.355G+1.5Q+1.5R0 1,249 1,500 1,500
STR.-1.35G+1.5u,0Q+1.5u.RO+EHF 1.350 1.500 1.500
STR,-1.355G+1.5Q+1.5RQ+EHF 1.249 1.500 1.500

Step 7. Accept defaults on the service factor generator — press Next.

Service
Generate Dead Imposed Roof Imposed
v 1.000 | 1.000 | 1,000
STR,-1.355G+1.5Q+1.5RQ v ' ’ |
STR:-1.35G+1.5,0+1.5wRQ+EHF v [ 1.000 [ 1.000 | 1,000
D e = |:L.00% =

Step 8. Tick all directions (Dirl+, Dirl-, Dir2+ & Dir2-) to apply EHF’s to the repeated gravity
equations.

EHF

Combination Dirlt+ Facy,,. Dirl- Fac,. Dir2+ Fac,,  Dir2- Fac:

STR-1.356 15460 +1.546RQ r Gravity Equations Repeated

STR;-1.35:G+1.5Q 4+ 1.5RQ
5TR;-135G415u;Q+ L5wRQ+EHE , 1,000 1.000
5TR,-1.35:G41.5Q 4+ 1.5RQ+EHF 1,000 1,000 1,000 1,000

Step 9. Press Finish to exit the generator and OK to exit the combination dialogue.

Total 10 combinations are created from the Combination Generator.
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=4 Loadcases [ Envelopes

E"'_ E Design Combination Title Clas= Active Strength  Service

. 15 STR,;-1.35G+1.5wW Q0+ 15w RQ : T

.. 16 5TR;-1.355G+1.5Q+1.5R0 - KN Gravity v _

- 17 STRg3-1.356+1.5W,Q+1.5WRQ+EHRws. || 16 | STR:-1.355G+1.50+1.5RQ Gravity v O

- 1B STR ;-1.35G41.5uyQ+1.5uRQ+EHFz T
17 | STR: 135641500+ 1.5u,RO+EHR, .. Lateral v v i v

-+ 19 STR. ;-1.35G+1.5u,Q+1.5u,RQ+EHF o Yol +1-59oRQ+ EHfee: e ! T

. 20 5TRs 41356 +1.50,Q+1.5uRQ+EH o 18 | 5TR:r1.35G+1.5wQ+1.5w RO +EHR, . Lateral |

- 21 5TR;:-1.3556+ 150+ 15RO +EHFe. 19 | 5TR:+1.35G41.5w0+1.5wR0+EH vz Lateral v

- 22 §TR;3-1.356G+1.5Q+ 1.5RQ+EHF '

. 23 5TR, -135:6+1.5Q+1L5RQ+EHR, .. 20 | STR:+1.35G+1.5wQ+1.5W,RQ+EHR = Lateral v

. 24 STR; +-1.3556+1.5Q+1.5RQ+EH . 21 | STR, ~1.356G4+1.5Q+1.5RQ+EHR,. Lateral | O
22 | STRyr1.352G+1.5Q+1.5R0+EHR Lateral | v O
23 | 5TR;+1.358G+1.5Q+1.5RQ+EHR .. Lateral W [
24 | STR;+1355G+1.5Q+1.5RQ+EHR Lateral [ v M|

21.4 Renumbering Loadcases and Combinations

The Loadcase and Combination numbering has continued from the previous deleted set, we will
renumber them to start from 0 again.

Step 1. Inthe Project Workspace, select the Loading tab.
Step 2. Right click over the title Loadcases and pick the option Renumber.

Toading | o » x Loading o i x
=15 Loadng Bi‘:ﬁ Loading
= S - Bﬁ Loadcases
v £ G ~" 1 5elf weight - excluding slabs

B+ -+ 2 Slab self weight

P = Freen i [ 3 First Floor Imposed
[#-+ 8 First Floor Imposad [+ 4 Roof Dead
[#-+ 9 Roof Dead i ~ 5 Roof Imposed
-« 10 Roof Imposed i -+ & First Floor Additional Dead
[« 11 Imposed Slab Floor [H-+" 7 Imposed Slab Floor

=¥ Combinations =-#5 Combinations
- ¥ 15 5TR,-1.35641.5y,Q+ 1. 5wRQ i ¥ 15TR, +1,35:6+1,50+1. SRQ+EHF 5.
#-? 16 5TR,-1,3556+1.5Q+1.5RQ G- 25TR, +-1.355G+1.5Q +1, SRQ+EHF 5 .
B- ¥ 175TR..-1.356+L 5yQ+L SYURQ+EHF e G- ? 35TR,21.355G+1.5Q+1. SRQ+EHF zee
- ® 18 STR: :-1.356+1 5WQ+1L SURQ+EHF cs. - T 45TR,-1.355G+1.5Q +1. SRQ+EH ...
- ® 19 STRyy-1,356+1 5yeQ+1. 5WRQ+EHF ouze i ¥ 5 5TR:-1.35G 41 5960+ 1 SYRQ+EHF on
[-F 20 STR;1.356+1. SyQ+1. 5yRQ+EHF 5 @ ¥ 6 STR55-1.356 +1. 5yyQ+1. Sy RQ+EHF gezr
B~ ¥ 215TR,; ;-1 35564150+ 1. RQ+EHF 5., - ¥ 7STR:2-1.356 +1. 5y,Q+1. SR Q+EHF g,
[T 225TR, 51 3506+1.5Q+ 1. SRQ+EH oy E-F 35TR, 135641 5uLQ+15URQ+EHF ...
- ¥ 235TR, - 1.3556+1L.5Q+L RQ+EHF o, - T 95TRy-1.35:6+1.5Q+1.5RQ
- ¥ 245TR, 13564150+ LRQEF. .. B ® 10 5TR.-1.356+1 50,0 +1.5UR0

< > £ >

st | sylo.. | WPer. Ewnd [{]st. fsr. | Ao | %o, Ewnd [§st.

Step 3. Repeat the step above for combinations.
Step 4. Perform a complete design on all loadcases and combinations.
a. Check the Loading Summary
b. Check the Deflections of the Structure
c. Check the Element Design
d. Check the Sway Results from the Tabulated Data
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—|EEER-- S S - T -
& #7 Loading
= f Loadcases 1
-+ 15elf weight - exduding slabs 2 0.1 -18 0.8 0.1295 0.2884 0.0010
ﬁj ii’;ﬁ“ﬁ i 3 0.0 -1.8 0.8 0.0253 0.0005 0.0010
-+ 4RoofDead 2 0.2 -1.8 0.8 0.1263 0.289% 0.0010
“+ 5 Roof Imposed 5 2.3 -18 0.2 0.1081 0.0828 0.0010
j ‘;:f;:::;‘::”;‘r::m 3 a5 26 0.3 0.0304 0.0022 0.0011
Combinations 7 0.0 0.0 0.0 0.0255 0.0572 0.0000
- 15TR;1.3546+1.5Q+1.SRQ+EHF oo 8 0.1 2.1 149 -0.0001 -0.0203 0.0012
=53 ::ﬁ:ii::‘;}gﬁ:r' 9 0.0 0.0 0.0 0.0957 0.1469 0.0000
45TR-;-1.355G+1. 5Q+1. RQ+EHF ., 10 0.2 2.1 0.3 0.0092 -0.0158 0.0012
<356 +1.50:Q+ L. SyRQ+EHF oz 11 0.0 0.0 0.0 0.0253 -0.0008 0.0000
;2 :i :ﬁt::&gﬁ:' 12 0.1 -1.8 25 0.0185 0.1826 0.0010
8 STR. ;-1.35G +1. 5y + 1. SuRQ4EHF ..o 13 0.0 0.0 0.0 0.0228 01417 0.0000
¥ 9STR,-L3SIGHLEQ+LRQ 4 0.0 L7 0.3 -0.0255 -0.001% 0.0012
87 105TR-135G+L.5QHLSWRQ 15 0.0 0.0 0.0 0.0992 0.0472 0.0000
16 38 2.8 0.4 0.0400 0.0377 0.0005
~ — = — e p 0.0 0.8 0.4 0.0253 -0.0007 0.0005
Mst. | Ao | Yo I wind m S 18 -3.7 0.4 0.4 0.0153 0.0342 0.0005
Member Reference  Group Ref. Span No. Section Grade Length MNo.Connectors Utilization  Status Results
SB 1/B/1a-1/8/2 Reslts...
SB 1/B/2-1/8/2a SBR1 1 UKB 457x152x52 | 5355 | 6,000 0,864  Pass Results. .,
SB 1/C/18-1/C/f2 SBR1 1 UKB 457x152x52 | 5355 | 6.000 0.853 ' Pass VRuwlrts...
S8 1/C/2-1/C/2a sBR1 |1 UKD 457152452 | 5355 |5.000 | 0.853 |« Pass | Results... |
SB 1/Df1a-1/D/2 SBRL ;1 UKB 457x152x52 | 5355 | 6,000 0.853 |« Pass | Results... |
5B 1/D/2-1/Dj2a SBR1 1 UKB 457x152x52 | 5355 | 6.000 0.841 « Pass .Resullx... ‘
S8 1/E/1a-1/E2 SBR1 1 UKE 406x140x39 | S35 |6.000 0.649 | A Warning | Results...
SB 1/Ef2-1/E/2a SBR1 1 UIKB 406x140%39 | 5355 | 6.000 0593 |A Warning | Results...
SB 1/B/2-1/Cf2 SBR3 1 UKB 406x140x39 | 5355 | 6,000 0,640 A Warning Resultl .
S8 1/C/2-1/Df2 SBR3 1 UKB 406x140x39 | 5355 | 6,000 0.640 A& Warning Resul_b._..
SB 1/Df2-1/g/2 SBR3 1 UKB 406x140%39 | 5355 | 6,000 0,526 A Warning | Results...
S8 1/8/7102-1/C/° 103 | SBR3 1 UKB 406x140x39 | 5355 | 6,000 0,640 " w"‘armng | Results. .. \
S8 1/6/°103-1/D/* 104 | SBR3 1 UKB 406x140x39 | 5355 | 6.000 0,640 & Warning | Results... \
S8 1/Df*104-1/E/* 105 | SBR3 1 UKB 406x140x39 | 5355 | 6.000 0.605 A Warning | Results...
SB 1/B/*106-1/C[*107 “SBRB 1 1 ”UKB 405)1:140):3; 5355 ”6.000 i 6.640 A Warning .Resulm...
SB 1/C/*107-1/D/* 108 | SBR3 1 UKB 406x140x39 | 5355 | 6.000 0,640 & Warning | Results...,
SB 1/D/*108-1/E/*109 | SBR3 1 UKB 406x140x39 | 5355 | 6.000 0.640 A Warning
Critical Sway
Reference Combination Dir 1 StackDirl gy Combination Dir 2 StackDir2  Ggu Combination Dir 1/2 Twist Status Details
sC Details...
SCBf2 | 15TR;41.355G+1.5Q+1.5RQ+EHFsz 1 4.574 | 15TR; 135564 1.5Q+ 1L.5RQ+EHR 2 1 11.145 | 1 STR; 413556 +1.5Q+ LERQ+EHFz 2. 1,000 | Pass | Detals...
SCBfla | 15TR;41.355G+1.50+1.5RQ+EHFsz 1 4,567 | 1 5TR; 4135564 1.5Q+ 1L.5RQ+EHR 2 1 11.145 | 5 STR: 4 1.356+1.515Q + 1.5W;RQ+EHF 1.002 | Pass | Detals...
SCCf2a | 15TRy41.355G+1.5Q+1.5RQ+EHR 1 4.581 | 15TR; 4-1.35¢G+1.5Q+1.5RQ+EHR = 1 11.822 | 5 STR: 41356+ 1500+ 1.5WRQ+EHR 2 1002 | Pass | Details...
SCC/2 | 15TRr41352G+1.50+1.5RQ+EHF2 1 4.574 | 15TR, +-1.35:G+1.5Q+1.5RQ+EHR = 1 11.822 | 1 STR: 4-1.35:6+1.5Q+ L.5RQ+EHR 2 1.000 | Pass | Details...
SCCfla | 15TRya1355G+1.50+1.5RQ+EHF2 1 4.567 | 15TRy4-1.35:G+1.5Q+1L.5RQ+EHR = 1 11.822 | 5 STR: +-1.35G+1. 5050+ 1.5WRQ+EHF 2 1.002 | Pass | Detais...
SCD/2a | 15TRra1.352G+1.50+1.5RQ+EH .z 1 4,581 | 15TR;4-1.35:G+1.5Q+1.5RQ+EHR = 1 12.585 | 5 STR=4-1.35G+1.50:0+ 1.5WR0+EHF 1.003 | Pass || Detals...
SCD/2 | 15TR+-1.3556G+1.50+1.5RQ+EHFo 1 4,574 | 15TR, 135G+ 150+ L5RQ+EHR = 1 12,585 | 1 STR, +-1.35:6+1.5Q+ L5RQ+EHF 2 1,000 | Pass | Details...
SCD/ta | 15TR41.3556G+1.50+1.5RQ+EHF 1 4,567 | 1 5TR; 13556+ 1.5Q+1L5RQ+EHR = 1 12,585 | 5 STR:+-1.35G+1.50:0+1.5WRQ+EHF 2 1,003 | Pass | Detals...
SCE2a | 15TRa1.355G+1.50+1.5RQ+EHF 1 4,581 | 15TR, - 1.35:G+1.5Q+L5RQ+EHR = 1 13,454 | 5 STR:+-1.35G+1.50:0+ 1.5WRQ+EHF 0z 1,003 | Pass | Detaik...
SCE2 | 15TRra1.3556G+1.50+1.5RQ+EHR 1 4,574 | 1 5TR; 135G+ 1.5Q+15RQ+EHR = 1 13.454 | 1 STR, +-1.35:6+1.5Q+ L.5RQ+EHF 2 1,000 | Pass | Detalks...
SCEla | 15TRe1.3556+1.50+1.5RQ+EHF= 1 4,567 | 1 5TR; L3556+ 1.5Q+ LERQ+EHR = 1 13,454 | 5 STR: 135G+ 1500+ L5WRQ+EHF 1,003 | Pass | Detals...

21.5 Wind Loading — Manual Input

To place any type of loading on the structure an empty loadcase has to be created.

Step 1.

In the Load tab, select Loadcases command.

Step 2. Add a new loadcase “Wind in X” and set the Type to be Wind - press OK.
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& Loadcases | Bi Combinations
= Calc Includein ImposedLoad
i 1 Self weight - excludingslabs £ Loatiasi Tl Type Automatically Generator Reductions Batenfod
2 Slab self weight 1 SeF weight - excluding slabs Selfweight | v
. 3 First Floor Imposed 2 slab seF weight Slab Dry |
. 4 Roof Dead
5 R:of Ir::osed 3 First Floor Imposed Imposed |v O 0
- f First Floor Additional Dead |4 Roof Dead Dead |v
7 Imposed Slab Floor 5 Roof Imposed ofImpo... | v
- 8 Wind in X
[ First Floor Additional Dead Dead |w
7 Imposed Slab Floaor Imposed v O O
T i -

Step 3. Go to Structure 3D view and select the Wind in X loadcase from the loading list option.

| Mist.. [ Ao, WPon. [Ewnd [1]5t.
Properties oR x
[+] Save.. Apply..

 Show Process I‘;| Bl 18 Wind in X

21.5.1 Nodal Loading

Step 1. Inthe Load tab, click the Nodal Load command.
Step 2. Define in the Properties window a load value of 15kN in the X direction.

M B RAMMS LLgda )l &Ryd Ryee]

Hl Temperature Load

Patch  Var, Patch Areaload Var. Area Level Slab Load Ful UDL  UDL VDL  Trapezoidal Point Moment Torsion Torsion Torsion
Load Load Load Load Load load Lload FulUDL UDL VDL [ settlement Load
Panel Loads | Member Loads |  Structure Loads 5|
Load Type | Modal Load
= Load [15.0, 0.0, 0.0 kN
15.0kN
i 0.0kN
z 0.0kN
= Moment [0.0, 0.0, 0.01 kNm
X 0.0kNm
Y 0.0kNm
z 0.0kNm
Step 3. In the Structure 3D view pick a beam to beam or beam to column intersection point to
place a nodal load.
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Q Remember to use the Scene Contents to display the load text value.

21.5.2 Element Loading

Step 1. Inthe Load tab and click the Full UDL command.
Step 2. Define in the Properties window a load value of 5kN/m in Global X direction.

o B RS LLd s ey

—
Line Load Patch  Var, Patch  Areaload Var. Area  Level SlabLoad Full UDL | UDL VDL  Trapezoidal Point Moment Torsion Torsion
Load Load Load Load Load Load Lload FullUDL  UDL
Panel Loads ] Member Loads
Load Type Member Load
Member Load Type Full UDL
Global X |
Measuring Along Element
Load | 5.0kN/m |

Step 3. In the 3D view, click on a perimeter beam to place the full UDL on it.

%’7"‘ When a member load is placed on an element this will induce bending which may
= invalidate the design (i.e. minor axis on simple beams).

21.5.3 Panel Loading

To place an area load over several elements a decomposition tool must be applied first. Wall and
Roof panels are used to decompose an area load to the connecting elements. These panels are one
way spanning and have to option to decompose as nodal loads or UDLs (Walls).

Roofs are placed as flat or sloped panels, Walls are placed vertically.
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We will place a Wind Panel along gridline B.

Q To place a wind panel all intersection points must be placed in sequence and must
be planer.

Step 1. Inthe Model tab and pick the Wall Panel command.

Step 2. Pick the intersection points in sequence to place a panel (Remember to pick every
intersection point on the top boom timber truss).

Step 3. Either double left click the last point to end the panel or single click back to the start to
finish the creation of the wall panel.

Double click
on last point

Return to
the first
point

21.5.4 Wall Panel Orientation and Span Direction Decomposition

Wall panels have an inner and outer orientation which is determined by the direction which the
sequence of nodes are picked.

Nodes picked in an Anti-clockwise direction will place an opaque blue indicating the Outward side.

Opaque Blue
Outward Face
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Nodes picked in a Clockwise direction will place a solid blue indicating the Inward side.

Solid Blue
Inside Face

@ For load decomposition to occur — the Outward face (opaque blue) must be
shown.

21.5.5 Wall Panel Changing Orientation

To change the orientation of the wall panel use the Reverse command in the Edit tab.

Home Model Load Analyse Design Report Draw Windows

By W=D K

Copy Move Mirror Delete  Join Split | Reverse |BeamlLines Cutting
Planes

Edit ]

Structure o8 x

- Structure
#-£Z Levels
)-fl Frames
& Slpes
62 Architectural Grids
(+-*13 Members
[#)-¢% Slab Openings
(-5 Trusses
-8 walls
H Roofs

Single Click On the
Panel

Step 1. If you have placed the wall panel with the inward face showing — reverse the orientation
using the technique described above.

21.5.6 Applying Panel Loading

Step 1. Inthe Load tab, pick the Area Load command.
Step 2. Apply a load value of 5kN/m? in the Global X direction on the panel by clicking on it.
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File Home Model Edit l Load II Analyse || Design || Report | Draw Windows
A B XM E & [] xwew B0 o L&A ZBIR
Loadcases Combination Envelope Update Wind Wizard... Update WindLoadcases pecomposition Seismic Decomposition Point Lineload Patch Var. Patch|] Areaload | Var. Area
Patterns Zones Wizard... Load Load Load Load
Structure ) Wind Load | Seismic ... | Decompositon Panel Loads
Properties B X || [zStucture3d X I
~] Save.. Apply.. Create Area Load: Pick Area Itern

This loadcase can now be merged in a combination in the usual manner.

Step 3. Delete the Loadcase Wind in X.

21.6 Automated Wind Loading
21.6.1 The Wind Wizard

TSD has inbuilt an automated wind loading component, which can be used to apply lateral loading
on your structure. Before this can be used, the structure need to be encased in decomposition Roof
and Wall panels.

Step 1. Place Wall Panels on the remaining vertical faces of the structure. Ensure that the
Outward face orientation is facing you.
Step 2. Check the panel orientation by rotating the model using the right mouse button.

Select a Internal

Column - —
Use Right Button b Opaque Blue
Rotate Around s Outside Face
Selection -
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Step 3. Inthe Load tab, pick the Wind Wizard command.
“ Hame Madel Edit Analyse Design Report Draw Windows
1 ::0] - ke 0 DA 1T - - :
A X EIE [ [ xw-- @8 & &£ &8 &
Loadcases Combination Envelope  Update Wind Wizard... | L Wind Loadcases  pecomposition Selsmic Decomposition 1 Patch
Patterns Wizard... Load

Structure F} ind Load Seismic ... | Decompositior

Step 4. Pick the following options in the wizard and press Next.

Peak Velodty Pressures
Data Source

Data Source
(©) BREVe -UK Grid Ref.

") BREVe -Trish Grid Ref.

Options
[] consider Orography
| Consider Tall Neighbouring Structures

|| Consider Obstructions

Step 5.

Peak Velocity Pressures

Basic Data

Site Altitude, A

Air Density

Ground Level

Fundamental Basic Wind Velodty, v, ..
Season factor, C.,...

Probability factor, B

Default height for internal pressure, z,

Step 6.

Peak Veloaty Pressures

Roughness & Obstructions

Terrain Category

Upwind spacing of surrounding buildings
Upwand distance from sea to site

Upwind distance from edge of town to si

Average height of upwind buildings (h,..)

Fill in the fields as shown below for Basic Data and press Next.

121.000

m
1.226 kafm®
0.000 m
22.5 mfs
1.000
1.000
11.000 m Use Building Height

Fill in the fields as shown below for Rougness and Obstructions and press Next.

Towm -

10.000 m
(g 20.000 m

200.0 km
te 3.5 km

Step 7. Press the Details... button to report the wind data then press Finish.
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T
Resulis
irection [7] e v, Max [mjs] q, Max [kN/m7]
1,000 356 0.775
90.0000 | 1.000 356 0.775 B General Site Details
180.0000 11,000 356 0.775 D) | Altitude 121,000 m
- Intermediate Factors 5
i Air Densit: 1,226 kgim
770.0000 1.000 356 |0.775 -3 Bullding Directions ! ¥ el
Site Ground Level 0.000 m

Tall neighbouring buildings not considered
Orography not consi dered
shelter effect from obstructions is not indudec

Basicwind speed,y, . 2.5 mfs

Probability Factar, ., 1,000
seasonal Factor, c,,,... 1.000
DefaultHeightfor Internal Pressure, 11.000 m

awerageheight of roof tops of upwindbuildingsh,_, 10,000 m
Upwind spacing of surrounding bulldings, x 20,000
r—— Upwind distance fram seata site 200.0 km
Upwind distance from edge of town to site 5.5 km

21.6.2 The Wind View

Step 1. Activate the Wind View mode by selecting the Icon in the lower right or right click the
Structure 3D tab.
Step 2. Select the Wind tab in the Project Workspace.

Wind Qs x J_a‘m..-n o |

| = £t viind Madel ]
' Presore ores Fleaat
= & Wind Drechions: b
w80
i L] g Srructural view
B z’:; Y Soberview
i
sy Wi Loadcasas d Results view
Ly Review view

Y H[@]R sk W aw Ve [Em]Oe

Step 3. Wind information can be displayed via the options and the ribbon and other directions can
be viewed vied the drop down option or double clicking the direction in the project window.

File Home Model Edit Load Analyse Design Report Draw Windows I Zone Loads I
Ill\fndloﬂesI Std. Table No. | Name | MetPressure Cpi  ai
Direction 0 w4 v | || zoneloads CrosswindBreadth | |-weCpe| | Area Cpe Cae Beneficial
Direction 0 Roof Type  Multibay +ve Cpe Applied Load  ae  Cai
[roemin Show % |Wind Zon... Zone Load Details -
~{Direction 180
Direction 270 a8 x| &wndo x ‘
=L Wind Model
-y _Pressure 7ones
=& Wind Directions
-8, 0
-8, 90
@, 180
-8, 270

sty Wind Loadcases

s lo.. Yo | Ewnd [ [Jst.

Properties [ =S x‘
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21.6.3 Wind Loadcases

Step 1.
Home Model
R

Loadcases  Combination  Envelope

Structure

Edit

"=

Update
Patterns

o

Design

Report

E @ [
— -
- '
Wind Wizard... Update | Wind Loadcases
Zonges
| Wind Load

In the Load tab and click the Wind Loadcases command.

