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Autodesk Robot Structural Analysis Professional - Verification Manual for Steel Members Design

INTRODUCTION

This verification manual contains numerical examples for elements of steel structures prepared and
originally calculated by Autodesk Robot Structural Analysis Professional version 2015.

Each problem contains the following parts:
- title of the problem
- specification of the problem

- Robot solution of the problem
- outputs with calculation results and calculation notes
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GENERAL REMARKS

If you make first step in Robot program you should select preferences corresponding to your example
using “Preferences...” or “Job Preferences...” (click Tools).

A. Preferences

To specify required regional preferences click Tools / [Preferences...] and in default opened
Preferences dialog box select in combo boxes a needed country (region) and

working / printout language.

a Preferences

= B8 X% STANDARD

+ Languages

General Parameters
View Parameters
Desktop Settings
Toolbar &Menu
Printout Parameters
- Advanced

Regional settings:

Working language:

Printout language:

[Poccml (Russia)

Australia

Belgi& (Belgium - English)
Belgique (Belgium - French)
Brasil (Brazil)

Canada (Canada - English)
Canada (Canada - French)
Danmark (Denmark)
Deutschland {Germany)
Espaiia (Spain)

Eurocode

Update Preferences on exit

France
Great Britain
India

Italia (Italy)

e Hederlands (Metherlands)

Norge (Norway)
Polska (Poland)
Portugal

Roméania (Romania)
Suomi (Finland)
Sverige (Sweden)
Thailand

United States
EAMada (Greece)

YpaiHa (Ukraine)
ch[E (China)
B (Japan)

.
3 Preferences

=8 X% STANDARD

+Languages

- General Parameters
View Parameters
Desktop Settings
Toolbar & Menu
Printout Parameters
- Advanced

Regional settings:

Working language:

Printout language:

[ Pocoua (Russia)

S pr

[Engish

B

Brasileiro {Brazilian Portuguese)
Deutsch (German)

Espariol (Spanish)
Frangais (French)
Ttaliano (talian)

Update Preferences on exit

Polski (Polish)
Romé&na (Romanian)
Pycokuli (Russian)

H#EE (Japanese)
EFBV (Simnlified Chinece)

B. Job Preferences

2

To specify required job preferences click Tools / [Job Preferences...] and in default opened

Job Preferences dialog box select preferences corresponding to your structure example

at the left list view and appropriate combo boxes. Below there is a screenshot showing the

selection [Design codes] :
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D’N E x * DEFAULTS -

[#- Units and Formats
- Materials
+- Databases

BI:' Steel connections: EN 1993-1-8:2005/AC: 2009

SteelfAluminum structures: 5P 16.13330.2011

El-Structure Analysis Timber structures: EN 1995-1:2004/A1: 2008
Modal Analysis

i~ MNondinear Analysis RC structures: SP 63.13330.2012

. Seigmic Analysis

- Wark Parameters Geotechnical: SMiP 2,02,.01-83
- Meshing

Mare codes...

Open default parameters

Save current parameters as default

You can create a new Job Preferences with arbitrarily chosen options and parameters ( standards,
materials, databases, load codes etc.) appropriate for required condition under a new name

to make it easier for future work .

In that case choose proper detailed data from [Configuration of Code List] dialog box which is
opened after pressing [More codes...] button and e.g. looks as shown below :

R
Codes: Current codes:
’Steei J aluminum - ] ’ Set as current ]
Code Country tx Code
SMiP II-23-81 Russia EM 1993-1: 2005/AC: 2009
Russia SNiP 11-23-81
MBE EA-95 Spain SF 16.13330.2011
SE-A:2006 Spain
UNE-EM 1993-1:2008/AC: 2009 Spain EC3
BSK33 Sweden
EMV 1993-1:1992 NAD Sweden Sweden EC3 E| =
SS-EM 1993-1:2005/AC: 2009 Sweden EC3
BS 5950:2000 UK i
4| I | » 4 m |

o ][ concel |

Ko T =

Codes: Current codes:
[Load combinations V] [ Setas current ]
Code Country o Code
Pocoia D SNiP 2.01.07-85
CHuM 2.01.07-85 Pocons SP 20.13330.2011
ACI318_2002_geo USA Geotechnic
ACL USA Geotechnic
ASD UISA ASCE 7-05
LRFD USA ASCE 7-05
ACI318 UsA =
ACI318_2002 USsA
ASD ASCE 7-10 LISA e
< | ] 3 < 1} 3

(o J [ cnad
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Set a selected code on the right list of the box using arrows than press it as the current code .

Press OK.

After the job preferences decisions are set, type a new name in combo box ,e.g.

K et T

Codes: Current codes:

[Load combinations - ] [ Set as current ]
Code Country 'S Code

ACI USA Geotechnic D SHiP 2.01.07-85

ACI318 UsA SP20,13330.2011

ACI313_2002 LISA (CTT 20.13330.2011

ACI318_2002 geo USA Geotechnic

AL 7o France

AL 76 Avril 2000 France

API/ASD us =

AS 1170.0:2002 Australia

AS/NZS 1170.0:2002(4) Australia Il
4| I 4 T ] »
(o [ cancel |

EI Structure Analysis
Modal Analysis

- Mondinear Analysis
... Seismic Analysis
Wark Parameters

Code combinations:

Snowefwind loads:

Seismic loads:

SP 20,13330,2011
CHWM 2.01.07-85
SNiP 2.01.07-85
CN 20.13330.2011
Mare...

More codes...

Open default parameters

Save current parameters as default

“ new Russian code” and save it pressing Save Job Preferences icon placed on the top
of [Job Preferences] dialog box. It opens Save Job Preferences dialog box which you should accept
pressing OK.
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VERIFICATION PROBLEM 1
design of members for compression

File: SP16_ex_Compression.rtd

TITLE:
Example 1. l-Shape Compressed Column Verification

SPECIFICATION:

Select a C255 (Ry =240 MPa) 1 DDSH 40x1 bar to carry an axial dead load of 622 kN and

live load of 1800 kN. Assume the design member is 9 m long, is pinned top and bottom in both axes
and is laterally braced about the z-z axis at the midpoint.

Verify the strength of a defined compression member .

et e
I View - Caser 3 {COMEL w I Oehinitins - 5P 16133302011 = 2 Ionemal bracings ‘ _‘ t =]
_-lt Buckling Z
FZ=-2160.0 [ Hew
FZ=-622.0
| Parometers |
- Momgartpe;  0.5Lzbmcng
Munberlkfnﬂm Parameters - SP 16133302001
Member type: 0,512 beacng save
Bucidng [y asi) Buckling {z aui) cione |
Merrber rgth iy Mot egth i 12
Re [
& Conthoent 20 & Contbcmrt -0 Sanvice | Test for member: 1 Column_1
by " n 7
s '. =S| ey :
—nawaoet | wie o [B] wee we [ v metbtromios :
[ sbifeners i sugrvme ks b bracigp Ducking cosfoents o Comoanent segments
¥ Define manuslly coomdnates of the sxsting bracings
& | 2 1o I DEEDmmE -
: o ) )| et = . ME
X Cases: 3 (COMB1) Fiun il - Borsional buxing for tmee, charss el mal % risitvo 100100
. R ) a0 s mutomamcly comnates of bracngy
" Lateral bucking paramsters Hwrn dedreden e
Lateval buckling lergth coe . % ponts wih adoning slsments in the bucking plare
= ol buding -
Calculations - $P 16.13330.2011 = -
.’ gt fanow | 12 2l ot whmen rtreria redes en st
Verfication cptions [T ‘: lefh = ko
& Momber verficaton 1 Lt | [ Lower Aange po b g moments zem
Lead type: .
Code graup verizabon Lt | el =l
Cm 0 o) o e
Coder g desn l=bm, =
0 Options J @ Loads - Case 3 (COME]] = = % | sl Losd Combination - Case: 3 (COMBL)
= B e [ 1 ] ] I Il s )| —
; L [ imate [C[TD0T | aetwesht 0 Whale strecture |2 Factors1 80 |MEWO 3p6) | cownt Linear Combnation |u.5| necr_ 18] 1100021 20
Calcudagion wrchive ; - [Eo]1ou [sodaitorce |2 JEET] [Frebo [Fzesszo cws0n |® -
Save caloutanen mauts [l ] [C (2= [rodaitorce |2 =T [Freon__ [FZ-18080 [cne08
i) |Cmipotn)| || |l e} \wmnhmmﬁ'{nm y [ B + v\ Values E finfo « " v 2 oD

You must remember to specify appropriate gm material factor (a new option) in CONFIGURATION
dialog box placed at Steel/Aluminium Design level.

