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Introduction

This tutorial will require you to have access to MasterFrame and MasterKey: Steel Section Design or
PowerPad.

MasterFrame is a piece of advanced structural frame analysis software that allows you to analyse
everything to beams, and trusses to multi-storey frames and complex 3D models in any type of
material.

MasterKey Steel Design allows for the design of members in steel structures analysed using
MasterFrame, or MasterPort to the BS, Euro or SABS codes.

If you do not have access to any of this software, please contact us for a 14-day free trial to learn how
it can benefit you and your business.

Overview & Outcome

In this tutorial, we will undertake the development and design of a 3-bay portal frame with the aim of
providing you with a solid understanding of:

e Defining the span, properties and loadings
e Setting the support conditions

e Analysis

e Design of steel beam

e Viewing and printing the results

Version Information

This tutorial has been written for version 2020.01 of the MasterSeries software suite. Subsequent
versions of the software may have additional features or changes in layout, however the general
procedure will remain the same.

Contact

We strive to make our tutorials as simple as possible without compromising on the technical aspects of
the analysis procedure. Should you discover any errors, omissions, or are in need of additional
clarification, please contact us by emailing your comments, or corrections to help@masterseries.com.

We're social — follow us on Facebook, LinkedIn and Vimeo to keep up to date!



https://www.masterseries.com/products/general-frame-analysis
https://www.masterseries.com/products/steel-design
https://www.masterseries.com/products/powerpad
https://www.masterseries.com/support
mailto:help@masterseries.com
https://www.facebook.com/MasterseriesSoftware
https://www.linkedin.com/company/civil-&-structural-computer-services
https://vimeo.com/masterseries

Loading MasterFrame

To start this tutorial, launch the main program of MasterSeries.

While standing on the Programs tab, select the MasterFrame from the Integrated Analysis &
Design filed.
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Hovering over the MasterFrame icon, the available integrated design options appear with small
icons.



The File Selector dialogue

The File Selector dialogue will now be displayed.

You can use the File Selector to navigate in your folder tree and to select, modify or delete your
existing model files or create a new one.
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The left side of the File Selector is a usual Windows file tree (#1) which can be used to navigate
between the folders. By clicking with the right mouse button on one of the folders in the tree, the
following functions will be available:

a Ll MS test 3 1. Create a new folder in the selected folder
: zz:g tarted 2. Add the selected folder to Favourites to create a shortcut
L Mspeee 3. Copy selected folder to the clipboard
MNew Folder .
e | e rovourie 4. Paste the content of the clipboard to the selected folder
| Snagt 5. Delete the selected folder.
. Soda P Copy Folder
. Tedds Paste Folder
. Visual §
| Visual Delete Folder
By clicking on the Star ( ) button on the top of the file selector tree, we can see the saved

favourite folders. By selecting one of them, the file tree will immediately jump to there. By clicking the
Star icon at the end of the line, we can remove or add each of them.

The table, on the right of the File Selector (#3), lists all of the MasterFrame models contained in
the selected folder.



Just like in any other table application, by clicking on the header, the content of the table can be ordered
by name, modification date or size.

Selecting one of the model files, it can be opened by clicking on the Open button or using the top tool
bar’s functionalities (#2), it can be manipulated.
@ View/hide the model preview window

Ol Rename the selected model file

™ Copy the selected file(s) to clipboard
[

Paste the selected content of the clipboard to the actual folder
Zip the selected file(s) with all the additional files

~ Zip and attache to a blank email the selected file(s) with all the additional files

] Delete the selected file(s)
Multiple file selection is available to select the files while pressing the Ctrl button, or using the range
selection by selecting the first one then select the last one while pressing the Shift button. Or all of

the files can be selected/deselected by clicking in/out the checkbox on the top of the first column.

To create a new model file click on the New button on the bottom, then type the name (for example
Tutor01-1) and click on the Create button.



The Frame Generation Menu

In most cases, you will be able to select a start-up frame and then | rame cenerston wen o
tailor it to your specific requirements. In this case, we shall generate KRN o o#| ==
a SIngIe-span beam' I;n-d. Floor Snap Simple Cont-
Lines Plan Grid Beam Beam
The Frame Generation Menu (Frame Wizard) is now displayed —
as shown. Hi PR ™ A
Sub- Multi- Plulti- Tower Roof
Frame Storey Portal Frame Truss
TIP! If the frame you are generating does not match one of the = = = |

Fink M v Library

pre-processor frames, choose a frame that is similar to, but larger Tiss || Lattice || Latice
than, your frame. It is easier to delete members than to add them.
If in doubt a multi-storey frame makes a good basic grid.