Draw Windows

3 Deletewind | [l
Decomposition Seismic
Wizard...

I | Seismic ... |

149 (257)

Zone Loads

& | M

Decomposition

Decomposition T

Step 2. Inthe Wind Loadcases dialogue press the Auto button and press OK.
[— = ]
Name Direction Overall b+h[m] Use+veC, C, ] | oK |
Wind 0,Cpi-0.3,+Cpe 0 v [ 5.000 -0.300 | Cancel |
10 | Wind 0,Cpi-0.3,-Cpe 0 v 1 5.000 [ -0.300
11 | Wind 0,Cpi 0.2,+Cpe 0 v ] 5,000 0.200 - s
12 | wind 0,Cpi 0.2,-Cpe 0 v ] 5.000 1 0.200 l pid |
13 | Wind 0,-Cpe, All i v O 0.000 | Delete |
14 | Wind 90,Cpi -0.3,+Cpe a0 v O 5,000 -0.300 AT
15 | Wind 90,Cpi -0.3,-Cpe a0 v E] 5,000 O -0.300
16 | Wind 90,Cpi 0.2,+Cpe apg v ] 5.000 0.200
17 | Wind 90,Cpi 0.2,-Cpe a0 v [ 5,000 O 0.200
18 | wind 90,-Cpe, All 90 v [} 0.000
19 | Wind 180,Cpi -0.3,+Cpe 180 v =] 5.000 -0.300
20 | Wind 180,Cpi -0.3,-Cpe 180 v [m| 5,000 O -0.300 v

Structural Damping, &,

[0.05

Structural Factor - Automatically calculate separate ¢, and c, factors

21.6.4 Reviewing the Decomposed Wind Loads

Step 1. Switch back to the Zone Loads tab and select Zone Loads option, and select a Wind

Loadcase from the Loading List option.

Point
Load

Lin

| Home i ‘ Model | i Edit i lead |  Analyse Diesign Report Draw Windows Zone Loads
Wind Zones  Std. Table No. Mame | Fet pressure | Cpi  al
I Direction 0 [vlal» I IZoﬂeLoads I Crosswind Breadth e Cpe Area Cpe Cae Benefidal
Roof Type  Multibay +ve Cpe Appliedload 2e Cai
Wind Direction F] Show & |wind Zon, ., & Zone Load Detals ]
wind a8 ox|| &windo ><|
- Wind Model
o Pressure Zones
= @ ‘Wind Directions
58,0
S0
180
27m
[y Wind Loadcases
lad 12 Wind 0,Cpi 0.2,Cj
st o Yo | [Ewnd | [st. el e e
‘Propemes o g x|
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21.6.5 Generating Combinations

Once the wind load cases have been established the lateral combinations can be created via the
generator.

Step 1. Inthe Load tab, click the Combination command.

Step 2. In the Combinations dialogue, delete all previous created combinations.

Step 3. Press the Generate... button.

Step 4. Follow the steps through the generator and establish the EHF and Wind Combinations.
Step 5. Only check the first combination for the EHFs and press Finish.

T T T

Combinalions
Initial Parameters
Roof A
Cambination Cenerate Dead Impased Wind I 4
Combnatons for design of structural members (STR) - T i iy T T
STR;-1.35G+1.5w. Q0+ 1.5wRQ [+ 1,350 11500 1.500
STR;-1.358G+1.5Q+1.5RQ [ 1.249 1.500 1.500
5TRy- 135G+ 1.5+ 1.5 R +EHF 5 1.350 1500 1.500
trockadk _5'R~-1.35:_G~1.5Q¢1,5R§-EHF [+ _1.2419 _1.50|} | _1.500
[ GEO combinations - Table AL 2(C} - En 6.10 STRur 1356 +1.5u2+ 1. 5veS+ v NI 2% | 1500 [1.500
> STR,; 13586+ 150 +1. 1.5 W [+ 1249 1,500 1.500
[] Accdentsl combinations - Table AZ5 - Eq 6.11a8b Ll i i ol -
S STR;y 135864+ 150,04 1. 5,54 1.5W A [f] 1.243 1L.500 L.500
|| Sessmic combinations - Table A2.S - Eg 6. 12a8b a . . . I I =

Bk test - relevant i factors will additionally be appled to load cases of this bype in the combination”

Savica Wind/EHF Directions
il s Ay e L, i Ronl Wind Le Fac,. Dirl- Pote, Dirde Paces D Pec,
STR,- 11426+ 150+ 1580 : - - = ol 2 Mk ] o0 :_' o I'?'I [+ ﬂ e
e e | = ey oo 0% 10 Wind 0,C0i-8.3,-Coe [ 1000 0] fuoa | [ 1000 0 o
STR.1353G4 1 SQe1GAQeEHF | (& 11 Wind 0,Cpi0.2.+Cpe | O [veoo | O jroe0 | [ fjroee | O 2000
TR L35G #1504 | S 5+ LSuH v 1003 1003 0.500 12 Whad ,Cpl0.2, Cpe [ O juoco | L] juoos | [] jroes | [] juow
e LISECr 10 1w st L oint] 2 13 Wing 0-Cpe, All O |eoe | OO jaswe | [0 1o | OO juom
LIS G e LEw e LW | LO0D0 [1.000 100 ' 14wind 90,Cpi -0.3,4Cpe O jvoco | [J juooo | [] joes | L1 juo0o
i 15 Wind 50,Cai -0.3,-Coe O jeeee | O jaew | [0 jtoo | O |now
“Bold tewt - nebevant w factors will acdtonally be sopled o lad cases of this type in ihe combinaton™ thuodgn il I 1 1y | 1 PP I PP 5 B

Please note that all combinations must include EHF forces in the design.

— — — —

& Loadcases |4 Combinations | ™ | oK |
E"_ = Design Combination Title Class Active Strength Service [ canct |
11 5TR;-1.35G+1.5wQ+1.5wa - I |

. 12 5TR:-135:G+1.50+1.5RQ |[1L Gravity b G Ci E
- 13 §TRyp r1.35G+1.50Q+1.50( | 12 | 5TR;-1.355G+1.5Q+1.5RQ Gravity v O —
- 14 5TRy r 135G +1.5w,0+1.5u | Add |
sorls 5y 5w 5+1.51 |w ™ | 7 | |

s e e i Gt 13 | STRy 135G+ 1.5, Q4+ L5w,S+ 15w W+ EH e Lateral :
-135G+1.5w0+1.5u |14 | STR:r1356G+1.5uQ+ 1505+ 15w MW+HEH . Lateral |w | Copy |
1355GHL50Q+1L50s | 15 | §TR,, 51,356+ 1500+ 150,54 15w W+EHFons Lateral v [7Delene 1
1.35:G+1.5Q+1.50, 5 - 5 |

13556150+ 15w, || 18 | STRirL356G+1.5UQ+1.50:S+1.50N+EHFoe Lateral v

E 1 1355GH1.50 415w, || 17 | STR,, -1.352G+1.504 1.5w,5+ LW W+EHF,... Lateral | w O

o 21 SRz rL3SEGHLIWQ+LS| | 15 | grp . 1.358641.504 15084+ 1. 5wN+EH o0 Lateral | v 0

- 22 TRy £ 1.355G+1.50,Q+1.5 :

- 23 STRy r1355GH1.50,Q+1.5] | 19 STR:; 31.355G+1.5Q+1.5w 5+ 1.5w W +EHF oz, Lateral V] O

e 24 TRz #1355 G+1.50w,Q+1.5) | 20 STRu: 4 1.355G+1.5Q+1.5wS+1.5wWW+EHF oz Lateral ] O

21 STR:z+-1.355G+1.5u, 0+ 1.5w 5+ 1.5W+EHF - ... Lateral |~

22 | STRy:r1.355G+ 1500+ 1.5W,5+1.5W+EHF 4. Lateral i v

23 STRu271.355G+1.5uQ +1.5W5+ 1L.5W+EHF gz Lateral W

24 | 5TRus#1.355G+1.5u,Q+1.50 S+ 1L.5W+EHF Lateral v
. >
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21 Lateral Loading

Step 6. Renumber the loadcases and combinations.

Loading

Eﬁ Loading
S8

? Loadcases bs

: Renumber

T 4Roof Dead
? 5Roof Impased
& First Floor Additional Dead

151 (257)

Step 7. Perform the Design All (Static) command and then check the followings:

a. Design process — Show Process window

Time Message
] Welcome to Tekla Structural Designer
4 o 10:02:17 Steel & Concrete Design {All)
[ o 10:02:17 3D pre-Analysis
[ o 10:02:20 3D analysis: First-order linear
[ o 10:02:21 Grillage chase-down
& 10:02:21 Calculating chase-down combinations
[ o 10:02:22 FE chase-down
o 10:02:24 Calculating chase-down combinations
W 10:02:25 Running design of 4 concrete element groups
& 10:02:25 Running check of 20 elements
W 10:02:32 Running check of 31 elements

b. Design status — Status tab in Project Workspace

[T
(10}

-4d Solver

[EIY

= ¢ validation

" Model

? Analysis

? Design

""" +  Model Geometry
----- ' Wind Model

----- ' _Decomposition

- First-order linear

B& 36 nodes exceed deflection limit {>=1000.0 mm)

" Grilage chase-down
i FE chase-down

11 §TR 3 -1, 355G +1, 5u,Q + 1. 50,5+ 1, 5W+EHF 5.y

ey
12 5TR.2 5-1. 355G+ 1 5y /Q+1. 55+ 1. SW+EHF o,
13 5TR.25-1. 3556+ 1 5yQ+1. 55+ 1. SW+HEHF oo
14 5TR.2 -1, 355G+ 1 5y/Q+1. 545+ 1. SW+HEHF e
Model

BIM

<

] 4
H- ? Design

Duration

00:19
00:03
Less than 1s
Less than 1s
Less than 1s
0001
Less than 1s
00:04
00:02
0001

The solver is indicating a large deflection in the model.
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c. Loading Summary — Loading tab in Project Workspace

22 Wind 180,-Cpe, All ~
23 Wind 270,Cpi -0.3, +Cpe

24 Wind 270,Cpi -0.3,-Cpe

25 Wind 270,Cpi 0.2, +Cpe

- 26 Wind 270,Cpi 0.2,Cpe

- 27 Wind 270,<Cpe, Al

Combinations

124-1. 355G +1, 50+ 1 5yr.5 + 1. Sy +EHF o .

-1,355G+1, 50 +1 5.5 +1. Sy +EHF oo

122-1. 355G +1, 50+ 1 5yr.5 + 1. Sy W +EHF oo

 45TR,; -1,355G+1,5Q+1, SurS+1. Sy +EHF o,

- 5 5TRyp.4-1.35G+1. SipQ+1. SuipS+ 1 Syighd +EHF oz

- 6 5TR 551,356 +1, 5u,Q+1. SuS+1, Sy +EHF o a

- 7 5TRyp2-1.35G+1. SyipQ+1. SurS+1. Sy +EHF o

- 8 5TR.-1,35G+1, 5u,Q+1. SuS+1, Sy +EHF o p.

- 9 5TR;-1.3556+1.5Q+1.5RQ

- 10 5TR,-1,35G+1, 5yyQ+1.5w,RQ

' 115TR2;-1.355G+1, 5wgQ+1, 5B +1. SW +EHF oy

- 12 5TR 13 -1 355G +1, 5uQ+1, S5 +1. W +EHF o p.
4
=

4
'
4
'

&

13 5TR 3 5-1. 355G +1. Sy Q+1. Sy .S +1. SW +EHF o 2

]..
]..
]..
]..
]..
%.
]..
]..
]..
]..
-
]..
-
]..
-
]..
H
]..
j..
Hon 19 5TR 5 4-1.355G 41, 5 +1, 50,5+ 1, 5SWHEH o

d. Deflections — Results View

Element Deflection X min/max=0.0/1169.5mm

345
—— 3000.0mm
——  2250.0mm
0.
1500.0mm !
——  750.0mm
——  0.0mm

: The structure clearly has lateral issues in the perpendicular direction to the truss -
f"“ try and stabilise the structure by adding other structural elements (Bracings, Walls,
= Etc.) or by altering the fixity of the structure.

@ The status of the project shows that the design is indicating a “Pass” but due to
the warnings in the analysis — the design must be viewed with extreme caution.
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22 Output

22.1 Predefined Reports

153 (257)

TSD has inbuilt predefined standard reports which can be viewed for your structure.

Step 1.
Step 2.
Step 3.

Select the Report tab on the ribbon.
On the Select option, click on the drop down list options to see the available reports.
Highlight a report and click the Show Report command.

Home Model Edit Load Analyse Design IREDTI Draw
@ Levels  Loadcases
% Select| Solver Model Data - . 5 Frames Combinations
Solver Model Data R:DDO?_? . R?l;nc:l"j:r. EoniREpe Planez  Members

Building Loadin [
IBuiIding AnaIEsis Checks =

I éfafus Building Design

____ Material Listing
& ¥ VzBeam End Forces
; MiBracing Forces

- I

Misterisl Listing
Structure
Reinforced Concrete Bams

Filters

Windows
Design Groups
Trusses

Portal Frames

o

Section Geometry | Section Size | Grade | Noooff | Length Mass Surface Area | Volume
[mil ksl ] ']
Rectangulsr S00w500 CEEAD :l 2500 1312000 S0 50
S00wS00 CEESA0 5 S.000 15200000 542 55
200300 TR -] 3700 4102000 1125 154
Tat=l fraa TIIE000 433 ==X}
Reinforeed Conone t= Columns
Section Geometry | Section Sizz | Grade | No.off | Length Mass Surface Area | Wolume
[m] k] Im’] Im’]
Rectangulsr 2000500 TR -] 1300 TH00.00 20 is
200500 CEEAD & 2400 15320.00 22 53
200500 CEEAD & 3300 15200.00 =0 87
Total 4 20ED0.00 1344 151

N Fl
r
=hiel £ | \&2 Structure 3D \£# St. Base (Base) 2D

Q The report above has been generated by adding individual components.

22.2 Individual Report Components — Model Reports

TSD 2016 Manual

Step 1. Click the Model Report command which contains overall model information.

Report Contents

Available Styles
SolverModel Datafactive)
Building Loading
Building Analysis Checks
Building Design

Material Listing

Beam End Forces
Bracing Forees
Foundation Reactions
Seismic Design

Member Desian Cals

== Active

Add Remove
Active Style

Name |Solver Model Data

Chapters and Options:
Drag chapters and options from left to right, which
are to be induded in the report,

Report Structure:

Drag selected chapters up and down, to change

order,

==

oK

& E[':E Structure
-

H-[8 Analysis
-] Concrete
Steel

[l Picture
ii‘l---?:ﬂ Analysis

Timber
-] Cold Formed

-] Cold Rolled Drag

Click and

- | General Material

-+ Beam End Forces

L ‘--?:E Bracing Forces

[ ‘4- Foundation Reactions

[ Picture

[-E= Analysis Diagram
Material Listin

£g Revision History

Report
Components

~

Compone

in the Report

Cancel

View Mode
) Flat

(®) Hierarchical

nts
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Generate the following report:

Step 2. Click the Add button and create a report name called Sway, Drift & Storey Shears and press
the >>Active button to set as default.

(-8 Bracing Forces
[Fj!-— Foundation React
] Picture

[i-E=my Analysis Diagram
----- Material Listing

| Add || Remove I == Active I “~[8 Revision History

Active Style

Name I Sway, Drift & Storey Shears I

Step 3. Inthe Chapters and Options, left click on the Picture component and drag it into the Report

Structure.
Report Contents (=

Chapters and Options: Report Structure:
Drag chapters and options from left to right, which  Drag selected chapters up and down, to change
are to be induded in the report. order.

Available Styles [E- -?:E Structure e P {Stucture, Mone) ] S

SolverModel Data G- -?:E Analysis

Building Loading & Concrete .

Building Analysis Checks 2 .J, % Steel V_'Ew Mo

Building Design _J‘ — () Flat

Material Listing -] Timber

Beam End Forces #-f7] Cold Formed (®) Hierarchical

BracingForces -] Cold Rolled B

Foundation Reactions [ ] General Material

Seismic Design 25 d

Member Design Cals J"u_"' Pean B RS

SSOINE SOSSEEEEE| | '+ 13 Srocng Forces

-~ Foundation Reactions Left click and drag
to the Report
Structure

Material Listing
Add Remove == Active -5 Revision History

Active Style

Mame |Sway, Drift & Storey Shears

22.2.1 Report Component Control

The Picture component just added to the report structure can be Filtered to specify the required
view and any specific loading information.

Step 4. Right click on the Picture and under Model Filter select Edit/New...

Report Structure: |

Drag selected chapters up and down, to change L OK |

order.

"m;_ B
= Ei Active
[ ModelFiter P [[¥] Structure
Loading Filter [ Structure (solver)

I Remove Item Edit\New...

Step 5. Pressthe Add button and highlight the Frame type.
Step 6. Tick FRM B item, then change the name to Frame B then press OK.

TSD 2016 Manual Tekla Structural Designer
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Filter properbes
Tipe
Lavad

Levei(galver)
Frame (salver)

1
!
Structure [edver)
Selcted sub stnactunes ‘

Selected items
| FRM B

Repork Struchure:
Drag selected chapters up and down, to change

]
E]l Rl order.

Clmmp
=T

Step 7. In the Chapters and Options, expand the Analysis option and add the Sway, Drift and
Storey Shears component to the Report Structure — Ensure the filter applied is for the whole
structure and press OK.

Report Structure:

Dr:g selected chapters up and down, to change

.-
[S Storey Shear

Step 8. Press the Show Report command to display the report on the screen.

Hame Model Edit Load Analyse Dezign Report Draw Windows |
% | Levels  Loadcases Diesign Groups
% Selectl Sway, Drift & Storey Shears I I Frames Combinations Trusses
Model Member | Show Report || |
Report... Report... Planes  Members Portal Frames
Contents | Filters il
Created Report:
Project lobRef.
B L] Anish Patel Training Madel
Lk rlm e' Structure Sheet no.
-
Page 1/12
Calc. by Date Chk'd by Date App'd by Date
AP 06/03/2015 24/01/2015 24/01/2015
1 1a 2 2a 3
1 1a 2 2a 3
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|, L Anish Patel Training Model
& Trimble. -
Page 2/12
Ap 06/03/2015 24/01/2015 24/01/2015
Analysis
Sway
First-order linear
Ref. | Combination | Stack | oy, | Combination | Stack | ay,, | Combination Dir | Twist | Status
Dir 1 Dir 1 Dir 2 Dir 2 1/2
C16 |1STR,,1.35& |1 4.588 | 15TR,,-1.352 |1 13.454 | 55TRy,, 1.070 | o Pass
G+1.50+1.5y, G+1.50+1.5y, -1.35G+1.5y,
S+1.5y, S+1.5y, Q+1.5yS+1.5y,
WHEHF, . WHEHF,, » W+EHF,, .
€17 |1STR,, 1358 |1 4.561 | 15TR,,,-1.358 |1 13.454 | 55TR,,, 1.070 | o Pass
G+1.5Q+1.5v, G+1.5Q+1.5y, -1.35G+1.5y,
S+1.5y, S+1.5y, Q+1.5yS+1.5y,
W+EHF,, . W+EHF, W+EHF,
SC  |1STR,,1.358 |1 4.581 |1STR,,-1.355 |1 13.454 | 55TRy,, 1.003 | o Pass
E/2a |G+1.50+1.5v, G+1.50+1.5v, -1.35G+1.5u,
S+1.5y, S+1.5y; Q+1.5y5+1.5y,
WHEHF, . W+HEHF,, WHEHF, .
Analysis
Drift
Ref. Combination Dir 1 Stack Ratio Combination Dir 2 Stack Ratio Status
Dir 1 Dir 1 Dir 2 Dir 2
Cc1 1STR, ,-1.358G+1.5Q+15 |1 1.281 1STR, ,-1.356G+150+15 |1 1.099  Pass
WaS+1.5WW+EHF,, .. WS+1.5W;W+EHF, .
c7 15STR;, ,-1.356G+1.5Q+1.5 |1 1.281 15TR;,-1.356G+1.50+1.5 |1 1.092  Pass
W, S+1L.5W,W+EHF,, . WS+ 15w WHEHF,, ..
C12 1STR, ,-1.358G+1.5Q+15 |1 1.281 15TR,; ,-1.35G+1.50+15 |1 1.086  Pass
WS+ 5UWEHF,, WoS+1.5W WHEHF,
Cc17 15STR, ,-1.358G+1.5Q+1.5 |1 1.281 15TR;,-1.356G+1.50+1.5 |1 1.080 « Pass
WpS+1.5W,WHEHF,, . WpS+1.5W,W+EHF,, .
Storey Shears:
24 Wind 270,Cpi -0.3,-Cpe
Reference Level | X Shear Major | X Shear Minor
[m] [kN] [kN]
St. () 11.000 0.0 0.0
St. () 10.946 0.0 0.0
St. () 10.783 0.0 0.0
St. () 10.510 0.0 0.0
St. () 10.125 0.0 0.0
St. () 9.623 0.0 0.0
St. 3 (Eaves) 9.000 0.0 -77.2
St. 2 (Truss Bottom ) | 7.500 0.0 146.9
St. 1 (First Floor ) 4.000 0.0 54.1
St. Base (Base) 0.000 0.0 -118.6
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22.3 Structural Element Reports

Establishing the report contents for an individual concrete beam are found in the Member Reports
command.

Step 1. Click the Member Reports command and select the Member Type to be Concrete Beam.
Step 2. Click Add button to create a new report and set it as Active.

Report Contents

Member Type

Chapters and Options:
Concrete Beam ¥ || Drag chapters and options from left to right, which

are to be induded in the report.

Available Styles :

|| Picture
f=]

|Concrete Beam Design =~ | | i Cg Drawing
----- 6‘*‘ Loading
----- [8 End Reactions Un-factored

----- B! Combinations

----- £8 End Reactions Factored
..... E:g Design Summary

----- 8 Design Calculations

"EI‘:E Shear Force Diagram

E Bending Moment Diagram
E ]---Z:E Deflected Shape Diagram
----- 8 Axial Force Diagram

----- EI‘:E Torsion Moment Diagram
..... EI‘IE Design Motes

Add Remove == Active

Active Style

Name

Step 3. Pick the following components to be included in the report — note each component will have
its own filter which can be adjusted and press OK.

Report Struciure:
Drag selected chapters up and down, to change
order.

22.3.1 Quick Filter Report Options
Step 4. Inthe Report tab pick the Levels filter option.

Home Model Edit Load Analyse Design Draw Windows
= =5 Loadcases Design Groups
% Select| Sway, Drift & Storey Shears -

: . Frames Combinations Trusses
Model Member  Show Report
Report... Report...

Planes  Members Portal Frames

Contents I Filters 5

Step 5. Add a First Floor filter and give the name of First Floor - press OK.

Tekla Structural Designer
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Edit fiters
Available filters Filter properties
FirstFloor ] IName |FirstFloor 1 I [E—

- : Cancel
Selected items

[] st. Base (Base)

[] st. 3 (Eaves)

[7] st. 2 {Truss Bottom )

5t. 1 (First Floor ) |
[lst. 0

] st.
[ st.
[ st.
[ st.
[ st.

=

(=Bl o = R}

HERNE

Step 6. Click the Model Report command and Add a new report called Concrete Beams and set to
Active.

Swai, Drift &_Stori Shears

Add | | Remove | >3 Active
Active Style

MName oncrete Beams

Step 7. Add the Reinforced Concrete component to the Report Structure.
Step 8. Add the predefined filter of First Floor and press OK.

==

Chapters and Options: Report Structure:
Drag chapters and options from left to right, which  Drag selected chapters up and down, to change
are to be induded in the report. order.

#-18 Structure NS 1 Cancel
EIEI‘:E Analysis Active
=] Conerete Model Filter v [[¥] structure
] s o

oo Ew TIE Tt ® Hie Edit\New...

E]---g Columns
{a walls Reset
----- Slab Patches
----- 2 Slab Panels
----- Punching Checks
----- rg Beam Design Summary
----- E[':E Beam Group Design Summary
----- ?:E Column Design Summary
----- E[':E Column Group Design Summary
----- ?:E Wall Design Summary
#-[] Steel
B Timber
{7 Cold Formed

o B ~oidnona

Step 9. Press the Show Report command to display the report on the screen.
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& Trimble —

iB2

O

()
L
g P I~
= |
1 ]
. I
| | LT TS L A
[

—
1B2 400300 - Critical

—
Design summary banding top

Region 1 2 3
Analysis FE Chase Down | 30 Building Analysis | FE Chase Down
Cambination & 1 1
M, 121.0 kNm 0.0 kim 57.8 kim
d B54.0 mm 2540 mm 8540 mm
d, 46,0 mm 46.0mm 46.0mm
K/K 0.06 0.00 0.03

22.4 Exporting Reports

Reports can be exported to TEDDS, Excel, PDF, and Word — click the appropriate export button when
viewing a report.

B B B « <

Page Setup EditHeader Edit Footer

> W DA M ]
First IS MNextPage LastPage
Page Page
arance [F]

Report PDF
Index
Navigation

Word Excel Tedds

22.5 Saving Pictures

Any graphical view can be saved to a picture file by setting up the view required —right click anywhere
on the screen and pick the option Save Screenshot.

