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INTRODUCTION

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

All examples have been taken from AISC Design Examples version 14.1, handbooks that include
benchmark tests covering fundamental types of behaviour encountered in structural analysis.
Benchmark results (signed as “Handbook”) are recalled, and compared with results of Robot (signed
further as “Robot”).

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
- comparison between Robot results and exact solution

- conclusions
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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

A. Preferences

“Job Preferences...” (click Tools).

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

language.

=8 X% STANDARD

- Languages

. General Parameters
View Parameters
Desktop Settings
Toolbar & Menu

+- Printout Parameters
.. Advanced

Update Preferences on exit

= H X %X STANDARD

- Languages

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

Update Preferences on exit

B. Job Preferences

Regional settings:

Working language:

Printout language:

[ United states
Australia
Belgié
Belgique
Brasil

Canada (English)
Canada (French)
China

Denmark
Deutschland
Esparia

Regional settings:

Working language:

Frintout language:

Eurocode
Finland
France
Great Britain
Greece
India
Italia
Japan
Nederlands

Portugal
Romania
Rossija
Sweden
Thailand
Ukraine

United States |

[ united states

(Engish =
Chinese
Deutsch
Espariol
Francais
Italiano

Japanese

Polski

Portugués (brasileiro)
Romania

Riiaakii

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

Job Preferences dialog box select preferences corresponding to your example
at the option of the left list and appropriate combo boxes. Below a screenshot shown

for the selection [Design codes]:
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FE Job Preferences m
= E K % EUROD -
[=- Units and Formats

Dirnerisions Steal Aurinurm structures: EM 1993-1:2005 hd D
Forces
Other Steel connections: EM 1333-1-8:2005 - E]
Unit Edition h
- Materials Timber structures: PN-B-03150 v
[#- Databazes
=R Design BC structures: PMN-B-03264 [2002) -
Loads
[#- Stiucture Analysis Geaotechhical: PH-21/B-03020 -
- Work Parameters
[ More codes... ]
ﬁ,’& Dpen default parameters
E’R Save curent parameters as default I Ok | ’ Cancel ] ’ Help ]

You can create a new Job Preferences with arbitrarily chosen options ( standards, materials,

databases, load codes etc.) under a new name to make it easier for future work,

e.g. under the name LRFD or ASD for verification both ASD and LRFD requirements, respectively.
In that case, first of all, make selection of all documents and parameters appropriate for

USA condition choosing “United States” from regional setting in [Preferences...] dialog box.
Than from [Job Preferences...] dialog box which looks like :

@ H X %

DEFALLTS

(- Units and Formats

Databases

= Design codes

- Structure Analysis
Work Parameters
Meshing

Code combinations:

Snow fwind loads:

Seismic loads:

LRFD

ASCE 7-05

UBCS7

i

Open default parameters

B

Save current parameters as default

click Loads tab from the left list view and choose proper load codes from combo box or from
[Configuration of Code List] dialog box which is opened after pressing [More codes...] button

March 2014

e

Codes: Current codes:
[Steel,fahmlirun VJ ’ Set as current ]
Steel ( aluminum

Steel connections Code

RC

Timber ANSIJAISC 360-05
Geotechnical ANSLATSC 360-10
Load combinations = ASD: 1989 Ed.gth
Snow fwind loads ) '
Seismic loads EIA

AS 4100-1998 Australia LR.FD2000
ASD:1989 Ed.9th Usa LRFD: 1994 Ed. 2nd
Adda0 France =

BS 5950:2000 LK

BS-EMN 1993-1:2005/MA: 2008/AC: 2009  UKEC3

.| 11

4 1

) (G ]
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Pick Load combinations from Codes combo box . The new list view appears:

(K Configuration ofC_

Codes: Current codes:

[Load combinations v] [ Set as current ]
Code Country o Code

APIfASD us ACI31E
RFD SA ACI318_2002

ACI318 usa ASD

ACI315_2002 UsA LRFD

ASD ASCE 7-10 LISA LRFD

LRFD USA ASCE 7-05

ASD USA ASCE 7-05 =

ACI313_2002_geo USA Geotechnic

ACI USA Geotechnic
< n G « m | »

Set ASD ASCE 7-10 and LRFD ASCE 7-10 on the right list of the box using arrows than
set LRFD ASCE 7-10 code as the current code .

K Configuration ofc_

==

Codes: Current codes:

| Load combinations -] [ Set as current |
Code Country it Code

CHWM 2.01.07-35 Pocoua D ACI318

CM 20,13330.2011 Pocoua ACI315_2002

ACIZ13_2002_geo USA Geotechnic ASD

ACI USA Geatechnic ASD ASCE 7-10

LRFD USA ASCE 7-05 LRFD

ASD USA ASCE 7-05 LRFD

LRFD ASCE 7-10 LsSA LEFD ASCE 7-10

ACI31E LSA

ACIZ1E_2002 LSA e
< m 3 ] m | »

[k ][ cancel |

Press OK.