Cancel

To generate our start-up frame, select the Single Beam button.

IF" Chapter 3 MasterFrame - 3.3.1 Frame Generation Procedures and Templates

This tutorial describes some of the basic techniques used in MasterFrame. Please take a few minutes to
familiarise yourself with the various frame viewing tools; editing and data input methods and find how
you can use the modify geometry area to select members.



Defining Member Section Properties

The Member Section Properties is now displayed. This allows you to set section properties to the
beam.

Fron
Place the beam in front view by selecting the Front side of the viewing cube ("

Select Steel Sections from the bottom left-hand corner and from the section sizes droplist, select a
457x152 UB 52, grade S275.

The section size will have been applied to the simple beam.
TIP: Additional information about the beam can also be added, for example, any haunches
applicable to the member, compound sections with plates, double members, cellular sections, or
concrete encasement.

Pe  Version 2018.00 x64 : EAMS ]  STARTED\TUTOROT Lo G o]
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H O p & AL Frame Viens ¥ T section S I A F siff Deck a o show Founds. E t WPk o ¥ A ¥ g!: o Values .n.. EE " a, -
= Y viewFiters v M’ T Beta snghes N‘ (TN Tty Releases el Draw Shart . Lineloads ¥ 7 oy Pressure
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View: Full Frame [ G PDFsessionclosed  Select memberto edit

Close the Member Section Properties dialogue by clicking on the X.



Editing the Geometry

You can now use the Modify geometry options to modify the frame geometry.

= Length

From the top toolbar turn on the member Lengths ( ) in the Members group to see the

actual length of our beam.

Analysis  Results Design  EIM Exchange

From the Modify Geometry menu and Change [ oty Semeny | Veno Popeis oot i

I section Sizes ki
Coordinate Tools, select the Shift XYZ option Mo
! Y ) Delete Members, FE Surfaces, Grid Lines  Ctrl+D T peta Angies Nomber €Y
A Move Members, FE Surfaces, Grid Lines  Ctrl+Alt=M et k-’
B Redefine Single Member Geometry Nodes and Coordinates
Create Curve Member From Facets
Edit FE Surface
[ Change Coordinate Tools v Shift XYZ |
! Position Conrdinates v Rotste 77
Check and Modify Analytical Model » Set XY, or Zte Commen Value

Scale - Multiply XYZ
Swap XVZ - Flip 90 Deg on Global Axis
Redefine Global X Axis

Edit Coordinate List

Make All Coordinates Positive

Turn on Node Dots and set them to Medium

Select the beam’s right endpoint. A red dot will appear and the node number
will be listed in the Nodes to Shift list to confirm the selection.

Therefore we would like to shorten the beam from 9 m to 6 m, enter 3 in the Shift X (m) box.

‘ Shift XY Z x
Move Node

Front Tatiode SN0 1

| Shitx  (m) 3 |
SREY  (m)
shiftz (m)

MNedes to Shift

00002

- 6.000 -
L L
Add Group Reset
[7] Keep Physical Members Straight
Along member
Length
b
=z =y @ Preview Changes

Select Apply to carry out the shift.
Close the Shift XYZ dialogue by clicking on the X.



Applying Member Loading

To apply |Oading to a member, select Member Loads | Restraints  Analysis  Results Design  BIM Exchange R
Loading from the LoadS menu | Load Group - Titles and Code Designation
. i

Load Cases Ctrl+Shift+L
e | | Member Loading Ctrl+L |
Click on the UDLY ( "™ ) button (bottom left of the Nodal Loading
. . A ) Motional horizontal loads (HNL/EHF) I
screen) twice to add two uniform distributed load Denc :
ty for Self Weight

deﬂnltlons' Floor and Roof Panels - Area Loading and Construction (Pro) 3
The list of loads edit box now has two loads in it. Both Wind Panel Loading (Pro) '
loads are D1 UDLY -000.000 which means both of FE Surface Loading
them assigned to the D1 dead load group, both of FE Surface Afternate Loading Patterns
them uniform distributed load in the Y-Axis and acting e
downward Dynamic and Seismic Loads »

D1 UDLY -000.000 ({ H/m )
IEl UDLY -000.000 ( Ki/m )

We now need to edit these loads.