TSD 2016 Manual
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) Undo  Ctri+Z
! Redo Ctrl+¥
: Copy
Zoom Qut
| CheckSlabs
Design Slabs
Redraw

Save Screenshot

&
=
-/F
|
e =
H-.
=D

22.6 Engineering Drawings

Drawings are generally created from the Draw tab. A wide range of drawing types and styles are
available which can be customised to meet your specific requirements. Single member drawings can
also be created from the right click context menu.

Home Model Edit Load Analyse Design Foundations Report Windows
I = [ Al vl

Edit... Drawing Schedule Beam Schedule  Column  Wall Schedule General BeamEnd Foundation Loading Slab Detaiing Foundation
Management. .. Management. .. Schedule Arrangement  Forces Reactions Plan Layout
Settings | Managed Drawings M | Schedules [F} Drawings (r}

Edit — Drawing Settings Menu

Drawing Management - Opens a dialog for the generation and laying out of multiple
drawings on to a single drawing sheet. The dialog can also be used to manage drawing
revisions and history.

General Arrangement — Create multi material plans, sections and elevations
Slab Detailing — Generate a reinforcement slab detail drawing

Beam Schedule — Beam Reinforcement Engineering Drawings

Column Schedule - Column Reinforcement Engineering Drawings

Wall Schedule — Wall Reinforcement Engineering Drawings
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22.6.1 Creating 2D Multi Material Drawing

Step 1. Obtaina 2D plan view of the First Floor.
Step 2. Inthe Draw tab, click the General Arrangement command.
Step 3. Accept the defaults in the pop up dialogue.

DXF Export Preferences
o o]
Use automatic file name
=

... \nish Patel 5t. 1 (First Floor ) General Arrangement. dxf

Drawing

Layer Configuration General Arrangement -
Layer Style PIéns,Sections& Elevations -
Scale 1:100 -

Minimum Text Block Spacing 5.0 mim

[#Y]

CREL-DE 00900
s
CREL-DE 0000

e

:
CRBL 00900

¢
)

na
1%

ERELDE 400900

e

[z navs pogmrprass [oezung

| S ey

22.6.2 Creating 2D End Reaction Drawing

Step 1. Obtain a 2D plan view of the First Floor.
Step 2. Switch to the Results View.

(B2 "I"Qg, ABS | REL

TSD 2016 Manual Tekla Structural Designer
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« Show Process

Step 4.

162 (257)

Step 3. Select a Loadcase / Combination.

& | BL [ [1STR,.-1.35:G+1.50+1.5w5+1.5uW-H~ 4 b

In the Draw tab, click the General Arrangement command.
Step 5. Select the drawing type to be Beam End Forces and 1:50 scale - press OK.

DIXF Export Preferences

Output
Use automatic file name

C:\...\Anish Patel 5t. 1 (First Floor ) Beam End Forces.dxf

Drawing

Layer Configuration
Layer Style Beam End Forces
Scale ﬂ -
Minimum Text Block Spacing 5.0 mm

Cancel

/H/l‘(l‘l/H/ﬁ

SB 1/B/2-1/C/2

SB 1/B/°106-1/C/°107

=
=
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23 Analysis and Design of Concrete Structures
In this session, we will look at the analysis and design of concrete structures.

Step 1. Open the model TSD Concrete Design Fundamentals Model 3 - Element Design.tsmd.

23.1 Analysis and Design Options

As mentioned earlier, before any analyses or designs are undertaken, all of the analysis and design
options should be checked thoroughly to ensure that elements are designed as required.

Step 2. Go to the Analyse tab and click the Options command to review the Analysis Options, then
click OK to confirm them.

Step 3. Go to the Design tab and click the Options command to review the Design Options, then
click OK to confirm them.

23.2 Analysis and Design Procedure
TSD can run multiple analyses on the model and then design all concrete frame elements (excluding

slabs) for all gravity and lateral loads in one go. This is done by clicking the Design Concrete (Static)
button on the Design tab.

?f‘ There is also a Design Concrete (Gravity) button available, which will only deal with
= the vertical loads.

This process goes through a series of steps, in part controlled by the Design Options, with the key
stages mentioned below.

Q You can monitor the progress of the design process by clicking the Show Process
button in the bottom left corner of the screen before clicking a Design command.

Elements designed during this process will be designed for the worst case results from all analyses
completed, based on the element’s Autodesign properties, and the Design Group that it belongs to.

Validation — the purpose of validation is to trap out errors and potential problems with the
model that will likely either cause the analysis or design process to fail, or produce potentially
unexpected results. If any issues are found, they will be reported as either warnings or
errors, in the Status tree. Errors MUST be corrected to allow the analysis and design
procedure to be completed, and will be highlighted with a red cross. The analysis and design
process should complete if warnings are present, but they should be reviewed and corrected
if deems necessary.

Q You can double click on the warning and error messages in the status tree to locate
the issues in an appropriate view of the model.

The validation process will also report some information for points of interest, and stages that fully
pass will be highlighted with green ticks.
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Load Decomposition —slab loads are decomposed into the frame members using FE analysis.

3D Analysis — this will analyse the whole model at once, following the analysis and design
options, and can either treat the slabs as diaphragms (default), or mesh the slabs.

Grillage Chasedown — this will complete a chasedown of load using the sub-models of each
floor, from top to bottom, without the slabs being meshed.

FE Chasedown - this will complete a chasedown of load using the sub-models of each floor,
from top to bottom, meshing the slabs at every level.

Design of all frame elements — once the structure is fully analysed, TSD will perform either
a full Auto Design or a Check Design of all frame elements in the model, based on their
Autodesign property status.

@ The default for concrete elements is always set as Auto Design.
[

23.2.1 Auto Design and Check Design

When TSD performs a design, it will either do an Auto Design or a Check Design, depending on its
Autodesign property status, found in the Properties window for that element.

An Auto Design will complete a new full design based on the newly updated results. There are two
types of autodesign available; either Minima or Current, also specified in the element’s Properties
window.

Properties o R x

<unsaved set> ~ | Save.. Appl

Concrete dass c40

nnnnnnnnnnnnnnn

Minima option removes any current bar arrangement and starts the design from the
minimum allowable bar sizes.

Current option starts from the current bar arrangement.

A Check Design will check the element’s already existing design against the updated analysis results
and will report a pass or fail.

23.2.2 Design Groups

TSD 2016 Manual

To allow for a quick and efficient design process, all concrete beams and columns are automatically
placed into Design Groups.

Design Groups have no specific engineering data associated with them and are simply a unique name
for a collection of similar frame elements. They are formed automatically based on span lengths,
number of spans, section sizes and various other criteria.

The result of using design groups means that every element within the group will have the same

reinforcement, and provided they can all be designed successfully, they will all work for all results of
all the different analyses completed.
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The Design Groups can be viewed using the Groups tab in the project workspace. This window allows
you to do a variety of things, including editing the groups and re-grouping the elements.

Groups o R x

m

Lﬁ Concrete Reinforced Columns

+-(}] CRC1

CRC11

CRC13

CRC14 >

ﬁ Structure I 4 Groups I 4 Loading E Wind El Status

The topic of Design Groups will be discussed in more detail in a later exercise.

[

You will probably notice that there are also Detailing Groups listed here, which relate to the
generation of detail drawings. These too will be discussed in more detail later.

23.2.3 Complete the Analysis and Design

Having reviewed the Analysis and Design Options and understanding the Autodesign and Design
Group functionality, the analysis of the model and design of all frame elements can now be
completed. Note that slabs are designed using a separate process that will be covered later in this
course.

Step 1. Click the Show Process button in the bottom left corner the screen to open the Process
window.
Step 2. Go to the Design tab and click the Design Concrete (Static) command.

Process o x
Time Message Duration b
4 o 1:54:16 Concrete Design (All) 00:19
[  10:54:16 3D pre-Analysis 00:01
[ 10:54:18 3D analysis: First-order linear Less than 1s
[« 10:54:19 Grilage chase-down 00:01
< 10:54:20 Calculating chase-down combinations Less than 1s
[ o 10:54:20 FE chase-down 00:03 E
o 10:54:24 Calculating chase-down combinations Less than 1s
o 10:54:24 Running design of 23 concrete element groups 00:04
< 10:54:29 Running check of 78 elements 00:04
[ o 10:54:33 Running design of 5 shear walls 00:01 -
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23.3 Reviewing the Overall Design Status

Once the Design Concrete (Static) process is complete, the View Mode of your active scene view will
automatically change to the Review View mode, and the newly-created Review tab will be activated.
The initial view will show the graphical Design Status of all concrete frame elements in the model to
see if they have passed or failed, or if there are any other issues with them.

Model  Edt  load  Analyse  Desgn  Report  Draw  Windows

| reven |
HEH.. B R B B B # =% b B EH B B MK

Status  Ratio Auto\Check Diaphragm Restraned\Unrestraned Fixedimed BIMStatus SlabRenforcement  Steel  Copy Properties Report SubStructures PunchCheck  Concrete Tabular
Desgn  On\OfF Fiter Positon  Beam Flanges Data

Status 88 x| [ Rt x| iastbse@sn | pstiwmd | pst2@d | 2st3@D | sta@d | pstseend |

=i~ FE chasedown

B 5 (13.500/17.000)
v/ Model

0a1003 2235

B/ Solved Successfully

' 05Self weight - excuding siabs
15 self weight

v 2Dead

B 4(10.500/13.50
S/ Model

&
v
imposed
' 1Total Vertical Load -
Wsncre  Voows  phlosdng [ wnd | ) sms

Properties o8 x

Unknown

Beyond Scope

Error

Warning

Fail

Pass

showProcess | 4 L e BERID @ ? ? @ @ | Metic UntedKingdom (Eurocode) | 2 Y g a8S |REL| POL

23.3.1 Review tab

The Review tab contains a lot of different tools to get a good overall view of the model. Some of the
key options for reviewing the concrete frame element design statuses are:

Design Status — this option shows whether the frame elements in the active scene view are
passing or failing the design. It also highlights any elements that have errors or warnings
against them, or if the design of an element is beyond the scope. Any undesigned elements
will be shown to have an Unknown status

Design Ratio — switching to this review mode allows you to see how close to its limit an
element’s design is. Elements are grouped together based on their design utilisation ratios

Depth Ratio — this option colour codes all the concrete beams in the model to indicate their
span to depth utilisation ratios

There are also a number of Slab Design review ribbons available on the Review tab, but these will
be discussed later.

Step 1. Try switching between the options mentioned above to review the design status of the
model
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23.4 Reviewing the Analysis Results

Once an analysis has been completed, whether in isolation or as part of the Design Concrete (Static)
procedure, the results for all of the completed analyses can be interrogated by manually switching
the view mode to the Results View, and a newly-created Results tab will be activated.

23.4.1 How to View the Results

Properties

—

Once in the Results View mode for a particular view, there are some settings you need to check to
make sure you're displaying the results you want:

Scene View — as the Scene Mode setting is retained for each Scene View, you need to first
ensure that you have the right Scene View active, and then make sure that you are in the
Results View Scene Mode and have the Results tab selected.

Analysis Result Type — in the Result Type group of the Results tab, make sure you select the
appropriate analysis type. Having completed the Concrete Design (All) process, the

appropriate options will be 1st Order Linear, FE Chasedown and Grillage Chasedown by
default.

As mentioned earlier, each of these analyses do different things so their results will vary.

Load Type — all results that are displayed are for the particular load case, combination or
envelope that is selected in the Loading Drop List. If you are seeing no results after activating
a particular results option from the Results tab, then you may not have a load type selected.

Model
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Once you have the view set up as required, you can view the analysis results by selecting one or more
of the options on the Results tab.

Step 1. Set up your Structure 3D to display the results for Z direction axial support reactions and
the axial load 1D results for the Dead loadcase, based on the 1st Order Linear analysis

results.
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23.4.2 Viewing Results for the Whole Model

Edit Load Analyse

1D Forces | ot Fx Mx

Fy My

Deflections

TSD 2016 Manual

o Fz Mz

There are a variety of different results that can be viewed by using the various options on the Results
tab. These include:

Design

Fxyz
Mxyz

Total

Shear Minor  Moment Minor Z Tota DirlShear Dir2 Shear

Support Reactions — view axial and moment support reactions in all 3 directions individually,
combined axial or moment reactions, or total reactions.

1D Results — displays the axial force, torsion, moments and shears in the major and minor
axes for all columns and beams in the model.

Deflections — view deflections in the 3 global directions, 2 local directions, or total
deflections.

Sway and Storey Shear — review the effects predominantly caused by lateral forces.
Equivalent Horizontal Forces — see the EHFs/NHFs and seismic loads applied to the model

2D Results — these options display contours in the walls, and the slabs if you're viewing the
results for the FE Chasedown analysis, and can display axial forces, moments and design
moments.

AsReq — shows the area of steel required in the top and bottom of the slabs in the two
directions.

2D Deflections — displays the deflections in the walls and slabs using contours.

2D Wall Results — shows the axial force, torsion, moments and shears in the major and minor
axes for the walls, in a similar style to the 1D Results for the columns and beams.

Report Draw Windows Results

EHF

Axial Force  Torsion X Dirl X Y Fx  Fxz My Mdx bottom X Deflecton Axial Force  Torsion
Design Moment

Shear Major  MomentMajor | Y Dir2 XRelative ¥ Relatve Fy Fyz Mxy Mdy top x top - ¥ Total shear Shear Major  Moment Major

5 Creste i
SSTC | Exy Mx  Mdxtop Mdy bottom z Stip  Moment (o9

Shear Minor ~ Moment Minor
el 2D Results £l AsReg 1 | 2D Deflections & 2D Strip Results D Wall R ra

Some of these results are only available, or only make sense, in certain views —i.e. 2D or 3D. You
can also view multiple scene views, displaying different results at the same time, to allow
comparisons.

Note that slab results can only be seen when viewing results for an analysis that includes the slabs —
as default, this will just be the FE Chasedown.

Step 1. Try viewing some different results for some different scene views.
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23.4.3 Slab Strips
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Whilst the slab design process, which will be discussed in detail later, utilises slab strips automatically
and takes them much further, you may wish to cut some strips of the fly and view their results too.
This can be done by clicking the Create Strip command on the Results tab.

Note that you must be in a 2D Plan View to be able to create slab strips.

Once the Create Strip command is active, the strip properties will be displayed in the Properties
window.

Here, you can define the width of the strip at the start and end of the strip, the number of points
and stations within the strip, as well as choose from the following Result Types:

Average — the results for all points across the width of the strip are calculated using weighted
averages of the shell elements local to each point. An average value is then calculated for
all points across the width of the strip at that station, and the process is repeated for all
stations along the length of the strip, which generates the strip results and diagrams.

Maximum - this option follows the same method as the Average option above, but uses the
maximum point value across the width for the strip for each station along its length, to
generate the results and diagrams.

Centreline — this option only calculates the weighted average values for the stations along
the centreline of the strip, and ignores all of the points across the width of the strip.
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Pick Point 2 |

Distance3770m:

Mong 3770 m
Press <F2: to edit

Once you have set up the properties for the strip, it can be inserted into the plan view by first left-
clicking to define the start point of the strip, then left-clicking again to define the end point.

Once the strip is created, you can view its results by selecting one of the 2D Strip Results options on
the Results ribbon tab, when viewing either 2D or 3D scene views.

Alternatively, provided you have the Result Strips option ticked in the Scene Content, you can select
the strip, right click over it, and choose Open Load Analysis View. This will create a new Scene View,
displaying the relative displacement, shear, moment, design moment and the area of steel required.

|@5uu:mre3u | [2 st. Base (Base) 20 | ast1(n> | Bast. 2z |@5L3(3)2|) | [z st 4 (9 D | [i2 st. 5 (Roof) 20 @Rsuﬂuading ><| -
A

38350

Step 1. Try creating a couple of slab strips and view their results.
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23.4.4 Viewing Frame Element Analysis Results

As well as being able to view the analysis results for the model as a whole, you can also view the
results for individual frame elements — i.e. columns and beams. These element results can be
accessed by selecting the element in question, right-clicking over it, and choosing Open Load
Analysis View.

A new scene view will be created and a Loading Analysis tab will also automatically open. This will
allow you to choose which results are displayed and which analysis they come from. The default is
to display the major axis results, including loading, moment, shear and relative deflection. As with
all results views, the results displayed will be based on whichever load option you have selected in
the Loading drop list. The Properties window will also help control the information displayed in this
view.

efase)® | estiwo [ lpsez@o | [Eses@m | st | st sk m I\Q}SES\oadm

Step 1. Try viewing some frame element results.
Step 2. Save the model.
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24 Interactive Design of RC Columns and Walls

As you have already seen, all frame elements can designed at once by using one of the Design
Concrete options on the Design tab. For a lot of the time, this will be as far as you will need to go
with it. However, if you want to interrogate the designs of individual elements in more detail, or if
you need to interactively design a member, then there are a variety of tools to enable you to do this.

24.1 Check Member

Once a column has been designed initially, you can do a Check Design on it by right-clicking over it

in your active scene view and selecting Check Member.

A summary of the existing reinforcement placed in that column will be displayed, which will be the
same reinforcement layout as all the other columns in the same design group, along with its status

based on the current analysis results.

You can also view all of the design calculations and checks based on the analysis results for the

specific column you’re looking at by expanding the options down the left hand side.

The critical checks and results for each stack within the column being checked will be highlighted
with blue exclamation marks on the left hand side of this window. The right hand pane will display
the calculations and results, and clicking the arrow icons next to the text will either collapse or

expand the information.

The Settings button will allow you to edit the formatting of the text in the Check Member window.

Walls can be check-designed in the exact same way, except this option is called Check Wall.

Walls are designed independently from each other and don’t use Design Groups.
Lo
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Step 1. Make sure the Design Concrete (Static) process has been completed.
Step 2. Try using the Check commands to check a few different columns and walls.
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24.2 Design Member

Along with being able to check a column’s existing design, or design all frame elements in a model,
you can also get TSD to design an individual column by right-clicking over it and select Design
Member>static.

Interactive Design...

Generate Detailing Drawing...

Report for Member

[ CheckSiabs
Design Slabs
Redraw

Save Screenshot

Select Entity

Main Grid
C—

The Design Member command carries out an automatic design for that individual column, and then
allows you to view these new design calculations and results for that member.

However, when you choose to Close this window, it applies the same reinforcement selected as part
of the design to all other members in the same Design Group, and then performs a Check Design on
them.

If you happen to use the Design Member command on an element that is not a
@ critical member in its Design Group, you may find that some other members from
the same group change from a pass to a fail.

Step 1. Use the Groups tab to locate the column design group CRC11.

Step 2. Use the Check Member command to view the current design for column non-critical column
C14, which is located at the gridline intersection (F/3).

Step 3. Close this window and use the Design Member command to redesign this member based
on its own analysis results

Stack| Section |Longitudinal Bars Analysis Comhination | Critical position |Ratio | Status
4 | 300x600 10H16 Grillage Chase Down 10 Top 0.957 |« Pass
3 | 300x600 10H16 30 Building Analysis 13 Bottom 0.489 |  Pass
2 | 300x600 10H1E 30 Building Analysis 10 Bottom 0.630 |  Pass
1 | 300x600 10H16 Grillage Chase Down 10 Top 0.455 |« Pass

The reinforcement in this column has now been reduced from its original design, but this has resulted
in column C13 now failing in its top stack. This is because C13 was the critical column for the design
of group CRC11.
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This failure could be removed by either:

Using the Design Member command on the now failing column.
Re-designing the group CRC11, as discussed in the previous example.
Interactively designing the failing column, which will be discussed in detail shortly.

Step 1. Use the Design Member command to design the failing column C13 and have its updated
reinforcement applied to the column C14.

ff For walls, this option is called Design Wall, and simply does an automatic design for
& theindividual wall being looked at.

24.3 Interactive Design...

The automatic designs of elements in TSD will generally be more than appropriate for the majority
of cases. However, if you'd like to check a column or wall for specific reinforcement, or you just want
to adjust the reinforcement automatically selected by the program to see how it affects the design,
you can use the Interactive Design capabilities. To do this, you simply right click over a column or
wall in your active scene view and choose Interactive Design....

24.3.1 Interactive Design

Once selected, the Interactive Design... option will first perform a check design on the element in
question, and then allow you to edit the existing rebar for each stack of that element, based on its
analysis results.

For columns, you can adjust the principal (corner) and intermediate (edge) longitudinal bar sizes and
their quantity, and the link bar size and spacing. This is done by selecting the appropriate stack in
the left hand pane, then selecting the required tab on the right and adjusting the various settings.
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As soon as any of these settings are changed, the sketch, design statuses and results are instantly
updated and displayed. You can also then click the Check button on the right hand side of this
window to perform a check design of the edited reinforcement and view the full design calculations,

as discussed earlier.

Step 1. Open the Interactive Column Design window for the column C13.
Step 2. Try adjusting the reinforcement in the column to see if it can be reduced.
Step 3. Use the Check button to view the updated results.

24.3.2 Interaction Diagrams

Another useful function in this window is the ability to view the Interaction Diagrams for the column
or wall by selecting the Interaction Diagrams tab in the right hand pane. Once opened, it allows for
further interrogation of the column design, and shows two different diagrams based on the current
reinforcement you have specified in the design. As soon as you edit the design, these diagrams will

also update.

The diagram on the left shows the axial load capacity against the moment capacity for the two
directions of the column. The results for all combinations and for all analyses completed are all
plotted on this diagram, allowing you to quickly see the overall status of the column and how hard

it’s working.

The diagram on the right shows the major axis moment capacity against the minor axis moment
capacity for the axial load from the critical combination. The one plot displayed on this diagram is
for the same critical combination results, which is calculated as the worst case results from all
combinations, considering all results from all the analyses completed.
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Interactive Column Design
o C13,max UR= 0807 i Lo ]
by [CI3EA MacUR =0:807] Longitudinal ] inks | Interaction Diagrams
¥ C13-3, max UR = 0.488 N-M Interaction Diagram M-M Interaction Diagram at Ng, = 363.1 kN
i« C13-2, max UR = 0.626 10 STR;,-1.355G+1.5Q+1.5RQ+EHFy,,., Grillage chase-down
e €13 -1, max UR = 0.440 -
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5000 400 Detail
Drawing
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Step 4. Try adjusting the reinforcement placed in column C13 to see how this affects the Interaction
Diagrams.

24.3.3 Detail Drawing

TSD 2016 Manual

The Detail Drawing button in the Interactive Design window allows you to quickly view a detailed
drawing of the column or wall. You can make adjustments to the design of the element, and then
instantly create a detailed drawing of it, using whichever CAD program you have installed on your
machine.

The detailed drawing generated by this method will include an elevation drawing of all stacks making
up the whole column or wall, a section drawing for each stack, and a quantities table as default.

1nnn
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Whilst you’re more likely to generate detail drawings of multiple columns and walls at once using
other functionality in the program, this feature can still be very useful in understanding the design
of the element in question. The production of detail drawings will be discussed further later in this
course.

Step 5. Generate and review the Detail Drawing for column C13.

24.3.4 Updating the Design Group

As with the Design Member command, when you click OK to confirm the interactive design of a
column, the rebar selected in the new design is applied to all of the columns in the same design
group. A Check Design is then performed on them and their design calculations and statuses will be
instantly updated. To make this a more productive process, make sure that you interactively design
the critical column(s) from the Design Group by checking the Groups tab — the critical column within
a group is signified with a red exclamation mark.

This does not apply to the Interactive Design of walls, as they are not designed using Design Groups.
Confirming the Interactive Design of a wall simply applies the rebar to the wall that’s been designed.

Step 6. Click OK to confirm the column (C13) design.

24.3.5 Interactive Design of Walls

The Interactive Design of walls works in a very similar way to that of columns, but there are some
slight differences.

The Interactive Wall Design allows you to specify whether you want to use end zones or not, and
whether you want one or two layers of reinforcement.

Wall design also allows you to choose whether you want to use loose bars or mesh reinforcement.
When using loose bars, you can select the vertical bar size, the number of rows of bars and any
additional end row bars. Using mesh has the same options but allows you to choose the mesh size.

| Lengitudinal Lateral ' Interaction Diagrams .

7] Use end-zones

| -~ Panel

Mumber of layers 2 -

Reinforcement type Loose bars -

Mumber of rows 41 Centre spacing = 75.0mm
Vertical bar size Ha -

Additional end row bars 1 Centre spacing = 113.0mm  «

As you will have noticed with this model, all of the walls have a Warning against them and are
highlighted in Amber when viewing the Results View - Design Status.
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Unknown

Beyond Scope

Error

Yvarning

Fail

Pass

BRCEEC

When accessing the Interactive Design window for any of the walls in the model, there are no
immediately obvious reasons as to why the walls in this model have warnings, as all checks shown
are passing and have green ticks next to them. This suggests that the issues are actually due to
detailing problems rather than any of the actual design checks having problems.