After the job preferences decisions are set, type a new name in combo box ,e.g. “ LRFD_2010"
and save it pressing Save Job Preferences icon placed on the top of [Job Preferences] dialog box .
It opens Save Job Preferences dialog box

e
| Calsr - @2 o
Date modified
2013-08-0719:11
2013-08-07 11:27

2013-08-07 11:24
2013-08-07 19:07

Savein:

MName

L | ASD 2010.cov
|| DEFAULTS.cov
[2). defcfg

|| LRFD_2010.cov

Type

COV File
COV File
Shortcut
COV File

=
e
Recent Places
||

Desktop

4 [}

File name:

LRFD 2010.cov
Save as type: [Job Preferences (".cov)
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After saving the new name appears in [Job Preferences...] upper combo-box. Press OK button.
Do the same for ASD ASCE 7-10 code combination naming it “* ASD_2010"

=

B X %

Units and Formats
Materials
|- Databases

Structure Analysis
Work Parameters
Meshing

ASD 2010

ASD 2010
DEFAULTS
LRFD_2010

Code combinations:

Snowfwind loads:

Seismic loads:

ASD ASCE 7-10

ASCE 7-05

UBCS7

=

Open default parameters

B

Save current parameters as default

You can check load combination regulations by pressing right button next to Code combinations
combo-box in Loads tab [Job Preference] dialog box.
It opens proper [Editor of code combination regulation] dialog box.

f "’
|§£{ Editor of code combination regulations - C:\Users\kalczyb\AppData\R: ‘Autedesk\Autedesk Robot Structural Analysis Professional 201... @@u
File Preferences Help
Code: ASD ASCE 7-10 Version 24
Hature Subnature | Ymax| ¥min| ¥s Ya | Woa| Woz| Wos| Won| W1 | Waa| Fon| Wi | & £z =
1 |Dead 1 06 |1 1 [
2 |Live 1 1 1 0.75 0.75
3 |wind 1 1 06 |07 0.45
4 |Snow 1 1 1 0.75 075
5 |Snow Roof live 1 1 1
6 |Snow Rain 1 1 1
7 |Temperature
8 | Accidental 1
9 |Seismic 0.7 0.75
10
Combin| . L Loads &
ation oee Dead Live Accidental Seismic
3 2 R 34) [ o o)
k3
ULs  |USR  |3.D+8 ZG!. yi v, ZS! L J 7 maz —
321 Pl 0
4 . (2 0 36} 0 0 m 0 3
ULS USR In.g 751+0.755IL0R zGi o |zLow, 4 + T, o —
121 = 1] =i 0
® 2) R ) 0) (1]
ULS  |USR |5 D+06W G ) W > i —
21 ) 0
E i2) o) o (17 y(’)
ULs  |USR  |5.D+07E ZG}. -}'(’) — 2& w2 f
i2l izl - ?{E)
E 8 2) ) “3) o m
ULs  |USR | DeD.7SL+D.TS(0.EMW Z G- ;v(’ J LY, _
+0.755/LrR o1 71
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C. Calculation method

American code ANSI /AISC 360-10 gives two verification options: LRFD and ASD.
In Robot program you always have to manually adjust :

1. calculation method,

2. load code combination = appropriate for calculation method

ad.l calculation method

Calculation method (LRFD or ASD) can be chosen on Steel /Aluminum Design layout.
Press the Configuration button in [Calculations] dialog box.

' B '
L Calculations - ANSI/AISC 360-10 & E‘ﬂ‘ﬁ] #¥ Configuration .

il

Werification options Calculation points =
@) Member verification: ! Mumber of paints: 3] =
() Code group verification: 12 [T Characteristic points Ciptions Caneel
= T 2 i
_) Code group design: Calculation parameters Hel
Optimization Eficiency ratio 100 -
Loads Limit state
Maximum slendemess:
Cases: o5 8 j -
B LUttimate Compression: 200.00
Calculation archive .
Tension: 300.00

D Serviceability

Help

[] Save calculation resufts
Components of complex bars are
not taken into account

’Conﬂgumtion ]

Calculation methods
@ LRFD ) ASD
Altemnative verfication methods:

|| Aleseure and compression [H1.3]

A Verfication according to [H2] instead
of [H1]

[ "] Shear - "Tension field action” [53]

Here you can choose only calculation method,
NOT load combination which is selected in [Job

Preferences] : [ Exclude intemal forces from calculations
Units of results
() Code (@ Robot
Camber
Take the deflections from the
following case into consideration:
1 5TA1 -
ad.2a load code combinations — basic approach

To select load code combination (LRFD or ASD) appropriate for calculation method ,
click Menu / Tools / Job Preferences. [Job Preferences] dialog box opens. Now, you can proceed
either of two ways as was described in Chapter B :

1% way — expand Design codes , click on Loads tab from the left list view and choose
proper load codes from combo box or from [Configuration of Code List] dialog box
which is opened after pressing [More codes...] button

- 2" way -- select earlier prepared job preferences by clicking its name from combo-box .
In following dialog box “LRFD_2010 “ named job preferences is chosen from
among several other possibilities previously defined.
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Ii E x * ASD_2010 -

Units and Formats

Code combinations: ASD ASCE 7-10 l:] B
ASD ASCE 7-10
LRFD
AsSD
ACI318_2002
Seismic loads: ACI318
LRFD

Mare...

Snowefwind loads:

ﬁ;{ Open default parameters |

E& Save current parameters as default | [ OK ] ’ Cancel ] ’ Help ]

By pressing OK button you accept chosen job preferences for a current task.

ad.2b load code combinations - alternative (tricky-easy) approach

Start in Loads layout. Here, you can prepare load combination for both calculation method for
further using (for member verification) . Create manually LRFD load combinations and
ASD load combinations in [ Load Types] dialog box .