Pick the upper of the two loads to set the cursor focus to it and change the load to D1 UDLY -015.000
(kN/m) by overtyping the - 000.000 value.

Next, pick the second load or move your cursor along to it and change the load to L1 UDLY -020.000
(kN/m) by overtyping D1 with L1 to assign the load to the L1 live load group and overtyping -
000.000 value with -020.000.

o
Click on the PY ( *" ) button to add a point load definition.

Pick the point load in the list of loads edit box and change the load to L1 PY -040.000 3.000 (kN,
m).

Close the Member Loads dialogue by clicking on the X.



Nodal Supports

The Single Beam wizard already defined a Pinned (dX, dY, dZ) with a ¢X restraint nodal support

on the left-hand endpoint of the beam (node 1) and a y(dY) direction only restraint on the right-
hand endpoint of the beam (node 2).

In this tutorial, we will not change the support condition, but introduce the nodal information area, and
how to view the support conditions.

From the Restraints file menu, select Nodal Static Supports.

£.000 m

3 - UFTRs 111100 v:I
(A [lmmaaaaen 1
00001 - @ Pinned Directional Moment
7 i [
Sot % | No.1of2 J| ©Fe  Hx o B o ~
) Roller dr  fp Bar {4
b4 & Reset © Others Mdaz & [Je & ®
Add Delete Show - - Close
[Umty Ty vl > [UT : Unity Load Factor (All Cases) v] >

Using the dropdown list we can change between the created support conditions.
List of nodes edit box shows the humber of the nodes where the selected support is applied.

Each support is graphically represented on the structural model.

TIP! If you view the frame in Orthogonal view (instead of front view) by selecting the home button
ﬁ Then you get a better idea of the restraints applied on each node ﬂ

®

Close the dialogue by clicking on the Close ( “ ) button.



Load Cases

Design Code

We need to make sure we are designing to Eurocode.

On the top menu, go to Design > Design Code and check the selected code which should be
Eurocode. If not, please select it.

If you are asked "Do you wish to change the Loading Cases in accordance with the design code change”
select Yes.

Design | BIM Exchange  Report  Help

| Design Code > | Eritish
X X South African
Composite Beam to Slab Construction Type Member Groups (Pro)
EuroCode |
Steel and Composite Member Design Groups (Pro) oK

Steel Connections Design Groups (Pro) m

Column Run Commen Sections (splice locations)

Beam Eccentricities for Mominal Celumn Moments (Pro)
Steel Member Design

Composite Deck Steel Beam Member Design

Steel Connection Design

Concrete Bearn Column Pad Design

Pile Cap Design

NdO NHH

Timber Member Design

Manage Design Briefs 3

Go again to the Design > Design Code and check the national annex which should be the UK. If
not, please select it.

If you are asked "Do you wish to change the Loading Cases in accordance with the design code change”
select Yes.

If you are asked which ECO Eq. 6.10 set to use, choose the lower option 6.10.

H Automatic EuroCode Load Case Conversion I. = | B |

Your cument set of load cases can be automatically converted to Eurocode equivalent cases in
accordance with the following settings.
() Use ECOEq.6.10a+b-e.g. 13501+ 1.05L1 = 0.75W1

12501+ 15011 +0.75 W1

|© UseECOEq.610-  eg.135D1+150L1+075W1 |

The ECD partial factors fable A1.1) and load factors can be customised in the MasterSeries Defaults
area, where addtional MNational Application country sets can also be added.

From the MasterSeries load group titles editing area a load group can be assigned a load category
from ECOtable A1.1. Changes made here will automatically update the affected load factors in the
load cases.

0K

Note: Even if you are from a different country, choose the UK so that all the loads and design
parameters match those in this tutorial.



