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Learning Objectives

At the end of this class, you will be able to:

o Discover the overall capabilities of Robot Structural Analysis software

e Learn how to navigate the Robot Structural Analysis software interface easily and develop a simple model
e Understand the key concepts of performing analysis and design with Robot Structural Analysis software

e Begin your own exploration of the capabilities Robot Structural Analysis software
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Revit software product line. Ken has recently started his own firm, which is dedicated to advancing Building Information
Modeling (BIM)-based structural engineering through the Revit software API add-ons. Ken is also the anthor of Robot
Structural Analysis Professional 2015—Essentials, and he loves to discuss Autodesk technology as it relates to the
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Robot Structural Analysis: Making the Change

Introduction

Robot Structural Analysis Professional is an incredibly powerful tool for general purpose structural engineering, analysis and design. No
engineer I know would switch analysis programs without a fairly thorough investigation of the capabilities and detailed operation of the
software. We're responsible for life safety and few, if any of us take that responsibility lightly. This tutorial will get you started on the road to
your own investigation of Robot Structural Analysis.

The Goal of this Tutorial

My goal in writing this tutorial is to give you a guided, step-by-step tour of the software. I want to give you enough experience exercising the
various features and functionality and a guide through the major workflows in the software such that you gain enough confidence in the
fundamentals that you can begin your own investigation of the tool and compare it with previous designs you may have done with other
software to see where it’s the same, and if different, to be able to dig into why it’s different. We will cover the basics: interface, navigation,
setup, display, simple modeling, basic loading, seismic, results exploration, and basic material design workflow. We want you to have a good

map of the functionality that you can start your own investigation and dissect models to learn more about them.
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Robot General Capabilities

e  Structural Modeling for linear members, planar members, shell members, and solids.

o Thorough loading and boundary conditions including standard nodal, linear, and surface loads as well as advanced loading

(acceleration, time varying loading, displacements, temperature, etc.)
e Advanced meshing capabilities for shell elements

e Full complement of analysis types including static, non-linear, non-linear/p-delta, modal, moving load, time-history, buckling, and

pushover
e Full implementation of AISC Direct Analysis Method
e Over 70 different country codes for material design: 40 for steel and 30 for concrete
e  Through documentation functionality for presentation of calculation results.

e  Full featured application programming interface (API) for creating custom solutions or advanced functionality and customized design.

General Limitations

While there are a tremendous number of capabilities of the software, there are a few items which are not currently supported by Robot
Structural Analysis:

o  Composite design not supported

e  Pre-stress/Post-tension not directly supported

e Steel strength and serviceability design are asynchronous.
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Section 1 - Getting Started

Robot Structural Analysis: Making the Change

The Robot Interface

Open Autodesk Robot Strucutral
Analysis and select “Building Design”
under New Project. If you don’t see
building design, click “More...” and
choose Building Design from the list of

project templates

" Autodesk Robot Structural Analysis Professional 2015-Not For Res...  RET

File

o~~~

GroupDes ~ Structure_analyzed.rtd Structure_a d_Instabilit Structure.rtd

prOjECt - - -
& More..

Frame 3D Design Shell Design Frame 2D Design

AUTODESK’
ROBOT STRUCTURAL ANALYSIS
PROFESSIONAL
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Robot will open the building design
template. Take a look at the interface

components:

File  Edit  View

IEFECTFEEEE

Add-Ins

Design  Tools

GLRE BN YUY L

[ o 2 et WA L] Tl oL |
IEE—— N ]

Objact Inspacter M view  Pan | =
H Tﬂ é | Q‘ | 0 I —Féﬂ : —S[llﬂ : 5['][] 4&0 VSéU Q[llﬂ : 100 : []J[]

Objects | Murnber of.. | = o

B [ Stories 8 =

: Story 1

Undlfined - B

. Dbiscts of a modsl
e Bty objects =]

=+

o

—c

8

o

4 I :|\ Geometry J Groups ,0' !
Mame ‘ Walue | Umt| =

v
=P | &

Plan

N ;
199 BEHE w8 X H2 @2 = ) 5%)|

o7 B85 B @) ) [0 Resuls (FEM): none

In particular notice the view tabs at the
top. The building design template is
the only Robot template with these two
tabs. They are not view tabs like you
might expect, they are tabs within this

one view (the main view).

¥ = N
= 2] 1 (Bl
N A
Yiew  Plan | \
| B I -70.0 —SE|J.0
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When Robot first opens, the cursor will
be in Zoom/Pan/Oribt mode so press
escape to exit this mode. Notice that
there is no view cube in the plan tab,
but if you switch to the view tab you will
see the familiar view cube: This works
exactly like it does in AutoCAD or
Revit. Other view controls which I use
constantly are the middle mouse button
to pan, middle mouse wheel to scroll
and holding down the shift key and the
middle mouse button to orbit a view. I
find this completely intuitive but you
are welcome to use the view cube,
and/or the view commands from the

view menu for zoom, pan, and orbit.

@ 25

Tvpe & keyword or phrase

Window  Help  Community

= ¢ Redraw

Wiew  Geometry  Loads  Analysis  Results  Design  Tools

20 W =N R

A

M % @ ﬁ Iﬁ Geomety Dynannic Yiew 0 T T N
3 v = {3 Window Chrl+Al+L
- I ¥ l Pan L4
J h ] = @ zoomIn
Projection 4 Q zoom out
‘aom Cul
Rotation 4 _
- Detailed Window
wark in 3D ¥ & 7o0m Al Chrl+alk+D
) X @ Zoom current selection
‘iewCube - Properties ...
Previous
W Display. .. ! Mot
Legend Parameters ... -
Descriptions 4 Explode Chrl+Alt+E
Grid 4
A Tables...
] Hiskary. ..
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Project Setup (5min)

We'll start with some project setup.
Open project settings from the tools
menu: Tools>Job Preferences... then
select “Imperial” for the default units.

EJD'J Preferences

2|

| DEFALLTS

=8| x| %/

Dimensions
Farces
Cther
‘o Unit Edition
- Materials

Zero format:

(- Databases

[+ Design codes [t uniis

[ Skruckure Analysis

- Work Parameters IMetric

-~ Meshing

E,\'r{ Cpen defaulk parameters |

E, Save current parameters as default |

o1

Cancel Help

Next, select the Materials item on the
left and select “American” for the
Then choose A992-50 for

steel from the Steel dropdown menu.

materials.

EJOIJ Preferences g
ﬁlﬁl xl*l [ EFaLLTS =
- Uniks and Farmats

Dimensions Materials: r~Basic set
Forces .
(ther American ﬂ Steel:
R >,
- Materials \ . s
. = conerete:  [S7EEL ASO0-42
- STEEL AS00-30
- Design codes Modification | [ STEEL A992-60
[~ Struckure Analysis Pl STEEL A99Z-65
- \Wark Parameters STEEL ASO0-45
.. Meshi 8 ] STEEL A1011-55-50
==hng Timber STEEL A1018-HSLAS
STEEL AS01 L
STEEL AS29-50
= STEEL AS29-55
v 0Open default parameters | STEEL AG72-55
STEEL AS7Z-CWM
B Save current parameters as defaul | s I STEEL ASEE-42 |

—|STEEL A555-46
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Next expand “Databases” and if AISC
and SJI are not available, select the
“Add a new database” button at the top

_ 1‘ | 4, | Browse order of section database

Database antabase Marne | Dratabase Description

AI51 .D.Iﬁ'\‘ Armerican cold formed shapes
and select AISC then repeat for SJI AREL - anocr |y ancEr T
WD uDecIaring Zection Databas

(note, SJ1 is at the bottom of the list)
RUISER

x|
Browse |

Use the “UP/DOWN” arrow buttons to
move AISC to the top of the list for

better organization later.

Description: I american hot rolled shapes (AISC Editior

ik parameters O I Cancel

amekers as defauy T T T = T

Next, Select “Design Codes” and for 21|

“Steel/Aluminum structures” select E"w| ﬁ| x | *\| | DEFALLTS =l

“AISC 360-10” and for “RC Structures” . vefideloads s
-Standard loads
select “ACI 318-11”

-Building soils
-Balks
-anchor bolts

! 'Rei”fmd”_g bars Timber struckures:

Steelfaluminum structures:

Steel connections:

=B Design codes R struckures: ACLE18-11
ktruckure Analysis Geotechnical:
: Work Parameters
i~ Meshing hd
1 »
ﬁ,\'g Cpen defaulk parameters |

E* Save current parameters as default | QK I Cancel Help
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Before we move on, in the steel
dropdown, choose “more...” to see the
full list of codes supported by Robot.
The “Codes” dropdown on the left will
allow you to browse the different code
categories and the right arrow button
“>”) will allow you to add the code to

the active list.

Cancel

=]

Codes Current codes:
Set as current |
Code | Counkr - Code
II1-A50 05 Japan BASIAISC 360-05
nL7E France | ANSIJAISC 360-10
MRSTIAISC 360-05 USa ﬂ S0 1989 Ed.9th
IMRSTIAISC 360-10 LSA FIA
S 4100-1995 Australia L R.FC2000
150019589 Ed.9th LS4 LRFD:1994 Ed.2nd
inddso France ﬂ
b5 5950:2000 LK
B3-EM 1993-1: 2005 MA: 2008/ AC: 2009 UK EC3
ES5950 4
Bko9 Sweden x
a | LIJ 4] | »

Next, expand “design codes” and choose
“Loads”. Under loads, select “LRFD
ASCE7-10” for “Code Combinations”,
and “IBC2012” for “Seismic”.

Once you've done that, press “Save
current parameters as default” and
then press “OK”.

Code combinakions:

Snoviwind loads:

Seismic lnads:

I.ﬁ.SCE 7-05

IBC 2012
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Section 2 - Structural Modeling
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Modeling Structure Axes (5min)

We're going to start by laying out some

Geometry | Loads  Analysis

project axes to draw our structure.
ﬂﬂ ﬁ Structure Tvpe. ..