In DEFINITIONS dialog box define a new type of member, laterally braced about the z-z axis
at the midpoint . It can be set in Member type combo-box.
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Pre-defined type of member “Column” may be initially opened.

4F Definitions - SP 16,13330.2011 | — —
Members | Groups

Number: - New

Basic data

Bar list: Selection

s

C. Group: * Member type:
Simple bar
Column

Beam

For a chosen member type press the Parameters button on Members tab
which opens - here - “Column” MEMBER DEFINITION-PARAMETERS dialog box.

Member Definition - Parameters - 5P 16.13330.2011

Member type: Column

Buckling (y axiz) Budding (z axis)
Member lenath lef,y: Member lenath lef,z:

) Real ) Real

- ] 1.00 - ] 1.00

@ Coeffident @ Coeffident
Buckling length coeffident ¥: Budking length coeffident Z:

Miy= 100 1_10 Miz= 1.00
Section type Y: auto - Section type Z: auto -

&l Elexural - torsional buckling for tees, chanels and
mono-symmetrical I sections.

Lateral buckling parameters
Lateral buckling length coeff.

Upper flange

Load levels lefb = lo
=
Load type:

lefb = lo

[ Lateral buckling

Help

LS

Type a new name in the Member type editable field. Change parameters to meet initial data
requirements of a structure in a current task. In this particular compression case define buckling z-z
parameters. Press Buckling length coefficient Z icon which opens BUCKLING DIAGRAMS dialog box.

-

-
Buckling types - SP 16.13330.2011 - SP 16.13... u
= Ok
110 ol? 015 210 I
S el |72
72e) | Lz ! I m
v PO

@ Sway structure

(7) Mon-sway structure

Click a last icon.
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The new dialog box INTERNAL BRACING will appear with active Buckling Z tab .

In Buckling Z tab define internal support in the middle of the member by typing relative value 0.5

for marked Define manually coordinates of the existing bracings field.

-
i Internal bracings ‘

[S===)

ZT Buckling Z

Test for member: 1 Column_1

O

| Buckling Y| Buckling 2 ‘ Lateral buckling-upper flange | Lateral buck]ing-lowerﬂangel

Define segments between bracings Buckling coefficients of component segments
Define manually coordinates of the existing bracings I 1 I 1 I T
05 L ..w ..u.? ..u.s ..z.u .1_0 ..2_0
(i peal @ relative 100, 1.00
Add automatically coordinates of bracings
Bracing detection preview
|| at poirts with adjoining elements in the buckling plane For mernber no.: 1 Column_1

For load case: 1011
[7] at all poirits where intemal nodes are located

at points where bending moments equal zero

Cors

Press OK.

Save the newly-created member type under a new name, e.g. “0,5 Lz bracing” :

-
Member Definition - Parameters - SP 16.13330.2011 i

Member type: 0,5 Lz bradng

Buckling (y axis) Buckling (z axis) o
Member length lef,y: Member length lef,z:
() Real () Real
) 1.00 . 1.00
@ Coefficent (@) Coeffident Service
Buckling length coefficient ¥: Buckling length coefficient Z: Mare
Miy= 100 Miz= Auio
Stiffeners.

Section type ¥: auto - Section type Z: auta -
[ Flexural - torsional budding for tees, chanels and

mono-symmetrical I sections.
Lateral buckling parameters

Lateral buckling length coeff.
|| Lateral bucking
Upper flange

Load level: lef,b = lo

d
=

. lef,b = lo
Help

March 2014
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X Definitions - 5P 16.13330.2011 L= S

Number of the member must be
assigned to appropriate name Members | Groupe
of Member type.

Number: 1 M
(It is very important when you verify Basic data

different member types.) Bar list- 1
Mame: Column_1 Parameters
C. Group: w [Membertype: 0.5 Lzbracing -
(e ] [ )

In the CALCULATIONS dialog box set for this task:

HF Calculations - SP 16.13330.2011 1| L= ————
Verfication options
@ Member verfication: 1
(") Code group verfication:
" Code group design:
Ciptimization [ Options ]
Loads Limit state
Cases: Ttod i
! Uimate
Calculation archive 1] Serviceabit
[7] 5ave calculation resutts enviceabilty
[ ok | [Configuation | [ Calcuiations | [ Help |

b

¢ Verification option > Member Verification
e Loadscases > 1to4

e Limit state = only Ultimate Limit state will be
analyzed so switch off Limit stat Serviceability

e Material factor - gm =1,025;
the “1,025" radio button is switched on by default
in CONFIGURATION dialog box (opened by
[Configuration] button)

¢ Limit slenderness - for “Main columns” on
[Compression] tab ;
radio button selected in LIMIT SLENDERNESS
VALUE dialog box which is opened by [Define]
button placed in CONFIGURATION dialog box

March 2014

-

Configuration - 5P 16.13330.2011

Calculation peints

Y
¥

Mumber of points:

7
[ characteristic points

Calculation parameters

Effigency ratio: 1.00

Components of complex bars are not
taken into account

Code parameters
Structure importance

factor gn: 1.00

@ gm=1.025
Material factor: .

() gm=1.050

Calculations taking plastic redistribution
into consideration

Limit glenderness:
Compression:  Lam,max = 180 - 60%alfa

Tension: Lam,max = 250

Internal forces taken into consideration

Forces: Fx Fy Fz
Moments: Mx My Mz
Units of results )

() Code @ Robot
Camber

m Take deflections from the following case
into consideration:

101 -

[
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7

Limit slenderness values - 5P 16.13330.2011

Compression | Tension

STRUCTURE ELEMENTS

1. Chards, cross-braces and support diagonals transmitting support reactions

a) 20 frames, structural and 30 constructions made of pipes and double angles, up to
50 m altitude.

b) 3D frames made of single angles, 3D frames made of pipes and double angles, above
50 m altitude.

2. Blements not induded in & 1and 7

a) 2D frames, welded structural and 3D constructions made of single angles, structural
and 30 constructions made of pipes and double angles.

b) 3D and structural constructions made of single angles with bolted connections.

3. Upper truss chords not fixed during assembly (after completing the assembly assume limit
slenderness as in & 1)

4. Main columns

5. Secondary columns, elements of truss columns, elements of vertical stiffeners between
columns (under crane girders)

6. Stiffener elements not induded in & 5, beams limiting budkling length of compressed
elements and other unloaded elements not induded in & 7.