A2 g -~ @ OLD eromlre - Rt o2 ‘ \E. Combinations = =
(K. View:1 - Cases: 2 (KOMB_LRFD) o ltE- s3] | K view: - cases 4 (KOMB_ASD) Combination: [3 KOMB_LRFD : ULS v]
i Bzl e T
. e, Case rame 120 T s
Sl 4 KOMBASD 160 2 EKSP1
FX=-140.00
- FX=-420.00
FX=-168.00
M FX=-672.00 |
T [ i |
N Factor ato
[ Factor defintion ] o
W 14x90 wl [ Mew || crange || Delte | [ Apoiy

1@ Load Types

Case description

Y 4 kip
L Cases: 3 (KOMB_LRFD)

Number: 11 Label: LD
] r [ Nature:
Name: DL1D
[ Loads - Case: 3 (KOMB_LRFD)
-
Ccase Load type List =
1:5TAL nodal force 24 FX=-140.00_|FY=0.0 FZ-00 CX=0.0 CY=0.0 €Z-0.0 = List of defined cases:
2'EKSP1 nodal force 2 4 FX=-420.00 |FY=0.0 FZ=00 CX=0.0 Cv=0.0
- No. Case name Nature =
1 STAL dead
4 E] \ Values ) Table edition /{ Text edition £ Info {Cases £ Nn| 4 LU} ] 2 EKSP1 live
=-»>3 KOMB_LRFD dead -
a2l | oad Combination - Cases: 34 [= =] =] 4 KOMB_ASD dead
- Combinal - A 5 us
Combinations. Name Analysis type o type | G5 nature Definition = . s I
3(C) KOWB_LRFD Linear Combination| __ ULS dead 112042160 |z 7 us-
4(C) KOMB_ASD Linear Combination| __ULS dead (1+27'1.00 8 sis
— g QS+ 2
- o m ] v
(v \ Values {Edit £ Info / |

In this case, you can choose for LRFD and ASD verification respectively prepared load combinations
corresponding to calculation method .
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VERIFICATION PROBLEM 1
design of members for compression

Example taken from AISC Steel Construction Manual v14.0
AISC Design Examples
File: MAN_ex_E1d.rtd

TITLE:
Example E.1d — W-Shape Available Strength Calculation

SPECIFICATION:

Select an ASTM A992 (Fy =50 ksi) W14x90 bar to carry an axial dead load of 140 kips and

live load of 420 kips. Assume the design member is 30 feet 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 .

You can choose ASD or LFRD calculation method .

T Vorw - Caves 3 (ROMB_LEFD] =Tl = ==
% Calcutations - ANSUAISC 340-10 = | 2 Member Defnition - Parameters - ANSUAISC 360-10 2 Buckling Z 7)
s
I : = Moo type: test Save :
& Mo wreticaen —— % o= — .
=y | B ™ vt g [
sesl Feal
Code group g : bet coathoet @ Couthoent Servce
e e Ostens J Tt g lengh 2
are...
Loads Limi ol v L0 m 100 [II =
Canes 3 [
Lmane
u’;::;""" = Serviconity Flesual-torsona bucking affeners
e i g o st
ook | el T | | —— 4ing Lateral buddng kengih caefient
upper flarge | | Lower fange:
A Duefinitios - ANSYAISC 360-10 = T 108 E el el
Test for member; 1 _1 w5
[T B — = X
S cadations - ANSLASSE 2
Mussbar: torm = Bucking Y| Bustang Z || o
B du — e st bt s Rucking codScarts o componert siomarts o
Dor lat 7] Dol mtrmsnly coudinatis of the imieting bec St
Helo g tescrgs )
- | - - . BEEHEEEE
C oo ! Momber tipe:  best - el & rlstve 100,100
Ao suomaticaly cosrrates of bracrgn
o Saren Help Bracing delecton preview
_ T ——————
FX=-168.00 — W 14x50
‘1 I 1 EX=-672.00 ot ol ports where intemal nodes one focated
¥ o ,]2:]__ - L kip
Cases: 3 (KOMB_LRFD)
: Dnon: A [ [ Hee
LS = &) ) E Ell:d 4 n

= /LB T | &l Losd Combination - Case: 3 (KOME_LRED]

I Lowd: - Cases 3 (KOMB_LRFD) I
e I I I R = [ o[ o |-
TETAl |andal force 0 FXe-1E8 08 |FYe0 | 0 WOWD_LATD|  Livear Combmaton| UL | Gead|  viarie) |
2iK5 [somaitorce (24 T T .

|+ 0]\ Valses ) Table edition £ 7] ¢ v\ Valuas {F it finfo |

You must remember to specify appropriate (LRSD or ASD) load code combination in
JOB PREFERENCES dialog box (click Menu/Tools/Job Preferences) for considered verification
method in a current task or define it manually.

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.