These are not required, you can simply
get out there and start -clicking ]
members if you like. The grids are just
helpful for reference and snapping
points. Open the grids dialog from the
Geometry menu:  Geometry>Axis

definition. Or use the axes button from

of

the modeling toolbar on the right:

11
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On the “X” tab, enter 0.0 for the
position, then 2 for “No. of repet:” and
30.0 for Distance and select “1 2 3...” for

Numbering at the bottom then press
“Add”‘

You should now have 3 X axes 1, 2 and
3 at positions 0, 30, and 60 as shown

here

B
|Name: IStructure axiz j |
||| Cartesian Cylindncal I Aibitrary “
| Advanced parameters I

Distance:
30 [it]
Add

Murnbering: I‘I 23

Az manager

Cloze |

Help

12
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Now Switch to the “Y” tab and do the
same except use 20 for the spacing
which will give us a rectangular layout

and choose “A B C...” for numbering.

% Y |z |
Position; Mao. of repet.: Lhztance:
m 2 H o m
Label | Pozitian |
A, Q.00
20.00 Add

B
R0

Delete
Delete al

Single out

ABLC ..

[

13
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Next, give us Z grids of 0, 14, and 28 and | | "4 I ¥ z |

use “value” for numbering

Position: Mo, of repet,: Distance:
[200 ) [z :I [14 (Ft}
Label | Pasition |

Sase a2

Stone 7 14.00
b5.00

Delete

Flb

Delete all
Single ouk
4| | _,I [¥  Stories |
Murmbering: Yalue j I Ut

14
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Then click “Apply” and “Close” Your
model should look like this:

"

iew

I Plan |

:I_

=

15
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Now we'll set up our stories to match
the levels we've added. Stories will be
used in seismic analysis. Open Stories
configuration from
Geometry>Stories>Stories... First
select “Define Manually” then enter “1”
for “No.of Repet” and 14.0 for “Height”
then press “Add”. Your dialog should
look like this:

=101 x|

r— Defing the building baze level
Building baze level:

0.00

[ft] Set

- Defined staries

" Define graphically
Top level:

& Define manually

[T400 ift]

Reference Mo. of repet:  Height:

lewvel:

[ston 2 fi = 1400 it

Add
Mare | Top lewvel | Height | C.. I
Stary 2 2800 1400
Story 1 1400 14.00
Delete | Delete &l |
MHurnbering: IStory 1.2.. j ILe\-'eI v

Advanced options

Apply | Clogze

Help |
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Modeling Columns and Beams (15min)

Now we’ll move into laying g E
out beams and columns | [ ¥iew | Plan | Bl
for our model. You can - -1[';.0 I D.I.[J _ 10!.0 I. 2[':_.0 I 30!.0 I. 4[!:.0 I 50',0 . sn!.o I. ?[;.D _ |
continue with your o _ _ . _ _ . _ _ _ . . _ . . _ . . la_|
current file, or you can e o
open Dataset 1 — Setup | [~ 7]
and Grids.rtd to catch up. —§ o 00m S 0em o0 e o0 Cn S e 0 e S e S A eE S S Se CBEEEn e CEEecE S mE S as Baceme S asallE]} é —
We're going to start by P }
orienting the project view _E '§_
to plan. Down at the | |-- : . . : . . : . . i : : . : : i : : R
bottom of the view, use the | |_= |
dynamic view controls to h °
orient to “XY’ in the first | | L
control and then select _g 'E—
“Story 1 — 14.00ft” from | |- - : - - - : - ; - : - ; - -
the second control as | | o —
shown here: : i - i
600 . 790 |l
DIEEEE LS
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Next, were going to
configure some sections
for us to use. From the
geometry menu select
Properties>Sections... or
use the sections button

from the modeling toolbar

on the right: E

This is the section labels
dialog. It is used to
configure and  apply

section labels to elements.

=101 ]

dsectons
] =2 s o s = T

=b X DELETE!
—Lines/Bars
=
=
Apply | Close Help |

Let’s configure a few
sections to use. First click
the new section button on
the toolbar of this dialog:

18
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In the New Section dialog,
that the
“Section Type” dropdown
is on “Steel” (look at the
other options there too).
Then select “AISC 14” for
the database, “HSSQ” for
the Family and “HSSQ
5x5x0.25” for the Section.
Then press “Add”.

make sure

ENEW Section

Standard |Parametric I Taperad I Compaund I Special I 3 T I

& Ij| C

Label:
| HSsQSx5x0.25 |

IAuto j

=101 x|

™ Wariakle
E [+.16 (n

eckion seleckion
q Database:

Color:

Skeel

Add Close |
R.C colurin
Repeat this for the | | SRR =i
following sections | - V|| X| FlEfEE] &] &
“W12x19”, “W18x35”, <
« 5 . DELETE
HSSQ 6x6x0.25”, and see - W
if you can get a 14k1 joist (] HSS0Q 5x%5%0.25
added to the labels list as [ HS5C) Bk, 25
well and the close the New I w 12419
[ W 18x35
Section dialog: Your
Section  labels  dialog
should now look like this: [ Lines/Bars
I -
[
Apply Close Help |

19
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Next, start the column
placement tool from the
Geometry menu:

Geometry>Columns...

Notice that, if you select
“Steel Column” from the
section type drop down,
our newly configured
sections will be available.
Pick HSSQ 5x5x0.25 and
make sure that “Height” is
14.0 and Orientation is

“Down (Z-)".

I IEulumn

_ o] x|
Murnber: I'I

M arne: IEDIumn‘I [
— Properties
Section tppe: ISteeI colurmn j
Section:

Default material: JSTEEL 435250

— Geametmy [ft]
Beginning: |0.00, 0,00, 14.00

Height: I'I 4.00

Orientation:  Up [2+]

% Down [Z-)

Add Close | Help

20
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to

place

columns at each grid

Next click
Intersection
here.

as

shown

¥

1 - T'.—
i FRon ¥
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If you happened to orbit
the view around to see the
columns, bring it back
with the dynamic view
controls, then open the
beams placement editor
from

Geomtery>Beams...Select
“Steel Beam” for section
type and “W18x35” for the

Section.

[ ]
mmBEam

=101 ]

Murmber I'I 1]
Marme : IBeam_'I 1]
— Properties

Sechion ;

Drefault material:

Section ype: ISteeI beam

[STEEL 433250

— Eeometry [ft]
Beginning : |-10.00, 35.00, 14.00

End: I

¥ Huorizontal beams

[ Drag

Sdd

Cloze

Help

22
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: : [ [ [ [ [ [ [ [ ] ] [ [ [
In the project click to place 45 S i = At —r s
beams by clicking the
start point and the end | —
point of each beam. We -
want W18x35s on girds 1, | — =
. . Lo L 151
2, and 3. (right click and E E E
choose display>Bars>Bar -~ -~ -
descriptions>Section = = = =
Names to see text| ®©
descriptions)
=
bl = |
3]
L L L
(3] (3] (3]
- - .
= [#] [#] [}
- = = =
=1
G0.0
| q |

0ot

0oE

0og

0oL

0o-
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; } I l I I I l [ I I | I I I I I
Do the same thing for 0.0 10.0 20.0 30.0 40.0 50.0 60.0
W12x19 and put them on [
the column lines in the | —
other direction:
_g W 12x19 W 12x19 T
=+
T} Tyl Lo
e e o
- [n] (v ] (=]
. = = =
— ]
(3]
_g W 12x19 W 12x19
~
Lo L Lo
e e e
- ] ] i
. = = =
]
W 12x19 W 12x19
0.0 vivaml) AR : o ialial 50,0 G0.0
| 100 . [1 l q l

0or

0'0E

ooz

0oL

0'o-
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’ ioists i } ] | ! I ! | [ [ ! [ ! [ ! [ !
Next we'll put joists in for o h e o s -5 =g
the floor. Just click and |
place each one, use s
coordinates, or you could - ' iox10 12510
- 'll."'l X 'll."'l X =)
divide members without | =% '
splitting to add nodes, 3 w o
B % 14K1 % 14K1 %
and use = o) =)
Edit>Edit>Move/Copy... o = 14K = 14K =
to quickly lay them out. S
= 14K 14K
_g W 12x19 W 12x19
ol
L L L
% 14K1 = 1K1 %
= oo £ ==
o - 1K1~ 14K1
— 0
= 14K1 14 K1
W 12x19 W 12x19
G0.0
| q |

0or

0'0E

ooz

0oL

0'o-
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Orbit your model around ﬂ lFE_]

to see your handiwork: | [[Tysioy |,:.|Eln | (ol

Then use crossing

— Translation wectar [ft]
d<, dv,dZ = |0.00.0.00, 14.00

selection to select all the

elements then start the

copy command from

— Murbering increment
Edit>Edit>Move/Copy... Mod I—
ades
then make sure “copy” is = E—ELF -
selected, and enter “1” for SSL wWaS 1% 19 35 Flements I
« L i) NS — ..r-: T : ——
Number of repetitions”, I o — — Edit mode
then click once in the g ,._,.mj = lﬁ * Copy - D
“Translation Vector” edit i = B %, .  Move o
| (73]
control then move into the ﬁ 4 ::lg p 9 wl ﬁ
;1863

project and click the

I

bottom of a column and

g W e = 0] 2% 1¢ 3

___—w% : : Murnber of repetitians: |'|
J :
[T]
I

then the top to copy: (You Erecite | Close | Help |

HSS

can also type in 0,0,14 for

HSS5Q 5x5%0.2FSSQ 5x5%0 .25
H5SQ 5

4]
the translation vector and T

HSSQ 5xbx
H55Q &
HSS

H55Q §

then press “Execute”)

fx

| S0 Z=100n-Story T
_| n|£|&| !«-‘IJEIE -123 e . I b”}-&l%lh 4
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Now we’ll make sure we
have elements assigned to
the

selecting

correct stories by
Geometry>Stories>Assign
Geometrically...  Accept
the defaults and press

“Apply” and “Close”

E]nssign Geometrically

—Apply to
* Whale structure
™ Cunent selection

— Ophions

v Agzign an object contained entirely within a
given stary bo that shary

IIhaz=ign objectz paszing through zeveral
v ;
stones

v Ilnazsign objectz positioned outzide defined
ghories

— Azzign objects to stones

Stony 2
Stary 1

Le | Apply I

Cloze Help
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Check your stories by
using Filter stories or
View>Display>Mark with
Colors>Stories — legend by
colors to get wvisual
feedback on proper story

assignment.