7. Compressed and unloaded elements of 30 structures made of T-sections and
cross-shaped sections exposed to wind action with the chedk of slenderness in the vertical

8. Limit slenderness defined by the user

alpha = Nf{Fi*A*Ry*gcZ) and alpha ==0.5

LIMIT
SLENDERNESS

(") 180 - 60%alfa

(7210 - 60*alfa
()220 - 40%alfa
(@ 180 - 50%alfa
(71210 - 60%alfa
© 200
© 150

200,00

Help

Now, start calculations by pressing Calculations button.

MEMBER VERIFICATION dialog box with most significant results data will appear on screen.

-
#F 5P 16.13330.2011 - Member Verification { ULS ) 1

pEEN =

Results Megsageg [ C§|C Mote ] |
Member Section Material Lay Laz Ratio Case
1 Column_1 || naw 401 C255 5272| 6122 0.90 3 COMB1 -
io
[ Analysis ] [ Map ]
Calculation points
Diwision: n=7
Extremes: nane
Addtional:  none

Pressing the line with results for the member 1 opens the RESULTS dialog box with detailed results
for the analyzed member. The views of the RESULTS windows are presented below.

March 2014
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Simplified results tab

-
2 RESULTS - Code - SP 16.13330.201]-

z

Change

MEMBER STABILITY CHECK
Lamy = 52.72 < Lamy max = 128.64

NAARy*gel/gn) =073 < 1.00 [7.1.147)]

Lamz =61.22 < Lamz max = 12593 [104.1]

N/{min(Fiy. FizJA"Fy"oc2/an) = 0.90 < 1.00 [7.17)]

Section OK
: Bar: 1 Column_1 |
Paint / Coordinate: 1/x=000L=000m
DL 401 - Load case: ICOMB1 1°1.00+21.20
Simplfied results | Detailed results
INTERNAL FORCES AND FACTORS
N =2793.0kN
STRESSES IN THE ANALYZED SECTION
SigN = 175.66 MPa
LATERAL BUCKLING
BUCKLING y BUCKLING z
ly=9.00m Fiy = 0.86 II] lz=900m Fiz = 0.81
10 | lefy=9.00m lefz =450 m
Lamy = 5272 Lamz = §1.22
Lam_y =1.80 Lam_z =209
SECTION CHECK
Web: Lam_w/Lam_uw =0.49 < 1.0; Fange: Lam_f/Lam_uf =0.40 < 1.0 [7.3] COMPACT SECTION

Detailed results tab

2 RESULTS - Code - SP 16.13330.2011-

Change

Verification formulas

Z
. o
SE Bar: 1 Column_1 | Section OK
Point / Coordinate: 1/x=000L=000m =
LOW 40«1 - Load case: 3COMBT 1°1.00+2°1.20
Detailed resutts
Symbol Value Unit Symbol description Section -
SigN 175.66 MPa Normal stress resulting from axial force [F.1.1]
Buckling analysis parameters
About the y axis of cross-section
Type b Type of crozs-section under compression [Table 7]
Iy 5.00 m Theoretical member length [10]
lefy 5.00 m Buckling length [10]
Larmy 5272 Member =lenderness [10]
Larmy, max 128.64 Maximum member slenderness [Table 32]
Lam_y 1.80 Relative member slenderness [F.1.3]
Fiy 0.85 Buckling factor [F.1.3]
About the z axis of cross-section
Type b Type of crozs-section under compression [Table 7] s
Iz 5.00 m Theoretical member length [10]
lefz 4.50 m Buckling length [10] L
Lamz §1.22 Member slenderness [10] 3
Lamz, max 125.93 Maximum member slenderness [Table 32]
Lam_z 2.09 Relative member slenderness [7.1.3]
Fiz 0.81 Buckling factor [7.1.3]

March 2014
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Pressing the [Calc.Note] button in “RESULTS —Code” dialog box opens the printout note for
the analyzed member. You can obtain Simplified results printout or Detailed results printout .
It depends on which tab is active .

The printout note view of Simplified results is presented below.

a) In the first calculation step DDSH 40x1 section was considered. The results are presented

below.
STEEL DESIGN

CODE: 5P 16.13330.2011* Steel structfures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Column 1 POINT: 1 COORDINATE: ==000L=000m

LOADS:
Governing Load Case: 5 COMB1 1¥1.00+2%120

MATERIAL €253

By = 240.00 MPa R==13020MPa Fu = 360.00 MPa E = 206000.00 MPa
gu=130 gcl=1.00 gc2=1.00 gn=1.00

=i

i

==| SECTION PARAMETERS: IIIII 40x1
ht=3%.8 cm
bf=302 cm Av=11295cml Ar=4372 cm2 Ax=159.00 cm2
t=1.1cm Iy=46330.00 cm4 Iz=3390.00 cm4 L=151.81 cm4
t=1%cm Wely=2330.48 cm3 Welz=368.87 cm3
Web: heft=27.30 Lam.uw = 36.38
Flange: beftf=6.32 Lamuf= 16.67

INTERNAL FORCES AND FACTORS
N=2T930kN

STRESSES AT CHARACTERISTIC SECTION POINTS
SigN = 175.66 MPa

X LATERAL BUCKLING PARAMETER5:

BUCKLING PARAMETERS:

11'3' About Y axis: i About Z axis:
Ly=000m Fiv =0.36 E=200m Fiz=0.31
lefy =200m lefz=4350m
Lamy= 35272 Lamz=6122
Lam_w=1.80 Lam _z=209

VERIFICATION FORMULAS:

section check

Web:Lam_w/Lam uw=042<10; Flange:Lam fTam uf=040<10 [7.3] COMPACT SECTION
N/(A*Ry*gel/gn)=0.73 < 1.00 [7.1.1(3)]

Member stabilitv check
Lamy=32.72 < Lamy,max = 128.64 Lamz=6122 <Lamzmax= 12393 [10.4.1]
NAimin(Fiv Fizr)* A*By*ge/en) =090 < 1.00 [7.147)]

Section OK !!!
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b) From economical reason try to check a lighter | —section.
Being stillin RESULTS- CODE dialog box, delete number of DDSH or type DB section symbol
in the editable field below a drawing of a section and select DB55x2. Press ENTER.
Calculations (and results) are refreshed instantly.

-
4 RESULTS - Code - SP 16.1

3330.2011

3 o

Bar. 1 Column_1
Pairt / Coordinate:

ﬁ I I : Load case:

Instability

grel ]

1/x=000L=000m
3COMB1 1°1.00+2°1.20

o

Change

_ |IYZED SECTION

Fiy =013

BUCKLING z

lz=900m Fiz =0.05
lefz = 450m

Lamz = 368.45
Lam_z = 12.58

Forces

Calc. Note

Help

I
I I I :
-~

-
$F RESULTS - Code - SP 16.13330.2011

-

Simplfied results | Detailed results

Z
3% Ear:
Point / Coordinate:
Load case:

1 Column_1

Incomect section

1/x=000L=000m
JCOMB1T 1*1.00+2°1.20

E

Change

N=2733.0kN

Sigh = 169.58 MPa

LATERAL BUCKLING

X

BUCKLING y

I fy=59.00m

L0 lefy =9.00m
Lamy = 32.55
Lam_y =1.11

SECTION CHECK

MEMBER STABILITY CHECK
Lamy = 32 55 < Lamy max = 135 .84

INTERMAL FORCES AND FACTORS

STRESSES IN THE ANALYZED SECTION

Fiy = 0.96

BUCKLING z

lz=9.00m Fiz = 0.66
lefz =4.50m

Lamz = 85.56

Lam_z =292

Web: Lam_w/Lam_uw =078 < 1.0; Flange: Lam_f/Lam_uf =0.34 < 1.0 [7.3] COMPACT SECTION
N/ARy"gc1/an) = 0.71 < 1.00 [7.1.147)]

Lamz = 8556 = Lamz max = 12000 [10.4.1]

N/{min(Fiy Fiz)"A"Ry*ac2/gn) = 1.07 > 1.00 [7.147)]

Forces

Calz. Note

Help
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The results in the form of a “Calculation Note” for the new selected section are presented below.