Pre-defined type of member “simple bar” may be initially opened.
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4F Definitions - ANSI/AISC 360-10 | L1 ——.c—
Members | Groups
Mumber: 2 h
Basic data
Bar list: 2
Neme 2

C.Group: 2 v Membertype:  EIMAEIEE
ol
Column
Save  eam

Pret

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

M Member Definition - Parameters - ANSI/AISC 360-10 @
Member type:  Simple bar
Buckling (¥ axis) Buckling (Z axis) -Close

Member length ly: Member length Iz: -

) Real 1 Real

- 1.00 N 1.00
@ Coefficent @ Coefficent

Budkling length coefficient ¥: Budding length coeffident Z:
Ky: 1.00 Kz:  1.00
10 10

Flexural-torsional budding

Lateral budkling parameters

Lateral buckling length coeffident
[¥] Lateral buckling 2=

Upper flange ] ’Loger flange l
lb=1 lb=1

Seismic analysis parameters
[ Seismic calculations - ANSIAISC 341-10

[SMF] Spedial Moment Frames

Other

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

r‘ Buckling Diagrams @1
LTl o |
L

2.0 - - & 0.4 Help
2 X | HE
0.5 -

@) Sway structure

() Non-sway structure

A

Click second to last icon.

The new dialog box INTERNAL BRACING will appear with active Buckling Z tab.
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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.

,

=)

zT Buckling Z

Test for member: 1 _1

L.

Buckling Y | Buckling Z |Latela| buckling-upperflange | Lateral buckJing-Iowerﬂange|

Define segments between bracings Buckling coefficients of component segments

Define manually coordinates of the existing bracings I I T I I T
m . DEEENE@

) real @ relative

@

1.00. 1.00

Add automatically coordinates of bracings
Bracing detection preview

[ at points with adjoining elements in the buckling plane Far member no.: 11

For load caze: 1 5TA1
[ at all points where intemal nodes are located

at points where bending moments equal zero

E 0K ][ Cancdl

Press OK.

Save the newly-created member type , e.g. “test” :

Structure

Sway

MNon-sway

L Member Definition - Parameters - ANSI/AISC 360-10 [

Member type:  test

Buckling (Y axis) Buckling (Z axis) Clase

Member length ly: Member length lz:

) Real 100 ) Real

@ Coeffident @ Coeffident
Budding length coeffident ¥: Budding length coeffid

Ky: 100 1 Kz: Autn |
[ Flexural-torsional budkling

Lateral buckling parameters

Lateral budking length coeffident
[ Lateral budding =L

Upper flange ] [Loyer flange ]

ch: 100 Ch
= 10 lb=1I lb=1

Seismic analysis parameters
[ ] seismic calculations - ANSIJAISC 341-10

System; [5MF] 5pecial Moment Frames

Elerment type; Beam

Help
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- 5
HF Definitions - ANSI/AISC 360-10 oL ——
Number of the member must be
assigned to appropriate name Members | Groups
of Member type.
Mumber: 1 - New
(It is very important when you verify Basic data
different member types.) Bar list: 1
Name: 1
C. Group: 1 | Member type;  test -
swe ) (b ]
In the CALCULATIONS dialog box set for this task:
r B
4¥ Configuration @
¢ Verification option > Member Verification —
Calculation points
e Loads cases 2 for LRFD design (defined as n° 3) Number of poirts: 3] :
. . . . N - Cancel
e Limit state = only Ultimate Limit state will be [Tl Charactesistic poirts Options
analyzed so switch off Limit stat Serviceability. Calculation parameters —
. . . p
e Calculation method - switch on LRFD radio button Efficiency ratio: 1.000
in CONFIGQRATION box, opened by g
[Configuration] button.
Compression: 200.000
Tension: 300.000
Components of complex bars are
~ nat taken into account
4 Calculations - ANSI/AISC 360-10 | —— :
Calculation methods
Verffication options @ LRFD © AsD
@ Member verfication: 1 Altemative verification methods:
|| Flesaure and compression [H1.3]
T 12 List -
- Code group verification: - DEer'rﬁcation according to [H2] instead
] - of [H1]
() Code group design: 1
[~] Shear - "Tension field action” [G3]
Optimization [ Options
Loads Limit state [ Exclude intemal forces from calculations
Cases: k] Units of results
() Code (@ Robat
Calculation archive
] Camber
[] Save calculation results Take the deflections from the
following case into consideration:
’ QK l [Cnnﬁgumtinn] [ Calculations ] [ Help ] 1 5TA1 M
Now, start calculations by pressing Calculations button.
MEMBER VERIFICATION dialog box with most significant results data will appear on screen.
L ANSI/AISC 360-10 - Member Verification ( ULS ) 1 o B e
Results | Messages [ Cale. Note ] [ Close ]
Member Section Material Laz Ratio Case Help
1_1 l|w 14x30 STEEL AS%2-50 58.63 4270 0.91 3 KOMB_LRFD Rati
{[v]
[ Anialysis l [ Map ]
Calculation points
Division: n=3
BExtremes: none
Additional:  none
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Pressing the 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

-
4 RESULTS - Code - ANSI/AISC 360-10

Z
BE Ato Bar: 1

W 1430 -

Load case:

Point / Coordinate:

- Section OK

1/x=000L=0.001
JKOMB_LRFD 171.20+2"1.60

5

Lo}
n.