HSSQ 5x4%).2HS5Q 5xh%].25

=
(=]

j 1i2 5

z
o
HSSQ Sx5xE2HSSQ 5

i
vy

X

,,r.
3
HSSQ 5x5x0 2#HSSQ
Ex*Er
HSSO5x5x0.2 HSS
y 7
- R
HS'SQ 5x5x0 2BHSSQ 5x5x
I

400 -Story 1R

i ZM
2a
o

HSSQ 5x5xB.2EHSSQ 55

1-?:-"
o
E
ar
HS5Q 5x5xB:2HS5Q

—_— Story 2
Story 1
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I I LT

Let’'s add some braces w Ii I

with the Bars tool from

Geometry>Bars... Set Mumnber: I?E Step: |1

“Bar Type” to “Simple _ I arne: ISiI‘ﬂphE bar_75 I
Bar”, “Section” to “HSSQ

i ~ Properties /,.—————
6x6x0.25 then click, Bar type: ‘ Slmple bar
snapping to member ends
. Section: o ssu 5161025~ 1 ir
to place concentric braces

Default material: ST EEL A£932-R0

on each of the four sides of

the structure: (use the

— Mode coordinates [ft]

Beginning: [B100, 4000, 28080

section shapes button at

the bottom to see physical

geometry) End: |
[~ Drag
Az pozition
Offzet: INDne j_l
sl | Close | Help

“ BEE-

|

}E%h,ﬁ@
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SERa G DRSH

b i D l

|| AR

B

o

=

GEQESHs OeSH

Story 2
Story 1

Bl -

—ar

Check our stories again.

Fix any problems you

notice...
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Floor and Roof Decks (5min)

You can continue with your current ) =] 4

file, or you can open Robot Dataset

‘Homogeneous  Orthatropic |

2 - Beams and Columns.rtd to catch

up.

Let’s get back to our XY view at
story 2 level to facilitate placement
of the second floor deck. First we'll

configure our deck thicknesses and
Ao -

i
h1

]'iﬁrl'inn e

then create the deck elements.
Open the thickness label dialog.

Geometry>Properties>Thickness...

or using the Thickness button from

the modeling toolbar: %/

Ch N a2 = |4.E|E = II:I.EEI

3 t t 20
08¢ TOTLhOLIopIe Es= [29876.8 ksi S ETI
Label: SlabOnDeck Stiffness matrices (orthokropy) Display
“Slab composed with trapezoidal L Th IS'EE {in)
plate” Th1 I 6,50 {in} Thz I 5.00 {in}
he 5.00 - Parameters of Foundation elasticity: |

Material: |concr_s |

h1:1.5

Add Close | Help |

Then Press “Add”
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Robot Structural Analysis: Making the Change

Do the same for the roof deck,
selecting “Trapezoidal plate” and
1.5” for “h”. You can be more
specific with the rib dimensions but

it is not necessary for this tutorial.

Add the roofdeck to our list of
thicknesses and next well setup

calculation models.

Homogeneous  Crthatropic I

al = I'I_EE a2 = |4.?2

Stiffness matrices {orthokropy Display

[ Thicknesses Th IEI.11 ir)
Th 1 I 1.50 {irn) Th 2 I 1.50 {irn)
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Robot Structural Analysis: Making the Change

Now that we have thicnkesses, we'll
configure our calculation models.
Open Panel Calculation Models
from the
Geometry>Properties>Panel
Calculation Model...

Click on the new button to add a
new model and configure the

parameters of RoofDeck as shown.

Make sure to “Add” it to the list of
labels.

| X Delate &P Slab - |
# Panel Calculat _{o x| &2 Curtain wall &2 Slab - [
&2 Deck slab [one-way)
&
Elazhc shffneszz | | _’I
" Mo finite elements
Fanelz
* " Firite element type . ~
| Shel =l =
Spply Cloze Help
Rigid connection of nodes far the slab
% withaut stiffening W 12419 i
" Stiffening diaphragm o =
14K ¥ ]
| Full stitteriing (rigid bady) = - )
14K1 = —
Transfer of loads =
A ) 1411 |
" Simplified [rapezoidal and tiangular method] e .
W 3 = —
IDHE-WEI_'.-' =
e |
dod | Close Help
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Robot Structural Analysis: Making the Change

Do the same thing for the floor deck

but use these settings:

Add it to the label list and then
close the labels dialog.

# Panel Calculation Model

=101 x]

IFI::u:-r Deck Madel >

* Mo finite elements

" Finite element type

Shell

Rigid connection of nodes far the slab

— Transfer of lnads

€ Analptical [finite_ elements]

+ Simplified [trapezoidal and tnangular method

Add Cloze

Help
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Robot Structural Analysis: Making the Change

Start the floor tool from
Geometry>Floors... or from the

modeling tool bar with the Floors
button:

Select “SlabOnDeck” for the
Thickenss

Select “Floor Deck Model” for the
Model

Select “Rectangualr” for Definition
method.

Next, click intersection of grid 1C,
1A, and 3A to define the three

points of the rectangular floor.

=KkE

Wig |F'Ian I

RETET |
|
40.0  Object Mo I?E

0.0 20.0 30.0
=
S hickhness: I Slab0nDeck
- . : b atenial:
- 1C o
= _ % W 1210
-
e 8
L = 14K1 =
_ = =
= 14K1
M
_ K1
v Harizantal =lab
___':! W 12x19
=}
ol
I w3
] 8 T g 5 eometry | |
5 = Pararneters |
=]
= 14K1
= Apply I Cloze | Help |
14K1 TR
iy 120 1d Wy 12e1d

00
|

©
3A . d

sq.u | 70.0 L||

v zg] =]
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agiprea g DESH 0vc s DSSH

SEORGYS OS5H SENEEXS OS5 H

Move up to the roof level and repeat

to create the roof deck:
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Section 3 - Loads and Calculations

Loads and Boundary Conditions (10min)

You can continue with your current ES ssiports

file, or you can open Robot Dataset
3 - Floor and Roof Decks.rtd to
catch up.

The first thing we’ll do is set up our
boundary conditions. To do this
well open the “Supports” label

dialog from

Geometry>Supports...or the

toolbar: ==

supports icon from the modeling |'Current seleckion

K

Click “new support definition” Apply | Close | Help |
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Give our support a name “Pinned
Base” and tick the UX, UY, and UZ

directions then press “Add”.

=101.x]

Rigid |E|astiu:| Friu:tiu:unl Gap | Man_4 | "I

Label: IF'innE!d Baze

Uplif

M one x

O Tra—
I r——

Andle
Suppart directions are
compatible with the |
global coordinate spztem
Diirection
Advanced ... I
Add Close Help |
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Now our supports lables dialog
should have our new “Pinned Base”
support definition. We need to
apply it to the base nodes of our
structure. We'll use the selection
dialog to accomplish this task.

First start the node selection dialog
1?
from the selection bar: ™

Use the “Geometry” Tab and select
Zaxis from 0.00 to 0.00 then use the
double up arrow to create the

selection:

Hﬁelectiun

a |

MHone

=101 ]

| | reversion |

IN::u:Ie j

[¥ Matify al

| 1t 7By2

Previouz | E
At I Group  Geom

¥ 5 awiz from - o

-

! =]

v v axis from - to

v 7 awis from - to

39




Robot Structural Analysis: Making the Change

Next, click into the “Current
Selection” edit control and the
selection will automatically

populate.

Then select the “Pinned Base” label
and press the “Apply” button to
apply the label to the nodes.

=101 ]

DX BEEol &

Modal |Linear I Planar |

X Delete
~] Base
=p - Finned Gase

Current selection

hto17Eyz

| Apply I Close
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Robot Structural Analysis: Making the Change

Check the support in the Nodes

Table. From View>Tables... select ﬂ @J 2|
the “Nodes” table. Mode ® (ft) ] Z (it Support
B Nodes 1=
You can see that our “Pinned Base” ; EE EE 3 4%3 Pinned Base [ ™ Bars %
. - - - . [] d&t Properties
support has been applied to the 3 0.0 2000 0.0 Pinned Baze
[] 't Members and Code Groups
nodes we selected. a4 oo 20.00 14.00 .
5 00| 4000 0.0 Pinned Base | |J (™ Groups of Objects
B 00| 4000 1400 ] £ Supparts
7 30000 40,00 oo Pinned Basze [] u¥l Rigid Links
] 30,00 40.00 14.00 O %"; Offzetz
9 30.00 20.00 0.0 Pinned Base [ A Geometrical Imperfections
10 30.00 20000 14.00 . 0 Eﬂ Staries
1 30,00 0.0 0.0 Pinned Baze 0 Quantity Survey |-
12 30.00 0.0 14.00 - L
13 £0.00 oo oo Frmed Base | | 2 Cost Estimation
14 £0.00 00| 1400 O ¢ Loads
15 6000 2000 0.0 Pinned Base | (L] 1 Added Masses
16 £0.00 20.00 14.00 [ & Combinations
17 E0.00 40.00 0.0 Pinned Baze O ﬂ Reactions
15 g0.00 40.00 14.00 [] 1 Bar Deflections
19 0.0 20.00 14.00 1 J7] Modal Displacements
20 30.00 0.0 14.00 0 ﬁ Forces
21 30.00 20000 14.00
22 3000  4000] 1400 [ JE Stresses =
23 E0.00 oo 14.00 — T ahle anerinn mndes 1
Now let’s create some load cases
Number | Nature | Label | Name
Open the Load Types Dialog from
Loads>Load Types...Add the || 1 Dead DL1 DL1
following Types.
2 Live LL1 LL1
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These are our basic load cases to | | 3 Snow | SN1 SN1 . ] 51
which we will add our loads. .
1 Wind W EW | W EW —ase description
Murnber: I 5 Label: Wy _MS
5 Wind W_NS | W_NS Mahure: Iwind j
Marne: I"-"'-"_NS

Modify |

—List aof defined cases;

o, | _ase name | Mature | Pl
1 DLl dead St
2 LL1 live St
3 Sh1 ST St
4 W _EWY wind =
= W PS5 wind 5t
1| | i

Delete | Delete all |

Close | Help |
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Robot Structural Analysis: Making the Change

Close the Load Types dialog and
before opening the load definition
dialog, go ahead and turn on panel
Note the panel

numbers for the floor and roof. 1

descriptions.

have 75 and 76 respectively, yours
may differ.