Clicking the Check button in the Interactive Wall Design window allows you to view all of the design
calculations, as well as any other additional detailing checks completed by the program.

For an example, you can see here by drilling down into these calculations, the issue is with the
concrete cover for the walls. The cover specified in the wall properties is 25mm, but according to
code checks, the cover needs to be 26mm or greater.

Results o

B verticalBars Summary Panel 4 - Concrete Cover
5 Nominal cover
Largest vertical bar diameter

—r= gy Critical horizontal bar diameter
+-s Shear Allowance for deviation

- Ag Panel3 Maximum aggregate size d,=20.0mm
A Concrete Cover 5
1 /¢ VerticalBars 2 Nominal limiting cover Cramim = MAX[ d,, MAX[ ¢.,, 10mm ]+ Ac,,, MAX[ §rpese, 10mm 1+ Acy,, - 9. 1= 26.0 mm EN 1992-1-1:2004 Section 4.4.1
4] /¢ Shear A Warning

& Ae Panel 2
A Concrete Cover
- s VerticalBars
[#)-/s Shear
=~ A¢ Panel 1
A Concrete Cover
4] ¢ VerticalBars
[#)-/s Shear

To resolve this issue, do the following:

Step 1. Select all concrete walls in the model.

Step 2. In the Properties window, edit the Nominal Cover to 30mm and press Enter to confirm.

Step 3. Update the design results for all the walls in the model by either repeating the Design
Concrete (Static) process or by using the Check Wall or Design Wall commands for each
wall, one by one.

Step 4. Save the model.
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25 Interactive Design of RC Beams

As with columns, you can get TSD to complete a Check Design or an Auto Design on an individual
beam member, or you can perform an Interactive Beam Design.

25.1 Check Member

In exactly the same way as with columns, you can perform a Check Design on a beam by right-clicking
over it in your active scene view and selecting Check Member.

The Check Member command and window works in exactly the same way as for columns and walls,
except all of the design and detailing calculations for the beam are displayed, and you can check
these for each of the beam’s spans.

585 results (BS EN 1992-1-1 + UK NA, 2004)
[[E-2 585-1300x850 #5B5 - 1300x650 - Longitudinal Bars - Top: 3.075 - 4.100 - Grillage Chase Down - 10 STR,,-1.355G+1.5Q+1.5RQ+EHF,,,
% Design summary bending top Maximum applied negative momert in region
Design summary bending bottom
LIy Design summary shear and torsion WMaximurm applied momerk in span
¥ Concrete Cover Partial fixity coeffident B.= 0.250
=+t Longitudinal Bars Design moment in region Mz = MAY [Mee egonl 5 By X [Mespa| 1= 49.5 kKNm EN 1992-1-1:2004 Section 9.2.1.2
3« Top:0.000 - 1.025 K K=M,,/ (f, xb, x d)= 0.014
@ Top:1.025 - 3.075 . . . N W w
-8 Top:3.075- 4,100 K K'=(2x M x 0 /1) X (1- (R x (8- ki) /(2x ko)) x (% (8 - ki) / (2 x k;))= 0.207
-« 3D Building Analysis K <K': compressionreinforcement not required
@' Fiﬁ““:ﬂ“” Leverarm 2=MIN[0.5xdx (1+ L - (2x K/ (N x 0o/ 7)), 0.95 xd ] = 571.9 mm
@i bos s o steel design strength f .= 434.8 N/mm’
Required compression steel area for bending in region 2reqe=0 mm’
SRS TEN on Required tension steel area for bendingin region 7-SH 99 mm?
£G+15Q+1.5RQ+EHF...o. = ;
3 STR1.355G+1.5Q+ L SRQ4EHFos Additional required tension steel area for shear in region A ee=0 mm’
Bar Limit Checks Overall beam depth h=650.0 mm
- Bottom:0.000 - 0.615 Beam width b, =300.0 mm
@ ttom: 0,615 - 3.485
- j §:n::-3is: _:lzn b t=MAX[A/u, 2% (h-do)]= 102.6 mm EN 1392-1-1:2004 Section 6.3.2(1)
9o Side Face Bars Maximum applied torsion momert in region
/s Deflection Check Maximum torsion resistance
v Shea Links Tearegion < Tagmae AN Teg ozon < IgnOrabletorque limit
- 0.000- 1025 Sigon S B
#-/ 1.025-3.075 Additional required tension steel area for torsion in region
E-vfp 3.075- 4.100 Required tension steel area in region

#-« 3D Building Analysis
4~ FE Chase Down
#-¢ Grillage Chase Down Tension steel utilisation ratio
«_ Link Limit Checks Provided tension bars: 3H20
W Axial Foree « Pass
¥~ Minor Axis Shear
@~ Minor Axis Moment

Provided tension steel area in region

Required compression steel area for bending in region

-8 5BS - 2 300x650 Provided compression steel area in region
/e 58S - 3 300x650 Compression steel utilisation ratio
Provided compression bars: 3H12
¥ Pass
|Setings | Cose |

Step 1. Use the Check Member command to perform check designs on some of the beams that are
already passing their designs.

25.2 Design Member
The Design Member command also works for beams in the exact same way as it does for columns.

To perform an automatic design for a single beam, simply right click over a beam and choose Design
Member. All spans of that individual beam will be designed based on the analysis results for that
beam, and the reinforcement selected will then be copied to all other beams in the same design
group.

Check Design will be completed on these members, and their design calculations and statuses will
be updated immediately.

As with columns, if you use the Design Member command on a beam that isn’t a critical beam in that
design group, you may find some beams that had passed will suddenly fail.

Step 1. Locate beam 1B4 in the model from design group CRB6.
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Step 2. Use the Design Member command to design beam 1B4 — some other beams should now
have warnings against them.
Step 3. Use the Design Group command in the Groups tab to re-design group CRB6.

25.3 Design...

If you'd like to check a beam for specific reinforcement, or you just want to adjust the reinforcement
automatically selected by TSD to see how it affects the design, you can use the Interactive Design
capabilities in a similar way to columns and walls.

To do this, you simply right click over a beam and choose Design....

25.3.1 Interactive Design

Once selected, the Design... option will first perform a Check Design on the beam in question, and
then allow you to edit the existing rebar for each span, based on that element’s analysis results.

For beams, you can adjust the top and bottom longitudinal bar sizes and their quantity, the side bar
size and quantity (if required), and the link bar size, number of legs and spacing.

This is done by selecting the appropriate span in the left hand pane, then selecting the required tab
on the right and adjusting the various settings.

Interactive Beam Design ==
s BT RO Design length = 8100 mm Section (b x h) = 300 x 650 [ ox ]
Longitudinal Bars | Links Cancel
Longitudinal Bars - Top Longitudinal Bars - Bottom
Bar Count Size o Count Size Bar Count Size L Count Size =
- i
cemm - e [ 0 [T : fme T+ o [T e
Bar (1) 6 |Ho [v|+ 2 Hi6  |v| |Bar(?) 1 w2 [v|+ o = [+] S
Bar (12) 3 |ho [v[+ 3 [Hs |~ Options
Side Bars
Each face 0 H16 v
() 3) (12)
— " N— ]
____________ Side bars (if required) O —
@
J |
(&)
Longitudinal Bars - Top Longitudinal Bars - Bottom
Region 1 2 3 1 2 3
A elmm’] 1774 500 1278 1086 1340 811
Ao MM 2287 603 1546 1608 2413 1608
Ratio 0.776 « [0.830 v [0.827 ¥ [0.675 ¥ [0.555 v |0.504 ¥
Clear spacing[mm]| 82.0 | 88.0 v [ 82.0 ¥ [160.0 ¥ | 64.0 ¢ [160.0
A, i [mm’] 268 v [ 285 | 276 ¥ [ 343 ¥ | 281 V | 343 ¥
Side Bars: v
Deflection check: L/d=13.591 < 27.308

As soon as any of these settings are changed, the sketch, design statuses and results are instantly
updated and displayed. You can also then click the Check button on the right hand side of this
window to perform a check design of the edited reinforcement and view the full design calculations,
as discussed earlier.

TSD 2016 Manual Tekla Structural Designer
© Trimble Solutions Corporation | April 12,2016 Fundamental Training



25 Interactive Design of RC Beams

25.3.2 Detai

183 (257)

Step 1. Open the Interactive Beam Design window for a few different beams in the model, except
the ones with warnings.

Step 2. Review their designs, and try adjusting the reinforcement placed in some of them to see how
they affect their design status.

| Drawing

The Detail Drawing button in the Interactive Beam Design window allows you to quickly view a
detailed drawing of the beam. You can make adjustments to the design of the element, and then
instantly create a detailed drawing of it, using whichever CAD program you have installed on your
machine.

The detailed drawing generated by this method will include an elevation drawing of all spans making
up the whole beam, section drawings for each span and support regions for each beam span, and a
guantities table as default.

el 2 = b
b e

| SelE-1l T ‘ R
N - I =
— | axHE-2-3 -
== )
L | o
,‘\L;, ‘l‘; (CRB4-D7 (3 A-A
bl s e >

As with the columns and walls, though you’re more likely to generate detail drawings of multiple
beams at once using other functionality in the program, this feature can still be very useful in
understanding the design of the element in question. The production of detail drawings will be
discussed further later in this course.

Step 3. Generate and review the Detail Drawing for some beams.

25.3.3 Correcting the Warnings

TSD 2016 Manual
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As you will have seen, some beams in the model have some warnings and are shaded amber when
viewing the Results View - Design Status.

Opening the Design... window for any of these beams shows green ticks for all of the design results
displayed, which suggests this is potentially a detailing issue.

Therefore, the Check window needs to be opened to view all of the calculations to see exactly what
the issue is.

Step 4. Open the Interactive Beam Design window for beam 4B3.

Step 5. Click the Check button to view the calculations.
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Results =)
-8 4B3 - 1 300x650 4B3 - 2 300x650 - Concrete Cover
=g 4B3 -2 300x650 User nominal top face cover .
'y Design summary bending top Nominal limiting top face cover Coomimtss = MAX[ MAX[ ,,, 10mm 1+ Ac,,,, MAX[ ..., 10mm 1+ Ac,,- 6, EN 1992-1-1:2004 Section 4.4.1
L3 Design summary bending bottom . P “ P “
[ lbmiasigasummanit hear and torsion  Pass
User nominal bottom face cover Coomusee= 30.0Mm
LR - Nominal limiting bottom face cover Crommse: = MAX[ MAX[ §,,, 10mm ]+ Ac,,,, MAX[ ¢..,, 10mm ]+ Ac,,,- ¢, 1= 34.0 mm EN 1992-1-1:2004 Section 4.4.1
#- ¢ Shear Links A Warning
- Axial Force 2
d-¢ MinorAxis Shear User nominal side face cover Coaiaits
-« Minor Axis Moment Nominal limiting side face cover Coomimsize= MAX{MAX( §,,, 10mm ]+ Ac,,,, MAX[ §uopy Goces §uizes 10mm 1+ Ac,,.- §,, EN 1392-1-1:2004 Section 4.4.1
A Warning
User nominal end cover Coo
Largest top face bar diameter
Largest bottom face bar diameter
Largest top face bar diameter
Link diameter
Allowance for deviation #
Nominal limiting end cover Coomimene= MAX[ §,,, 10mm , MAX[ b..., Geue, §uzer 10mm ]+ Ac,, - ¢, 1= 34.0mm EN 1992-1-1:2004 Section 4.4.1
A Warning

As seen above, the issue here is with the Concrete Cover checks. The automatic design has selected
bars that are sufficient for the design checks but due to the selection of 32mm bars, the nominal
cover specified in the beam design is not quite sufficient to meet the code criteria.

There are various different ways of correcting this issue, such as increasing the beam nominal cover,
adjusting the section sizes or reducing the forces in the beam by editing the model.

However, the easiest, and probably most sensible approach here, would be to reduce the bar size
being used in the beam design. For a model of this size with these sorts of element sections, it would
be quite unlikely that 32mm bars would be used in reality.

Step 6. Use the Interactive Beam Design window to adjust the reinforcement provided for beam
4B3 so that it passes both the design and detailing checks.

Alternatively, you could try to set the Maximum Longitudinal Bar Size for beams in the Design
Options to a smaller bar size (say 25mm), and then re-run the Design Concrete (Static) process again
to make sure no beams in the model use 32mm bar size.

25.3.4 Updating the Design Groups
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As with the Design Member command, when you click OK to confirm the interactive design of a
beam, the rebar selected in the new design is applied to all of the beams in the same design group.

A Check Design is then performed on them and their design calculations and statuses will be instantly
updated. To make this a more productive process, make sure that you interactively design the critical

beam(s) from the Design Group by checking the Groups tree — the critical beam within a group is
signified with a red exclamation mark.

Step 7. Click OK to confirm the beam design and ensure that all beams in the same group now pass.
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26 RC Slab Design

As seen earlier, all frame elements are designed in one go as part of the Design Concrete (Static)
process. However, slabs are designed using a separate, slightly more manual procedure, which will
be covered in detail in this example.

Step 1. Open the model TSD Concrete Design Fundamentals Model 4 - Slab Design.tsmd.

26.1 Introduction to Slab Design

TSD 2016 Manual
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To design the concrete slabs in a model, whether they’re part of a Flat Slab or a Beam and Slab
structure, there are a number of steps required to get as simple yet economical reinforcement
arrangement as possible.

Properties on x

Slab Item(s): 1items | Save... Apply..

= slab parameters
I=} slab properties
Overal depth
Concrete type

Concrete dass
e

When slabs are initially created, they have several
properties relating to their reinforcement, known as their
background reinforcement. When the slab is then
designed, this reinforcement will be automatically selected
based on all of the analysis results calculated anywhere

250.0mm
Normal
c32/40

option
I+ Design parameters
'~ Reinforcement

within the slabs, and then placed throughout the whole
slab panel.

Designing the background reinforcement in this way, to
resist all forces in the slabs, would result in excessive
reinforcement provisions, as the higher peak forces, and
hence the higher reinforcement requirements in the slabs,
normally only occur in isolated, local positions, such as
near beams or at the corners of core wall areas.

Therefore, avariety of Patches need to be inserted into the
model in these local areas so that the background
reinforcement placed throughout the whole slab panels
can be kept down, and additional reinforcement can be
placed in the patch positions.

I=I Top bars
=l Qutside layer
Type
Rib type
Bar type
Bar size
Bar spadng
Type
Rib type
Bar type
Bar size
Bar spadng
Qutside layer in X direction
L= Bottom bars
=I Qutside layer
Type
Rib type
Bar type
Bar size
Bar spadng
Type
Rib type
Bar type
Bar size
Bar spadng
Qutside layer in X direction
Top cover
Bottom cover

Loose bars
Type 2
500

8
200.0mm
Loose bars
Type 2
500

8
200.0mm
El

Loose bars
Type 2
500

8
200.0mm
Loose bars
Type 2
500

8
200.0mm
¥
30.0mm
30.0mm

There’s a variety of different Patch types available, depending on the location of where the patch is
to be placed, such as over columns, walls beams or in the middle of slab panels. The patches
essentially just contain a number of strips running in both directions, some of which are set to design
for the average design forces across their widths, and others simply gather a maximum value from
across their widths.

Once the main slab design is completed, Punching Shear Checks can then also be added to specific
columns and walls in a similar manner to adding patches, to see whether any additional shear
reinforcement is required in these locations.

The model used for this exercise has some floors which are flat slab and others which are of beam
and slab construction.

Step 1. Select any slab in the model and review its Reinforcement in the Properties window.
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26.1.1 Overall Slab Design Procedure
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Below is a brief overall view of the full slab design procedure. These points will be discussed in more

detail throughout the rest of this example.

Insert the patches in the appropriate locations

Design the slab panels to select the background reinforcement for the whole slab panels to

resist the forces in the slab areas not covered by patches

Review and optimise the slab panel designs by rationalising the selected steel

Design the patches to calculate the additional reinforcement required in the areas of slab

covered by the slab patches

Review and optimise the patch designs by rationalising the selected steel

26.2 Checking the Background Reinforcement with No Patches

As an initial test, all slabs in the whole model can be designed without having any patches placed in
the model. This is done by clicking the Design Slabs command on the Design tab. This means the
background reinforcement will be selected on every level so that each slab panel in the model will
have sufficient reinforcement placed in it to be able to resist any of the moments anywhere within

that panel.

Step 1. Go tothe St.2 (Transfer Level) 2D view, click the Design Slabs command on the Design tab.
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Once the design of the slabs is complete, the scene view should automatically switch to the Review

View mode and show the all slabs passing.
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However, using the Slab Reinforcement command on the Review tab, you can see the reinforcement
selected, based on the options selected in the Properties window, which could be seen as a little
excessive.

Step 2. Use the Slab Reinforcement command and the Properties window to see the reinforcement
that has been automatically selected and placed throughout the slab panels.

26.3 Types and Applications of Patches

As the background reinforcement selected is too high, Patches need to be inserted into the areas
where higher reinforcement are required. There’s a variety of different Patch types available,
depending on the location of where the patch is to be placed, and they’re found on the Design tab.
They include:

Patch Column — placed on columns in flat slab models, to deal with local peak moments
Patch Beam — placed along beams, usually to deal with hogging moments

Patch Wall — placed along walls, with options associated with the position and span of the
wall

Patch Panel — placed in the middle of slab spans to deal with local peak moments

Patches contain a number of strips, some of which are set to design for the average design forces
across their widths, and others simply gather a maximum value.

The patches also have a variety of properties allowing you to control options like the patch size, strip
widths, bar sizes and their spacing. It is important to make sure the patch sizes are appropriate for
the model.

The easiest way to do this is to insert the patches whilst viewing the results contours to ensure the
peak forces are contained within the patch dimensions.

You should also ensure that both the slab panel and patch minimum bar spacing are sensible before
attempting the design.

Patches are inserted into the model by first selecting the patch command you want to use, then by
either left clicking on an appropriate element, or by dragging a window around multiple elements.

Step 1. Gotothe St.1 (1) 2D view and set to the Results View mode.

Step 2. Selectthe Total Load combination, choose the FE Chasedown Results Type from the Results
tab and review the slab design moment and area of steel requirement contours.

Step 3. Switch to the Design tab.

26.3.1 Wall Patches
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There are different wall patches available, depending on where the walls are located and how they
intersect. The different types can be selected using the Create Mode option in the Properties
window once the Patch Wall command has been activated.

In this example, the Single Patch Along Wall option will be used for the two opposing horizontal
walls, which are inserted by either left clicking on the individual walls, or by dragging a box around
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them. The remaining wall will use the Internal Patch option, which is inserted by left clicking on the
start and end points along the wall that isn’t covered by the other already inserted wall patches.

Step 1. Select the Patch Wall command on the Design tab.
Step 2. Set the Patch Width to be 2m.
Step 3. Insert the patches on the 3 walls in the model, using the appropriate Create Mode settings.

“ Model Edit . Load Analzse Report Draw Windows Results .
o @ Y / Y 7 *//géé ‘

Options | Vaidate | DesignSteel Design | DesignConcrete  Design Design Al Design | Patch fDesign | Design | Add Check
(Gvavlty) Steel(AlI) (Gravity) Conaete(Al) (Gravlty) AII(AII) wal ¥ Patches Slabs

Options ©| Validate f& &Des Analysis & Design

Status ogx . : . [25t.3(3) 2
@ ¥ vaidation reate wall reinforcement patch: Sel | §

i/ Model Geometry
#- ¥ Wind Model
Meshing
Decomposition
Solver

BIM

? Design

@ Stucire P Growps b Loadng = Wind | (3] Status

[ Properties o8 x

- General
Type Wwall

Create Mode Single Patch Along Wall
Patch Width 2.000m

26.3.2 Beam Patches
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The rest of the patches inserted on St.1 will be Beam Patches. Column Patches are not required as
all columns on this floor are connected to beams, so they will be covered by the beam patches.

Step 1. Select the Patch Beam command on the Design tab.
Step 2. Ensure the Patch Width is set as 2m and then drag a window around the whole floor to
insert all of the Beam Patches at once.
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26.4 Design the Slab Panels

Now that all patches are inserted into the floor, the slab panels can be designed by clicking the Design
Slabs command on the Design tab. The auto design selects the background reinforcement for the
slab panels, ignoring the forces that develop within the slab patch areas, but the background
reinforcement is placed throughout the whole slab panel. This process still applies to the slabs on
all levels.

Step 1. Click the Design Slabs command on the Design tab.
Step 2. Use the Review View and the Review tab to view the design Status of the slab panels.

Home  Model  Edt  Losd Anly Desgn  Foundstons  Report  Draw  Vindows I Review )
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The reinforcement selected for the panels now should be less than before the patches were added.

26.5 Review and Rationalise the Panel Design

TSD 2016 Manual

Once the slab panels have been designed, you can view the selected reinforcement using the Slab
Reinforcement command on the Review tab when in the Review View. The Slab setting in the
Properties window should be set to Panel, and you can then review the reinforcement placed in the
panels for the top and bottom of the slab, and in the X and Y directions.

The Apply property allows you to apply the reinforcement selected for one panel into other panels,
simply by selecting the reinforcement you want to apply to a panel in the Properties window, then
left clicking on the panel in the view. This allows you to rationalise the background reinforcement
for all slab panels.

Once applied, a Check Design is performed on the slabs to ensure they still work.
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Step 1. Review and rationalise the top and bottom reinforcement selected for both the X and Y
directions.

26.6 Design the Slab Patches

Now that the panels are appropriately designed, the patches can also be designed by clicking the
Design Patches command on the Design tab. This auto design process considers the reinforcement
that has already been provided in the whole slab panels, and selects the additional reinforcement
required for within the patch areas. Once complete, this should mean the patch areas have sufficient
total reinforcement to resist the forces that are acting within them.

Step 1. Click the Design Patches command on the Design tab.
Step 2. Use the Review View and the Review tab to view the design Status of the slab patches.

26.7 Review and Rationalise the Patch Design

As with the slab panels, once the patches have been designed, you can view the selected
reinforcement by using the Slab Reinforcement command on the Review tab when in the Review
View. The Slab setting in the Properties window should be set to Patch first, and you can then review
the reinforcement placed in the patches, much like you could for the panels.

The Apply property allows you to apply the reinforcement selected for one patch into other patches,
simply by selecting the reinforcement you want to apply to a panel in the Properties window, then
left clicking on the patch in the view. This allows you to rationalise the additional patch
reinforcement to get a simple yet economic arrangement.
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Once applied, a Check Design is performed on the slabs to ensure they still work for the new
arrangement.
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Step 1. Review and rationalise the additional patch reinforcement selected for both the X and Y
directions — this will typically only apply to the top reinforcement.

Once this stage is complete, the slab is completely designed for the first storey St.1. However, as
St.1 is a unique storey, no patches exist on any other levels, so a similar process would need to be
completed for all other unique levels, or levels that have been used as the Source Storey in the
Construction Levels window. At present, the slabs on all other storeys are designed with no patches,
so their current background reinforcement could be considered excessive.

26.8 Flat Slab Design

TSD 2016 Manual
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The process for designing a Flat Slab structure or floor is exactly the same as designing a beam and
slab model — the only real difference is the type of patches used.

Step 1. Switch to St.4 (4) 2D view, set to the Review View mode.
Step 2. Select the Slab Design Status command on the Review tab.

As you should see, this level is a flat slab. The Slab Design Status should show that the slab passes
the design due to the Design Slabs process having been completed earlier. However, as there are
no patches inserted on this level, this means the background reinforcement has been selected to
resist all forces acting anywhere within the slab panels.

Using the Slab Reinforcement command on the Review tab, you should be able to see that the
selected top reinforcement is quite high in some slab panels due to the higher hogging moments
over the columns and at the corners of the core wall.
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Therefore, some patches need to be inserted into this floor to help reduce this background
reinforcement in a similar manner to the beam and slab level.
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Step 3. Review the currently selected background reinforcement.

Step 4. Go to the Results View mode, select the Total Load combination, choose the FE Chasedown
Results Type from the Results tab and review the slab design moment and area of steel
requirement contours.

Step 5. Switch to the Design tab.

26.8.1 Wall Patches

The Wall Patches can be inserted into this floor following the same method as discussed earlier, only
this time, the Internal with End Patches option will be used for the Create Mode for the two
horizontal walls. These are inserted by either left clicking on the individual walls, or by dragging a
box around the walls instead.

This is because on the other floor, beams connected into the
walls, so the beam patches helped to cover the forces on the
corners of the core wall. As this is a flat slab level, the use of wall
end patches should ensure that all of the peak forces at the corner
positions are covered by the wall patches.