[I=]
o

Simplfied results | Detailed results
MEMEER FARAMETERS
Ly = 30.00 Lz =15.001
ks o e
Kly/ry = 58.63 Klzfrz = 48.70
"
INTERNAL FORCES: DESIGN STRENGTHS
Pr = 240.00 kip Fic™Pn = 927 45 kip
SAFETY FACTORS SECTION ELEMENTS
Fic = 0.50 Fange = Nonslender Web = Nonslender
RESULTS
Pr/(Fic*Pn) =091 < 1.00 LRFD {(H1-1a)
Ky™Ly/ry = 58.63 < (K'L/T)max = 200.00 Kz*lz/rz = 48.70 < (K'L/rhmax = 200.00 STABLE Help
Detailed results tab
F ™
A RESULTS - Code - ANSIJAISC 360-10 =t
4
Section OK
BE! Bar: 1 _1
Paint / Coordinate: 1/x=000L=000f
W 1430 M Load case: 3KOME_LRFD 1°1.20+271 60
Simplfied resutts | Detailed resutts —
Symbol Values Unit Symbol description Section -
ClassF_M Nonslender Flange class [Table B4.1a]
Lamw_r_N 35.88 Limiting slenderness for nonslender web [Table B4.1a]
ClassW_N Nonslender Web class [Table B4.1a]
Parameters of buckling analysis:
About the Y axis of cross-section
Ly 30.00 ft Laterally unbraced buckling lzngth [EZ]
Ky 1.00 Effective buckling length coefficient [EZ] =
Ky*Lyiry 58.63 Buckling =lenderness of a member [EZ]
Fey 3326 kzi Elastic critical buckling stress [E3]
Fory 38.89 k=i Critical flexural buckling stress [E3]
Pny 1030.50 kip Mominal compressive strength of a member [E3]
About the Z axis of cross-section Help
Lz | 15.00| ft | Laterally unbraced buckling length | E2 =

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

RESULTS for LRFD method:

a) In the first calculation step W14x90 section was considered. The results are presented below.

STEEL DESIGN 2

CODE: ANSIAAISC 360-10 An Amencan National Standard, June 22, 2010
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 _1 POINT: 1 COORDINATE: z=000L=0001ft

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

MATERIAL:
STEEL A202-30 Fy=353000ksi Fu=6500ksi E=20000.00ksi

£
L
} SECTION PARAMETERS: W 14x90

d=14.00 in Ay=20.590 in2 Azr=6.160 in2 Ax=26.500 in2
bf=14.50 in Ty=999.000 ind 1z=362.000 ind T=1.060 ind

tw=0.44 in Sy=142.714 in3 Sz=49.931 in3

=071 in Zy=157.000 in3 Zz=75.600 in3 =
MEMBER PARAMETERS:

Ly = 30.00 ft Lz=15.00ft

Ky =1.00 Kz=1.00

KLy/ry = 53.63 KLz/rz=48.70

INTERNAL FORCES: DESIGN STRENGTHS

Pr = 840.00 kip Fic*Pn = 927.45 kip

SAFETY FACTORS
Fic =090

SECTION ELEMENT5:
Flange = Nonslender Web = Nonslender

VERIFICATION FORMULAS:
Pr/(Fic*Pn)=0.91< 1.00 LRFD (Hl-la) Verified L
Ky*Ly/ry = 58.63 < (K*L/)max=20000  Kz*Lz/z=48.70<(K*L/f)max=20000 STABLE

Section OK !I! i
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b) From economical reason try to check a lighter W section.

Being still in  RESULTS- CODE dialog box, type W 12x87 in the editable field below

drawing of a section and press ENTER. Calculations (and results) are refreshed instantly.

A RESULTS - Code - ANSI/AISC 360-10

T

z oK
Incomect section ®
: 1
b L= Point / Coordinate: 1/x=0.00L=000f
_,> WV 12:37] v Loadcase: 3 KOMB_LRFD 1°1.20+21.60

Simplfied resutts | Detailed results

Change

MEMBER PARAMETERS

RESULTS
Pr/(FicPr) = 1.01 > 1.00 LRFD (H1-1a)

Ky*Ly/ry = 66.96 < (K™L/r).max = 200.00 Kz*lz/rz = 58.67 < (K°L/r)max = 200.00 STABLE

Ly =30.00# Lz = 15.00#
Ky =1.00 Kz =1.00
Kly.ry = 66.96 Klz/rz = B3.67
Forces
INTERNAL FORCES: DESIGN STRENGTHS
Pr = 840.00 kip Fic*Pn = 830.01 kip
SAFETY FACTORS SECTION ELEMENTS
Fic =0.50 Flange = Monslender Web = Nonslender

Help

-

The results (Calcul.Note) for the new selected section are presented below.

STEEL DESIGN

CODE: ANSI/AISC 360-10 An American National Standard, June 22, 2010

ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 _1 POINT: 1 COORDINATE:

x=0.00L=0.00ft

LOADS:
Governing Load Case: 3 KOMB_LRFD 1¥120+2*1.60

MATERIAL:
STEEL A992-30 Fy=3000ksi Fu=65.00kst E=29000.00%ksi

T
¥

SECTION PARAMETERS: W 12x87

d=12.30in Ay=19.602 in2 A7r=6438 in2 Ax=23.600 in2
bf=12.10in Iy=740.000 ind [z=241.000 in4 J=3.100 ind
tw=0.52 in Sy=118.400 in3 5z=39.835 in3
t=0.81in Zy=132.000 in3 Zz=60.400 in3
MEMBER PARAMETERS:
Ly =30.00ft Lz=15.00ft
Ky =1.00 Kz=1.00
KLy/ry = 66.96 Klz/rz =338.67
INTERNAL FORCES: DESIGN STRENGTHS
Pr= 340.00 kip Fic*Pn = 830.01 kip
SAFETY FACTORS
Fic =090

SECTION ELEMENTS:
Flange = Nonslender Web = Nonslender

VERIFICATION FORMULAS:
Pr/(Fic*Pn)=1.01> 1.00 LEFD (Hl-la) Not verified

Ky*Ly/ry = 6696 < (K*L/)max=20000  Kzr*Lzrr= 3867 < (K*L')max=20000 STABLE

Incorrect section !!!
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RESULTS for ASD _method (selecting in CONFIGURATION dialog box):

A section W14x90 was considered. The results are presented below.