Start the Load Definition dialog
from Loads>Load Definition... and
select surface tab and click Uniform
Planar Load.

ELuad Definition

Caze Mo: 5w NS
Selected:

Self-weight andena \
nde I Bar [

=101 x]

)4
X

i
B ]

".ﬁ.ppl_l,l {u]
|

Cloze Help

Apply I




Robot Structural Analysis: Making the Change

In the Uniform Planar Load Dialog
enter -0.015 for the Z value and
press “Add”

[##] uniform Planar Load o [m] S
p
~Walues
p [ kipft2 ]

" Il:l.l:ll:l
Y IEI.EIEI
2 [0

Coord. systern: % Global i Local
™ Projected load

H Geometical limits |
Add Cloze Help

Now youre back in the Load
Definition dialog, Choose 1:DL1

from the load case selector:

Design Tools Add-Ins Wirda

Help

Carmrmunity
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Check to see that the Load | IF'Ian I _ o x|

Definition Dialog has the DL case

shown then enter the roof deck

Selected™  Uritorm load
element number in the “Apply to”

edit control and press “Apply”. Sel-weight and mass

MNode | Bar Surface
You will see your load created in the
view as visual feedback of the | = g t+&
lication. i
application 8 X
&
I
2
B
ﬁ | Help |
I
I
Do the same for Floor Dead, Floor | | Floor Dead (DL.1) 7:-0.025
Live, Snow, and Wind uplift on the
roof Floor Live (LL1) Z:-0.050
Snow Load (SN1) Z:-0.040
Wind Load (W_EW and W_NS) 7:0.02
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Take a look at the loads table for
verification: View>Tables>Loads

[FEJ uniform

PH=0.0

PY'=0.0

Pr=0.102

glakal

caze Load type List
self-weight 11a?E Whole structu) -Z Factor=1.00 |MEMO;
(FE unifarm TG Px=0.0 PY=0.0 PZ=-0.01 glakal nat project
(FE unifarm TG Px=0.0 PY=0.0 PZ=-0.04 glakal nat project
(FE unifarm 72 Px=0.0 PY=0.0 PZ=-0.02 glakal nat project
(FE unifarm 72 Px=0.0 PY=0.0 PZ=-0.05 glakal nat project
(FE unifarm TG Px=0.0 PY=0.0 PZ=0.02 glakal nat project

nat project

Next we'll apply wind loads for the
side walls as linear loads at the
levels as though there were vertical
studs distributing the loads to the

floors.

Back in the Load Definition Dialog,
select the Bar tab and “Uniform
Load” then in the Uniform load
dialog, enter 0.140 for the Y value
of load at the roof then Press “Add”

EUnifﬂrm Load

=101 %]

—Walues

Coord. system:

-

f* Global

[ Projected load

Loads on eccentricity

&dd

Cloze

Help |
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Robot Structural Analysis: Making the Change

Make sure W_NS is selected in the | & [Z]

case selector then use the click-to~ | [[ ysiay |F'Ian I o

apply method to apply the load to

the windward beams on the south Case o 3: W—.NS
Selected:  Uniform load

wall. Then do the same for the floor

portion of Y: 0.280 kip/ft on the floor

level beams

Self-weight and masz
Made Bar | Surface

o /b=oc | I |
£y S %
%5'
L R
ko3 dL
L |l | .‘.ﬂ'}‘
(Vi )
73] ]
T . i
™ Lﬁ LI
Bl w o Apply to
L
L e i ' . I
H 55
5 7 Va2 Apply I
] Y =
3 7 W K T3]
73] 5 i
T N =]
B! ]
.--'-RO T
Y * o
3 2 s
7
% e
£ 15 :
S & & kip/ft2
Lt:-_n::I c.-f':’hj ) m i
Y o Ny @) Cases: 5 (W_NS)
I'I = I _I|
Mzl =[] 4
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Do the same for W_EW with the j h’.ﬁ: 2 I—
—
same load magnitudes =
\ ~ e ;.-
1A | e *
=X -"*'-'1-" 16 | -‘-r 1
= L | FROwy I}FG
- pX=-0.14
?_7' L' ]
= ? K1 g
S==f 1 b
& s Ely) > B G
detDeck = 0
— wn pX=-0.14 |
S = 14k1 64.0 : -
"""*—\-...\_\_\__\_\_ "'~T:I Sis
Ste
= di
% = pX=-0.28
e \E 14 " o
i 0 E
a_h%_ = W 12 15 g %
14
< pX=-0.28
- |
0
& ] 2
S z
| 2 Kip/ft2
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Configure Basic Seismic Load (10min)

You can continue with your current | | ¥ EUELEERES = I =]

file, or you can open Robot Dataset Analysis Types I Struckure Model | Load ko IMass Conversion I Carnbination Sign | Result | 4 I r I
4 - Loads and Boundary

. Mo, | Marme | Analysis Tvpe |
Conditions.rtd to catch up. DL1 Skatic - Linear
) . 2 LL1 Static - Linear
We'll configure an equivalent 3 M1 Static - Lingar
lateral load seismic load from the 4 W F Static - Linear
Analysis types menu. 5 W_NS Skatic - Linear
Analysis>Analysis Types...
Select “New”
( Tt d Parameters | Change analvsis bype | Delete |
WMC“D“ of cases
Case list I |
Set parameters | Change analvsis tvpe | Delete |
™ Direct Analysis Method (DaM)
Set parameters | R Crasfi | Delete DA model |

¥ Model generation | Calculations I Close | Help |
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Robot Structural Analysis: Making the Change

Give your new analysis a name like

X

ENEW Case Definition

“Seismic” and select “Seismic
(Equivalent Lateral Force Method)”
then press “OK”

Seismic

—Analysis bype
" Modal

™ modal with automatic definition of seismic cases

CE- Seismic (Equivalent Lakeral Force Me@.

£ Seismic IBC 2012 j

£ Spechral

£ Harmanic

£ Time histary

£ Push ower

£ Hatmonic in the Frequency: domain (FRE]

" Footfall

O, I Cancel Help
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Robot Structural Analysis: Making the Change

Now you will need to specify the
parameters for the seismic loading.
On the Seismic Analysis dialog,
select all 4 eccentricities, ASCE7-10
for the Seismic analysis according
to, and “Precise (Modal analysis) for
the “Method of defining values of

fundamental period” as shown here

ESEismic Analysis

Seizmic analyziz according to;

Directionz and Combinations

— Definition of seizmic case aroups for the direction

af eccentricities
W v = v '+

Eccentriciby % g AL

E ccentricity 7 |5-':":":":":":I [%]

v Relative values

&5SCE 710/ 1BC 22 7

— Method of defining values of fundamental periods ——

i~ Approsimate [zeismic code)

i~ Uszer-defined

: E' Precize [modal ahalysis] %

v Periods with maximal mass participation

kodal Analyziz Parameters |

Fange of Seizmic Load

Seizmic Analyziz Parameters |

Cancel | Help |
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Robot Structural Analysis: Making the Change

The only other thing we’ll need to
configure here are the “Seismic
Analysis Parameters” press this
button to open the parameter
settings for ASCE 7-10. Well
configure site class B with an R
factor of 3. Press “OK” once you
have configured these settings.
Then press “OK” in the Seismic

analysis dialog.

Ed asce 7-10 Parameters x|
Case:! | 45CE 7-10/ IBC 2012
[T auxdliary case
—Fundamental period {Ta)
Cefinition method: Precise {modal analysis)
" E i F
aD1 | 0.0BEEEET
S0z I 0.166667

Ik I Cancel
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Robot Structural Analysis: Making the Change

Nowsour Analysis tpes dialog vl X

list your new modal analysis as well : :
Y Y Analysis Types IStructure Maodel | Load ko Mass Conversion | Cambination Sign I Result | 4 I r |

as the seismic load cases which use

Delete

'l 'l
the modal analysis as input. Take ﬂ?(_ | Tiarhe | ARETySiS THPE ", Iil
. . B flodal rodal A

a quick look at the list of load cases 7 ASCE 7-10 f IBC 2012 Direction_¥  Static - Seismic
generated for you. a ASCE 7-10 f IBC 2012 Direction_Y Static - Seismic
ASCE 7-10 1 IBC 2012 Ecc ¥- Direc,.,  Skatic - Seismic
10 ASCE 7-10 7 IBC 2012 Ecc ®- Direc...  Static - Seismic
11 ASCE 7-10 J IBC 2012 Ecc %+ Dire...  Static - Seismic
12 B3CE 7-10 7 IBC 2012 Ecc %+ Dire.,,  Static - Seismic
13 ASCE 7-10f IBC 2012 Ecc - Direc,,,  Skatic - Seismic

\ 14 ASCE 7-10 ) IBC 2012 Ecc Y- Direc.,..  Skatic - Seismic LI

|

— Cperations on seleckion of cases

Case lisk I v |

Set parameters Change analysis type Delete

[ Direct Analysis Methad (DaM)

Set parameters | B Eahd | Eelete LEM model

¥ Madel generation | Calculations I Close | Help |
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Let’s go ahead and run calculations
at this point to generate our seismic

loads and let us look at the results

We may get a warning about the
joist span, and we may get some
type 3 instabilities (these are due to
the type of deck we selected because
the stiffness laterally is very very
small and causes a big difference in
the overall range of the stiffness
matrix. We may also get a
suggestion to use DSC algorithm
for structures with releases; the
joists are released for bending at
their ends. This is an algorithm
that facilitates dynamic and non-
linear analysis of structures with
member end releases, you can read
more about it in the help files and it
it enabled in job

settings>structural analysis.)

Etalculatiun Messages

The current joist span does nok satisfy minimum span requirements isplan

It is suggested ta use 'DSC algorithm' in case of dynamic and non-linear analy: IV Errors
Mumber of errars: 1 v wWarnings
Mumber of warnings: 1 [¥ Maotes

=101 ]

< | i

Close |

| Select a line to highlight associated objects in the struckure model,
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Robot Structural Analysis: Making the Change

Now that calculations have been
run, we can start looking at our
We'll start by

looking at our modal analysis.

seismic loading.