The remaining wall will use the Internal Patch option, the same
ason St.1.

Step 1. Select the Patch Wall command on the Design tab.
Step 2. Set the Patch Width to be 2m.
Step 3. Insert the patches on the 3 walls in the model, using the appropriate Create Mode settings.
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26.8.2 Column Patches

The rest of the patches on this storey will be Column Patches. These column patches can be inserted
into the floor by either left clicking on individual columns, or by dragging a window around multiple
columns.

As with the beam and wall patches, their dimensions can be adjusted in the Properties window to
ensure all of the higher peak force contours are contained within the column patch.

For models such as this example, you will likely find larger column patches are required for the
internal column positions, where the moments in the slabs will be higher.
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Step 4. Try inserting some column patches (3m x 3m) into the floor, adjusting their dimensions as
required.

26.8.3 Completing the Design of the Floor

To complete the design of this floor, simply follow the same process as for St.1 level:

Step 5. Design the Slab Panels to select the background reinforcement for the whole slab panels to
resist the forces in the slab areas not covered by patches.

Step 6. Review and optimise the panel designs by rationalising the selected steel.

Step 7. Design the Patches to calculate the additional reinforcement required in the areas of slab
covered by the slab patches.

Step 8. Review and optimise the patch designs by rationalising the selected steel.
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As St.3 is a duplicate of St.4, you should find that this floor has also been designed.

When duplicate levels are modelled and the slabs are designed, it works in a similar way to Design
Groups. When the Design Slabs and the Design Patches commands are completed, the panels and
patches on the Source floor are designed, and then their selected reinforcement is then copied to
its duplicates. A check design is then completed on the duplicate floors and their design status is
updated. This means that you may find that some panels and/or patches fail on the duplicate levels.

To rectify this, you simply need an auto design to be completed on the level with the failures. This
can be done by either selecting the failing element, right clicking and choosing Design Member, or
by right clicking anywhere in the view and choosing Design Slabs or Design Patches.

Once one of these design processes have been completed, you can then review the full design
calculations for the slabs in question.

26.9 Punching Shear Checks
The final step in the flat slab design process is to complete the Punching Shear Checks.

This must be completed after the main slab reinforcement has been designed so that it can be
correctly considered when calculating if any additional shear reinforcement is required.

Punching checks are inserted by clicking the Add Check command on the Design tab. They’re
inserted in a similar method to inserting column patches — you can either left click on individual
columns, or you can drag a window around multiple elements.

Step 1. Insert a few punching shear checks in different locations on St.4 using the Add Check
command.
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Once you have inserted the punching shear checks, you can use the Punch Check Position command
on the Review tab to make sure TSD has specified the correct position settings for each inserted
check.
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If you want to change the position setting for a particular check, simply left click on the check in the
view and it will change to the next setting in the list.

BRECE

Keep left clicking on the check to cycle through the options until the one you want to use is selected.
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Once you’re happy with the position settings of the checks, click the Check Punching Shear command
on the Design tab to complete the checks.

I o Model  Edt  load  Analyse | Desin | Report  Draw  Windows
'3 '3 '3 » 23 23
@ @4 Y /Y J Y/ =& LS
Design Al Design Patch Design Design Add Check J§ Check Punching
Shear

Column ¥ Patches | Slabs
Patches | Slabs

Options Validate Design Steel  Design Design Concrete Design
(Gravity) Concrete (Al) | (Gravity) Al (All)

e | Analysis ™ "-

ptions M| Validate & r Ar

Status B 8 x| | Gastuctwed | Gzstease@ase)d [ bdst1(d [ st 2(ransfertev

[[@-® vaidaton
i« Model Geometry

3 WindModd 0202 M s e il
ea 4]
i« Decomposition

4« Solver |
#-% BM ) Undo  Ctrl+Z :

4% Design Redo  Ctrl+Y

By Copy

3 Delete Element

Zoom Out

[ Check Punching

7] Check Slabs
Design Slabs

] CheckPatches
Design Patches

Redraw

Save Screenshot

i stuctre %P Groups  Lhloadng = Wind | [3] Status

Properties of x

Apply..

The checks will be highlighted in Green (Pass) or Red (Fail), depending on whether the checks passes
or fails.

To view the punching check calculations, simply right click over one of the punching checks and
choose the option Check Punching.

Step 2. Click the Check Punching Shear command on the Design tab.
Step 3. Right click over one of the punching checks to view the calculation.
Step 4. Save the model.
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27 RC Members Detail Drawings

As seen earlier, Detail Drawings of individual frame elements can be created via the Interactive
Design windows. However, there are a variety of other detail drawing options available on the Draw

tab.

27.1 Drawing Settings

As with the Analysis and Design settings, it is important to review the Drawing Settings before
generating any detail drawings. This is done by clicking the Edit... command on the Draw tab.

Step 1. Go onto the Draw tab and click the Edit... command.

27.1.1 Layer Configurations
Selecting the Layer Configurations option on the left hand side of the Model Settings window allows

you to control what information is included in each of the different types of drawings that can be
created.
Select a layer configuration and choose a Drawing Variant.
Select on an Available Configuration from the list its details into the Active Configuration
area of the window.

Active Configuration displays the Name of that type and the various Layers that will be
contained in the drawing when it’s created. Using the tick boxes, you can add or remove

layers from the Active Configuration.
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Step 1. Review the various Drawing Varients available.
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27.1.2 Layer Styles

Once you have specified which layers are displayed for each detail drawing type, you can then control
how those layers are displayed by adjusting the Layer Styles.

Similar to the Types page of settings, the Layer Styles page allows you to choose a Drawing Variant
and Available Styles. Once the Active Style is selected, you can then edit the various settings for the
Layers to suit your needs.

These settings include the Name of the layer, the Colour, the Line Type, the Font type and the Font
Size.

Step 2. Review the various Layer Styles available.
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27.1.3 Options

27.1.4 Detai
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As well as the Types and Layer Styles, there are various other Options also available for the main
concrete detail drawings. These can act like filters for individual layers.

For example, you can choose to include the Labels layer in the Types page of settings for a particular
type of drawing, but you can use the Options to include or exclude specific labels that all combine to
make up that single layer.

Step 3. Review the various Options available, then click OK to confirm all settings.

ling Groups

As discussed earlier, all concrete beams and columns are automatically placed into Design Groups
to allow for a quick and efficient design process. At the same time, corresponding Detailing Groups

are also automatically created with the same names and the same members inside them, which
allows for a refined and efficient detailing process.
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Although all the elements inside a design group are similar enough to allow them to have identical
designs, there could be variations in the other elements surrounding and connecting to the members
in that group, which would result in differences in the detail drawings created for each of the group
members.

Groups o8 x

Therefore, within the Detailing Groups, there are sub-groups
containing the elements with the same detailing arrangements.

For example, you could have a design group containing 10 beams,
which are all designed identically as they have the same section size,
number of spans, span lengths, etc. However, in the corresponding
Detailing Group, there could be two sub-groups — one for the 5
beams supporting a 200mm thick slab, and the other for the 5 beams
supporting 300mm thick slabs.

Step4. Review the Detailing Groups in the Groups tab under
Project Workspace.
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27.2 Detail Drawings of Individual Elements

Detail Drawings of all individual frame elements (i.e. columns, walls and beams) can be created via
the Interactive Design windows. These same detail drawings can also be generated by right-clicking
over the element in a view and choosing Generate Detailing Drawing....

Once selected, the DXF Export Preferences window will display the file name and where it will be
saved, which can be changed by unticking “Use automatic file name”.

The Layer Configuration and Layer Style should be automatically selected based on the type of
member you’re creating the drawing for, and the corresponding Drawing Variant.

You can also adjust the Scale of the drawing, as well as the Minimum Text Blocking Spacing.

Clicking OK will create the drawing and display it using an appropriate CAD program that you have
installed.

Step 1. Try generating some individual member detailing drawings.
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27.3 Schedules

As well as creating detail drawings for individual members, Schedules can also be created for
columns, walls and beams by clicking the appropriate schedule commands on the Draw tab.

Column and Wall Schedules can be created when in any view of the model, but Beam Schedules can
only be created when viewing a plan view.

The Column Schedule - allows you to select which Column Detailing Groups you want to
included.

The Wall Schedule - allows you to select which walls to be included.

The Beam Schedule - all beam detailing groups are included for the currently active plan
view.

Once confirmed, a DXF Export Preferences window will open, similar to the Generate Detailing
Drawing command.

Clicking OK will create the schedule and display it using an appropriate CAD program that you have
installed.

Once the schedule is generated, various information will be displayed.

The Column and Wall Schedules will display various Sections of the different members
selected to help display the longitudinal bars and links, along with a Quantity Table.

The Beam Schedule will provide information on the reinforcement provided in the beams,
along with bar bending details.

Step 1. Try creating one of each of the available Schedules.
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27.4 Slab Detail Drawings

The Drawings group on the Draw tab provides options to create General Arrangements and Slab
Detailing. These commands are only available when a 2D plan view is active.

27.4.1 General Arrangements

The General Arrangement command will create either a Plan, Section or Elevation of the active plan
view or frame view. These typically include information such as Detailing Group labels, element
section sizes and gridlines, and simply show the general layout information for the plan or frame
view in question.

As with the other detail drawings and schedules, there are various options and settings relating to
the General Arrangements in the Types, Layer Styles and Options areas of the Drawings Settings.

After clicking General Arrangement command, you will see the same DXF Export Preferences
window as mentioned earlier, with the Type and Layer Style options, and clicking OK will generate
the drawing.

Step 1. Try creating some General Arrangements of some plan and frame views
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27.4.2 Slab Detailing

TSD 2016 Manual

The Slab Detailing command will also create a Plan drawing of the active plan view. They will provide
information on the reinforcement provided in the slab panels and patches, along with the patches
themselves and dimensions. Therefore, the slab design process must be completed as required
before generating the Slab Detailing drawings.

There are also various options and settings relating to the Slab Detailing in the Layer Configurations,
Layer Styles and Options areas of the Drawings Settings.

After clicking Slab Detailing command, you will see the same DXF Export Preferences window as
mentioned earlier, along with the Layer Configuration and Layer Style options.
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The default Layer Configuration option in this window is Slab Detail (All) and will include information
on all top and bottom reinforcement. Depending on your model, this could results in a cluttered
drawing, so it would likely be more useful to select either the Slab Detail (Top Reinforcement) or
Slab Detail (Bottom Reinforcement) options. Clicking OK to this window will generate the Slab
Detailing drawing.

Step 2. Try creating some Slab Detailing drawings for the floors that have already been designed
in this model.

Step 3. Try using some of the different Layer Configuration options to see the differences between
the drawings that are created.

I
1
|
|
|

l
HE - 2f
HE - §

27.5 Drawing Management

If you’ll want to generate detail drawings of multiple elements in one go, you can use the Drawing
Management command on the Draw tab. In this window, the first thing to do is select the Drawing
Variant.

27.5.1 Concrete Member Detailing

The Drawing Variant Concrete Beam Detail and Concrete Column Detail can be used to generate
detail drawings of multiple frame elements at once. The easiest way to create these drawings is to
use the Generate command.

This will populate the Available Drawings list with some standard drawings and their content.

The first drawing will be for the Typical elements in the model, which will contain multiple drawings,
one for each of the Detailing Groups that contain more than one element.
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There will also be some additional Available Drawings which will contain drawings for any remaining
elements that are in Detailing Groups on their own.

Alternatively, you can generate completely custom drawings by clicking the Add button.

Drawing Management @
Drawing Variant
Concrete Beam Detail -

Cancel
Available Drawings
Mame Last Revision Add
Typical Beams: Mot generated yet
st 1(D) Not generated yet
Reset ALL Marks
Selected Drawing
Mame Typical Beams
Status: Not generated yet (T
Ttemss 5 Loading...
Create Revision...

You can check the information contained in each of these drawings by selecting them in the Available
Drawings list, then clicking the Content... button.

This will open the Drawing Content window, listing any Available Members that could be included
on the left hand side, and any elements or detailing groups already contained in the Drawing on the
right. You can then control this content by left-clicking and dragging elements or groups from one
list to the other. Once you're satisfied with the content, clicking OK button will confirm it.

Drawing Content

Available members Drawing oK.
@ Show unassigned members anly Variant
:
! Show all members Drawing
Groupby By group -
E)-Concrete Reinforced Beams [=- Concrete Reinforced Beams
[J-CRB2 =-CRB1
- CRB2-D1 El-CRE1-D2
L. 1B17 {oLl1B1
i 1B19 - 12
=-CRB2D2 RB1-D3
. 1818 - 1BS
i.1B20

The Layout... button in the Drawing Management window will allow you to control the layout of
the elements contained within the drawing.

Drawing Layout 3]

(s

Cex ]

| Cancel

Direction
Horizontal
9 Vertical

Arrangement
9 Linear
Grid
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To view a drawing, select it in the Available Drawings list and then click the View Drawing... button.

The same DXF Export Preferences window mentioned earlier will then appear, including the same
Type and Layer Style options.

Clicking the OK button will then create the drawing and display it in an appropriate CAD program.
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|
l

00 W ol o
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Step 1. Try generating the standard Available Drawings for the Beams, Columns and Walls and
review their content and layout settings.
Step 2. Use the View Drawing command to create the drawings.

In the Drawing Management window, the Selected Drawing area displays information about the
currently selected Available Drawing. This will show the current Status of the drawing, how many
Items the drawing contains, and gives you the ability to define the Name for the drawing.

Drawing Management
Drawing Variant [I]
Concrete Beam Detail -

Available Drawings
Name Last Revision Add
Typical Beams Not generated yet
st 1(1) Not generated yet
Reset ALL Marks
Selected Drawing
Mame  Typical Beams
Status: Mot generated yet
Ttemes & Loading...
View Drawing...
Create Revision....
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If you decide to make amendments to the drawings you've created but want to keep the originals,
or if you just want to make different versions of the same drawings, you can click on the Create
Revision... button.

This will open the Create Drawing Revision window, which will provide similar options to the DXF
Export Preferences window. It also allows you to adjust the name of the drawing file that will be
created, where it will be saved and define the Next Revision Name, which automatically adds extra
text to the automatic file name. There is also an option to add Notes to the revision to help clarify
the differences between the existing revisions.

Create Drawing Revision @
Revision EI
Previous revision name <no revision yet> ‘m‘
Next revision name [] -
Note
Qutput
[¥] Use automatic file name

C:\Users\jesan‘\AppData'Loc... \Typical Beams Rev. A.dxf
Drawing
Layer Configuration Beam Detail hd
Layer Style Beam Detail -
Scale 1:25 A4
Minimum Text Block Spacing 5.0 mm

To view the revision history of a drawing, simply click the History... button in the Drawing
Management window.

Step 3. Try adding and creating a custom Available Drawing.
Step 4. Try making some revisions and view the revision history.

27.5.2 Other Drawing Management Options

TSD 2016 Manual

The other Drawing Variants available in the Drawing Management window do not have a Generate
option to create standard Available Drawings. Therefore, the only way to create the drawings for
these options is to use the Add button. Other available variants are:

Drawing Management
Drawing Variant | oK.

General Arrangement |

Cancel |

Foundation Reactions
Loading Plan . | Add
Concrete Beam Detail
Concrete Column Detail R
Concrete Wall Detail

slab Detail

Non-concrete Beam Detail

Non-concrete Column Detail

Beam End Forces

Base Detail

Foundation Layout i

Once the Add button has been clicked, the drawing will exist, but it will contain no items.

Therefore, you need to review the Drawing Content window to add the required items to it, as
discussed earlier. You can create a number of different Available Drawings for each Drawing Variant,
and all other commands in this window can be used in the same manner as for the automatically
generated drawings.
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Step 5. Try creating some custom drawings for the other Drawing Variants.
§ General Arrangement plan views of St.2 and St.5
§ General Arrangement frame views of Frame 2 and Frame E
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27.5.3 Schedule Management

You can use Schedule Management to create custom schedules for columns, walls and beams.

You can create a number of different Available Drawings for each Drawing Variant, and all other
commands in this window can be used in the same manner as Drawing Management.

. Drawing Management

Drawing Variant

Concrete Beam Schedule -

Concrete Column Schedule |
Concrete Wall Schedule |

o n

Add

Remove

Reset ALL Marks

Step 6. Try adding the standard Available Drawings for the Concrete Beam, Column and Wall
Schedules.
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28 RC Members Design Reports

Once members have been designed, there are a variety of different Design Reports that can be
generated in TSD. These can be in-depth or summaries, and for either individual frame elements,
multiple elements or the model as a whole. The majority of these reports can be generated from

the Report tab or from the right-click menu.

28.1 Individual Member Design Reports

To quickly generate a report for an individual frame element, you can simply right-click over the

207 (257)

element in question in an appropriate scene view, and then choose Report for Member.

This works the same way for columns, walls and beams.

As default, the report will be a summary report, and will typically include a sketch and a brief
overview of the design status and reinforcement provided.

@Trimble —
= Structum
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[ |
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]
Longitudinal Bars Summary
Stack | Section | Longitudinal Bars Analysis Combination | Critical position | Ratio | Status
2 400500 10H1& 30 Building Analysis 1 Top 0.759 | ' Pass
1 400500 10H16G FE Chase Don 1 Top 0.210 |  Pass
Links Summary
Stack | Section | Top support Span Bottom Analysis Combination | Ratio | Status
links links support links
2 A00a00 2HE-175 30 Building 1 0.872 | ' Pass
Analysis
1 400500 2HE-175 FE Chase Diown 1 0.092 ,{ Pass

Step 1. Try using the Report for Member command for a beam, a column and a wall.
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28.1.1 Report Content

TSD 2016 Manual

The content of the report generated using the Report for Member command is dictated by the
Member Report... command, found on the Report tab.

To change the content to be included in the report, you should first select the appropriate Member
Type optionin the top left corner. You will then be able to see the Available Styles for that particular
member report. Selecting one of the Available Styles in this list will then display the content of that
report in the Report Structure list.

You can then add or remove information from the selected report style by clicking and dragging items
between the Report Structure list and the Chapters and Options list.

Report Contents (==
Member Type
Chapters and Options: Report Structure:
Concrete Column ¥ || Drag chapters and options from left to right, which | Drag selected chapters up and down, to change [I
are to be induded in the report. order.
vAvauIabIe Styles [ [a) Picture 18 Drawing Cancel
£8 Drawing 8 Design Summary
Concrete Column Design & Loading View Mode
£8 End Reactions Un-factored

Flat
R4, Combinations =

u ] Envelopes @ Hierarchical
g End Reactions Factored

Z[E Design Summary

52 Design Calculations

£9 Shear Force Diagram

+ EEE Bending Moment Diagram

EE‘: Deflected Shape Diagram

18 Axial Force Diagram

£8 Torsion Moment Diagram

Add Remove >> Active D[E Design Notes

Active Style

3

)

Name Concrete Column Summary

As you can see above, there could be numerous Available Styles for particular member reports. The
default is usually the Summary version of the report.

If you want a more detailed design report when you select the Report for Member command, you
can select a different report style, and then click the Active button.

The Active report style is the one used to generate the report. If you have already generated a
particular report, then change the Active style, the existing report should automatically update to
include the updated style content.

Once listed in the Report Structure list, you can also control the level of information displayed in the
report by right clicking over the items.

There will be options to make an item Active or not (i.e. displayed in the report), you can Remove
Items from the report altogether, and you could change the Settings for individual items — these
setting could include the type and style of drawing to be included or the level of design calculations
displayed.

Step 1. Click the Member Report... command on the Report tab.

Step2. Make sure Summary styles are Active for the Concrete Wall and Concrete Beam options,
and the Full Design report style is Active for the Concrete Column option.

Step 3. For the Concrete Column option, right click over Design Calculations in the Report Structure
list and choose Settings.
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Step 4. Make sure the Design Calculations Level is set to 1, then click OK to confirm these settings
—this will increase the amount of detail shown in the design calculations in the report.
Step 5. View the updated existing column member report to view the changes in content levels.

28.2 Model Reports
You can also create reports for multiple elements at once using one of the standard Model Reports.

To generate a Model Report, simply choose an option from the Select drop down list on the Report
tab. Once a report has been selected from this list, clicking the Show Report command will then
generate the report and allow you to view its contents.

The report Member Design Calcs will allow you to view the same design reports generated earlier
using the Report for Member option, but for all elements in the model in a single report.

The amount of output given for each individual member in this report is controlled by the same
Member Report window also discussed earlier.

The Model Report command can also be used to control which element types are included in the
report, and works in a very similar manner to the Model Report window.

Step 1. Select the Member Design Calcs option in the Select drop down list.

Step 2. Review the Model Report Contents window to make sure only reinforced concrete beams,
columns and walls are included, then click OK to confirm, as shown below.

Step 3. Click Show Report command to generate the report, then review the content.

Report Contents @
Chapters and Options: Report Structure:
Drag chapters and options from left to right, which | Drag selected chapters up and down, to change E}
are to be induded in the report. order.
’Available Styles ) [ @ T8 Structure [l &7 concrete '
Solver Model Data (active) u[‘.' Analysis = Lj Beams
2 7 =
g:::g::g k?\:]dlzgs - {T] Concrete 3 Reinforced Concrete View Mode
o Y {] steel = g Columns
Building Design - T Flat
Material Listing Timber L8 Reinforced Concrete
Beam End Forces {7 Cold Formed @ wals @ Hierarchical
BracingForces ] Cold Rolled ‘

Foundation Reactions {"] General Material
~r+- Beam End Forces
a 2
Lg Bracing Forces
4L Foundation Reactions
[ Picture
+-Bsm Analysis Diagram
% Material Listing

[ Add | [Remove | [ >>Active | T8 Revision History

I o O o O 5 B R 5

Active Style

Name Member Design Calcs

As you can see, creating a Model Report and editing the content could result in very large reports
being generated, especially if you have a large model with lots of members.

Therefore, the Filters options on the Report tab can be very useful to make sure only key required
information is contained in the reports generated.
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For example, clicking the Members Filters button on the Report tab allows you to Add a filter to the
list of available filters. Once a filter is added, all frame members —i.e. beams and columns — will be
listed on the right hand side of the window, allowing you to tick the members you want to include in
the report.

To do the same for walls, you need to use the Frames Filter.

Once the filter is set up, you then go back into the Model Report window, right click over the
appropriate entry in the Report Structure list and choose Model Filter > Selected Members.

The report will then automatically update after clicking OK.

[T

Repart Structure:

Drag selected chapters up and down, to change oK |
order. — 01/03/2015
5] Concrete | |ﬂ
Y Columns |_: Active
18 walls i Madel Filter » | Structure

-

Style E\ Selected members i

Remove Item Edit\New...

Reset

I

Step4. Add a Members Filter to the newly created Member Design Calcs report.
Step 5. Reduce the size of the report by only including a few of the beams and columns, then click
OK, apply the filter and update the existing report.

28.3 Other Report Options

TSD 2016 Manual
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Although we have only discussed the Design Member Calcs Model Report, there are various others
that are available which could also be of use, and their content and layout can be controlled in exactly
the same way as already discussed. Another useful design reportis the Building Design option, which
essentially shows a design summary for all frame elements, as well as the slab panels, patches and
punching checks.

As with any report generated in TSD, you can use the various commands on the Report tab to adjust
how the report is displayed in the program, edit the layout and labels used in the Header and Footer,
navigate through the reports, and Export the reports into various other programs and formats.
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29 Design Groups

Step 1. Open the model TSD Concrete Design Fundamentals Model 2 — Design Groups.tsmd.

29.1 How are Design Groups Formed?

To allow for a quick and efficient design process, all concrete beams and columns are by defaults,
automatically placed into Design Groups.

Groups o n x
Design Groups have no specific engineering data associated |, i
with them and are simply a unigue name for collection of

similar frame elements.

[ E Design
|-fe) Concrete Reinforced Beams
CRE1
CRE2
CRE4
CRB&
CRE7

Various criteria are used to determine which group a
particular element will be automatically placed in, but they
can only belong to a single design group.

CRE3
CREZ
ncrete Reinforced Columns

For example, if you have a number of columns in a model,
each with the same number of stacks, similar stack lengths,
the same concrete and reinforcement material properties,
and the same section sizes, rotations and alignments in the
corresponding stacks, then they will likely all be placed in
the same group.

If any of these options vary between the columns, then they will be placed in multiple groups.

The Design Groups are formed as you build up the model, and can be viewed using the Groups tab
in the Project Workspace. This window also allows you to do a variety of other things, including
editing the groups and re-grouping the elements, which will be discussed shortly.

Note that concrete walls are designed independently from each other and do not use design groups.

Step 1. Go to the Groups tab in the Project Workspace and view the Design Groups for this model.