Simplified results tab

¥ RESULTS - Code - ANSIFAISC 360-10

= Bar: 11
Point / Coordinate: 1/x=000L=000f
W 140 M Load case: 4 KOMB_ASD ({1+2)"1.00
Change
Simplified results | Detailed results
MEMBER PARAMETERS
Ly = 30.00ft Lz = 15.00ft
Ky =1.00 m Kz =1.00
Kly/ry =58.63 Klz/rz = 48.70
Forces
INTERMAL FORCES: ALLOWABLE STRENGTHS
Pr = 560.00 kip Pn/Omc = 61707 kip
RESISTANCE FACTORS SECTION ELEMENTS
Omc =167 Fange = Monslender ‘Web = Nonslender
RESULTS
Pr/(Pn/Ome) = 0.91 < 1.00 ASD (H1-1a)
Ky“Ly/ry = 58.63 < (K"L),max = 200.00 Kz*lzfrz = 48.70 < (K°L/rpmax = 200.00 STABLE tice
Detailed results tab
L RESULTS - Code - ANSI/AISC 360-10 = =
z
Section OK
—_ B 1
Point / Coordinate: 1/x=000L=000f
W 1430 M Load case: 4 KOMB_ASD (1+2)"1.00
- Change
Simplfied resufts | Detailed resutts
Symbol Values Unit Symbol description I Section -
rz 370 in Radius of gyration - Z-axis
Name STEEL AS92-50 5
Fy 50.00 ksi Specified minimum yield strength of material |E
Fu §5.00 ksi Specified minimum tensile strength b
E 25000.00 ksi Longitudinal elasticity coefficient
Allowable stress method ASD
Calc. Note
Ome 1.6‘?' | Safety factor for compression | [E1]
Local buckling
Lamf 10.21 Width-thickness ratio for a flange [Table B4.1a,b] Help
Lamwe 25.86 Width-thickness ratio for a web [Table B4.1ab]|] ~
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The printout note view of Simplified results for ASD is presented below.

STEEL DESIGN

CODE: ANSIAAISC 360-10 An Amercan National Standard, June 22, 2010
ANALY SIS TYPE: Member Venfication

CODE GROUP:
MEMBER: 1 _1 POINT: 1 COORDINATE: x=000L=000ft

LOADS:
Governing Load Case: 4 KOME_ASD (1+2)*1.00

MATERIAL:
STEEL AP02 30 Fy=5000kst Fu=6300ksi E=20000.00ksi

z
¥
i‘ SECTION PARAMETERS: W 14x90

d=14.00 in Ay=20.590 in2 Az=6.160 in2 Ax=26.500 in2
bf=14.50 in Ty=099.000 ind 1z=362.000 ind J=4.060 ind
tw=0.44 in Sy=142.714 in3 §7=49.931 in3

=071 in Zy=157.000 in3 Zz=T5.600 in3

MEMBER PARAMETERS:

Ly =30.00 ft Lz=15.00ft

Ky =1.00 Kz=100

KLy/ry = 38.63 KLz'rz=48.70

INTERNAL FORCES: ALLOWABLE STRENGTHS

Pr= 560.00 kip Pn/Ome = 617.07 kip

RESISTANCE FACTORS
Ome = 1.67

SECTION ELEMENTS:
Flange = Nonslender Web =Nonslender

VERIFICATION FORMULAS:
Pr/(Pn/Omc) =091 <1.00 ASD (Hi-1a) Verified
Ky*Ly/ry = 58.63 < (K*L/f)max=20000  Kz*Lz/rz=48.70 < (K*L/r)max=200.00 STABLE

Section OK !}
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COMPARISON:

Resistance, interaction expression Robot Handbook
F. — Critical flexural buckling stress [ksi] 38,89 38,9
Pn - Nominal compressive strength [Kips] 1030,5 1030
For W14x90, LRFD Fic=0.90
1. Py - Required compressive strength [kips] 840,0 840
2. Fic*P,, - Design compressive strength [kips] 927,45 927
P, < (Fic*Pp) 840 <927,5 840< 927
For W14x90, ASD Omc =1.67
1. Py - Required compressive strength [kips] 560,0 560
2. Pn/Omc - Allowable compressive strength [kips] 617,1 617
P, < (Pn/Omc)) 560<617,1 | 560 <617

CONCLUSIONS:

Calculations compatibility are good.

The small differences are caused by different accuracy of parameters in calculations.
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VERIFICATION PROBLEM 2
Lateral-torsional buckling of beams
Example taken from AISC Steel Construction Manual v.14.0

AISC Design Examples
File: MAN_EX F1 3B.rtd

TITLE:
Example F.1-3b -- W-Shape Flexural Member Design in Strong-Axis Bending, Braced at Midspan

SPECIFICATION:

Verify the strength of the ASTM A992 W18x50 beam with a simple span of 35 feet. The beam
is braced at the ends and center point. The nominal loads are a uniform dead load of 0.45 kip/ft

and a uniform live load of 0.75 kip/ft.
You can choose ASD or LFRD calculation method.