Open the modal analysis results
from Resutls>Advanced>Modal
Analysis.

Here you can view your structure
natural frequencies and periods
calculated by Robot.

Cazehode Frequency (Hz)| Period (zec) | Relmas UX (%) Relmas LY (%] Rel.mas UL
B 1 318 013 0.05 9911
| T 227 013 959 64 9917
6 3 .61 012 959 64 9917
6 4 14 60 0.0y 95.64 9990
B 5 16.06 0.06 100.00 99 95
| T 2208 0.05 100.00 99 95
6 7 2415 0.04 100.00 99 95
6 & 26.00 0.04 100.00 99 95
6 9 27 42 0.04 100.00 99 95
6 10 28 .61 0.03 100.00 9999
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Robot Structural Analysis: Making the Change

Next we’ll look at the mode shapes _ |00 x|

for our building. Close the modal

. MTM  Deformation | Stressesl Reactions_4 I *I
analysis table and go to

Results>Diagrams for  bars...

which will bring up the Diagrams
dialog. Go to the “Deformation” tab .|7 Deformation
and check “deformation” Then ™ Eract deformation for bars

press “Normalize” _
[ Deformation in structure scale

Diagram scale for 1

| 11811 fin]
—Animation
Mumber of frames: |1 n
Mumber of frames/zecond: 8 =

Start |

Al | MHaone 'll MHormalize il
o
Diagram size:  + | -

[T Openanewwindow [ Constant scale

Apply I Cloze | Help |
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Robot Structural Analysis: Making the Change

Next use the load case selector to
change to the modal analysis case
and then look just to the right for

the mode selector and pick mode 1

Now you will see the mode shape as

applied to the model.

Take a moment to look through the
other mode shapes for the building.

S0, ola F DX 24 ST 49 =

I e Geametry

niezzeEx] @2 (gl G

—

£ : Modal J% g_ [Mode 1

)

Yigw |F'Ian |

- E
o
m

"WTHM  Deformation | Stressesl Feactions 4

.|7 Dreformation

[T | Exact deformation fon bars

B [ Deformation in stucture scale

Diagram scale for 1

| 1.1811 fin]

—

— Animation

Murnber of frames: |1 1]

MHumber of frames/zecond: 8 _:l

1 Start |
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Next we’ll look at the loading
generated for the seismic cases by

starting with the calculation notes.

From the analysis menu choose
Analysis>Calculation  notes>full

note.

Scroll down the report and look for
our first seismic case “ Case T7:
ASCE 7-10/1IBC 2012 Direction_X”

Note the fundamental period
selected, the total seismic weight W
of 200.81kips and the total base

shear force.

You should be able to do some quick
verification of the values calculated

here.

Case 7 ASCE 7-10 / IBC 2012 Direction_X
Analysis type: Static - Seismic
Excitation direction:

¥= 1000 Y= 0000F= 0000
Data:
=oil : B
= ; 0.100
S ; 0.250
Spectrum parameters:
F,= 1.000 Fy = 1.000
SMS = 0.250 Sl‘u‘” = 0.100
Spg= 0167 S 0.057
T, = 0.080 Ts = 0.400
T, = 2000
| —=——1-00 F = 3.000
l""I'I;:md'amEnt'al period:
Modal analysis T= 0190 (s)
\Sme:
Top stary story 2
Bottarm story  Story 1
Effective height H, = 23.00{f)
Base shear
C. = 0056
Comae = 0117
oo = 0010
flective seismic weight W = 20081 (kip)
hear force W= 11.16(kip)
ertical distribution of seismic forces
Stary Height (ft) Weight (kip) Fikip)
Stary 1 14.00 184.05 844
Story 2 14.00 16.76 1.72
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The last thing we'll look at is the
reduced forces for the building
applied as a result of these seismic
cases. Open the Building diagrams
from the results menu:

Results>Diagrams for Buildings.

In this dialog switch to the “Forces”
tab and turn on “Reduced forces in
G” for FX, and FY then tick the box
by “Descriptions” and then press

“Normalize”.

Note that you will need to switch to

one of the seismic load cases...

(You can also use this tool to look at
total lateral load from other lateral

cases like wind load.)

=

-

)

=T

T AT =& wrF

[E
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Load Combinations and Calculations

You can continue with your current | [ [HEierRe b me e x|

file, or you can open Robot -
Dataset 5 - Seismic Load.rtd to Combinations according ta ng@p[y ASCE 7410 j_)_l
catch up.

i~ Mone / Delete
Now we want to generate load £ Full automatic combinations
combinations to use in analysis. " Simplified autoratic combinations

We'll start from the Loads menu ( " Manual combinations - generate )

Loads>Automatic Combinations...

E ztimated number of combinationz: 130

In the Load Case Combinations Butomatic generation of all combinationz. Cormbinations are defined az
zeparate cazes of manual combinations. Combinationz can alzo be

. ¢ . :
Dialog, select ‘Manual generated for non-linear calculations.

Combinations — generate” then

press “More”

[F I Cancel Help Mare >
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Now we will configure the
parameters that control which
combinations are created. On the
first page (Combinations) leave all
USL and SLS checked:

‘Cases Combinations | Gru:uupsl Fielations

Combinations are calculated according to 2elected standards

[V uLs
[ s5Ls
[~ ACC

[~ SPEC

Exfreme snow caeficient:

=

LARLARLARL AL ANL Y|

LS
LS
LS
LS
LS
LS
5LS

1.1.4D

2hed

312D +1.65/L/R + L A0EW
B12D+E+L+025

E. 0.90 + 1.0/

7.090 + 1.0E

gtandard
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Robot Structural Analysis: Making the Change

Next, switch to the Groups tab.
Take a moment to look through the
groups. They are arranged by
nature. Note especially the two
wind load cases have been grouped
with an “Or(excl)” and that there
are actually several groups created
for the seismic load cases. Take a
look at what operator has been

applied to each group.

Cases I Combinations:  Groups | Flelaticunsl

ature: | zeizmic -

usc

o fincl)

= o [excl

operator applies only to
cases m this group
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Robot Structural Analysis: Making the Change

Next, switch to the relations tab
and again review the relations

which have been set up.

Notice that for seismic, where we
had several different groups, each
group has been added with a
relationship to the other groups.
What we have here is that each
seismic load case group has been
related to every other by an

“or(excl)”.

Groups and  relations
REQUIRED for generation of load

combinations. Make sure they are

are

set up properly.

Cases | Combinations | Groups HELﬂtiDﬂSI

M ature:
Eroups:
Eljor [excl]l ¥
E100ar [excl)): 16
E2[or [excl]) 8
E3for [excl]l 9
E4[or [excl]) 10
ES[or [exc]): 11
EB[or [excl]) 12
EF[or [excl]) 13
EB[or [excl]) 14
E9for [excl]) 15

e =

ZEIEmic

Cperator
% and

o fincl)

Relations:

[relete

o [ewcl]

E1
ar [excl]
E1
or [excl]
E2
ar [excl]
E2

rr [eerll

(L

o

Delete all
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Press the “Next” button to be taken ELuad Case Code Combinations - Stage 2,2, LRFD ﬂ
to the list of combinations that

Select combinationz to be generated:

Robot plans to create for you.
Check all that you want to use, or IM j
use the “check all” button at the Lase | Mature -
. . 11,411 uLsA
bottom then press “generate 19190 + 71 B0 + 3050 LLS /2
11,20 + 21,60 LS /3
191.20 LS4
191,20 + 21,00 + 4*1.00 + 3*0.50 LS5
171,20 + 271.00 + 4°1.00 IILS/B
191,20 + 2*1.00 + 5°1.00 + 3*0.50 ILS/7
191,20 + 2°1.00 + 5%1.00 LS8
171,20 + 471,00 + 3050 LS4
[#] 1%1.20 + 4*1.00 ULsA0 -
|

< Back | Cancel I Help

[Generate

Now Take a look at your Analysis | | ma. | Marne | anakysis Type [«]
types dialog and you’ll see your 16 A3CE 7-10 [ IBC 2012 Ecc Y+ Dire.,,  Static - Seismic .
newly added load combinations 17 LSf1=1*1.40 Linear Combinakion
. . 15 Lsfz=1%*1.20 + 2*1.60 + 3%0.50 Linear Combination
right after your load cases 19 UL5{3=1*1.20 + 2*1 .60 Linear Combination
20 LSf4=1%*1.20 Linear Cambinakion
21 LS/S=1%*1.20 + 2*1.00 + 4*¥1.0...  Linear Combinakion
2z LLSfe=1*1.20 4+ 2*1.00 + 4*1.00 Linear Combination [%E
23 LLS/7=1*1.20 + 2*1.00 + 5*¥1.0...  Linear Combination
\24 LS/g=1*1.20 + Z*1,00 + 5*1,00 Linear Cl:lmbinatiqy ;I
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At this point, we want to run
calculations to start looking at
results and getting ready for

material design.

Press “Calculations” in the

Analysis Types Dialog.

Pretty painless and we have a
couple of errors/warnings but we’ll
In this
particular model, DSC algorithm

ignore them for now.

doesnt seem to make any
difference in the modal analysis
and we know that a 14kl won’t go

300" (no surprise there)

Ealculatiun Mess 3

Mumber of errars: 1
Mumber of warnings: 1

The current joist span does nok sakisfy minimum span requirements
It is suggested ko use 'DSC algorithm' in case of dynamic and non-linear analw:

Display
¥ Errors

v warnings

|7 MNotes

=101 ]

i

Close |

| Select a line to highlight associaked objects in the struckure model,
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Section 3 - Results

Exploring Results for Bars
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You can continue with your ﬂ lﬁtﬂ
I wiew |F'Ian | m Diagrams =10 x|

o

m

HTH | Defu:-rmati-:unl Stressesl Reactions 4 I "I .

current file, or you can open
Robot Dataset 6 - Load

Combinations.rtd to catch up.