STEEL DESIGN

CODE: 5P 16.13330.2011* Steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Column_1 POINT: 1 COORDINATE: x=000L=000m

LOADS:
Governing Load Case: 3 COMB1 1%1.00+2%120

MATERIAL €233

By =240.00 MPa Bs=13020MPa Bu = 360.00 MPa E = 20600000 MPa
gu=130 gcl=1.00 gc2=1.00 gn=1.00

=i

|

== SECTION PARAMETERS: OB T0x1
ht=6%1cm
bf=26.0 cm Av=80.60 cm2 A=38202 cml Ax=164.70 ecm2
t=12ecm Iy=123930.01 cm4 Iz=4356.00 cm4 =104 353 cmd
tt=1.6 cm Wely=3644 86 cm3 Welz=330.46 cm3
Web: hefit=31.00 Lam.uw = 63.10
Flange: befitf =6.45 Lamuf=19.10

INTERNAL FORCES AND FACTORS
N=2T2530kN

STRESSES AT CHARACTERISTIC SECTION POINTS
Sig = 16958 MPa

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS5:

11'3 About Y axis: i About £ axis:
y=000m Fiy =09 =900m Fiz = 0.66
lefy =200 m lefz=450m
Lamy =32.55 Lamz = 8356
Lam v=1.11 Lam z=2192

VERIFICATION FORMULAS:

Section check

Web:Lam_w/lLam uw=078<10; Flange:Lam flam uf=034<10 [7.3] COMPACT SECTION
NAA*Ry*zcl/ign)=0T1<1.00 [T1.147)]

Member stabilitv check

Lamy = 32.55 < Lamy,max = 133.84 Lamz = 85.36 < Lamz max = 120,00 [10.4.1]
N/(min(Fiy Fiz)* A*By*gc2/gn) = 1.07 > 1.00 [7.147)]

Incorrect section !!!
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VERIFICATION PROBLEM 2
Lateral-torsional buckling of beams

File: SP16_ex LTB beam.rtd

TITLE:
Example 2. |-Shape Flexural Member Design in Strong-Axis Bending Braced at Midspan

SPECIFICATION:

Verify the strength of the C345 | DB50x1 beam with a simple span of 10.67m. The beam
is braced at the ends and center point. The nominal loads are a uniform dead load of 5,0 kKN/m
and a uniform live load of 8,0 kN/m.

I6 omFe X SN N U TR e e e
(K Voew - Cover: 3 (KOME_LLS) :T Lateral buckling-upper flangs Tl
2F Calculations - 5P 16.13330.2011 == 2 Definitices - 7 16.13330.2011 = - /."
Vst cptions " R
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SOLUTION:

In DEFINITIONS dialog box define a new type of member, torsional and laterally braced upper flange
about the z-z axis at the midpoint. It can be set in Member type combo-box.

4F Definitions - SP 16.13330.2011 C=nt=nl X
Members | Groups
Number: v
Basic data
Bt
Name:
C. Group: * Member type: i:l
Simple bar
. w » e Column
Pre-defined “beam” member type may be initially opened. Beam
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For chosen member type press the [Parameters ] button on Members tab.
It opens MEMBER DEFINITION-PARAMETERS dialog box.

r

Member Definition - Parameters - SP 16.13330.2011

Member type: Beam

Budkling (y axis)
Member length lef,y:
) Real

1.00
@) Coefficient

Budkling length coeffident ¥:

mono-symmetrical I sections.

Lateral budkding parameters

[¥] Lateral buckling

Load level:

Load type:

Budkding (z axis)
Member length lef,z:

Real
@ Coeffidcent

1.00

Buckling length coefficent Z:

Miz= 1.00

Section type Z:

Miy= 100
Section type Y: auto -
&l Elexural - torsional buckling for tees, chanels and

Lateral budding length coeff.

Upper flange

lef,b = lo

lef,b = lo

Save

Close

Service

auto w

1Y g

Stiffeners

Help

K

Type a new name in the Member type editable field. Then, change parameters to meet initial data
requirements of the structure. In this particular bending case set the following lateral-buckling

parameters :
switch on Lateral buckling

select upper load level by pressing proper icon

Load level - SP 16,13330.2... (St

Cancel

Help

L

Load type - 5P 16.13330.2011

=

Uniform loads

Concentrated force in center

SR

Concentrated force at 1/4 of span length

i
1

Concentrated force at the end of cantilever

L1|RE

Uniform on cantilever

Be

Simple bending

Cancel

i

o]

Help

March 2014

define adequate bracings for Lateral buckling .

define appropriate load type by pressing “ load “ icon which opens LOAD TYPE dialog box;

for this task the first icon “uniform loads
was selected.
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To define Lateral buckling length coefficient for this structure press Upper flange button.

It opens LATERAL BUCKLING LENGTH COEFFICIENTS dialog box.

-~
Lateral Buckling Length Coeff - SP 16... SRES)
—| | lefb=10"1
Cancel
— _ [1.00
lef b | ren
X Mo lateral buckling
[ Intermediate bracings

Click the lasticon Intermediate bracings. The new dialog box INTERNAL BRACINGS will appear

with automatically active Lateral buckling - Upper flange tab .

In INTERNAL BRACINGS dialog box there are possibilities of defining independent bracings for

buckling and lateral buckling of the marked member type.

In Lateral buckling-upper flange tab define internal support in the middle of the member by typing
typing relative value 0.5 for marked Define manually coordinates of the existing bracings field.

It

Lateral buckling-upper flange

Test for member: 1 braced beam ~

¢ M

Buckling | Buckling Z | Lateral buckling-upper flange | Lateral budding-lowerﬂangel

Define segments between bracings Buckling coefficients of component segments
Define manually coondinates of the existing bracings
0050.1.00 - 10 07 | [ o8 2.0 i0 z0
Ol © relative 1,00, 1.00, 1.00,1.00

Add automatically coordinates of bracings
Bracing detection preview

[ & points where adjoining elements are located 1 braced beam

1 5TA1
[ at all paints where internal nodes are located

[ at points where bending moments equal zero

[ ok | [ caned

Press OK.
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-

By pressing [Service] button at

Serviceability - Displacement Values - SP 16.13330.2.. St

MEMBER DEFINITION-PARAMETERS
dialog box open SERVICEABILITY-

DISPLACEMENT VALUES dialog box in Member deflection focal system) Cancel
which limit dispalcements should be Final deflection
defined. =l y=L / 2000 [[] z=L/ 360(

Mode displacements (global system)

F

=

Members with camber

[ Control of displacements with camber
considered

(@ User-defined camber

I I
A u

Automatic camber

Limit displacements

IH
-

[T Cantilever

x=L/ 1900 F] g, 15000

=

-
Member Definition - Parameters
Save the newly-

- 5P 16.13330.2011

created member type
under a new name , Member type: LE 0,5_up

.g. “LB 0,5l up”
€.g. as up Budkling (v axis)

Member length lef,y:
(7 Real

_ 1.00
@ Coeffident

Buckling length coeffident ¥:

Miy= Auto

Section type Y: auto -

mono-symmetrical I sections,

Lateral buckling parameters

Lateral buckling

Load level: T

Load type: —

F Flexural - torsional budkling for tees, chanels and

g (1549
Member length lef,z:
(7 Real
Buckling length coeffident Z:
Miz = Auto l
Section type Z: auto

Lateral buckling length coeff.