T md - 12 o LD wen *lnl al 2 Insemal bracings. l _‘ Pt
[ (K Vorw - Cace: 3 (KOME_LRFD) =@ 8% E Lateral buckling-upper flange ¥
£
oF Caloulations - ANSUAISC 360-10 = & - : :
- - 1
Vereaton ceters ) |
O Memtar venhzabon 1 [ | ooy ! e
[ [ = L ™5
Coxtn greugs demrs ™ 2K Member Definition - Parsmeters - ANSUAISC 360-10
s r—— |
e J Herder bype: L0540 i
("_ = 3 - S e Buckde (¥ ) Buckling (7 s o |
S - (5L T T Member length iy: Member lengh iz
Cakoulstion wchive - Real Lo el Lo A
Save cakcudion remks iy ¥ Servicoabity @ Coeficent @ Coeffcent Senvice:
- 3 - - - - " T are.
i, \Sdamen] | Sk L LT L) ﬂ
Test for member. 1 beam_1 oy
7 Fexral lorerd backieng | subseners
Lnter ol bkl e ermtr: Buckng ¥ | Bucdng 2 g g | Lol b _ ]
BLateralbudig Latersl bucking lengeh coeficent ] acking costicients of component segments
[ fange | | Lomer arge | ] Define manuishy coondnates of the satting bracngs
= Sl=l=]=
L LTI L=l aosm L
Sessme araiyss parameters il el 1,000, 1,000, 1,000, 1,000
‘Selmic calcuatons - ANSIAISC 341-30 A4 suamatenly covdnates of bracngy
Bracng detestar posven
M ot whiee adyaning ehoments avs kacated
Hebs ot ol ot whave bl nodss ae kcated
L
8 points whens bandng moments soul 2e
1 kipift
Cases: 3 (KOMB_LRFD)
* LEo][™n

[ Loads - Case 3 (KOMB_LRFO) = || 1 | =l Lead Combinstion - Caeee: 3411
o[ [ [ T T [ [ [ ][] e | wosarer [ cuanan
15TAL |ndormicad |12 Pre0®  |Pre00 [P2-04b |gltel  [nctprowct |aceskte || | SYC) | WOMBIRFD  Lnear Combmaton| ULS dead| 1
TENCP [ondormiead (12 [PNe00  |Pral0  [FZe0 75 gkl [notproest | sesokne | KOS _ASD|  Unear Combinatcn | LS 2ead 1.2,
I | T | | | T T Tl ETI=) KOMR 55|  Linear Combinaion|  5L5 e 1e271.000
« (]| Vahoes ) Table edition & Ted edion f info £] I o Yvawes fEd Lo ] “ = Merbernpe  LBOS.m v

Miew | Loy Loaed Combinalion

SOLUTION:

You must remember to specify appropriate (LRSD or ASD) load code combination in JOB
PREFERENCES dialog box (click Menu/Tools/Job Preferences) for considered verification method in

a current task or define it manually.

In DEFINITIONS dialog box define a new type of member, laterally braced upper flange about
the z-z axis and torsional braced at the midpoint . It can be set in Member type combo-box.
Pre-defined type of member “simple bar” may be initially opened.
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AF Definitions - AMSI/AISC 360-10 0] L= —.—

Members | Groups
Nymber: 1 v

Basic data

Bar list: 1

Hame: beam_1
C.Group: 1 + Membertype: ISimple bar|
Cal
SV Beam
ke Pret

For chosen member type , press the Parameters button on Members tab.
It opens MEMBER DEFINITION — PARAMETERS dialog box.

4 Member Definition - Parameters - ANSI/AISC 360-10 [
Member type:  Simple bar
Budding (Y axis) Budkling (Z axis) -W

Member length hy: Member length Iz:
) Real I Real

- 1.000 i 1.000
@) Coeffident @) Coeffident

Budkling length coefficient : Budkling length coefficent Z:
Ky: 1.000 Kz:  1.000

Flexural-torsional buckling

Lateral buckling parameters

Lateral budding length coeffident
[7] Lateral budking e

Upper flange ] [Louer flange ]

b: 1000

(]

lb=1 b =1

Seismic analysis parameters
[ Seismic calculations - ANSIJAISC 341-10

[5MF] Spedial Moment Frames

Other

e

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 Flexural-torsional buckling ;
= switch on Lateral buckling
= define appropriate value of parameter Cb by manually entering in editable field or
pressing Cb icon which opens PARAMETER Cb dialog box :

HF Parameter Ch

Help

(]
) [E
A

For this task the second icon Cb=f(Mi) was selected.

A

= define bracings for Lateral buckling and Buckling Z .