29.2 The Design Procedure for a Design Group

When a design group is designed, either as part of the Design Concrete (All) process or when a single
group is designed, there are a series of steps that are completed:

One element in the design group is arbitrarily selected, and will have a full design completed
on it for all of the results generated, by all analyses that have been undertaken.

The reinforcement selected and placed in this first element will then also be applied to all
other elements in that design group, so that they all have the same reinforcement
arrangement.

One of these other elements will then have a check design completed on it, to make sure the
reinforcement is sufficient for it.

If the reinforcement is sufficient, then it will move on to the next column and check the
reinforcement for that element, and so on.
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If an element requires more reinforcement, then it will be increased and then the updated
reinforcement will be applied to all other elements in the group.

The process will then continue until all elements in the group have all been checked, resulting
in them all having the same reinforcement arrangement.

Once all elements have been designed in the group, a final check procedure will work out
the utilisation ratios for all elements in the group to determine the ‘critical’ element, and an
average utilisation ratio will be calculated for the purposes of reviewing group efficiency.

29.3 Working with Design Groups

As mentioned earlier, when the design of all frame elements is completed on a model, it will design
all groups in the model. For a lot of the time, especially with fairly regular models, these
automatically-created design groups are going to be more than sufficient, and will not need to be
changed. However, the Groups tab has a number of features that allow you to interrogate, modify
and re-design specific groups in the model.

29.3.1 Interrogating the Design Groups

Expanding the entries in the Groups tab allows you to see a full list of all the design groups that have
been generated by the program, and the elements that make up each group.

If you want to locate all the members that are in a particular design group, ensure you're viewing an
appropriate scene view, usually the Structure 3D view, then simply right click over the Design Group
name in the Groups tab, and choose Select in visible views.
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The same option is also available for locating the individual elements listed underneath the Design
Group name.

The Critical element(s) in the Design Group are highlighted in the Groups tab with a red exclamation
mark (1), so you can use the above command to find all elements in a particular Design Group and
then the critical element from that group.

Note that there may be more than one critical element in a group, as there will be one marked for
the critical shear and one for the critical bending.

Step 1. Set the Structure 3D to be the active scene view.
Step 2. Try selecting some different beam and column design groups and individual elements from
those groups in the model.

29.3.2 Renaming Design Groups

When design groups are generated as you build up the model, they are automatically assigned group
names. For beams, these will be CRB followed by a number, and for columns, it will be CRC and then
a number.

To give them more meaningful names, you can manually re-name groups by right clicking over the
Design Group name in the Groups tab, and choose Rename Group. You can then type in a new
name, and press Enter to confirm. This will also update the related Detailing Groups names as well.

Step 3. Try selecting some design groups and then use the Rename Group command to assign more
meaningful names to them.

29.3.3 Splitting Design Groups

TSD 2016 Manual

Although the automatically formed design groups will usually be perfectly suitable for the majority
of the time, you may occasionally find a group made up of dimensionally very similar elements, but
which have quite different forces acting on them. This could result in some of these elements having
more reinforcement placed in them than they actually need for the design.

In this case, you may decide to use the Split Group command.

Doing this will place all members from the group being split into their own separate groups,
effectively allowing them to be designed as ungrouped.

Groups o R x

Groups are split by right clicking over the Design Group name in =
the Groups tab, and choosing Split Group. )

. . . ] L‘ﬁ 4 Storey 600m Squares
Step 4. Try splitting the column design group CRC13 to form two 1) 35ty et e

new groups containing only one element each. s g s
= 1

: L‘vﬁ CRCS

' €32
& Q CRC14
- CRC1S
-8 Detaiing

ffl structure | % Groups
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29.3.4 Adding and Modifying Existing Groups

For similar reasons to splitting groups, you may decide to create a new group and then move
elements from the automatically-generated groups into the new group.

Groups o8 x

To add a new group, simply right click over one of the | =

Design Group sub-headings, either Concrete Reinforced || =& e -
Beams or Concrete Reinforced Columns depending on el
the type of group you want to create, and then choose Add Group
Add Group. This will create a new, empty design group
inside that folder, as well as a corresponding Detailing

Group.

Sre Inn
Y 4 Storey 600m

@ 4 Storey Rectz

Check Group

To add elements to that new group, simply click and drag G
the element name from inside one group onto the new
group folder. TSD will prevent you from moving an
element into a group that contains elements that can’t be
grouped together, such as ones with different section

sizes. :
ﬁ Structure % Groups =4 Loading r:—: Wind E| Status

Select in visible views

In this model, the Concrete Reinforced Column design group CRC4 contains a number of elements.
The designs for these elements are obviously the same, but column C26 has some large loads applied
on and near it, resulting in much higher moments in this element, which in turn is dominating the
bending design for the whole group. Therefore, C26 could be moved into a new, separate group to
be designed independently from the other elements.

Step 1. Make sure the design results for the whole model are up to date.
Step 2. Right click on C26 and choose Check Member to see an overview of the reinforcement
selected for all elements in the group, and do the same for another member in this group to

confirm.
Stack| Section [Longitudinal Bars| Analysis Combination | Critical position |Ratio| Status
3 400400 gH12 FE Chase Down 1 Top 0.672 | + Pass
2 400x400 8H20 FE Chase Down 1 Bottom 0.845 | Pass
1 400x400 12H25 FE Chase Down 1 Bottom 0.835 [« Pass

Step 3. Use the Add Group command to create a new Concrete Reinforced Column design group.
Step 4. Click and drag column C26 from group CRC4 into the newly created group.

29.3.5 Designing Individual Groups

TSD 2016 Manual

Instead of repeating the full analysis and design process again, individual design groups can be
designed to take into account their updated contents. This is done by right clicking over the Design
Group name and choosing Design Group. You can then check the designs of the members again to
see the differences.

Step 5. Use the Design Group command to re-design CRC4 and the newly created group.
Step 6. Use the Check Member command to compare the designs between the two.

Stack| Section |Lengitudinal Bars Analysis Combination [ Critical position |Ratio | Status
3 | 400x%400 BH12 FE Chase Down 1 Bottom 0.185 | " Pass
2| 400x%400 BH1Z2 Grillage Chase Down 1 Top 0.286 |  Pass
1 400x 400 BH12 Grillage Chase Down 1 Bottam 0.448 | " Pass
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29.3.6 Re-Group All Model Members

If you have edited the Design Groups in a model and want to go back to the original groups created
by TSD, you can click the Re-Group ALL Model Members button, located in the top left corner of the
Groups window.

Groups o0 x|

[+2]
g -] Groups|

| Re-Group ALL Model Members L

- Concrete Reinforced Beams
"} Concrete Reinforced Columns

!':J---?:E Detailing
[#-f=) Concrete Reinforced Beams
("} Concrete Reinforced Columns

Q If you click this button by mistake, the Undo command will revert back to your
edited groups.
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30 Analysis and Design of Steel Structure
In this session we will take a detailed look at the analysis and design of a steel structure.

Step 1. Open the example model file 1_Design_Start.tsmd.

30.1 Combination Classes

In a typical model there can be many different combinations. These could be classified as
construction stage, gravity, lateral, seismic, seismic RSA or vibration.
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A gravity combination is a combination that contains only gravity loads, whereas a lateral
combination is one that include lateral effects such as equivalent horizontal forces (for lack
of fit) and/or wind loading.

f"“ Combinations are classified in this manner to streamline the subsequent member
LS .
design process.

Step 2. Review the combination classes via the Combination command in the Load tab.

30.2 Properties

The properties to be assigned to a new entity such as a steel column, steel beam or steel brace are
displayed in the Properties window prior to creating the entity. These properties can also be
reviewed and amended at a later date for selected entities via the Properties window.

Two important design properties that streamline each individual member design process are the
Gravity only and Autodesign options.

TSD 2016 Manual Tekla Structural Designer
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30.2.1 Gravity only

TSD 2016 Manual

The Gravity only option has two settings;

Ticked - designed for gravity combinations only.

Unticked - designed for both gravity and lateral combinations.

| Properties oL x
Steel Beams Rolled Non-Composite: 1 items - | Save.. Apply...
T Gemeral i
MName SB 1/Af1-1/Bf1
| User name |
Group | SBR4
Flane St. 1 (1) : 4.000m
Characteristic Beam
Element type Bearm
Material type Steel
Construction MNon-composite beam
Fabrication Rolled
| Autodesign a
Design section order UKB Beam
| Gravity only
Rotation 0.0000°

218 (257)

Two examples are provided below to understand why this setting might be checked.

Non-composite or composite beams within a rigid floor diaphragm are generally only designed for
gravity loading - since the rigid floor diaphragm deals with any lateral load, distributing it directly to
the vertical stability system. By classifying the beam as gravity only, it will only ever be subjected to
gravity combinations, speeding up the autodesign or check design process (as appropriate) and
reducing the amount of report output.

Columns that are not part of the vertical stability system (braced bays) and thus not being considered
to resist lateral load could be set as gravity only. These columns would only ever be subjected to
gravity combinations, speeding up the autodesign or check design process (as appropriate) and
reducing the amount of report output.

Step 3. Select the below entities and review their Gravity only status.

| status o x‘| 52 Stucture 30 ><| st 2() 20 |

Properties g "X

Steel Beams Rolle... |~ | Save... Apply...

- General
& Name SBFRM AJ1/AF...
Group | seR2
Plane
Characteristic Beam
Element type Beam
Material type Steel
Construction | Non-composite b...
Fabrication Roled
Autodesign [}

i Beam
| Gravity only [a] :

Rotaton T.0000°
Rotationangle | 000007
Major snap level | Top b -
Major offset | 0.0mm ’f—' y
Minor snap level | Centre % 41
Minor offset 0.0mm iy «

= All spans N "
& Name SBFRM Af1/AF... s
Section UKB 203x133x25 >
Grade 5355
Linerity straight
Rotation |0
Rotation angle 0.0000°
Gamma angle 0.000
Top flange cont.... | No
Bottom flange ... | No
[ Releases
¥ Deflection limits
1+ Camber
(] Natural frequency
¥ Size constraints
'+ Instability factor

=/ Seismic
In aseismic forc... | [
SFRS type Specal moment ..,
Plastic hinge pos.... | (d_{col} +d_be...
Plastic hinge pos... | (d_{col} +d_{be...
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Properties g 8 Xx
Steel Beams Role. - e.. Apply...
~ General

® Name S8 2/A
Growp SER4
Plane st. 2

Specal moment f...
(@_{co +9_e...
(d_{co) +d_e...

Plastic hinge pos...
Plastic hinge pos...

I\ VX

\

N

—

—

\

=

\
It

-

/7
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Note that the 1st and 2nd floor beams are all ticked hence they will be designed for gravity only
combinations, with the exception of SB 2/B/2-2/C/2 and SB 2/C/2-2/C/3 to the perimeter of the

30.2.2 Autodesign

TSD 2016 Manual

void and the beams forming the moment frame.

All other entities that are unticked they will be designed for both gravity and lateral combinations.

The Autodesign option specifies how you want the entity to be designed. The option has two settings:

Unticked - the specified section will be checked during the design process for the section
you have specified.

Home | Model | Edt  tosd  Analyse  Desgn _ Report  Draw  Windows

= [Hd = B #ZHPrmEN @ @ &
— Ll

Construction Frame  Sloped Grid Line  Construction  Dimension Steel Steel Steel Steel Steel Portal Concete  Conaete  Conaete Slab on

Levels S Plane ~ Line Column ~| Beam ~ |Brace > Joist Truss~ Frame Wall Calumn Beam Beams
Levels ] Grid & Construction Lines ] Steel ] Conarete ]
‘Sﬁtus B 8 x|| lpstutred x| Gast2@D
Prooes g8 x Create Steel Bearn Rolled Mon-Composite: Pick Point 1

<unsaved set>

~| Save... Apply..

[EREee

Continuous [E
Characteristic Beam
Element type | Beam

[

Fabrication

| Rolled

Linearity | Straight
Use Automatic o |[F]
Rotation | 0.0000°
Rotation angle | 0.0000°

T Design secton c..._ | UKB Beam

| Non-composite b...

Minar alignment ...
= Lateral restraints
Top flange co...

Top flange fa... | 1.00

Bottom flange.., | [[]
_Bottom fiange... | 1.000
Strutrestraints.

Deflection limits

i
UKB 203x102... [+ |
FIETer o T, | UKE 203x102x23
Major alignment \, | UKB 406x140x39
Minar alignment  YLLKE 408172252
d

A Se

Select Section

UKB 406x178x54

UK

15, IA, C, RHS/5HS, CHS, T

Advance UKC

I Rolled Steel Joists

I rwerset seams
Universal Columns

I Asymmetric Beams

Slimflor Fabricated Beams

E Advance UKPFC

-

|
[ookee ) [actun ) [ veete

<no section filter>
h b Wt.
] 203 | 102 | 23 -
18325 30 B
¢ |2 |2 35
£ w6 | 31 37
305 |02 |25 28 33 3
27 | 37 42 4
165 | 40 46 54 4
36 | 127 | 33 39
71| 45 51 57 67
| 206 Jaa0 | 35 46 53
178 [ 54| 60 67 74
: 85
[ =7 2|2 0 7o 3
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Ticked - sections from the design section order will be considered during the design process
to auto size the entity.

File Home Model Edit Load Analyse Design Report Draw Windows
.
. Es | jI
"' —
Construction Frame  Sloped Grid Line  Consfruction Dimension Steel Steel Steel Steel
Levels n Plane ~ Line Column ~§ Beam ~ |Brace ~ Joist Truss ™
Levels i Grid & Construction Lines ] Steel
Status B B x|| [astuctured X | Bast2(d 2D
Bion e 5 n x| Create Steel Bearn Rolled Non-Composite: Pick Peint 1
<unsaved set> [+ | save.. Apply... Select a Section Order
I~/ General
Contiuous | [] =
Characteristic Beam Available section orders
Element type Beam ASB As‘,ilmmetn'c - Add..
Material type Steel Siataiow
1 EA Angle Edit
Construction | Non-composite b Flats B
Fabrication | Rolled PFC Channel
Linearity Straight RHS Hollow
e RS] Joist
Use Automatic .., | [¥] SFB Slimflor
Rotation 0.0000° SHS Hollow:
AR | i Eanae STB Tee
Rotation angle 0.0000 St
TFC Channel
UAAngle
UB Beam
UB UC Combi
Gravity only
Section
Major alignment ™7
Major alignment ... | 0.0mm
Minor alignment Centre
Minor alignment ... | 0.0mm

Design Section Order - Specifies the order file from which the designed sections will

f""‘ be selected. i.e. a design order file comprising UKB sections, RHS sections etc. with
— increasing capacity. This order file can be amended so that only the sections you
want to consider are included in the list.

Edt Secbon Order =563

Properbes o

Mamn oG 220 Cancel

Counbry WK w

Sectons

Secton Group | Advance LB w

Avaishle Sections Sectons in use

A Seiacned Ef_u@mhmﬂs ~
T |+ LEB 2030 13330

Remowe Seecied

e 7 8 35617151
Marve e 'v" LB 457152082
|of) LEE S04 1 x4

kel [+ Lo 457x 152060
Depth v [¥] LK 45719167
[ LBE 457191274

St [ LBE 533%210%82

[ keep sorted [ 188 533x210%52

[+ LeB 254 14631
[ LB 406 140839
[ LeB 305x 165040
[ LB 356 17145
[+ L8E 406 190046

[ LB 12z 101 v

Step 4. Select the below entities and review their Autodesign status.
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‘Smtus 8 8 x|| pstucare® x| psea@m
Properties i S
Truss{s): 1items [+] Save.. Apply..

MName

Autodesign

Section
| Grade

Rotation angle

BT

SHS 150x150x8.0
5355

Fabrication Rolled ‘
D et v | P il :
Rotation 0.0000° x,
3 Rotation angle | 0.0000° X ‘/ g
|~ TrussBottom Members S e |
Section | SHS 150%150%8.0 L e
Grade 5355 =SS |
Fabrication Rolled \‘ [ - p
Design section o... | RHS Holow | S N B ==
Rotation 0.0000° % N B\. J==
Rotation angle 0.0000° . & [ .///.—
Section SHS 120x120x5.0 = >
Grade 5355 f” ﬂ
Fabrication Rolled !
Design section o... | RHS Hollow ‘ -
Fotation N
Rotation angle & h.,.
= TrussInterna =
Section SHS 120x120x5.0 T
 Grade 5355 @)
Fabrication Rolled =
Design section o... | RHS Hollow
Rt

Properties

Steel Columns Roll... |

g nx

+| Save.. Apply..

W,

T

\/

N\

N
.\

!

= General T o

| [ Name SC Af1 =
rGroup SCR& = -
| Top evel St. : 10.667m -
| Base level St. Base (Base) ... / v '.

| Plane ‘ /

Characteristic Column 4 .

| Element type Beam \l
| Material type | Steel ] & | o)

Canstruction Non-composite ¢... ‘ f, ’

Autodesign | ' L S / ‘
B Pt T L q

| Gravity only ] =
. Rotation | 0.0000 S a9 b‘

Rotationangle | 0,0000 S . —
| Major snaplevel | Centre ‘\, - "/ L
| Major offset | 0.0mm ::”;‘ : «
| Minor snap level Centre ™ / ~
| Minor offset _0.0mm v‘ |Ib\ g

Assume extra fl... |0 7

0 et i
V | )
UKC 152x152x%23 .
| s355 \

Linearity Straight i ~
;‘Face A“oeqt rest. | No = e N
| Face C cont. rest. | Mo = 4 = :
Releases e
|1 Size consraints s
(¥ Instabilty factor ) =

T

All other entities that have the Autodesign option “ticked” and will therefore be

&

sized based on the designated order file (UKC for columns and UKB for beams).
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30.3 Design Options

TSD combines both the analysis and design into a single process via the Design tab. In the session
you are primarily concerned with the design of steel. You will therefore concentrate on the Analysis
and Design Steel group.

Model Edit Load Analyse Design Report Draw Windows
> > -4 ¥4 p— ] P >
‘// // ";’,” 4 W) "f J
o P :
Design Steel  Design Steel Design Concrete  Design Concrete Design Al Design All
(Gravity) {5tatic) (Gravity) (5tatic) C (Gravity) (Static)
Analysis & Design Steel 1 Analysis & Design Concrete F] Analysis & Design ]

Analysis is still available via the Analyse tab and you will review the analysis results later via the
Review view.

Prior to undertaking a design you need to review the Design Options which control how the design
process will run.

Step 1. Click the Options command in the Design tab.
Step 2. Review the various folders down the left side of the dialog. These are discussed below.

30.3.1 Analysis

The Analysis options on this page allow you to choose whether a first or second order 3D Building
Analysis is performed when any of the Design (Gravity), Design (Static) or Design (RSA) commands
are run. An option is also provided to include sway stability analysis.

The analysis type you wish to run can be selected and will either consider geometric (P-delta) non-
linearity (second order effects) or not - dependent upon the option selected.

Design Options .

Analysis oK

+- Concrets (®) First-order (Elastic) analysis

[~ Design Farees [Suitable when second-order effects are small enough to ignare (a, = 10) or when s

i~ Design Groups they are not under consideration.]

f ;ut;l:ig:u i} Second-order (P-A) analysis - BS EN 1993-1-1C1 5.2.2 (£)8 - Amp. forces method Save

£ sl

| [Suitable for second-order effects for buldings where o, 2 3.0.]

~ Steel Joksts Load

Second-order (P-A) analyss
[Suitable for all buildings with o > 2.0.]
+ Indude sway stablity analysis

Mote if nondnear members fsupports exist, a nondinear analysis wil automatically
b= run as appropriate during design

Autod,__ formula

® o[ (a-1)

TSD 2016 Manual
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What is Geometric (P-delta) Non-linearity?

In first-order analysis the stiffness of the structure is assumed to be constant and unaffected by
changes in the geometry of the structure when it is loaded. The internal forces (and displacements)
are evaluated in relation to the undeformed structure.

This is the standard assumption of linear—elastic first order analysis.
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In the case of first order linear-elastic analysis, the deformations (and internal forces) are
proportional to the applied loads, and as a consequence the principle of superposition of effects can
be used to simplify the analysis.

In second-order analysis, the effective stiffness of the structure is changed by the action of the loads
upon it. The principles of superposition do not apply, as effects of actions interact.

Second-order effects, often called geometric or P-delta effects, are commonly illustrated by
considering the additional displacement, forces and moments which arise from the application of
actions on a deflecting structure.

A second-order analysis considers these geometric (P-delta) second order effects.

First-order (Elastic) Analysis

Runs a linear static analysis. Suitable where geometric (P-delta) secondary effects are negligible and
can be ignored.

Note that if the model contains any material non-linearity such as tension or compression only
elements, non-linear spring supports or non-linear axial or torsional springs then the design will
automatically run the appropriate non-linear analysis — in this case 'First-order non-linear’ in order
to consider material non-linearity.

First-order (Linear-Elastic) — Geometric non-linearity No, Material non-linearity No.

First-order (Non-linear) — Geometric non-linearity No, Material non-linearity Yes.

Second-order (P-delta) Analysis — Amp. Forces Method

This is not a true second-order analysis and runs a linear static analysis and applies an amplification
factor to the linear analysis to approximate for geometric (P-delta) secondary effects via an
amplification factor.

Note that if the model contains any material non-linearity such as tension or compression only
elements, non-linear spring supports or non-linear axial or torsional springs then the design will
automatically run the appropriate non-linear analysis — in this case 'First-order non-linear’ in order
to consider material non-linearity.

First-order (Linear-Elastic) — Geometric non-linearity No, Material non-linearity No.

First-order (Non-linear) — Geometric non-linearity No, Material non-linearity Yes.

Second-order (P-delta) Analysis

Thisis atrue second-order method and runs a second-order linear analysis which automatically takes
account of geometric (P-delta) secondary effects as part of the analysis.

As with all true second order approaches it will only provide an analysis for a structure that does not
collapse under the design loading. Hence care is required when using this approach to ensure a stable
model.

Note that if the model contains any material non-linearity such as tension or compression only
elements, non-linear spring supports or non-linear axial or torsional springs then the design will
automatically run the appropriate non-linear analysis — in this case Second-order non-linear’ in order
to consider material non-linearity.

Tekla Structural Designer
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Second-order (linear) — Geometric non-linearity Yes, Material non-linearity No.

Second-order (Non-linear) — Geometric non-linearity Yes, Material non-linearity Yes.

Table of Analysis Options and Non-linearity consider

Analysis Type Non-Linearity
Geometric Material

First-order linear (elastic) No No
First-order non-linear No Yes
First-order Vibration No No
Second-order linear Yes No
Second-order non-linear Yes Yes
Second-order buckling Yes No

30.4 Design Steel (Gravity)

Design Steel (Gravity) is used for rapid design of the majority of steel members for gravity
combinations.
The processes can be summarised as follows:

1. A first-order linear analysis is run - excluding pattern loading - to establish a set of design
forces for the steel members. Each steel member with the member property 'Gravity only -
ticked’ is then either checked, or designed - according to its Autodesign setting - for Gravity
combinations only.

2. 'Other’ steel members with the member property 'Gravity only — unticked’ and set to auto-
design are designed for Gravity combinations, to give them a reasonable start size prior to
consideration of the Lateral combinations.

3. On completion of the gravity sizing process all steel members follow the Design Options —
Autodesign rules and are either set to check-design mode (Reset Autodesign...Always) or
retain the auto design setting (Reset Autodesign...Never or When check status is at Worst)
dependent upon the option set.

30.4.1 How do I run Design Steel (Gravity)?

First, check the individual member Autodesign property is correctly set for all members:
0 Autodesign ‘ON’ - new section sizes will be designed

0 Autodesign ‘OFF’ - existing section sizes will be checked

Next, review the Design options and adjust if required:

Click Design Steel (Gravity) to undertake the gravity design for the steel elements.

At the end of the analysis-design process, the active view switches to a Review View
and the ribbon switches from Design to Review - ready for reviewing the design
= graphically.

Step 1. Click the Design Steel (Gravity) command.
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30.5 Check the Status

Always review the Status tab of the Project Workspace prior to accepting results in the Review view
as this will indicate if you have any issues that need addressing.

;-Status o f x

- ¥ Analysis
""" ' General

""" ' First-order linear
[+~ ¥ First-order non-inear
Second-order linear
Second-order non-inear
First-order vibration
Second-order buckling
Grillage chase-down
FE chase-down
Seismic vibration

""" + Model Geometry
----- + Wind Model
""" + Meshing

----- + Decomposition

" Solved Successfully
L l) Not Requested

""" « Grilage chase-down

i FE chase-down

- ¢ BIM

@.S-irucb.lre Q.Groups FL.AII_oatiin.g EWlnd . Elstah.ls |

Step 1. Review the Status tab for any issues.