Let’s start by looking at results Diagram scale for 1 (in)

B T FiForce I (kin]
. [~ FyForce I [kip]
B T FzForce I [kip]

[ Mx Moment I (kipft)

B~ iy Moment 11063 [kipft]

. [T Mz Momert I [kipf]

Elaztic ground reactions

. I_ Ky Reaction I [kip/ft)
B ™ KzReaction | [kip/tt)

for bars (linear elements). We'll

open the diagrams dialog again

from  Results>Diagrams on

Bars...

If not selected, switch to the NTM
tab and tick My to look at major

axis moments on the elements.

Press “Normalize™

Use the Load Case selector to
look at different load

cases/combination or envelopes. -
Al | MHaone | MHarmalize I |
. _ i
Diagram zize:  + | - | 4
i_ ¥ [~ Openanewwindow [ Constant scale L1:l
X Apply | Cloze | Help |
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Robot Structural Analysis: Making the Change

Try some of the options on the
“Paramters” tab to adjust the
display results to show result
magnitudes, or change the

display style of the diagrams.

Here we have differentiated
positive and negative moment
and added labels at the global

extremes of the result values.

* Diagrams - |I:I| X|
wr

i}

m

Heactinnsl Feinforcement  Parameters I 1 I ’I

— Diagram dezcription

Iy m o

i~ pone 1% |abels i et

Walues: IGIDI:uaI extremes j
. Mir . P ax

— Positive and negative values

| 123

m [+
=TT =
i~ undifferentiated % differentiated
~ Filling
i [ -—
i~ fence i+ filled

7
4
[~ Openanewwindow [ Constant scale

Apply I Cloze | Help | = :l

NI
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Next we'll take a quick look at the Node/Case F¥ (kip) FY (kip) FZ (kip) M (kip-t) MY (kip-ft) MZ (kip-t)
result tables for reaction,
T 042 0.20 14.27 0.0 -0.00 0.00
member forces, displacements. FYRI 041 o1n 47 oon non oon
1% 3 0.4 0.0 4.26 0.00 -0.00 -0.00
Access each of these from 1 4 8.58 -0.00 .02 -0.00 0.00 0.00
Results>Reactions, T 0.22 003 241 0.00 0.00 -0.00
T 556 -0.00 298 0.00 -0.00 -0.00
Results>Forces, 1 8 -0.00 -0 007 0.00 -0.00 -0.00
Results>Displacements T 558 000 288 0.00 -0.00 -0.00
T 0.26 -0 0.07 -0.00 0.00 0.00
Not that results are arranged by 1 n -5.56 -0.00 -2.98 0.00 -0.00 -0.00
Node/Case THET 026 -0 -0.20 -0.00 0.0 0.00
Of particular interest might be ModelCase F¥ (kip) FY (ki) FZ (ki) W (Kip-Tt Wl CKifp-ft) MZ (kip-ft)
the Envelope tab at the bottom.
1 4 8.58:> 000 3.02 000 0.00 0.00
This tab will show you 1/ B0(C) (CQC}l -7.32¢< ) 034 2032 0.00 -0.00 0.00
summarized results for each node 1 18(C) T 0405 27 94 0.00 -0.00 0.00
and each force component. 1 5 0.22 0.03<< 2.4 0.00 0.00 0.0
1/ 29(C) 216 0.35 29,37 0.00 000 0.00
, 1 13 573 0.00 3.08<< 0.00 000 0.0
Here we see the max and min 1/ 40 (C) (COC) 159 033 2333 0.00:> -0.00 0.00
values for reaction FX at node 1 1/ 83 (CH(CAC) 110 025 17.13 -0.00< -0.00 0.00
and  the associated load 1 2 041 010 542 0.00 0.00:> 0.00
o . 1/ 62 (C) (CAC) 591 0.24 14.90 0.00 0.00<< 0.00
case/combination which 17 19(C) 175 0.40 25 80 0.00 -0.00 0.00:>
generated this max/min value. 1 8 -0.00 0. 007 0.00 000 0,00

Use the load case selector to
remove the simple cases from the
results to see only combination

effects.
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Exploring Results on Surfaces

TH

Now we want to take a look at | =1 L =] |

—ioix]

Detailed | Principal | Complex | Parameter 4 | * |

results for surfaces, in particular M view ||:-|an |

tabs "‘

our roof deck. From the results
menu, select Results>Maps... to

access the Maps dialog. L Midd
Syer - M 1=

Let’s look at the diaphragm shear Automatic direction |

in our roof diaphragm by ticking wEowwomy z

xy under Membrane forces — N as Streszes - & i e
shown here and select case @mbrane farces _I'D [ r@
W_EW for the load case to Maoments - M '
display. Shear strezzes - t i

Shear forces - O '
Take a few moments to try some D e rr r
of the different options here Ratations - F rr r
including the display options at S ol reactions - K r
the bottom of the dialog.

Ismu:u:uthing within a panel j
" |zolines v with normalization
= haps [~ with FE mesh
.  Walues [ with description
. 3D | Z=2B00f-Story2 | [~ Open new window with ecale dizplayed
ne ] sl = = ur 5] | I Apply ) Cloze | Help
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the deflection on the surface to
see what youre dealing with.
Just tick the “z” box under

“Displacements —u,w”.

The legend on the lower right is
helpful in getting your bearings:

You can also get a quick look at | §

» (in)
Cases: 17 (ULS/1=1"1.40
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Section 4 - Steel Design Workflow

Configuring Member Types

You can continue with your @Memher Type - ANSL/J =10 x|

current file, or you can open Dl}(l M El il _l

Robot Dataset 7 - Results

Exploration.rtd to catch up. Simple bar
Caluran

The first step of steel design is

properly configuring the
“member types” these are the
code (AISC, and other)

parameters assigned to the

. ] ~ Lines/B arz
members which will govern the I

member design.

Apply Cloze Help

Open the code parameters dialog

from the Design menu:
Design>Steel Members Design —

Options>Code Parameters...

This will bring up the “Member
Type — AISC 360-10” dialog.
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Let’s add some types to represent
our members. Start by clicking
on the “new steel member type
definition” button to bring up the

member definition dialog.

Member type will be Joist for our

joists.

Make other settings as shown

here and then save it.

7 _iMember Definition - Parameters - ANSI/AISC 360

Member bype: I joisks

—Buckling Y axis)
Member length v

" Real I_I.EIEI

¥ Coefficient

V7 axis)
Member length Iz:

Il.EIEI

Real
% Coefficient

Save

Close

il

Setvice

Buckling length cqg

kz: | 1.00

! 1 &xural-tarsinnal buckling

Mare. .. |

Stiffeners |

—Lateral buckling parameters

eral buckling
Ch: |1.00 Ch
10

Lateral buckling length coefficient

pper flange Lower flange

b= Lb= |

—Seismic analysis parameters

[ Seismic calculations - ANSIIAISC 341-10

St sher:

I [5MF] Special Moment Frames

Element bype: I Okher

LefLe

Help
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Next welll create the member
type for our tie-beams which we
assume will be fully laterally

supported by the deck.
Member Type TieBeams:

Buckling length coefficient for z
axis will be 1.0, leave flexural
torsional and lateral buckling
alone as we do not expect either

of these failure modes.

EMemher Definition - Parameters - ANSI/ATSC 3610

e ™

Member type: § | TieBeams

D)

—Buckling { axis)
Member length v

" Redl I—I.I:II:I

~Buckling {Z axis)
Merber length z:

" pedl I—l 0

Save

Close

il

Setvice

" Coefficient
Buckling length coefficient ¥

Ky:W X

% Coefficient
Buckling length c

kz:

@lexural-tnrsinnal buckling

Mare. ..

[

Stiffeners |

—Lateral buckling parameters

@teral buckling

Ch: |1.00 Ck
1.0

Lateral buckling length coefficient

Upper Flange Lower flange

b= Lb= |

—Seismic analysis parameters

[ Seismic calculations - ANSI/AISC 341-10

S sher:

I [5MF] Special Moment: Frames

Element bype: I Cither

LefLe

Help
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While we're still on TieBeams,
let’s also configure the deflection
limits for this member. Press
“Service” on the right hand side to
the

Displacement limiting values”

access “Serviceability —

dialog:

For live loads, check relative
under uzl max with 360 and
relative under uzt max and enter

240 as shown:

Then press “OK” and “Save” this

TieBeam definition.

— Deflection limits (local system)

Eﬁerviceahility - Displacement limiting values -

[ Cantilever
~Dead Loads
[ absoluke | 1.0000 in [ absoluke | 1.0000 in
wyd max = uzd max =
[ Relative Lf |24IZI.EIIII [ Relative Lf |24III.EIIZI
fLive L-:ual:ls-"
I [T absalute 1.0000 in - [~ absolute 1.0000 Ly
P " G 2
I~ Relative L} | 360,00 Iv Relative L} | 360.00
™y
: ™ Absolute |1.|:|nn|:| in [~ Absolute |1.|:u:|nn in
Uyt max =
[ Relative L |24|:|,|:||:| ( ?V Relative  Lf |24|:|,|:||:| )
—Camber
% Mo camber
" User defined
= absalute |n.|:ujn|:| in £ ahsolute ||:|.|:u:|nn in
Het = =2 =
% Relative L IEuIIIIZI.EIIII & Relative L IEuIIIIII.EIIZI
™ Aukomatic
—Mode displacements limits (global swskem)
—Tokal Loads
t [T absolute | 1.0000 in t ™ Absolute | 1.0000 in
Wk max = Wk max =
[ Relative L |4|:||:|,|:||:| [ Relative L |4|:||:|,|:||:|

Cancel

i

Help
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Next we'll configure the girders
which we expect to only be
the

adjoining members, not the roof

laterally supported by

deck. Create a new member type
called “Girders” and for the top

button to

access the intermediate bracings

flange press the

dialog:

Tick the box next to “Define
manually coordinates of existing
bracings” and enter “0.25, 0.5,
0.75” and make sure “relative” is
checked. This will define lateral
bracing at the top flange at the

quarter points.