U ;
lefb = (ef b1 jefb2,...)

lef,b = lo

Help
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Number of a member must be
assigned to the appropriate name

$¥ Definitions - SP 16.13330.2011

[ESTEEE )

of Member type.

Members Groups

It is very important when you verify
different member types.

I MNumber:
asic data

MNew

1 - I

Bar list:
Name:

C.Group: 1

1

- I\'!embert,fpe: LE 0.5 _up

braced beam

[ Save ] [ Help

e

In the CALCULATIONS dialog box set for this task :

-
4F Calculations - SP 16.13330.2011

-

¢ Verification option > Member Verification
e Loadscases > n°3 and n°11

e Limit state = Ultimate and Serviceability Limit state
will be analyzed so switch on both check boxes

e Material factor > gm =1,025;
the “1,025" radio button is switched on by default in
CONFIGURATION dialog box (opened by
[Configuration] button)

e Limit slenderness - “Defined by the user ” on
[Compression] tab (radio button selected in LIMIT
SLENDERNESS VALUE dialog box which is
opened by [Define] button placed in
CONFIGURATION dialog box)

March 2014

-
= |o=ife sl || configuration - SP 16.13330.2011 =5
Verfication options Calculation points
@ Member verfication: 12 Mumber of paints: 3 -
() Code group verfication: 12 || Characteristic points
(7) Code group design: 1 Calculation parameters
- Effidency ratio: 1.00 P
Optimization [ Cptions ]
Components of complex bars are not
Loads Limit state taken into account
Cases: 3 Utimate Code para!mebers
Calculation archive W SratrcL;oc::u;ll_mporEnce 1.00|
[7] Save calculation results b @ gm=1.025
Material factor: )
[ QK ] [Conﬁgulation ] [ Calculations ] [ Help ] © gm=1.050

F Calculations taking plastic redistribution

into consideration

Lam,max = 200

Limit glenderness;

Compression:

Tension: Lam,max = 250

Internal forces taken into consideration

Farces: Fx Fy Fz
Moments: Mx My Mz
Units of results )

) Code @ Robot
Camber

Take deflections from the following case
into consideration:

1 5TA1
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-
Limit slenderness values - 5P 16.13330.2011

Compression | Tension

0K

alpha = Nf(Fi*A®Ry*gcZ) and alpha >=0.5

ENTS LIMIT
STHUTILREELEL SLEMDERMNESS
1. Chords, cross-braces and support diagonals transmitting support reactions
a) 2D frames, structural and 3D constructions made of pipes and double angles, up to _
50 m altitude. () 180 - 60%alfa
b) 30 frames made of single angles, 3D frames made of pipes and double angles, above -, 170
50 m altitude. -
2. Elements notinduded in & 1and 7
a) 2D frames, welded structural and 3D constructions made of single angles, structural )
and 3D constructions made of pipes and double angles. 1210 - 60*alfa
b) 3D and structural constructions made of single angles with bolted connections. ) 220 - 40%alfa
3. Upper truss chords not fixed during assembly (after completing the assembly assume limit
slenderness as in & 1) 220
4. Main columns () 180 - 60%alfa
5. Secondary columns, elements of truss columns, elements of vertical stiffeners between _
columns {under crane girders) _) 210 - 60%alfa
6. 5tiffener elements notinduded in & 5, beams limiting budkling length of compressed _
elements and other unloaded elements not induded in & 7. (L) 200
7. Compressed and unloaded elements of 3D structures made of T-sections and _
cross-shaped sections exposed to wind action with the chedk of slenderness in the vertical 1150
8, Limit slenderness defined by the user @ 200.00

Cancel

i

Help

Now, start verifications by pressing [Calculations] button.

MEMBER VERIFICATION dialog box with most significant results data will appear on screen.

-
$F 5P 16.13330.2011 - Member Verification ( SLS; ULS )12

=) ) |

Results | Messages ’ Calc. Note ] [ Close ]
Member |_Sectinn Material | Lay Laz Ratio Case Ratiofuz) Case (uz) Help
1 braced beam [l OB 50x1 C345 53.36| 255868| 083| 3 KOMB_ULS 0897 11 KOMB_SLS )
2 NOT braced beam |@ AB 50x1 C345 53.36| 255689| 330| 3 KOMB_ULS 0.97| 11 KOMB_SLS .

[ Analysis ] [ Map ]

Calculation points

Division: n=3
Extremes: none
Additional:  none

Pressing the line with general results for the member 1 opens the RESULTS dialog box with
detailed results for the analyzed member. The view of the RESULTS windows are presented below.

March 2014

page 20/ 33



Autodesk Robot Structural Analysis Professional - Verification Manual for Steel Members Design

Simplified results tab

z
Section OK
+ w1 brcedbesn |
Poirt / Coordinate: 2/x=050L=533m
0B 50x1 - Load case: IKOMB_ULS 1°1.20+2°160

Simplfied resuts | Displacements | Detailed resits

Change

INTERMNAL FORCES AND FACTORS
My = 267.44 kN'm

STRESSES IN THE ANALYZED SECTION
Sigty = 177.05 MPa

LATERAL BUCKLING

nin lefb =5.33m Psi=252
Apha = 3.86 Fil =060 Fib = 0.60
BUCKLING y BUCKLING 2

SECTION CHECK
Web: Lam_w/Lam_uw =0.60 <1.0; Fange: Lam_f/Lam_uf =0.36 < 1.0 [85] COMPACT SECTION

My/(Wiyn min*Ry"gc1/gn) = 0.65 < 1.00 [3.2.1441)]

MEMBER STABILITY CHECK

My/(Fib*Wey Ry"gc2/an) = 0.93 < 1.00 [8.4.1463)]

Forces

N

)

Displacements results tab

z

I [ A | g 1 bracedbeam | Section OK

[ 06 50c1 -]

Deplacerers | Detsed st

_
4F RESULTS - Cade - SP 16,13330.2011 [

Bar deflection

uz=29cm < uzmax=L/360.00=30cm Verfied
Goveming load case: 11 KOMB_SLS {1+2)*1.00

Node displacements

Mot analyzed

March 2014
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Detailed results tab

r
4 RESULTS - Code - SP 16.13330.2011

Z
BE Bar: 1 braced beam
Paint / Coordinate: 2/x=050L=533m
0B 51 - Load case: IKOMEB_ULS 1-1.20+2°1.60
_ Change
Simplfied results I Displacements | Detailed results
Symbol WValue Unit Symbol description Section S
Lam,uw 81.19 Allowable web slenderness [8.5.1]
Lam_w 1.9 Relative web slenderness [8.5.1]
Lam_uw 3.20 Relative allowable slenderness of a web [8.5.1] oo
Flange
bef 75 cm Effective flange width [7.3.1]
f 1.2 cm Flange thickness [7.3.1]
befitf 6.22 Effective flange slenderness [8.5.18-19]
Lam,uf 17.06 Allowable flange zlenderness [8.5.18-15]
Lam_f 0.25 Relative flange slenderness [.5.18-19] Calc. Mote
Lam_uf 0.67 Relative allowable slenderness of a flange [8.5.18-19] —
Internal forces and factors L
My 267.44 kN*m Bending moment My Help
Betay 1.00 coef. for calculations using method of plastic deformatio |[B.2.3—(52}] B
Stresses at characteristic points of cross-section
Sighlyw 177.05 MPa Stress resulting from My moment at the upper edge [8.2.1]
SigMyn -177.05 MPa Stress resulting frem My mement at the lower edge [2.2.1]
Lateral buckling parameters -
] M

Pressing the [Calc.Note] button in “RESULTS —Code” dialog box opens the printout note for
the analyzed member. You can obtain Simplified results printout or Detailed results printout .