Loading Cases

From the Loads menu, select Load Cases. Load Case Combinations x
By default, there are already two (or three in case of using ECO  cony a0 oo
Eq. 6.10 a+b by default) combinations of actions and case titles [Eis A
generated. 'I' XM| ¥4

Load Case 002 : Live Only (Serviceahility)

Load Case 001: Dead plus Live (Ultimate) (Permanent  ocesdpistvewimes — gh
Plus Variable)
Load Case 002: Live Only (Serviceability) (Variable C=c/=e=iasss
On |y) Add service case to current load case -
Add service case to allload cases [ Add |
Suspend Cases
In this tab, we have the facilities to manage loading cases and [ supend tis cace

define titles for them. However, for this example, we will retainthe
default loading cases and titles.

[ Combine Active Load Cases
Make the current load case a combination of the results
from one or more loading case(s).

Import Load Cases

Import from MasterSeries File
Import selected load case from library

below
Edit Library Load Cases

| )2 [4] %]
Save As Default Cases A
Save current Cases as Defaults for  [akdids

Density for Self Weight

Self-weight of structural members is automatically included as a default set up.

The values for self-weight can be checked by going to
Loads > Density for Self Weight. To ensure that the
self-weight is included, make sure the Include Member

Global Data x

Finite Element Density

Include Member Density for Self Weight

Density for Self Welght c'heckbox is tICked.. The default Density load groups for clumns
load group of the self-weight is the D1, but using the drop- density Load group for other members & D1
down menu we can modify it. — Use Density (dy/m?) )
200,00 7701 E|
20.00 24.00
2,00 10,00
| 0.00 10,00 | =

Concrete Casing v



Analysing the beam

From the top menu select Analysis, then Static Analysis.

The file will be saved automatically and the Analysis Type and License toolbar will now appear.
r.AnaIysis Type and License [ér

Load Case Suspend  P-Delta Plastic Seismic Dynamic  Hor Notional

Load Case 001 : Dead plus Live [Ultimate] D @
2 Load Case 002 : Live Only (Serviceability) D

gg BH | N | & &

Space Frame Space Truss Plane Frame Plane Truss Grillage

Unlimited Unlimited Unlimited Unlimited Unlimited Cancel

™
Select Plane Frame ( ~= ) and the frame will be analysed.

Note: In Space/Plane Frame analysis, members are assumed rigidly connected together. The user
can pin specific members by using the Member End Releases function in the Restraints menu.

In Space/Plane Truss analysis, all loads on members are converted to Nodal Loads and there is no
bending of the members.

Viewing Graphic Results

From the Results file menu select Graphical Analysis Results.

\1'\%_'/’

Fron "
Place the beam in front view by selecting the Front side of the viewing cube ( ¥ ) and turn off the
3D, if it is on.

Select Bending Moment. We have no bending about the Minor axis so select Major Axis Only
on the right-hand panel.

Select Show Values. Change the B.M. scale to 200.



Graphical Analysis Output x
Line Elements|Shell Elements
Front Graphic Type A
a ) Geometry / Axial  |@ Bending Moment
- © Torsion ) Deflected Shape
. () Shear Force ) Deflected+Geom
.
\\‘
. Axis and Values a
~
o - ©) Major and Minor ©) No Values
| ® Major Axis Only | |©® showvalues |
\\
~ © Miner Axis Only ©) Values Only
Scale and Shading A
Intervals 0500m  « |7 Equal
Apply shading Shade
fr
Member Diagrams
z ®
=] Print @3 word
. ® Close
| Load Case 001 : Dead plus Live (Uitimate) -l

Using the drop list, at the bottom of the screen, we can select and view each of the Load Cases
including the envelopes.

Printing Graphic Results

—1 Print
Select the Print ( = ) button.

The Job Reference form enables you to finalise the
job details on your printout just before printing them.

Job References - Soda PDF Desktop 10 @

Print Ta Settings

The Job Reference text boxes enable you to edit PITO [ PO revien
the job reference details that will appear in the

prlntOUt. Page No ON
While viewing the preview you can use all the tools on Checked By

the top toolbar and the side menu, including zooming,

| printer  [Soda PDF Desktop 10 »|+ [Ceor
panning, scaling and font sizes. [ tnesze |1 -
You can change the printer from the dropdown list of o [pesee m Copies  Prntlogo | —
. . . . Edit
printers and alter the page orientation from portrait to " | orientaton Portrait 1 e |

landscape.