The
locations of bracing to give you
feedback the

locations of actual bracing.

dialog graphic indicates

visual about

Elnternal bracings

o2l

Test for member: 1 Column_1

Lateral buckling-upper flange

¢ Ot x

"Buckling ¥ | Bucklingz ~ Lateral buckling-upper flange | Lateral buckling-lower flangs

r Define segments betbween bracings

—Buckling coefficients of corpanent seqrients

ﬁv Define manually coordinates of the existing bracings

| 0.25,0.5,0.75|
" real

\

% relative

®L

1.00, 1,00, 1,00, 1,00

—&dd automatically coordinates of bracings

[~ &t points where adjoining elements are located
[~ at all poinks where internal nodes are locaked

[~ at points where bending moments equal zero

—Bracing detection preview

Far memBer mo, § I 1 Zolumn_L

For load case: | 1 DL1

[

i K1 K1

+

Cancel

o

Help |
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Don’t forget to tick the box by EMemher Definition - Parameters - ANSL/AISC 360
“Lateral Buckling” so that Robot

will consider lateral flange Member type: | Girders Save
buckling in the member design ~Buckling (¥ axis) —————~Buckling (Z axis) ———————— Close
checks. Your Girders should look Vg lempitn g bileissy zreldn

e "
like this: el [1.00 pize] [1.00

* Coefficient {* Coefficient SErvice

Mare. ..

Pl e |

Note, unless you started with a Buckling length coefficient ¥ Buckling length coefficient £;

new member, your service Koyt |1-'3":' X kz: II-DU 1_10

criteria will be the same as your

tie-beams. Give it a quick check T e =Hffenars |

to see.

—Lateral buckling parameters

Lateral buckling length coefficient
(!v‘ Lateral buckling ) el

Upper Flange | Lower flange

Ch: |1.00 Ck
10 (Id=(ld1,|d2,...}) Lb = |

—Seismic analysis parameters
[ Seismic calculations - ANSI/AISC 341-10

Sstemn: I [5MF] Special Moment: Frames j
Element bype: I Cither j

Help
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NOTATCH IRV RVl ERL Ol -~ < Member Definition - Parameters - ANSI/AISC 360

bracings using a buckling length

dil

. . Member bype: | Columns-braces Save
coefficient of 1.0 and no lateral !

. rBuckling {¥ axis) —— | Bucking (Z axis) Close
bracing along the length of the Member length 1y Member length [z:

members. " Real I— " Real
1.00 I 1.00
" Coefficient ¥ Coefficient Service

uckling length coefficient % Buckling length coefficient Z: More |
[4"H I 1.00 1.10 Kz: I 1.00 110

(F Flexural-korsional buckling) | Stiffeners |

i Lateral buckling parameters

Lateral buckling length coefficient
Iv Lateral buckling gisre

Upper flange | Lower flange |

Ch: |1.00 ;33 Gb= '_) (Lb= D

—Seismic analvsis parameters
[ Seismic calculations - ANSIJAISC 341-10

Syskem; I [ZEBF] Ordinary Concentrically Braced Fr-j
Element type; | Ckher j

Help |
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Close the Member definition
dialog and we’ll go ahead and
apply these labels to our
members. In the Member Type
dialog, select joists and then click
in the “Lines/Bars” field.

@Memher Type - ANSI/AL

DX EEfE0l 4 e

=101 x]

1

Simple bar

Beam

X Delete
Columns-braces
Girders

— Linez/Barz

izBeanmns

Apply Cloze

Help

We now need to build a selection
of members to which we will

apply this member type label.

First click on the bar selection

button on the selection toolbar:

D@I%@@pkht}

=l

Object Inspectar

|

TR | Q|
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In the Selection Dialog we can
select the 14k1 attribute and
press the double up arrow to add
all 14k1s to the selection.

Copy this selection to the
clipboard with Ctrl+C after
selecting the selection set (in this
example, “22t033 55t066”

Eix

All | M one | [Fversion |

IBar j

¥ Matify al

|| 22ta33 55tabh

Previousz |

Aittrib. | Group I

Select
& from list © example

-

141 s

HSS0 Aubel.25
HSS50 Bxbx0.25
undefined

W 12619

' 18130

Cloze

Help
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Paste this into the member type ¥ = |
label dialog in the “Lines/Bars” | | View |Pan | =l
field. (you may find that it Girders -

I o

automatically populates)
Then press “Apply”

Repeat this process for the
girders (W18x35s), the tie-beams
(W12x19s), and the columns
(HSSQ5x5%0.25 and
HSSQ6x6x0.25) then use
View>Display>Bar descriptions

to show the member types:

Columns-hrace

L

| 3D
DB Il P Y A P =

Colimns-bra

o~ N
; i ! A l‘_l
.. s Do
) IFETS e
X — it
. 5
L g
: sy, g
. 2N g
£ 2 g
g
U

A\
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Configure Design Groups

Robot Structural Analysis: Making the Change

Now we need to configure design
groups to control the member
design. Open the steel design
layout from the design menu:
Design>Steel Members Design...

Click on the “groups” tab in the

“Definitions” dialog:

Press the “new” button, enter
“Roof Joists” for the Name.

| Ml¥iew - Cases: 1 {DL1)

Columns-b

EDefinitiDns - ANSI/AISC 360-10

~=1o1x]

Members  Graups |

Humber: Iﬁ e |
Bazic data

Member lisk: |1— Sections |
Mame: Roof Joists Par. sections |
b aterial: " -

Co |

¥ _fCalculations - ANS o ] S |

rWerification options
" Member verification: Ilto?‘}— List I
I Lisk I
[ s |
Options |
i~ Limit states

W uLs: | 1ta139 List |

" Code group verification:
% Code group design:

I_ Oipkimization

[ sts:
Dead|loads: I 1tol6é 140t0151 List I
Live |zads: I 1tols 1400151 il
Tatal loads: I 1tolf 140E0151 List I

- Calculation archive

W Save calculation resulks Results starage |

[o]4 | Configuration | Calculations | Help |
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Next we'll configure a selection of
roof joists only by combining two
in the
dialog. Launch the bar selection

options bar selection
dialog and first switch to the
“Geometry” tab, select ‘Z axis
from-to” and select “Structure
Axis Story 2 — 28(ft)” for each
dropdown then press the double

up arrow-

fseiecion ~iEix
Al | Mone | Iriveergion |

|Bar W Notifyal
|43m55 r

Previousz |

Attib. | Group Genmetryl

V¥ % awis from - Lo

111 1

! =]

v * asiz from - to

! =]

v Z asiz from - to
x| - |2e00

Geoo

Cloze |

Help |
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Next we'll pull only items which _iol x|
match the section type were Al | Nore | —— |
looking for. Switch to the

“Attrib.” tab and select 14k1 but IBa' j W Motify l

this time press the “And” button: || S5tobE r

14

Previousz |

111

ru:uup I [Zeometmy

ISectin:nn -
HSS0 Bubel.25
HSS50 Bxbx0.25
undefined
Wi 12u19
W 18x35
Select
& from list © example
Cloze | Help

Copy this  selection
(“55t066” in my example) to the
“Member list” field of the groups

definition.

paste

»_iDefinitions - ANSI/AISC 360-10 P ] =
Members  Groups |
Humber: I 1 j Mew
Basic data
Member list: Sections |
Mame: Par. sections |
M aterial: j

Delete |

o ]

Help |

Save
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Next, Press the “Sections” button
to configure allowable trial
sections for design. Tick “SJI
Joists” in the “Databases” field
and then click “K” in the “Section
Families” list to populate the

“Selected sections” list as shown:

Next, click “OK” and then “Save”

your first design group.

R

Standard |

LI |2

Section Families:

[]OLH il
~ R —

Seckions:

gkl 3
10K1

12K1

12K3

12K5

14k1 j

Selected sections:

gkl ﬂ
10K1

Celete seleckion | 1zK1
12K3
Delete al | 12K5

14K1 ll
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Repeat these steps to create a
design group for the 2nd floor
joists called “Floor Joists” which
will also use the “K” joists as

available sections for design.

#_4Definitions - ANSI/AISC 360-10 O] ]
Members  Groups |
Mumber: I 2 =l Mew
Basic data
Member list | 22t033 Sections |
Mame: |Flocr Jaists Far. sections |
M aterial: jJoisT ]

k. | Delete | Save I Help |
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We'll create another group for
roof girders (currently modeled
as W18x35s). This time you will
need to pick the design material
(we'll use A992-50 steel).

We can limit the number of
sections available by opening the
“Sections” dialog and clicking on
the AISC database (do not tick
the box), then click the “W” in the
list of Section families (do not tick
the box) Next, select individual
sections and as you click or select
them (ctrl, shift, and/or ctrl+shift
type selections are allowed) they
will be added to the “Selected
Sections” list. Try W12s through
W18s by selecting the first W12
and the then holding down shift

i ESelection of Sections el I ]
Standard |
|| C 10| i
Databases: Section Families:
T3 -
[]als -
[ JAREED LIS =| |OwRF EI
L s S S ) B Pk 8 T
Seckions:

|

by 15%65

Selected sections:

Delete selection |

Delete al |

W 12w14
Wi 12x16
W 12x19
Wi 12w
Wiy 1226
W 1250

while clicking W18x55. ok | Close Hep |
Continue creating groups for || Name Floor Girders TieBeams Columns Braces
Floor girders, one for tie beams,
one for columns, and one for || Material A992 - 50 A992 - 50 A500-46 A500-46
braces.
Sections AISC W sections | AISC W sections | AISC HSSQ section | AISC HSSQ section
(all) (all) (all) (all)
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Use the members/groups table to EDEﬁI‘IitiDI‘I tables

take a look at the groups you've ode

created: Design>Steel Members group e el

Design — Options>Table of 1 Roof Joists S5tokE
2 Floor Joistz 22033

Members/Groups 3 Roof Girders 43t045
4 Floor Girders 10Ma15
5 TieBeams= | 16to21 49054
[ Calumns 1108 34tod2
7 Braces EFtar 4

Group Design and Check

You can continue with your Etalculatiuns o =] 4

current file, or you can open Yerification options
Robot Dataset 8 - Steel Design - " Member verification: 174 List

il

Setup.rtd to catch up. " Code group verification: Lisk
Code group design: 1ka? Lisk I
Now we turn our attention to the -
LI Optimization Cpkions

Calculations dialog where we will

—lirnik ckakac

want to select “Code group
design”. Use the “List” button to
the right to add all of our design
groups (there should be 7 of
them).
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Next, tick “Optimization” and
press the “Options” button then
tick “Weight”

El]ptimizatiun Options

— Optimization options

[ Mawimum section height: .00
[ Minimum section height; .00
™ Marimum flange width: IW
™ Minimurm flange thickness: 0.o0
™ Minimurn web thickness: .00

[T | Calculations for the entire 22t of sections

Cancel

x|
] I
_ Carcel |

Help
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Robot Structural Analysis: Making the Change

In the lower half of the
Calculations dialog tick “ULS” for
limit states and pick your ULS
load combinations if they have
not already been selected. You
can use the List button to clear
out basic load cases by selecting

all the basic cases and using the

subtraction button H

_Ioix]
Al | Maone | [Frversion |
I Case j
|| 170139 r
Previouz

Attributes:

i

20
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Robot Structural Analysis: Making the Change

= ] eS|

Next, press the “Configuration”
button to adjust the calculation

points for the members.