It depends on which tab is active .

March 2014
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The printout note view of Simplified results is presented below.

STEEL DESIGN

CODE: 5P 16.13330.2011* Steel structures.
ANALYSIS TYPE: Member Verfication

CODE GROUP:

MEMBER: 1 braced beam POINT: 2 COORDINATE:

LOADS:
Governing Load Case: 3KOMB _ULS 1*120+2%1.60

MATERIAL  [o345

By =320.00 MPa Bs=18560 MPa Bu = 460.00 MPa E =206000.00 MPa
gu=130 gcl=1.00 gc2=1.00 gn=1.00

=35

i

== SECTION PARAMETERS: OB 50x1
ht=402 em
bf=20.0 cm Ay=48.00 cm2 Ar=4330 em2 Ax=02 98 cm2
=09 cm Iy=37160.00 cm4 I=1606.00 cm4 x=3422 cmd
=12 cm Wely=1310.37 cm3 Welr=160.60 cm3
Web: hefit=48.41 Lamuw=181.19
Flange: befitf =622 Lamuf=17.08

INTERNAL FORCES AND FACTORS
My =267 44 KN*m

STRESSES AT CHARACTERISTIC SECTION POINTS
Sighfy = 177.05 MPa

Al lI

! LATERAL BUCKLING PARAMETERS:
lefb=533m Psi=252
Alpha =336 Fil =060 Fib = 0.60

BUCKLING PARAMETERS:

X About Y axis: X About £ axis:

VERIFICATION FORMULAS:
Section check

Web: Lam_w/Lam_uw=060<10; Flange:Lam fTam uf=036<10 [§3] COMPACT SECTION

My/(Wynmin*Ry*gcl/gn) =055 < 1.00 [8.2.1-(41)]

Member stabilitv check
My /(Fib*Wey*Ry*2cl/gn) =003 < 1.00 [B.4.1{69)]

LIMIT DISPLACEMENTS

Eommr

Deflections
uz=2%cm < uzmax=L36000=30cm Vernfied
Governing Load Case: 11 KOME_SLS (1+2)*1.00

F_ Displacements Not analyzed

Section OK !!!

March 2014

page 23/33



Autodesk Robot Structural Analysis Professional - Verification Manual for Steel Members Design

For comparison the simplified results for the unbraced beam, n° 2, are presented below.

Simplified results tab

,

F
Incomect section
! Bar: 2 NOT braced beam |
Pairt / Coordinate: 2/x=050L=533m
0B 501 - Load case: 3IKOMB_ULS 1°1.20+2°1 60
Simplfied results | Displacements | Detailed resuts
INTERNAL FORCES AND FACTORS
My = 267.44 kN'm
STRESSES IN THE ANALYZED SECTION
Sighly = 177.05 MPa
LATERAL BUCKLING
. n lefb=1067m Psi =283
Apha = 15.43 Fil=017 Fib =017
BUCKLING y BUCKLING z

SECTION CHECK
Web: Lam_w/Lam_uw = 060 < 1.0; Flange: Lam_f/Lam_uf =0.36 < 1.0 [8.5] COMPACT SECTION
My/(Wyn min"Ry"gc 1/gn) = 0.55 < 1.00 [8.2.1441)]

MEMBER STABILITY CHECK

My/(Fib*Wey*Ry“gc2/gn) = 3.30 > 1.00 [3.4.1469)]

March 2014
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VERIFICATION PROBLEM 3

combined compression and bending about both axes

File: SP16_ex Nc_My Mz.rtd

TITLE:
Example 3. |-shape Subjected to Combined Compression and Bending About

SPECIFICATION:

Both Axes

Verify if an C275 | DSZ_50x1 bar has sufficient available strength to support the axial forces and
moments listed below. The unbraced length is 7,70m and the member has pinned ends:

Lefy = Lefz =Lef,b=7,70 m

section internal forces Material Properties:

Nc =800 kN C275  Ry=270 MPa , Ru =370 MPa
My = 400 KNm

Mz = 30 kNm

HE&R@G XYDH ﬂf‘i _-.ugrﬁ B8y R E B e oy

2 Caleulations - SP 16.13330.2011

Ié P Fe@ 2 — - @ L us 4’ Definitians - $P 16.13330.2011 = Fee——
@ Marberverfcation 1 L]
* [ = pagrams = = Member Definition - Parameters - 57 16133302011 B e | Groves =
I — o . — Code g vercation: ]
T[] ™ [ bomaton | Smesse | Rnpctins 12 Merber bpe: 1T [ s | Basic dota Ll e ez Ll ]
Bucking fy axis) Bucking {z anis) oo | [ ? Cptern ]
Duagrom scalefor 1 fom} !:wdnlrmp.\-r,y: ":..m lergit el 1= Nama: boam 1 Pammeien Loads Lt e
) P Forc 10k @ cosfhoent e servce | . LTE e ! ST T
W e ) e _ 4 © oo = Hesbartpe [rP—
W 05 Foen N ot | = o Save caluizion resuks ™ b
W b Momere K L m e Saffeners | o (Corbiprstion| [ Cocrtorn | [ 1|
I [ by Momere 2% jhm) . = »
B ot 2 worw SRS R e[| |Seacanes RN wt Contgrabon - 5P 16133302011 ===)
S — Flemral - torcnal Buckdeg foe tees, charmis s Cakalaon ponts
| V:W ' i) ; e e Mumbes of parts: E
ateral buddng parameters Cancel
I [k Reaction ) Lsteral bucking length coeff. f|charscaerencponts | Opor L J
. . | Lateral buckdng = = o = =
| L. | S |
LA ltem Load evel: el -k Effrieny e 100 =
Degom wox: o2 (1= Lo e | 7 Comperents of complex bars re ot
Cpen a new window Constant scale Load type: E T ) ‘aken into acount
] e i) » e e
: = A A Siuchunt mportance )
factor gni
(=1 & gme1.025
8 g Haderk fckr: gm=1.050
@
I A Calcualiorn taking plassc redbribaon
! it coeralenaton
A
Y, Vlumtsendemess: | Gefe |
Compression:  Lam,maw = 200 _nm 50x1
Tensor: Lam maw = 250 UMz 1kNm
Inbarmal foroes taken ke consideraten Max= 0.0
e [P Dey e Min=-30
omerts: [Wlx [dlMy  [d]ma SMy 10kNm
units of results Max=198
Code & Robat Min=-400
— Fx+c Fx-t 50kN
Take defiections from the folowing case Max=800
& ko corsideraene Min=800
Y 1us
X Cases: 1 (ULS)
For a considered task define manually a new type of member in DEFINITIONS dialog box. It can be
set in Member type combo-box.
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Pre-defined type of member “simple bar” may be initially opened.

L Definitions - 5P 16,13330.2011 e ||
Members | Groups

Number. ‘ v
Basic data

Bar list: 1

Name: beam_1

C. Group: * Member type: | :

Col
Save Beam |

For a chosen member type click the [Parameters] button on Members tab.
It opens MEMBER DEFINITION-PARAMETERS dialog box.

-

Member Definition - Parameters - SP 16.13330.2011

Member type: Simple bar
Budkling (y axis) Budkling (z axis)
Member length lef,y: Member length lef,z:
i) Real i Real
_ ) 1.00 _ ) 1.00
@ Coefficent @ Ceefficent
Budkling length coeffident ¥: Budkling length coeffident Z:
Miy= 1.00 X Miz = 1.00 X
Section type ¥: auto - Section type Z: auto -

[ Elexural - torsional buckling for tees, chanels and
mono-symmetrical I sections.