If there are no issues reported - as you have here, then you can proceed. Otherwise you would need
to investigate the issues raised here prior to looking at the design results.

30.6 Check the Loading Summary

Before preceding you should check that the total applied loads on the structure equal the total
reactions.

Loading o g x

P Loading ~

= Pl Loadcases

' 0 Seif weight - excluding dabe Properties 2§ x
+ 1 Slab self weight

#-of 2Dead

Loadcase(s): 1items ks

v (2] e . '
2 oo } Imposed |
v 6
o

Wind 0,Cps -0.3,-Cpe User name Imposed
7 Wind 90,Cpi 0,3, -Cpe 0.0, ¢
- 8 Wind 180,Cpi 0.3,-Cpe

-+ 9 Wind 270,Cpi -0.3,Cpe

! Combinations

- 1 Manual Examnple

Hoof 2 5TR,-1.35G+1.50+ 150

#- T 35TR,,-1.35G+1.5Q + 1. ROQ4EF,, ..
i T 45TR,;-1.35G+1.5Q+ 1. RO+EHF .,

< > >
i structre %® Groups omd m Status

Step 1. Review the Loadcases and Combinations in the Loading tree to ensure there is no lost load.
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30.7 Review View

The Review View displays a colour coded version of the model so that the design status and various
other parameters can be graphically interrogated and/or modified.

30.7.1 Design — Status

The design status shows graphically the steel elements design status.

Step 1. Review your results after the Steel Design (Gravity) process —i.e. only carrying out a design
on active combinations classed as gravity.

You can see the following;
Two columns set with Autodesign unticked i.e. check design only - Fail.
Two roof braces set with Autodesign unticked i.e. check design only - Fail.

Unknown

Beyond Scope

Error

Warning

Fail

FPass (o]

~ IROHE

30.7.2 Design — Ratio

The worst design utilisations ratio is displayed in colour coded form.
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- -
:I <0.000,0.200)
- <0.200,0. 400}
- <0400, 0.600)
:I <0.600,0.800)
]

]

<0.800, 1,000}

=1.000

30.7.3 Show\Alter State — Auto\Check Design

The Auto\Check Design command provides a means to graphically assess and modify the Autodesign
setting for all members in the model.

The two internal columns and roof braces were failing the gravity design previously so we will assign
them the Autodesign status to re-size them.

Step 1. Use the Auto\Check Design view on the Review tab to set the two failing columns and roof
braces to Autodesign.
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30.7.4 Show\Alter State — Diaphragm On\Off

The Diaphragm On\Off command provides a means to graphically assess and modify those slabs in
the model that are constrained by diaphragms.

Each slab is colour coded to indicate it is Included or Excluded in the diaphragm.
Clicking on an individual slab toggles its state between included and excluded.

Dragging a box from right to left toggles the state for all slabs that are either enclosed by
the box, or are cut by the box perimeter.

Depressing the SHIFT key and dragging a line toggles the state for all slabs that cross the
line.

Tegale daghragrm indlusan: Mok ety =presi ELC 1o cancel s

D Excheded
B e

4
30.7.5 Show\Alter State — Restrained\Unrestrained

The Restrained\Unrestrained command provides a means to graphically assess and modify the
restraint settings for all members in the model.

Each member is colour coded to indicate its restraints setting (N/A, Unrestrained, Partially
Restrained, and Fully Restrained).

Clicking on an individual member toggles its restraint setting between the types applicable
to the member.

Dragging a box from left to right toggles the restraint setting for all members totally
enclosed by the box.

Dragging a box from right to left toggles the restraint setting for all members that are either
enclosed by the box, or cut by the box perimeter.

Depressing the SHIFT key and dragging a line toggles the restraint setting for all members
that cross the line.
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Teggle Element restraints: Mok entity =press ESC o cancels

A

Unresirained

Partially Resirained

Fully Res traingd

N

b
-

30.7.6 Show\Alter State — Fixed\Pinned

The Fixed\Pinned command provides a means to graphically assess and modify the end fixity for all
members in the model.

Each member is colour coded to indicate its end fixity setting (N/A, Pinned, Fixed, Moment, Mixed,
and Cantilever).

Clicking on an individual member toggles its end fixity settings between the types that are
valid for the member.

Dragging a box from left to right toggles the end fixity settings for all members totally
enclosed by the box.

Dragging a box from right to left toggles the end fixity settings for all members that are
either enclosed by the box, or cut by the box perimeter.

Depressing the SHIFT key and dragging a line toggles the end fixity setting for all members
that cross the line.

Where the end fixity is shown as ‘Mixed’ this indicates that the fixity at end 1 differs
@ from that at end 2. ‘Mixed’ end fixity can only be specified by editing the member
Properties directly.

In this model some columns are not intended to resist any lateral load. Now we will change the
releases of the column stacks from fixed to pinned.

Step 1. Run the Fixed/Pinned command to quickly toggle each stack of the 6 columns identified in
the screenshot below from Fixed to Pinned.
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Taggie Element fixity: Pick eriity <prest ESC to conoel>

Gantdever

EEEECN

30.7.7 Show\Alter State — Steel

Steel element characteristics can be changed graphically such as Section, Grade etc.

@ The member clicked on has to be of the same type (beam, column, or brace) as the
source member.

Now we will rationalise the primary beams on the 1st and 2nd floor level so that they are all a UKB
457x152x52 section.

Step 1. Run the Steel command from the Review tab - Show\Alter State group.

Step 2. In the Properties window, select the parameter to copy (Section, Grade or Both).

Step 3. Select Section — UKB 457x152x52 (1)

Step 4. Click on the member (2) (as in screenshot) to which the selected section to be copied to.

Step 5. Press Esc key to end the command.

Update/Review Steel: Select Steel to be applied

Properties o x

>
\/

TAN
AV

- UKB 2032133x25 Dy < ‘i
_—
DESE
- UKB 264¢145x31 \\ ! ‘ i\ }/‘a
S|
- UKB 06x140x39 »\! = ‘1~‘
= 1 ) ’; .1‘ .
LB
- UKB 406x140%%6 : - [
Sl a >
I: UKB 457x152x52 - s \q.' <
= | & o, _‘“
- 0 I =
- UKB 467x191x6 7 B -
. e ] -
E UKB 533x210x82 = =
,‘.»é
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Step 6. Select on Member (1) (as in screenshot) containing the steel to be copied.

Step 7. Click on the members (2), (3) & (4) to which you want to apply the steel.

The section will then be updated on each member you click on.

Update/Review Steel: Select Itern to Apply Steel to

\)

AN
N

UKB 203x133x25 D
e R
- UKB 254¢1%x31 ﬁ‘l . . \“‘ g |
~ = ‘ i = f- ™
N e
- UKB 06x140x39 » - fﬁl . B
< 1Lk S
- UKB 0631045 | = ' %
\.‘! Sy =
Nl
> | 8- <
@ B S g .
- UKB 6718167 e Ty
S

UKB 533x210x82

30.7.8 Show\Alter State — Copy Properties

The Copy Properties command provides a means to graphically copy a specified element parameter
(e.g. web openings, connectors or transverse reinforcement) from a source member to other valid

target members.

To copy a specific property from one member to another:

1.
(e.g. web openings, connectors or transverse reinforcement).

In the Properties window, select the parameter (1) of the member you want to be copied

2. Click on the source member that contains the property to be copied (2).

Update/Revew Steel: Select Elernent to Apply Data to

<press ESC to cancel =
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The colour coding should update accordingly:

Source - this colour identifies the member that was clicked on. (If this is incorrect, press
Esc then reselect.)

Same as Source - this colour identifies those members in which the selected parameter
already matches the Source.

Valid Target - this colour identifies those members to which it is possible to copy the
selected parameter.

NA - this colour identifies those members to which it is not possible to copy the selected
parameter.

Either click on an individual target member, or box around a series of target members to copy the
selected parameter to them.

Now we will rationalise the secondary beams on the 1st and 2nd floor level so all internal secondary
beams are a UKB 254x146x31 section.

Step 1. Run the Copy Properties command from the Review tab - Show\Alter State group.

Step 2. In the Properties window, select the parameter of the member you want to copy (e.g. web
openings, connectors or transverse reinforcement, steel or steel grade).

Step 3. Select Steel Section (1).
Step 4. Click on the source member (as screenshot below) that contains the property to be copied

().
& o . . , , .
Other members that already have this section are coloured 'same as source’ to aid
identification.
Update/Review Steel: Select Element to Apply Data to =<press ESC to cancel>

Properties a x

d Paramaters Steel Section

w |~

Source

Same as Source

Valid Target

INA, -

EEEN

o B — i

Step 5. Either click on an individual target member, or box around a series of target members to
copy the selected parameter to them. (See screenshot below).

The section will then be updated on each member you click on.
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Update/Review Steel: Select Element to Apply Data to

»

)

“N\D

Y/
v

\/

Source

T/
¥ g

Same as Source

L)

4

Valid Target

NA

30.8 Interrogate and Review Individual Members
30.8.1 Right Click Context Menu — Edit Member

Displays the Edit Element Properties dialog for the currently highlighted element to allow you to
edit the properties for the member.

Properties - SB 2/A{1-2/B/1 ==
_E Lateral restraints
- General ~ Distance along Bottom 5 |
-Sie Sowcey | memoer | TSNS Subean | flange |50
. Sub-beam top flange restrained)
- Alignment Description length Sub-beam Fadh Bibihass flange
- Releases [m] EanHncatey) continuousl Fala?
1 o Ld
- Strut restraints — " i &
) Undo Ctile2 - Haunches sub-beam 3.750 1.000 [ 1000
Fiede ke - End plates 2| member 3.750 [l
Web openings
C g
L-{'_‘] Lo . Deflaction limite sub-beam 3.750 1.000 1.000
K Delete Bement - Size constraints 3| support 7.500 b v |
Zoom Dut Camber ‘
- Matural frequency
Apply Property et - Instabiity factor .| X 2|
i oK || cancsl |

§ You can only edit a single entity in this manner.
@ § To edit multiple entities it must be undertaken via the Properties window for
the current selection.

30.8.2 Right Click Context Menu — Open Load Analysis View
Opens a Loading Analysis View for the currently highlighted member.

Refer to the screenshot below to review the analysis results of interest.
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B = it e G Demr G e e R N ]
et il Lorar el -
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e s ™ :I- Select the result type and direction

e o el | R iGE ol BB L g W

T OO

v
E

e

|

Sat the distance to
obtain co-existent

& \T
] 3
e k- 3
P '

| iy Set the loadcase or

o e combination to display

——
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e ] ' — —
W =] e S i L
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o Was b I,..._ 12 T -.:m-nl.'\-'q“m -~'i'r'| O 9 @ 0 0 O = g B

30.8.3 Right Click Context Menu — Open Member View

Opens a Member View containing the currently highlighted member and any members connecting
to the highlighted one.

¢
30.8.4 Right Click Context Menu — Show Member Loading

The Member Loading dialog tabulates all the loads applied to the currently highlighted member.

F - - - =
Loadcase.. Source.. Direction.. In Proj. Span Type. Qi[kN/m] Q2[kN/m] Pos[m] Length[m] i |_(_:lose__|
1 Slab seff weight | Decomposition 24 Major 1 VDL 5.0 4.9 5.625 0.677
1 Slab seff weight | Decomposition 24 Major i VDL 4.9 4.1 6,302 0.448
1 Slab seff weight | Decomposition 24 Major 1 VDL 4.1 19 6,750 0.375
1 Slab seff weight | Decomposition 24 Major 1 VDL 1.9 0.1 7.125 0.375
2 Dead Decomposition 24 Major 1 VDL 0.0 0.4 0.000 0.375
2 Dead Decompositon 24 Major 1 VDL 0.4 0.8 0.375 0.375
2 Dead Decomposition 24 Major 1 VDL 0.8 1.0 0.750 0.448
2 Dead Decompositon 24 Major 1 VDL 1.0 1.0 1.198 0.677
2 Dead Decomposition 24 Major 1 VDL 1.0 1.0 1.875 0.677 o
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30.8.5 Right Click Context Menu — Check Member

Carries out a check design of the highlighted member and displays the design calculations for you to

Interrogate.
SB 1/A/1-1/B/1 results (BS EM 1993-1-1 + UK NA, 2005)
[ v UKB 406x140%x39(5355)
o Classification Design Condition # Design Value Design Capacity |Units | U.R. Status
o isheat Major [= | Classification 2 Class1 3 z ' Pass
o Buckling Shear Web -
o Moment Major Shear Major 2 -45.2 565.1 k| 0.080 « Pass
-l Buckling Lateral Torsianal Buckling Shear Web 2 -45.2 439.8 kM| 0,082 « Pass
.  Deflection [= h,rt, =59.500
Shear designresistance,\,, =489.8 kM EM 1993-1-5: 2006 Cl 5.2(1)
Designshearforce, Wi =-49.2 kM
Ratio =0.092
« Pass
Moment Major 2 QT2 256.9 | kNm | 0.378 " Pass
Buckling Lateral Torsional - Mo Forces - - |Mot required
[ | Deflection Self weight 2 0.7 -| mm - -
Deflection Slab 2 T 30.0] mm|0.256 « Pass
- |Deflection Dead 2 Le 15.0) mm|0.104 « Pass
[ |Deflection Imposed 2 5.9 2008 mm|0.263  Pass
- | Deflection Total 2 15.4 375 mm|0.411 ' Pass

30.8.6 Right Click Context Menu — Design Member

Carries out a design of the highlighted member and displays the design calculations for you to

interrogate.
58 2/A[1-2/B/1 results (BS EN 1993-1-1 + UK NA, 2005)
o y UKB 406x140x46({5355)
-« Classification Design Condition # Design Value Design Capacity|Units | U.R. Status
o Shear Major 8 g 5
. Classification 2 Class1 - - « Pass
-« Buckling Shear Web -
o Moment Major = |Shear Major 2 -43.7 6115 kM| 0,075 v Pass
- Buckling Lateral Tarsional %/ |Buckling Shear YWeb 56,000 58,580 + Pass
o Deflection = h,/t, =56.000
Shear buckling limit =158.980 EN 1993-1-1: 2005 Cl 6.2.6(6)
« Pass
Ioment Major 2 i) 315.1| kMNm|0.311 « Pass
Buckling Lateral Torsional - Mo Forces - -| Mot required
Deflection Self weight 2 0.6 S| mm - -
Deflection Slab 2 61 30.0( mm|[0.205 + Pass
Deflection Dead 2 13 15.0| mm|0.084 + Pass
Deflection Imposed 2 4.4 20.8| mm|0.210 " Pass
Deflection Tatal 2 12.4 37.5] mm|0.331 + Pass
30.8.7 Right Click Context Menu — Report for Member
Opens a Report View for the currently highlighted member.
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| L Structure 30 ‘ 32 SB 2/Af1-2/B]1 | [E| sB 2/af1-2/B/1report X

& Trimble. |

SB 2/4/1-2/B/1

Summary UKE 406x140x46{5355)

Design Condition # | Design Yalue | Design Capacity | Units | LLR. Status
Classification 2 Class 1 - - - o Pass
Shear Major 2 457 £11.5 kM | 0.075 o Pass
Buckling Shaar Wab £6.000 £8.580 « Pass
Mament Major 2 7.5 3151 kKm |0.311 o Pams
Buckling Lateral Torsional | - Mo Forces - - | Not required
Daflaction Salf weight 2 [1K} -] mm -
Deflection Sizb 2 6.1 300| mm |0.205 w Pams
Deflaction Dead 2 1.3 15.0 mm | 0.084 ./ Pass
Deflection Imposad 2 4.4 20.8 mm | 0210 ,{ Pazs
Deflection Tota 2 12.4 37.5 mm | 0.331 o Pass

30.9 How to Check Member/ Design Member/ Edit...

You can use Check Member to review the individual design results for a member.

You could then Edit Member to make appropriate changes and Check Member again to
see if the Edits were sufficient to satisfy the design requirements.

Or you could Design Member to automatically design (size) the member.

A couple of scenarios are detailed below to help explain how the Check, Design and Edit commands
could be utilised.

30.9.1 Scenario 1 — Check Member/ Design Member
In your model you could right click an entity with say a Fail and review the Check Member results.

You could then Design Member to re-design the member (i.e. increase section size etc.) to satisfy
the previous fail status.

Step 1. Rightclick beam SB 1/A/5-1/B/5 and Check Member to review the results.
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5B 1//5-1/B/5 resuits (BS EN 1993-1-1 + UK NA, 2005)
ae B y UKB 457x191x67(5355)
. Classification Design Condition # Design Value Design Capacity | Units | U.R. Status =
:l{g‘ g:::[:?js; [ |Classification 2 Class 1 - -  Pass
[+ Buckling Shear Web = [Shear Major 11 -101.2 833.2 kM| 0,121  Fass
[l Moment Major Shear Minor E Mo Forces ki - | Mot required
+% Moment Minor [= [Buckling Shear web - 50,35 58.58 - = « Pass
oIy axial [= [rMoment Major 11 -403.4 522.2 | kMm|0.773 « Pass
Axizl Bending Combined Morment Minar 5 No Forces| kMm - Mot reguired] |2
BucklmgLatEralTﬂ.rsmnal Axial - Mo Forces kM - | Mot required
Buckling Compression
- Buckling Combined Axial Bending Combined - Mo Forces - - | Mot required
[ Deflection % |Buckling Lateral Torsional 13 2147 194.7 | kMm|1.102 X Fal
Length, L =7.500 m
[ Designvaluemajormaoment, b ., =214.F kMm
=~ Designbucklingresistance,M, ;,  =194.7 kNm EM1993-1-1: 2005 Cl £.3.2.1(3)
Ratio =1.102 EM1993-1-1: 2005 Cl 6.3.2.1(1)
K Fail
Buckling Compression - Mo Forces - - | Mot required
Buckling Combined - Mo Forces - - |Mot required| -
=

The beam current size is UKB 457x191x67 and has a fail related to Buckling Lateral Torsional.

Step 2. Click Close to exit the Check Member dialog.
Step 3. Right click same beam and Design Member to review the design results.

The beam now has been resized to UKB 457x191x74 to satisfy the Buckling Lateral Torsional.

The analysis results are no longer up to date as the increased section will affect the
= analysis. The design is based on the previous analysis results.

30.9.2 Scenario 2 — Check Member/ Edit Member/ Check Member

Alternatively, you could also use Edit Member to alter some properties (i.e. increase the section size)
to resolve the warning/fail issue.

Finally you could Check Member to check that the edit resolves the design warning based on the
original analysis results.

Step 1. Rightclick beam SB 1/A/2-1/B/2 and Check Member to review the results.

SB 1/A/2-1/B/2 results (BS EN 1393-1-1 + UK NA, 2005)
=3 ummary UKB 533x210x82(5355)
+~f Classification Design Condition # Design Value Design Capacity | Units | U.R. Status -
:Jé] g::::m:ﬂ;[ | Classification 2 Class 1 - -  Pass
fio  Buckling Shear Web = |Shear Majar 11 -225.2 1110.6 ki | 0.203  Pass
o Momert Major Shear Minor - Mo Forces ki - [ Mot reguired
+% Moment Minor [ [Buckling Shear YWeb - 52.28 56,58 - = « Pass
Auial [ [Moment Major 11 -672.4 730.8 | kMm | 0,920 + Pass
I axial Bending Combined Moment kinor - Mo Forces| kMm - |Mat required | |z
{59 BuddinglaccraiTarsiota Aial - Ia Forces| kM - [Mat required
+J@] Buckling Compression - - -
w2 Buckling Combined Ayial Bending Combined - Mo Forces - - | Mot reguired
[ Deflection %7 |Buckling Lateral Torsional 11 6724 6172 | kMm|1.089 X Fail
Length, L =7.500 m
- Designwaluemajormoment, b . =-672.4 khm
= Designbucklingresistance, i, .. =617.3 kim EMN 1353-1-1: 2005 ¢l 6.3.2.1(3]
Ratio =1.089 EM 1993-1-1: 2005 Cl £.3.2.1(1)
X Fail
Buckling Compression - Mo Forces - - |Not required
Buckling Comhined - Mo Forces - - |Mot required | ~
o
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The beam current size is UKB 533x210x82 and has a fail related to Buckling Lateral Torsional.

Step 2. Double left clicking on same beam.

Step 3.

Properties - SB 1/a/2-1/B/2

&

- Alignment
- Releases

- Lateral restraints
- Strut restraints
-~ Haunches

- End plates

- \Web openings

Step 4. Right click same beam and Check Member to review the results.

Size
Span 7500.0 mm
Steel 5355 .
Section UKE 533x210x592

In the Properties window, increase the section size to UKB 533x210x92.

SB 1/A[2-1/B/2 results (B5 EN 1993-1-1 + UK NA, 2005)

i'""f
[ Classification

.+ « Shear Major

+% Shear Minor

+ - Buckling Shear Web
[« Moment Major

.+% Moment Minar

-y Asial

+% Axial Bending Combined
- Buckling Lateral Torsional
.+% Buckling Compression

[ % Buckling Combined
[l Deflection

y UKB 533x210x92(5355)
Design Condition # Design Value Design Capacity |Units | U.R. Status s

[ | Classification 7 Class 1 - - =  Pass

“= | Shear Major 11 -225.6 1180.9 kM| 0,181  Pass
Shear Minor - Mo Forces kM - | Mot reguired
Buckling Shear Web - 49,69 58.58 - ¥ Pass
foment Major 11 -672.4 837.8 | kilm |0.803  Pass
homent Minor - Mo Forces| khm - |MNot required | | =
Auial Mo Forces kM - | Mot reguired
Ayial Bending Combined - Mo Forces - - [Not reguired

% |Buckling Lateral Torsional 11 -672.4 739.2| kNm|0.910 « Pass
Length, L =7.500 m

[-= Designvaluemajormament, M ¢, =-672.4 kiNm

[ Dasignbucklingresistance,h, ., =739.2 kNm EMN 1333-1-1: 2005 Cl 6.3.2.1(3)
Ratio =0.910 EN 1593-1-1: 2003 Cl £,3.2.1(1)
< Pass
[Buckling Compression - Mo | Forces| | - [t required]
|Buck\ing Combined | Ma ‘ Forces| ‘ 5 ||\|Dt required| -

‘ Close

The beam now passed the design checks with your specified section size.
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30.10 Design Steel (Static)

30.10.1

TSD 2016 Manual

The Design Steel (Static) processes can be summarised as follows:

1. A first-order linear analysis of all unfactored loadcases is carried out to establish

Serviceability Limit State requirements such as deflections.
EHF's are determined for every active combination in which they have been included.

Having established the EHF's, their contributions to frame deflections are determined using
a first-order linear analysis. acrvalues are also established.

The analysis type that you have set in Design Options is then performed for all active
combinations to establish design forces.

All steel members set to auto-design mode are designed for the appropriate design
requirements. Gravity members are designed for gravity combinations, lateral members are
designed for all combinations. Only active combinations are checked. If section sizes are
changed the analysis-design cycle is repeated.

All steel members set to check mode are checked for the appropriate design requirements.
Gravity members are checked for gravity combinations, lateral members are checked for all
combinations. Only active combinations are checked.

At the end of the process, all Autodesign settings follow the Design Options — Autodesign
rules and are either set to check-design mode (Reset Autodesign...Always) or retain the
Autodesign setting (Reset Autodesign...Never or When check status is at Worst) dependent
upon the option set.

How to run Design Steel (Static)

First, check the individual member Autodesign property is correctly set for all members:
0 Autodesign ‘On’ - new section sizes will be designed

0 Autodesign ‘Off’ - existing section sizes will be checked
Next, review the Design options and adjust if required:

Click Design Steel (Static).

0 Gravity members are designed/checked dependent upon the Autodesign setting for all
active gravity combinations only.

o Lateral members are designed/checked dependent upon the Autodesign setting for all
active combinations.

and the ribbon switches from Design to Review - ready for reviewing the design
graphically.

At the end of the analysis-design process, the active view switches to a Review View

Step 1. Run Steel Design (Static) and review the Design Status on the Review View.
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The lateral combinations are generating horizontal forces which are being distributed into the braced
bays and moment frames. These inevitably increase the design force to be resisted by the existing
sections. In the case of the columns these were originally sized to satisfy just the gravity combination.

30.10.2 Using the Review View again

Step1. Reset eight columns which attached to braced or moment resisting frames back to
Autodesign 'On’ using the Auto\Check Desigh command as the screenshot below.

Toggle autodesign: Pick entity =press ESC to cancel=

With Autodesign ‘On’ - new section sizes will be designed.

Since these entities are not classified as 'Gravity only’ they will be sized for all the active
combinations when a Steel Design (Static) is undertaken again.
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If a Steel Design (Gravity) was performed instead, they would only be sized for the active
gravity combinations only.