Select the Printer ( ) button.

Close the Job Reference dialogue by clicking on the X.

Select the Close button to exit the Graphical Analysis Output window.



Viewing Text Results

From the Results file menu select Tabular Analysis Results. This will take you into the Nodal
Deflections table.

The options in the lower part of the screen enable you to control the results being displayed and are
very easy to use. When there is a large amount of data the vertical scroll bar controls the view.

Member Forces Ultimate (Member 1) ]
Load | ode auial Shear Bending Maximum Maxmum
Case | Endi Force Force Moment Moment Deflecton
No. | Endz () (i) {im) (N.mDm) (mm@m) Front

1 0.914T 182608 0.000 319243 25.166
0.9147 162.88 0.00 |@ 2000 |@ 3.000

(PTT | oo Cose 001 : Dead s Live (Uitimate)

Naodal Deflections Case S Frmy [Mm“m -1‘ All Cases
Sepoenciom | Nodaher e ®

& MemberForces || goamat member (ol D) || oot [anoremations =] || 5 rimte Cases

Maxirnise Graghics ||[Ma2 -] || oo 1 Member Groups (Members Menu) BE Selected Cases

Close

View: Full Frame '~ PDF session closed

The standard method of viewing results is List per Case. This only display results in one loading case

at a time. The other method is to List per Node/Member. This is useful to compare results for
different loading cases for the same node or member as shown here.

Experiment with the various options to display the results.

®

Close

To close Tabular Analysis Results select the Close ( ) button.



Steel Design

Now we will design the steel beam.

From the Design file menu, select the Steel Member Design
option.

In the case of a single simply supported beam, the program
automatically applies an Axial with Moment design check to
the member.

The results from this check are displayed in the main design output
window. The cyan coloured background indicates that there is a
design failure.

Axial with Moments (Member) (FAIL) i ﬁ
Member SBLLId 1 @ Level 1 in Load Case 1
o
Member Loading and Member Forces —
Losding Combination : 1 UT + 135 D1 = 15L1 E
DD 077,010 ( M=) Frony l’
D1 ULLY -015.000 ( Hi/m )
L1 UDLY -020.000 ( Wi/m )
L1 PY -040.000 3.000 {3 )
Member Forces in Load Case 1 and Madmum Deflection from Load Case 2
Moo | Em ] o ey igr
N | e [ 0 N wHmE -8
1 1 0.9147 182.628 0.000 923 11529
2 09147 -1E282 0 | @ 0 @ 3000
Classification and Effective Area (EN 1993: 2006)
Section (520 kgm) 457uI51UB 52(5275)
Class =Fab Td1fy. “N Mz) 599 53.63,275,0,319.24,0 (Axial: Nou-Slender) Class 1
Auto Design Load Case
Local Capacity Chwﬁ
VyEaVaiyRe 30005/ 570.02= 0052 Low Shear
Mey Re =fy Wotyhup 275 5 10961 014N m
Npira =Az iy Hg 166 64527511 (No bearing / block wearing desigm) 1952668
=NeaNpne 0814/ 18326 0,000 oK
Watn y =Fo(Waly Avy, 8) 1006, 36.462,0 1096 cm®
Muyse Waylyo  sx s 30L4ND.
112 Waming
L1 Uniform
095 TableB3
) 1 TaHeB3
Cay=095+0.05an 319.24,w = 1.000,04= 0.000 095 TableB3
].iunl Bunl;lm: Check M. hRd
Le= fm
\&-M: LeleeluE) |1 6000, 6476, 2137, 0.3097, 40000 124931 INm. . BT
NG e Vb U R iR Ode W 2] M BT EELEL
oco0 N oo NN RN N s 28007 # b o[ 3] Case0: ~ Pontion1 +
p— sl vt Moment Latersl Restrants
Desgavir tof 1
A+M - Mieber SELLIA | @ Levsl | T b caMwsesm  enefTite KEys 2
NETEE®uw - 525 - @ 00384STAS2UBS2 » % Hamin 0 Homax D
- FEIE SV M R -~ Al Sectors ]2 [aln v 1 E N H VT E N [AlMember Groups (Members Mens)

Design | BIMExchange Report  Help

Design Code
Composite Beam to Slab Construction Type Member Groups (Pro)
Steel and Compesite Member Design Groups (Pro)

Steel Connections Design Groups (Pro)

Column Run Commen Sections (splice locations)

Beam Eccentricities for Nominal Column Moments (Pro)

Steel Member Design

N dB8 | H|H

Composite Deck Steel Beam Member Design

Steel Connection Design

Concrete Beam Column Pad Design

Pile Cap Design
Timber Member Design

Manage Design Briefs

The tabs at the bottom of the screen contain the information being used for the design check.