Lateral budding parameters
Lateral budkling length coeff.

Upper flange

[ Lateral budding

Load level: 'LI lef,b = lo
e B
Load type: o
lef.b = lo

Help

Type a new name in the Member type editable field. Then change parameters to meet initial data
requirements of the current structure. For this particular task for a bar subjected to a combined loads
Nc +My+Mz case :

e define buckling parameters - press Buckling length coefficient Y icon which opens
BUCKLING DIAGRAMS dialog box and select non-sway structure radio button
and the first icon with buckling length coefficient Y equal 1,0 ;

March 2014 page 26 /33



Autodesk Robot Structural Analysis Professional - Verification Manual for Steel Members Design

i

Buckling types - 5P 16.13330.2011 - 5P 16.13...

T OK
clrrn e e
10 0.7 05 ] 10
I i ﬂ 1 i z| |1 1 z
zo | [oFes] | 112 4 [—]

Help

e

Do the same for the z-z direction.

= switch on Lateral buckling

= select required load level by pressing a proper icon

-

Load level - SP 16.13330.2...

i

i

1
T | [L Cancel

Help

= select appropriate load type by pressing a “load “ icon which opens LOAD TYPE dialog

box;
Load type - SP 16.13330.2011 e
=—| | Uniform loads
‘»T,f? Concentrated force in center
Help
ﬁ Concentrated force at 1/4 of span length
= | Concentrated force at the end of cantilever
4{5[-59 Uniform on cantilever
07| | smpie bending For this task the first icon “uniform
loads" was selected.
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= define parameters required for member stability verification - press [More...] button
which opens MEMBER DEFINITION-ADDITIONAL PARAMETERS dialog box and click
currently shown “Bending moments for stability analysis” icon ;

-

Member definition - additional parameters - 5P 15....@

Bending moments for stability analysis

1=

Cancel |

Environment coeffidents [Tab. 1]

Section resistance - gcl= 1.00
Member stability - ge2 = 100
Section factors

Tension [7.1.1] - Anfa = 100
Shear [8.2.1] - glpha = 1.00

Additional conditions for round pipes
[ unidirectional bending

In the newly opened MOMENTS FOR CALCULATIONS OF MEMBER STABILITY dialog
box select a needed scheme icon ;

March 2014

-

Moments for calculations of member stability [9.2.3] - 5P 16.13330.20...

:

i

=

Frames - maximum moment along span length M = Mmax oK

Cantilever - moment at support but not less than at 1/3

of cantilever length

Compressed upper chords of trusses - maximum moment
along the beam length in the range (0.33 - 0.66)

Monosymmetric compressed members (pinned at both

ends) - table 20

Bisymmetric compressed members (pinned at both ends)

- table D.5

Cancel

Help
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Save the newly-created member type
under a new name, e.g. “LTB".

MEMBER DEFINITION-
PARAMETERS dialog box defined
for this verifications looks like:

In DEFINITIONS dialog box
number of the member must be
assigned to the appropriate name
of Member type.

(It is very important when you verify
different member types).

March 2014

P

Member Definition - Parameters - SP 16.13330.2011

Member type: LTB

Budding (y axis)
Member length lef,y:
) Real

_ 1.00
@ Coeffident

Budding length coeffident ¥:

Miy= 100 I

1.0

Section type Y:

Lateral buckling parameters

Lateral budding

auto -

B Flexural - torsional budding for tees, chanels and
mono-symmetrical I sections,

Lateral budding length coeff.

Save
Budding (z axis) Close
Member length lef,z:
) Real
- _ 1.00
@ Coefficent Service

Budding length coefficent Z:

1.00 I

Miz= 1o

T

Stiffeners

Section type Z: auto -

Upper flange

Load level:

Load type:

lef,b = la

lefb = lo

Help

-
4F Definitions - SP 16.13330.2011 l = | L4 |-"‘-]
Members Gmups

Naroer i -

Basic data

Bar list: 1

MName: beam Parameters

C. Group: - |Membertype;  LTE -

| Lo

e
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In the CALCULATIONS dialog box set for this task :

-

HF Calculations - SP 16.13330.2011 | L= ———
Verfication options
@ Member verfication: 1
(71 Code group verfication:
~1 Code group design:
Optimization [ Options ]
Loads Limit state
Cases: 1 i
- uhlmate
Calculation anchive T
["] Save calculation results serviceabilty
oK  Configuration [ Calculations l [ Help

-

¢ Verification option = Member Verification

e Loadscases> n°1
e Limit state > only Ultimate Limit state will be

analyzed so switch off Limit stat Serviceability.

And in CONFIGURATION dialog box opened by
[Configuration] button :

e Material factor > gm =1,025;
the “1,025” radio button is switched on by default

e Limit slenderness - “Defined by the user ” on
[Compression] tab - radio button selected in LIMIT
SLENDERNESS VALUE dialog box which is opened
by [Define] button .

Configuration - SP 16.13330.2011 %

:

Calculation paints
Mumber of points:

7
Characteristic points

Calculation parameters

Efficiency ratio: 1.00

Components of complex bars are not
taken into account

Code parameters
Structure importance

factor gn: 1.00

i@ gm=1.025
Material factor: )

() gm=1.050

Calculations taking plastic redistribution

into consideration

Lam, max = 200

Limit slenderness:

Compression:

Tension: Lam,max = 250

Internal forces taken into consideration

Forces: Fx Fy Fz
Moments: Max My Mz
Units of results

() Code (@ Robot
Camber

| Take deflections from the follawing case
into consideration:

1 ULs -

-

Limit slenderness values - 5P 16.13330.2011

Compression | Tension

QK

STRUCTURE ELEMENTS

1. Chords, cross-braces and support diagonals transmitting support reactions

a) 2D frames, structural and 3D constructions made of pipes and double angles, up to
50 m altitude.

b) 3D frames made of single angles, 3D frames made of pipes and double angles, above
50 m altitude.

2. Elements notinduded in & 1and 7

a) 2D frames, welded structural and 3D constructions made of single angles, structural
and 30 constructions made of pipes and double angles.

b) 3D and structural constructions made of single angles with bolted connections.

3. Upper truss chords not fixed during assembly (after completing the assembly assume limit
slenderness asin & 1)

4. Main columns

5. Secondary columns, elements of truss columns, elements of vertical stiffeners between
columns (under crane girders)

6. Stiffener elements notinduded in & 5, beams limiting buckling length of compressed
elements and other unloaded elements not induded in & 7.

7. Compressed and unloaded elements of 3D structures made of T-sections and
cross-shaped sections exposed to wind action with the check of slenderness in the vertical

8, Limit slenderness defined by the user

alpha = Nj(Fi*a®Ry*gc2) and alpha ==0.5

SLENDERMESS

() 180 - 60%alfa

@ 120

() 210 - 60%alfa
() 220 - 40%alfa
0220
() 180 - 60%alfa
() 210 - 60%alfa
() 200
() 150

i

LIMIT Cancel

Help

200.00
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Now, start verifications by pressing [Calculations] button.

MEMBER VERIFICATION dialog box with most significant results data will appear on screen.

-
A SP 16.13330.2011 - Member Verification { ULS ) 1

-:.IEIQ

Results Messages l Ca_lc Maote ] [ Close l
Member Section Material Lay Laz Ratio Case Help
1 beam .I,EI,I.I.I S C275 37.65 113.03 0.95 1ULS
Ratio
[ Analysis ] [ Map ]
Calculation poirts
Division: none
BExdremes: nane
Additional: n=1

Pressing a line with results for the member 1 opens the RESULTS dialog box with detailed results for

the analyzed member. The view of the RESULTS windows are presented below.