Step 2. Reset any failing brace members to Autodesign ‘On’.
Step 3. Reset any failing moment beam members to Autodesign ‘On’
Step 4. Re-run the Steel Design (Static) command to resize the failing members.

All the entities should now be passing.
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Step 5. Save the model using File > Save As and name the model Design_Runthrough.tsmd.
30.11 Using Result View to Investigate Solver Warnings
30.11.1 Project Workspace — Status

After running the design, you should always investigate any issues reported in the Project
Workspace- Status, before reviewing design results in the Review View. The Results View is intended
to help you investigate these instabilities.

To demonstrate this, open a model that has instabilities and use the Results View to assess the forces
and deflections of the model to determine the causes of the instabilities.

Step 1. Open the model file 2_Design_Start_Instabilities.tsmd.

Step 2. Review the loadcases and combinations that exist in the model.
Step 3. Run a Design Steel (Gravity).

Step 4. Review the Project Workspace — Status for any issues.

Q Click the '+’ or -’ to expand/contract the branch of the Status tree in order to drill
into the item of interest.
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A ’?" symbol exists against Validation — Analysis. saus

242 (257)

This indicates that only a First-order linear analysis has
been undertaken. This is the analysis type requested
under the Design options.

A 'Warning’ symbol exists against the Solver branch
indicating that 150 nodes exceed a deflection limit of
1000mm for load case Wind 0, -Cpi, -Cpe and to check
the structure is stable.

An’ &’ (information) symbol exists against the Solver —
Model folder to indicate that the lateral combinations
have not yet been considered.

A 'Q’ indicates that there are no issues with the item.

< >

validation

Model

? Analysis

- General

o First-order linear

? First-order noninear

? second-order inear

? Second-order non-inear

? First-order vibration

? second-order bucking

? Grilage chase-down

? FE chase-down
- ¥ Seismic vibration

" Design

o Model Geometry

o Wind Model

o Meshing

o Decomposition

First-order linear
A & Wind 0,Cpi -0.3,Cpe
F W 150 nodes excead deflection imit (>1000.0 mm)
Ay Maximum deflection in direction 1 at node 93 = 1890.8
odel [ Check structure is stable / Contact Support |
Solved Successfilly
[H-{i} NotRequested
Grillage chase-down
o FE chase-down
i T BIM

ﬁ Structure %® Groups 4 Loading E Wind m Status

You can double left click a Solver item in the Status tree and the Solver view will open showing the

underlying analysis model.

Step 5. Double left click the Solver warning to open a Solver view and highlight the node with the

maximum deflection.

Status 8 8 X | L Shuctre 1D | g7 5t 2(2) 2D

First-order inear
Frst-order non-inear
Sacond-order inear
Second-order non-inear
First-onder vibration
Second-order budding
Grilage chase -down

FE chase-down

Seismic vibration e
Moddel Gecmetry Double left click a Solver
Wind Model item and a Solver view
Pt u‘-bm will open indicating the
Solver node.

A First-order insar
S-A 6Wind 0,Cpi -0.3,-Cpe

[
-
’
+

.Qo-au-mie-o-a-ni\ i3

i

B A AL

=4 150 nodes exceed deflacton bmit | 0 enem)
A [Mayimum deBection n drecton 1 at node 93 = 1890.6¢ A
=1} Model

o Sobved Successfuly
+-{1} hNot Reguested
« Grilage chase-down
—y' FE chasa-down
o BM

< >
ﬁ swuctwe %P Groups b Loadng £ wind a Statg

Step 6. Run a Design Steel (Static).
Step 7. Review the Project Workspace — Status for any additio

/]

[ " Stucture 30-sohver X a

nal issues.

In addition to the Wind 0 load case, all lateral combinations that produce a deflection greater than

1000mm are also being identified.
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[ status oo x

- ? alidation:

Model Geometry

o4

+  Wind Model
""" +  Meshing
4
'y
=
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i}
(il

5 Solver

El-dy First-order linear

6 Wind 0,Cpi -0.3,-Cpe

L 17 5TRo:-G+1.5W+EHF ..

t- 4 64 nodes exceed deflection limit (>1000.0 mm)

15 5TRe ;-G+1, SW4EHF o1y

15 5TR. .-G +1. 5W+EHF oo 5LS

13 5TRz:-1.35G+1. 5w +1. SweS +1. SW +EHF oy

11 5TRz;-1.35G+1. SuigQ +1. SwpS+1. 5SW +EHF o

11 5TRz;-1.35G+1. SwpQ +1. SweS+1. 5SW +EHF o SLS

7 5TR;:-1.35G+1. 5Q+1. SwieS+1. SwigW +EHF oy

7 5TR.;;-1.35G+1. 5Q+1. SwieS +1. S +HEHF oy SLS
-{i) Model

""" " Grillage chase-down

""" « FE chase-down

-2 BIM

< >

ﬁ structure  %® Groups = Loading t{—: Wind ._ El Status ’ |

To investigate this further you need to review the deflected shape of the model. This is achieved
using the Results View.

30.11.2 The Result View

Step 1. Click on the Results View icon on the status bar to switch to the Results View mode. The
Results tab will appear.

VYQF%

f}“ You can also right click the active view tab and select the Results View from the
context menu.

n Home Model Edt Load Analyse Desion Report Draw Windows

1st Order Unear ~ 1D Forces ‘ Fx Mx Fxyz Axial Force  Torsion X Dr1 X Y
Strength Factors <
20 Forces d Fy My Mxyz Shear Major  Moment Major Y Dr2 X Relative Y Relative
- Service Factors - ) - =
Reduce Axial Force Deflections Fz Mz Total Shear Minor  Moment Minor Z Towal DriShear D2 Shear

Step 2. Select the loadcase or combination you wish to view results for (1). See screenshot below.

Step 3. Use the Results tab to set the analysis type (2), Iltem(s) to display (3) and text to overlay on
the diagram (4).

Step 4. Use the sliders to scale the display (5).
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Step 5. Investigate the model displacement for loadcase 6 ‘Wind 0, Cpi -0.3, -Cpe’.
The model has deflected greater than 1000mm in the X direction indicating a mechanism - so we
need to review the bracing.
The 1000mm threshold is an order of displacement that TSD considers appropriate
@ to indicate the possibility of a mechanism. It is not an indication that the structure
satisfies deflection limits imposed by the Code of Practise in use.
Clearly, there is no steel bracing in the X direction so what form of bracing do we have to use to
stabilise the model? Are there moment resisting frames in the model? If so, are they correctly
defined?
Step 6. Switch back to the Review View.
2 Y & &
Step 7. Review the Fixed\Pinned command. This indicates that the 1st and 2nd floor beams are all
pinned, hence they are not acting as moment resisting frames.
Windows Review
| | Fixed\Pinned Blﬁs
Step 8. Adjust the beams identified below to Moment by clicking on each beam the required
number of times to toggle between the valid states.
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30 Analysis and Design of Steel Structure

<press ESC to cancel >
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<press E5C to cancel >

Toggle Elernent fixty: Pick entity
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i
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Gantilever

Step 9. Re-run the Design Steel (Static).

The Warnings in the Project Workspace — Status have been resolved and you can now proceed with

the design.

Tekla Structural Designer
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:

B ox

Validation

Model Geometry

Wind Model

Meshing
Decomposition

Salver

o First-order linear
i Grilage chase-down
beonf FE chase-down
T BM

[l structore oL loadng %P oroups = wind | [3] status |-

fenl
preselh]

O LT § o

30.12 Tabular Data
Two different types of tabular data can be reported.

Design data such as sway, design summary, material listing section resistances etc.

Analysis data such as nodes, elements, nodal forces, element forces etc.

30.12.1 Design Tabular Data

Design tabular data can be accessed from the Review tab > Tabular Data command.

R T s AR

FoedPrred EMSista  SebBerforcemens  Shoel  Copy Propmam  Seport b Srochees  Punch ek Corarrls Pk
i'r Proxilten Bt Flarves uts

Step 1. On the ribbon set the View type (1), Material type (2), Characteristic (3) etc. and apply a
Filter (4) if required.

o
]
' e 1 % T L L EE Yl TR D IIE
e A [ R b et T e T
TN TR T ERr—————— & P LB b MG o 30 B i 5 1P Ty s L e, [ [
Y, as e, 1 FR LM ek B e i i TR pn L I [T ]
(= | Py L ¥ i R O e pe—.
8- -1 Selal .
Loat S
e CR,
[ T
[r-n k.
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51 St |
. " i 2 3 B, i T L Trisin
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30 Analysis and Design of Steel Structure

30.12.2 Analysis Tabular Data

247 (257)

Analysis tabular data can be accessed from the Analyse tab > Tabular Data command.

Home Model Edit Load Design

FE chase-down

@ 1st Order Linear 2nd Order Linear

1st Order Non-inear 2nd Order Mon-inear
Options
1st Order Vibration 2nd Order Budding

Options M| 1zt Order Analysis | 2nd Order Analysis |

Grilage chase-down

Report Draw

Tabular Data |

Mesh Slabs

Windows

Update Wall Beams

Chase-down [F Solver [F} Meshing [Fl

Step 1. Setthe Result type (1) and the View type (2) to display.

Step 2. To request for force or displacements, select a loadcase or combination from the load drop

list (3).
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31 Foundation Design

31.1 Introduction

You can model and design Pad & Strip Footing in TSD model.

Pad & Strip Footing can be auto designed based on size, I General

. S 2
depth and bottom reinforcement.
Auto-design size
. . Select size/depth starting from | Minima
You are also able to group the design of bases which can | Auto-design reinforcement
be set in Design Options 2Slock boss siaiting om Mniiva
) Shape Square
i :gf":z; Members to design using groups
Composite Beams Concrete Beams
Concrete Columns
..I:*ﬁm_mm;m-l [ Steel Beams
Display Limits [7] Composite Beams
- SteelJoists

[] Truss Members
[7] Steel Columns
[] Steel Braces
[7] Steel Joists

[¥] 1solated Foundations

31.2 Using Cutting Planes

Step 1. Open the model file TSD Concrete Design Model - Foundation.tsmd
Step 2. Run Design (Static).
Step 3. Go to Edit tab and select on Cutting Planes command.

(Itis used to reduce the active 3D view to show only the lower floor level)
Step 4. Click on the top plane (1) — it will turn into blue color.

Home Model Load Analyse Design Foundations Repart Draw, Windows Review
ES ~ S 7 i) Fref:
. W R3iE= e DX |% o H
Copy Loads b Move DXF Shadow
Copy M

Move Mrror Delete  Join  Spit Reverse Beamlines| Cutung Move Model Create
Planes Infills
Edit &
Status B8 x| Rystucre D X | [pstbse@e)n | esuiwa 32 5t. 2 (Transfer Level) 20 L5t 3(3) 20 (25t 49D st sRool |
9 validation Edit cutting planes: Pick Plane to activate, deactivate or move

 Model Geometry
? Wind Model

' Meshing

' Decomposition
« Solver
F Bm
A Design

Unknown

Beyond Scope

C@fstuct. Voo ghloadng = wind | [ staus |

Properties o&x Error
~ | Save.. Apply.
"~ General
PlaneAlignment Bld drections Warning
Rotation 0.0000°
Fail
Pass
7
'\],ax
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Step 5. Click on the blue arrow (2) to move the top plane.
Step 6. Move the plane to above first floor level (3).

Pick new position of cutting plane
Distanee 12230m |

Step 7. Press Esc key or double right mouse click to stop the command.

We are going to use this view to insert the pad footing under the columns.
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31.3 Model of Pad Footing

You can model the pad footing supporting columns in the 3D view or Base 2D view.

Step 1. Setto Structure 3D view
Step 2. Go to Foundation tab and click on Pad Base Column button.

pir Y pul

FadBase | Stp
Column_| Base Wall
Isolated w

Home Model Edit Load Analyse

Design Isolated

Design

Step 3. Review the Properties window — tick on Auto-design depth, size & reinforcement and set
Bearing Capacity to be 200kN/m?.
Drag a window (from left to right) to encompass the whole model to insert pad footing on

all the columns.

Step 4.

Status

a g X| [z stucture 30 % ‘ iz 5t. Base (Base) 20 st 12D 32 St. 2 (Transfer Level) 20 lz2st. 3(3) 20 [z st 4(9) 2 &2 5t. 5 (Roof) 2D

Properties

o n x| Create Colurnn I=zolated Pad Base: Pick Isolated Pad Base Location

<unsaved set>

~| Save.. Apply..

- General

 Eoundation tupe

Isglated Pad Base

| Auto-design depth
Auto-design size

Select bars star bng from

Shape
Geometry type
Eccentridty in ¥ direction
Eccentridty in X direction
Rotation angle
Length in ¥ direction
Length in X direction
Depth
Concrete dlass
Permanent load ratio option
User permanent load ratio
Maximum crack width

! Reinforcement

- Soil Parameters
Surcharge depth
Sail unit weight
Permanent surcharge load
Variable surcharge load

| Characteristic fiction andle

Tinma
Square

Cuboid
0.0mm
0.0mm
0.0000°
1800.0mm
1800.0mm
750.0mm
c32/40
User input value
0,650

| 0.3mm

| 0.000m

| 20knm?
0.000kN/m?
0.000kN/m*

. 0.0000°

Bearing capacity A1 - 5TR combin...
Bearing capacity A2 - GEO combin. ..

200.000kN/m?
200.000kN/m*

ODA"

31.4 Design of Pad Footing

TSD 2016 Manual
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Step 1. Go to Foundation tab and click on Design Isolated button.

File Home Mode! Edit Load Analyse Design
& g Design Isolated
PadBase  Stip
Column Base Wall
Tsolated w Design fa

Unknown

Beyond Scope

Error

Warning

Fail

Pass

]
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31.4.1 Rationalise bases

The pad footings are designed with different sizes, to rationalise them we can use property sets to
group similar size bases from the first design.

Step 2. Setto St. Base (Base) 2D view.

Use Property Set to group the bases accordingly to the first designed size — see below 4 required

groups to create.
oy ® 0 ® ©
@o ] 2 * + o 1 0@
| I |
o | o[ —
o[=] « =]
| 1 I
sl AEIRE
i i |
| |
% @ 50 © ©®

Step 3. Select on the pad footing at gridline 3/A (biggest size of the group), right mouse click — on
the context menu, select Create property set....
Step 4. Name the property set as Footing 1.

® ® _© D © ®
@ —?'-'—'—'T'— —'T—'—"—'—'—?—'—"—T'— — 1 &
| | 1
| \ \
| T |
do ttr\+Z N
tedo culey | —— i
Copy
—! Save View Configuration...
¢ DeleteElement )
® - Zoom Out -
— Apply Property Set... !

Create property set... ‘

Open view
Check Mem

| Design Mem)
; Name | Footing 1| i oK
@ g Generate Det

® o= D ©® ®
Sawve Screenshot

Enter property set name

Step 5. Select the remaining 5 pad footings to be applied with the same property set ‘Footing 1’
using “Apply” button in the Properties window.
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‘ Status

[praperties

Pad Base(s): 5items

- General
B Name
Group
Foundation type
Auto-design depth
Auto-design size
Auto-design reinforcement
I~/ Foundation Parameters
Geometry type
Eceentricity in ¥ direction
Eccentricity in X direction
Rotation angle
Length in ¥ direction
Length in X direction
Depth
Conarete dass
Permanent load ratio option
User permanent load ratio
Maximum crack width

= Top bars
Type
= Bottom bars
Type
Rib type
Bar type
£l outside layer
Bar size
Bar spadng
E Inside layer
Bar size
Bar spacing
Outside layer in X direction
Top cover

B B X | Bystuchre D (32 St. Base (Base) D % ‘ st 1@m | st 2 (ansfer Leve 20 | l#st. 33 | (325t 4(9 | 32 5t 5 (Roof) 20
o on x| |
e D ® ®

Isolated Pad Base '*— -* T .?—
0 "
] | |
[} H

| I
Cuboid 1
0.0mm ‘ | !
0.0mm | | |
0.0000° ! '
300.0mm ‘ | i
ca2/0
User input value ! !
0.550
0.3mm L

|
None |
Loose bars
Type 2 |
500
1
200.0mm
1
200.0mm

40.0mm

You can also select on a pad footing, use Apply Property Set... from the right click
context menu. This only applies to one pad footing at a time.

Step 6. Repeat the same process to create 3 more property sets with pad footing at gridline 1/D,
1/C & 2/C naming them as Footing 2, Footing 3 & Footing 4 respectively.

o

The footing to be used to create property size has to be the biggest size (i.e. most
critical one) to ensure those footings applied with its same property set are able to
pass when re-designed them.

You can check via Home tab > Manage Property Sets for all the property sets created.

Mode! Edit Load

Analyse Design Foundations Report Draw Win
[ (g E_IJ =] 1] P r ®
= O =] - ir
L] G omen I EERE K »
Mew  [dh Close Save Savels Project  Madel Manage Manage View Find Walk Structural  Tekla St
¥, Wiki Settings | Property Sets | Configurations BIM Import Expc
File [ Project [
|| Manage Property Sets
| - Pad Base oK
i-[ Footing 1
i.[ Footing 3
L[ Footing 4 Delste
| Export...

Step 7.
Step 8.

Use Apply Property Set... to apply each property set created to the remaining pad footings.
Go to Design tab and click on Options button — in Design Groups option, tick ‘Isolated

Foundations’ to set to grouping design.

Step 9.
Step 10.

Update the analysis result by running 1 Order Linear Analysis again.
Go to Foundation tab and click on Design Isolated button to run design for the newly

grouped pad footings.
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Unknown
Beyond Scope
Error

Warning

Fail

Pass

Il N

31.5 Model of Strip Footing

You can model the strip footing supporting walls in 3D view or Base 2D view.

Step 1. Setto St. Base (Base) 2D view.
Step 2. Go to Foundation tab and click on Strip Base Wall button.

Home Model Edit Load Analyse Design

'/@ & Design Isolated
Pad Base Strip
Column | Base Wall

Isolated Design [

In the earlier exercise, we have learnt how to set auto design for pad footing where TSD proposed a
suitable footing size. In this exercise, we are going to manually define the strip footing size and then
get TSD to design for the required reinforcement only.

Step 3. In the Properties window — Untick on Auto-design depth & size, tick on Auto-design
reinforcement and set Bearing Capacity to be 300kN/m?.

Step 4. Set Width to be 2600mm, Extension to be 1300mm and Depth to be 550mm.

Step 5. Click on the wall to create strip footing.

[ sttus ofx J L Structure 30 J bstoase@ae) D X | st | psc2(esfriee)m [ psez@o | esta@m [ sts@enn |
.:ilmperties a1 x: Create Wall Isolated Pad Base: Pick Isolated Pad Base Location
<unsaved set> ~| Save... Apply..
" Gonea ® ® © D ® ® ©
ot=d Pad Base
Auto-design depth [&]
Auto-design size ] @ 477,7,7|,7,,,,7k,,
o -gesign remTor cemen ] - i &
Select bars starting from inima ‘ |
'~ Foundation Parameters '
Geometry type | cuboid | |
Eccentricity i Y (along nal) 0.0mm :
Eccentricity in X (crass wal) 0.0mm | |
Rolation angh Lonon :
Width 2600.0mm | |
H
|

Extension beyond wal end Booomm | ——— ]

:
Depth 550.0mm W*_____.__

Characteristic fiiction andle 30.0000°
Bearing capacity A1 - STR combin... | 300.000kN/m*
Bearing capacity A2 - GEO combin... | 300.000kN/m*®

Conerete dess S \[-\
Permanent load ratio option User input value ‘ .—'—"‘-—___
User permanent load ratio 0.650 | i
Maximum crack width | 0.3mm !
'+ Reinforcement ‘ |
- Soil Parameters @ o
Surcharge depth 0.000m ‘
Soil unit weight 20kN/m*
Permanent surcharge load 0.000kN/m* |
Wariable surcharge load | 0.000kN/m*
\
|
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Step 6. Go to Foundation tab and click on Design Isolated button.

Unknown
Beyond Scope
Error
Warning
Fail

Pass

BECEEC

Now all the footings have been successfully designed and next we can look at how to get the
foundation drawings.

31.6 Foundation Drawings

Step 1. Go to Draw tab and click on Foundation Layout button.

Repart Windows  Review DXF Export Preferences
iy o
General  BeamEnd Foundation Loading  Slab Detaiing | Foundation [¥] use automatic fie name P

Arrangement  Forces Reactions Plan Layout . L
S = ...\TSD Concrete Design Model - Foundation St. Base (Base
Drawing
Layer Configuration Foundation Layout -
Layer Style Foundation Layout -
Scale 1:100 -

Minimum Text Block Spadng 5.0 mm

)
=
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&

r
s
3¢k
By
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Y N
)
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T
]
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A
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31.7 Foundation Design Report

Step 1.
Step 2.
Step 3.

Go to Report tab and click on Model Report...
In the Report Contents page, click on Add button — Name as Pad Bases Design.
From the Chapters and Options column, select on Concrete > Pad Base Design and drag it

into Report Structure column.

Report Contents

Chapters and Options: Report Structure:
Drag chapters and options from left to right, which Drag selected chapters up and down, to change
are to be induded in the report. order.

Available Styles

1 it

Cancel

& @ Structure -
Solver Model Data (active) -8 i [
Building Loading =-{] Conarete Pad Bases View Mode
Building Analysis Checks n i :
Building Design [+-4=-)) Beam Design FieaT Pad Base Design Summary Siatic £ 734 @ Fat
Material Listing [ Column Design 5 E'EE Pad Base Group Design Summary Sfafic & ... =
Beam End Forces [ wall Design @ Hierarchical
BracingFarces G2 slab Desion )
Faundation Reactions =L, Pad Base Design 3
Seismic Design i J_J7 . =
Member Design Calcs e heses s
PocBassDeson g Pac Base Desicn Summary -

O Pad Base Group Design Summary

[

=

= Cold Formed

| Add I Remove = Active =] Cold Rolled 4

[ | General Material
Active Style [+]-+m# Beam End Forces

[‘.--?:E Bracing Forces
Name  Pad Bases Design [E3] Foundation Reactions i

Step 4. Click OK to exit.

Step 5.

In the Select list, choose Pad Bases Design and then click on Show Report.

tome  Modd  Edt  Load  Andyse  Desgn  Fondatons  Report | Dram  Windows
3 = = levels Loadcases  Design Groups EEmE {:} =\ ﬁ = @
=2} [0} i. = « » = é W RS
1) Select|Pad Bases Desgn = M g D Fratiis] Corbraine | Tikses =t o =) < > o 2|
Mode! Member | Show Report @ m & Settings PageSetup Edit Header Edit Footer First NextPage LastPage Report PDF Word  Excel Tedds
e ek Plones Members  PortalFrames = Page Index
Contents E Fiters Appearance C Navigatien 5 Expert =
| sttus B 8 x| [ Rsructred [ LSk Base Bose) fpstim | pstomrestrieem [ Gasta@md | Gpsts@m [ Gpsts@eonm | [l padBasespesgn x ‘
Properties a8 x
| Save.. Apply.
& Tekla
Structural Designer|_
.ﬁnmrsxe
Pat ase esign
ac s
. 2900529100 (¢ - 450)
A = 1
F T i
1250 A 250 -
o+ d
PER2 L W
Tz
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32 Changing the Design Code (For Information only)
32.1 Introduction
TSD allows you to choose from a range of international design codes of practice.

Each new project will initially adopt the codes that have been specified in Settings from the Home
tab when create a new blank file, however it is also possible to change codes in mid project.

32.2 Head Code

A head code is selected which configures the choices available for the following codes:

Action Codes Resistance Codes
General Loading Steel Design
Wind Loading Concrete Design
Snow Loading Composite Design
Seismic Loading Timber Design
Combinations Masonry Design

Foundation Design
Seismic Design and Detailing

32.3 How to Configure the Default Design Codes to be applied to New Projects?

Step 1. Click Settings on the Home tab.
Step 2. Select a suitable settings set from the drop list and make it Active.
Step 3. Use the Design Codes page of the Settings dialog to choose the Codes required.

Having set the codes as required, TSD will retain these as the default codes to apply for each new
project until you decide to amend them.

To start a new project with the chosen design codes:
Step 4. Click New on the Home tab.
32.4 How to Change Design Codes in an Existing Project?

Step 1. Click Model Settings from the Home tab.
Step 2. In the Design Codes page of the dialog choose the Codes required.

32.5 Model Changes
If you change design codes in mid project, you need to be aware of the following model changes:

Any existing wind load data will be lost — you will therefore need to recreate them.
Any existing load combinations will be lost - you will therefore need to recreate them.
Steel material properties will be amended.

Rebar material properties will be amended.

Concrete material properties will be amended.

Composite stud data is lost — you will therefore need to re-assign the data.

Effective lengths will be set to 1.0L

All existing design checks will be deleted and a re-design will be necessary.
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