The Section AutoDesign tab shows the section size and the loading case that is being used for the
design. The program automatically detects design cases and serviceability cases. In this case there is

only one of each.

Scroll down the design output screen using the scroll bar to the right of it. The results reveal that the
beam is failing in both the moment capacity check and the lateral buckling check.

Select the Axial with Moment tab. In this tab, you may change fundamental design assumptions

such as effective length, deflection limits etc. In most instances the default values are appropriate.



Select the Lateral Restraints tab. In this tab, we can define position of lateral restraints along the
length of the beam.

In Portion 1 enter a value of 2.0.

The Portion 1 entry is actually used as a shortcut for defining an equal spacing of lateral restraints
over the entire length of the member. Entering values in further portions overwrites this assumption.

The Moment Capacity/Bending Moment diagram at the top of the design output window is now
split up into three portions of equal length. The design output relates to the currently selected portion.

Click on the centre portion of the bending moment/capacity
diagram to select the middle portion.

—_—

Go back to the Section AutoDesign tab.

Change the section list to list by weight by selecting the Sort by Weight () button when it has a
border it is on.

JI—I
Click on the Auto Size Current Member ( 7 ) button.

The program will search for the lightest steel section of the current section type that passes all design
checks.

Printing the Design Output

Select Print Design Output, from the Print menu.

The print manager will appear at the bottom of the screen listing all the design checks applied to the
beam. The three portions of the design check are listed separately since each portion has its own set
of calculations.

| Member Forces Graphics [ Print One per Page [ Print Visible Members Only in List Summary ] Print Critical Portion Only in List Summary

Axizl with Moments MHenber SBL1Id 1 00.000 to 02.000 m I Include all I Exdude all
0Z.000 to 04.000 m m Elechon Filters
04.000 to 06.000 m - = -
[ visible Members Only | [ Critical Portion Cnly

[ critical from each section size (per Design Group)
[ only select above unity 0.750

AutoSelect

= Print List (Summary)
Cancel
Iﬂj Print Selected Checks

Click on the Include All button to highlight all design checks and display their maximum unity ratios.
Check the Critical Portion Only checkbox and click on the AutoSelect button.



This reduces the currently selected checks to the most critical portion in each member. In this case,
only one check is highlighted.

There are two options available:
e Print List (Summary): print the list that is displayed in the print manager window
e Print Selected Checks: print full detail for the design output for the check highlighted in the list

The printed design output appears in exactly the same format as shown on the screen.

Close the Steel design by clicking on the main X.

If prompted, save the file.



Redesigning for British Standards

The beam can be redesigned to another code at any stage.

On the top menu, go to Design >
Design Code and change the selected
code to British.

This will automatically change the loading
combinations to British Standard. Now
the beam can be re-analysed.

Select Static Analysis from the
Analysis menu and analyse as a Plane
Frame.

From the Design file menu, select the
Steel Member Design option.

Design | BIM Exchange Report  Help

EdOoYHE

| Design Code v | British | I
X South African
Composite Beamn to Slab Construction Type Member Groups (Pro) I
EurcCode
Steel and Composite Member Design Groups (Pro)
UK - |
Steel Connections Design Groups (Pro) m

Column Run Common Sections (splice locations)

Beam Eccentricities for Mominal Column Moments (Pro)

Steel Member Design
Composite Deck Steel Beam Member Design

Steel Connection Design

Concrete Beam Column Pad Design

Pile Cap Design
Timber Member Design

Manage Design Briefs

Change the section list to list by weight by selecting the Sort by Weight () button and click on

jl—l
the Auto Size Current Member ( 7

) button.

This will automatically redesign the member to British Standard. The changes can be seen in the
design output. Changes to the Maximum Moment and Deflection, and changes from Plastic to Class 1.

End of Tutorial