Simplified results tab

4F RESULTS - Code - 5P 16.13330.2011 =
E
Section OK
: Bar: 1 beam
x=100L=770m
Ol 501 - Load case: T ULS
Simplified results | Detailed resutts =
INTERMAL FORCES AND FACTORS
N=800kN My =-400 kN"m Mz = -30 kN"m Gy =4kN Qz =-244kN
mefy = 4.35 mefz =1.12 cy=1.08 cz=147
STRESSES IN THE AMALYZED SECTION
SigN =545 MPa SigMy =-158.5 MPa SigMz = 66.5 MPa Ty.max = 0.6 MPa Tz_max =-51.0 MPa
Ty.mid = 0.4 MPa Tz.mid = -45.9 MPa
LATERAL BUCKLING
) L lefb=7.70m P=i=201
AMpha =513 Fi1=067 Fib = 0.67
BUCKLING y BUCKLING z
ly=770m Fiy = 0.91 lz=770m Fiz = 0.44
0] lefy=770m Ny =150 10 lefz =7.70m
mm | | amy = 37.65 Fiey = 0.27 Lamz = 113.03 Fieyz =0.25
Lam_y=1.36 M Lam_z =4.09 c=049
SECTION CHECK
Web: Lam_w/Lam_uw =031 <1.0; Fange: Lam_f/Lam_uf =0.42 <1.0 [9.4] COMPACT SECTION
(NAAARy"ac1/gn))™1.50 + My/cy™Wyn min*Ry"ge1/gn) = Mz/{cz*Wan min*Rygc1/gn) = 0.20 < 1.00 [9.1.14105))
Tymax /(Rs"ge1/gn) =000 < 1.00 [221442)]; Tzmax/(Rs'gel/gn)=033 <1.00 [3.2.1442)]
MEMBER STABILITY CHECK
Lamy = 37.65 « Lamy max = 200.00 Lamz = 113.03 < Lamz.max = 200.00 [10.4.1]
My/(Fib*Wey™Ry"gc2/gn) = 0.87 < 1.00 [2.4.1469)]
N/(c*Fiz*A"Ry"gc2/gn) =0.95 < 1.00 [9.2.4{111)]

Forces
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Detailed results tab

4 RESULTS - Code - SP 16.13320.2011 ‘ ] e
F4
Section QK
: Bar: 1 beam
x=100L=770m
LW 501 v Load case: TULS
p Change
Simplified results | Detailed results
Symbol Value Unit Symbol description Section -

Fiz 0.44 Buckling factor [7.1.3]

mz 1.21 Relative eccentricity [8.2.2]

mefz 112 Effective eccentricity [9.2.2]

c 0.49 Reduct. factor during stability check [9.2.5]

Fieyz 0.25 Reduction factor (compression and bending) [9.2.9]

Verification formulas

Section check

UFS[LocStab 0.42 correct Web: (hefityLamuw,; Flangs: (befitfyLamuf [9.4] ’ Calc. Note ]
UFS[Mises] 0.72 correct | sgri(Sig"2 + 3.0°Tz, max"2)*0.87/(Ry*gc1/gn) [8.2.1-(44)]

UFS[NMyMzp 0.80 correct (MiCAn*Ry*get/gnyr™1.50 + My/(cy=Wyn,min*Ry*gc1/gn) | [9.1.1-(105)]

UFS[Qy] 0.00 correct Ty,max / (Re*gclign) [B.2.1-(42)]

UFSs[Qz] 0.33 correct Tz,max [ (Re*gclign) [B.2.1-(42)] Help
Member stability check

UFB[Lambda] 0.57 correct Max (Lamy/Lamy, max ; Lamz/Lamz,max) [Table 32]

UFB[N] 0.46 correct | N/{min(Fiy Fiz)*A*Ry*gc2/gn) [7A-(7)

UFB[My] 0.87 correct | My/(Fib*Wey*Ry*gc2ign) [8.4.1-(89)]

UFB[NKy] 0.74 correct | N/(Fiey*A*Ry*gc2/gn) [9.2.2-(109)] =

UFB[NMyz] 0.95 correct | Ni{c*Fiz*A*Ry*gc2ign) [9.2.4-(111)]

UFB[NMyMz] 0.81 correct | N/{Fieyz*A*Ry*gc2/gn) [9.2.5-(118)]

Pressing the [Calc.Note] button in “RESULTS —Code” dialog box opens the printout note for
the analyzed member. You can obtain Simplified results printout or Detailed results printout.
It depends on which tab is active .

March 2014 page 32 /33



Autodesk Robot Structural Analysis Professional - Verification Manual for Steel Members Design

The printout note view of Simplified results is presented below.

STEEL DESIGN

CODE: 5P 16.13330.2011* Steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 beam POINT: COORDINATE: x=100L=770m
LOADS:
Governing Load Case: 1TULS
MATERIAL
C273
Ry =270.0 MPa Bs=156.6 MPa Bu=370.0 MPa E =206000.0 MPa
gu=130 gcl=1.00 gc2=1.00 gn=100
==
i
=t=| SECTION PARAMETERS: III 50x1
ht=48.4 cm
bf=30.0 cm Ay=00.00 cm2 Ar=3324 em2 Ax=14370 cm2
t=1.1cm Iy=60930.00 cm4 L=6762.00 cm4 L=88.97 cmd
=13 em Wely=2317.77 cm3 Welr=430.80 cm3
Web: hef/t = 36.53 Lamuw =117.87
Flange: bef/tf=T7.00 Lamuf= 1903
INTERNAL FORCES AND FACTORS
N=8001N My =400 kN*m Mz =-30 kN*m
mefyy =435 mefz=1.12
Oy =4EN Qz=-244 kN
cy=1.08 cz=147
STRESSES AT CHARACTERISTIC SECTION POINTS
SigN =354 9 MPa Sighly =-158.9 MPa Sighlz = 665 MPa
Ty.max=06MPa Tz_max=-3510MPa
Ty.mid =04 MPa Tzmid =459 MPa
ALl '
: LATERAL BUCKLING PARAMETERS:
lefb=770m Psi=201
Alpha =313 Fil = 0.67 Fib = 0.67
BUCKLING PARAMETERS:
1] |4+t . L] |4 .
10 L About Y axis: w] [¥F About Z axis:
ly=770m Fiy =091 lz=7.70m Fiz=044
lefy =7.70m Ny =1.50 lefz=7.70m
Lamy =37.65 Fiey =027 Lamz = 113.03 Fieyz=1023
Lam_w=1.36 Lam_z=4.00 c=040

VERIFICATION FORMULAS:
Section check

Web: Lam_w/Tlam uw=031<10; Flange:Lam fTam uf=042<10 [?4] COMPACT SECTION
MNA{AN*Ry*gel/zn))y 1.30 + My {cy*Wiynmin*Ey*zcl/gn) + M/ (cz¥* W min*Ry*gcl/gn) =080 < 1.00 [9.1.14103)]

Tymax/ (Rs*gcl/gn)=000<1.00 [B2.1-{42}]:

Member stabilitv check

Lamy = 37.65 < Lamy.max = 200.00

My/(Fib*Wey*Ry*2c2/zn) =087 < 1.00 [8.4.1(69)]
N/(c*Fiz* A*Ry*gc2/gn) =095 < 1.00 [9.2.4-(111)]

Lamz = 11303 < Lamz max = 20000 [104.1]

Tzmax /(Rs*gel/zn)=033<1.00 [82.1-(42)]

Section OK !!!
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