Change number of points to 11
and tick “characteristic points”
then press the “Options” button
to allow you to check maximum

forces.

I ﬂtnnfiguratiu

Calculation points—————————

! Mumber of points: i'l'I :l \
[v Characteristic points Options Ii

r— Calculation parameters

E ticiency ratio: 1.00

W b aximumn slendemess:

|2DD.DD
ISDD.DD

Componentz of complex bars are
nat taken into account

Compreszsion:

Tension:

v

|~ Calculation methods
{* LRAFD  ASD

Alternative wverification methods:
1| I Flexure and compression [H1.3]

! I Werification accarding to [H2] instead
of [H1]

[~ Shear - "Tension field action' [G3]

Exclude internal forces from calculations

r— Units of results

{" Code {* Robot
— Camber
| r Take the deflections from the

follawing caze inta conzideration:

|1 DL

Lo

(1]4 |
' Cancel |

j MHew |

a

Etalculatiuns in Characteristic Poink

€

Simultaneous calculations in charactenstic points and in
the even-division points

— Paintz for mindmas values

v max Fx
™ rmax Fy ¥ max My
v maxFz ' max bz

[~ Coordinates of additional points

| L
" Relative  Absolute
K I Cancel | Help |
| 17tol3s Lisk |
I 1kol6 140k0151 Llisk |
I 1kol6 140k0151 Lisk |
I 1kol6 140k0151 LLisk |
s Resulks storage |
ZnnFigurationl Calculations | Help |
e —
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Then close these dialogs and NSI/AISC 360-10 - Code Group Design { ULS ) 1 3to7 -0 x|
press “Calculations”. Robot will R s | Messages | Calo. Note | Close |
begin checking each member and Member I Section I Material | Lay I Laz I Ratio Case Help |
. L. Code group : 1 Roof Joists
also attempting to optimize by LT T Change al |
: 59 Beam_59 |08 | 167 JOIST D | D HLSIA=1M 20+
weight for each code group. The SEM_ : 3 60
: : : 1613 079 Calculation points
results will look like this: Code group : 3 Roof Girders T
E W dx3E STEEL 4093 15544 1.02 20 ULSA4=1#1 20 Estremes: none
= +
. 45 Beam_45 W 2aed 0 46a85| 12382 076 . ’ Additional: none
Notice that each group has a 45 | A892-50 160
W 4 Bedll 3333| 18854 116
controlling member, and lists the Code group : 4 Floor Girders
. . . CIEE 5466 9375 110
trial sections around the optimal STEEL 19 ULS/3=1%1.20 +
12 Beam_12 | [wi 14361 Py 4014|9318 088 et £
section. W 24362 2601| 17432 130
Code group : 5 TieBeams
H [ 1 20 STeRL Ga16| 23689 ] I
. : : . = +
: previous failed section 19 Beam_19 |8 | W Bx31 sogoen |_10a7t| 17ess| oaq i
W1 B 5517 | 308.81 047
? . . Code group : § Columns
: Optimal section [E|Hssa 5x5:0 3 TERL gaEs| =9Es 1.28 o8 LS/ 511 20
=1*120+
s coumn 5 [ [Hssa o] o g120| 8120 096 |~ o0 e 34 A
. . . HESG B 3 7274 7274 102
! Next section after optimal Code group: 7 Braces
section 73 [E[Hssa 302 26333| 28333 264 | 23 ULsr=1% 20+
Columns-braces_ | |HSSG & 5x5 5 ASSTDEDE_';B 133.76| 13376 0.84| 210045400+
3 HSS5@ 4x4x0.1 188.83| 13383 138 F0.50
NOTE: Next section may not be
acceptable. Check the Ratio to be
sure if you want to use it.
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Robot Structural Analysis: Making the Change

You may not particularly like the | [FLIERER R S0 IS CIRE ST — ol x|
sections that Robot has selected. - ke 4 Flow Gid oK I
o ode nor Girders Section OF |
The way to control this is to go BE! M Bar: 12 Beam 12 | |
. ey Paint / Coordinate: 3/ %=1.00L=20000f

back to your groups definitions [l 14451 =l|| Loadcase: 19UL5/3=171.20 + 2°1 B0 171 20+2°1 EO
and refine the list of choices. For - =
. . Simpiified results | Detailed resuilts | ange
instance, Robot has picked a

~MEMBER. PARAMETERS
14x61 as the optimal section for Ly = 20.00t X Lz =20.00 ft =

. ky =1.00 kz=1.00 . Lb = 20.00 ft
group 4 floor girders... I know I 0
KLy/ry = 40.14 Klzjrz = 98.16 ch=1.00 -

would rather use a 16 or an 18 as &l

~INTERMAL FORCES: ~DESIGM STREMGTHS
14x61 is not a common beam size Tr = -0.00 kip*ft Frvy,mex = 0,00 ksi
in the US. frvz, mx = 0,00 ksi

Mry = -260.93 kip*ft Wy = 0,00 kip Fib*rmy = 297,60 kip*ft Fiv*ny = 348,30 kip
Chcklng on any row will give you Mrz = -0.00 kip*ft Wrz = -56.59 kip Fib*Mnz = 123,00 kip*ft 1.00*nz = 156,38 kip e |
alc. Nole
access to the detailed results for [TIAFETY FACTORS [T SECTIOM ELEMENTS
. .. Fib=10.20 Fiv=10.90 FiT = 0,90 Flange = Compact ‘Web = Compact

this calculation:

~RESLLTS Help

. My (Fib*h Mrz/{Fib*Mnz) = 0.5 < 1.00 LRFD (H1-1b —l
You can see details on the forces M) + Mrz{{Fib*Hnz) = (H1-1b)
. . « ” Wy IFi ) + Froy,mef{0 6*Fiv*Fy) = 0,00 < 1.00  Wrz{1.00%Ynz) + frvez, mx{0.6%1.00%Fy) = 0.36 < 1.00 LRFD

for design in the “Forces” button,
review the calculation notes for

the group in “Calc. Note” and
replace all members of the group
with the optimal section by using
the “Change” button.
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Now we can rerun-calculations | B ORI BUELE LR C e
and then do a member

Results I Meszages |

verification for ULS and SLS to Member Section Material Lay Laz Ratio Case Ratio{uz Case (uz)
check where we are on service 5 Column_5 |8 | HSSG 7x7x0 2| STEEL A500-4] &120] &120] 076[18ULS2=1"120+2] 035|146 SLSSTDA=141.
criteria. 9 Column_9 || HSS@ 7x7x0.2| STEEL A500-4] 8120 8120 041 [180LS2=1"120+2] 017|146 SLSSTDR=1".
10 Beam_10 ||y 14361 STEEL 2992-5| 4014| 9816 044|19ULSE=11120+2| 047|146 SLSSTDA=1.
) . e 11 Beam_11 |8 | 14361 STEEL A992-5| 4014| 5816| 044|189 ULSG=14120+2| 017|145 SLSSTDE=141.
Select the “Member Verification 12 Beam_12 || 14361 STEEL 2992-5| 4014| 9816| 086|19ULSGE=1"120+2| 033|146 SLSSTDR=1.
option in the calculations dialog 13 Beam 13 |8 |wy 14x61 STEEL 4992-5| 40414 o818 086 [190LS/3=11 20+ 2| 033|145 5LS:STDE=1%1.
and then also check ULS and SLS 14 Beam_14 ||y 1461 STEEL 4992-5| 4014| 9816 044 |19ULSGE=11120+2| 047|146 SLSSTDA=1.
15 Beam 15 |68 | 14361 STEEL 2992-5] 4014| 9816] 044|190LSmE=11120+2] 047|145 SLSSTDE=1.

in the Limit States.

R Note: “OK” icon, section, material, Utilization Ratio, the Controlling load combations, and the Utilization Ratio for
Use the “List” buttons to select

service load cases for dead, live, service “Ratio(uz)” and the controlling service load case. Any errors will be readily apprant here.
and total respectively then run

the calculations.
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We can use the “Analysis” button

Eﬁlnhal Analysis - Bars:1 ;lgl ﬂ

to get a sense of how our

members are performing, B Problem Joists
identify any members well over 23 e_—
capacity and consider creating 20
additional design groups to select Let's look at anything
some more useful members for 18 under 25% utilized, enter
these positions. You should be 15 0.25in the "Upper Limit"
able to see under utilization in field
some of the girders in particular 13
as the exterior girders have about 10
half the load.
08
We can look at the most under- 05 ‘
utilized elements by entering I 1

clipping value in the “upper limit”

D.31|

14

field of 0.25 for instance. DDJI I II "I"I IIII I

1357 91 17 20 23 26 29 32 35 35 41 44 47 50 53 56 59 B2 GBS 6 71 T4
'l -

Lakel Lowwvert limit Upper limit Out of limit Within limit ‘Calar 1 Ilim Il

Ratio 0.0 025 |2 55067 69 71to7d | 5053 54 63 70 74 K 016 238
.-!'

These elements are less than 25% utilized -
»
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Now we can use “Edit in a new
window” button to get a really
quick look at the elements we can
give their own design groups to

improve utilization if we wish.

We quickly see that most of the
upper story braces and the
outside tie-beams could be re-
designed for better utilization if

desired.

You can continue this refinement
process until you are satisfied
with the balance between
utilization and uniformity in your

structure.

96