To define Lateral buckling length coefficient for this structure , press Upper flange button.
It opens LATERAL BUCKLING LENGTH COEFFICIENTS dialog box.
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F ™
4F Lateral buckling length coefficients M

O
b =21

II

Cancel

Lb =1 Help

b =0.51

b | 1000

E XM I

Intermediate bradngs

b

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.

r‘ Internal bracings ‘ ‘ ‘ ﬂ
Lateral buckling-upper flange \
Z\/
____________________ U\l
L‘\/
35.00 ft ‘

Test for member: 1 beam_1

| Buckling YI Buckling Z| Lateral buckling-upper flange | Lateral budding-lowerﬂange|

Define segments between bracings Buckling coefficients of component segments
Define manually coordinates of the existing bracings
— | [ —]| [ —] [—
0.000, 0.500, 1.000 “L
i real @) relative

1.000, 1.000, 1.000, 1.000

Add automatically coordinates of bracings
Bracing detection preview

[ At poirts where adjoining elements are located For mermber nio.: 1 beam_1
For load case: 1 5TA1
[ at all points where intemal nodes are located
“L
[ &t poirts where bending momerts equal zero
[ oKk || Cancel Help

Press OK.
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4F Member Definition - Parameters - ANSI/AISC 360-10

Save the newly-created

member type, Member type:
e.g. as “LB 0,51 up” Buckling (¥ axis)
Member length ly:
" Real 1.000
@ Coeffidgent

LE 0,5_up

Budkling length coeffident ¥:

Auto

Ky

Lateral buckling

Sway

Flexural-torsional buckling
Lateral budding parameters

Save
Buckling (Z axis) Close
Member length |z:
" Real 1.000
@ Coeffident Service

Budding length coeffident Z: More. ..

Kz:

Auto I

I

Stiffeners

Lateral budding length coeffident

Upper flange ] [Luﬂer flange ]

Cb:  ColM) d = (d1,d2,...) Lb = |
Seismic analysis parameters
[7] seismic caloulations - ANSI/AISC 341-10
[5MF] Spedal Moment Frames
Beam
i ™
Number of the member mustbe g g ivion o ANSI/AISC 360-10 [ |
assigned to the appropriate name
of Member type.
" Members
It is very important when you
ey g 1 -
different member types.) Basic data
Bar list: 1
MName: beam_1
C.Group: 1 I Membertype: LEOS up I

| |

[ Save Help ]

o
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In the CALCULATIONS dialog box set for this task :

¢ Verification option > Member Verification

e Loads cases & for LRFD design (defined as n° 3)

e Limit state - only Ultimate Limit state will be

analyzed so switch off Limit stat Serviceability.

e Calculation method - switch on LRFD radio button
in CONFIGURATION dialog box, opened by

[Configuration] button.

-
4¥ Configuration

Calculation poirts

il

Cancel

Mumber of points: 3] =

[7] Characterstic poirts Options

Calculation parameters

Efficiency ratio: 1.000

Meaximum slendemess:
Compression: 200.000
Tension: 300.000

Components of complex bars are
nat taken into account

Calculation methods
@ LRFD & ASD
Altemative verfication methods:

[7] Pesure and compression [H1.3]

HF Calculations - ANSI/AISC 360-10 [ ——
Verification options
(@ Member verfication: 1
() Code group verfication: 12
() Code group design: 1
Optimization [ Options ]
Loads Limit state
Caszes: 3 i
B Utimate
Calculation archive DS ........ oy
[7] Save calculation results e 3
l QK l [Cnnﬁgumtinn ] [ Calculations ] [ Help

of [H1]

Dgeﬁﬁcatinn according to [HZ] instead

[7] Shear - "Tension field action” [G3]

[ Bxclude imtemal forces from calculations

Units of results

1 5TA1

(©) Code (@ Robot
Camber
Take the deflections from the

following case into consideration:

Now, start verifications by pressing [Calculations] button.

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

-
I ANSI/AISC 360-10 - Member Verification (ULS ) 1

e o e |

Results | Messages | Cde.Note | | Close |
Member Section Material Lay Laz Ratio Case Help
1 beam_1 .IW1BX5EI STEEL AS92-50 55.933| 254254 0.925| 3 KOMB_LRFD Rati
io
[ Analysis ] [ Map ]
Calculation points
Division: n=3
Extremes: none
Addtional:  none
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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.

Simplified results tab

d R
F RESULTS - Code - ANSI/AISC 360-10 =W|m—t
outo Bar: 1 beam_1
Point / Coordinate: 2/x=050L=1750f
W18K30 - Load case: 3IKOME_LRFD 1*1.200+2°1 600
Simplified resutts | Detailed results =Nange
MEMEER PARAMETERS
Ly =35.00f Lz = 35.00 b
X Ky = 1.000 Kz =1.000 == Lb=1750ft
KLy/ry = 56.933 Klz/rz = 254,294 Cb=1.299
"
INTERNAL FORCES: DESIGN STRENGTHS
Mry = 266.44 kipt Fib*Mny = 287 .97 kipft
SAFETY FACTORS SECTIOM ELEMENTS
Fib = 0.500 Flange = Compact Web = Compact
RESULTS
Mry/(Fib*Mny) = 0.92% < 1.000 LRFD (H1-1b})
Help
Detailed results tab
-
¥ RESULTS - Code - ANSI/AISC 360-10 ==
z
Section OK
: Bar: 1 beam_1
Point / Coordinate: 2/x=050L=1750
W1gks0 - Load case: 3 KOME_LRFD 1°1.200+2°1.600
Simplfied results | Detailed results ===
Symbol |  Valies | unt Symbol description Section -
Nominal strengths:
About the Y axis of cross-section
Mpy 420.83 kip*ft Nominal plastic bending moment [F1
Mny[¥D] 420.83 kip*ft Nominal flexural strength in the limit state of yielding [F2.1]
Mny[LTE] 319.97 kip*ft Nominal lateraktorsional buckling strength [F2.2)
Mny1[LTB] 24533 kip*ft Nominal lateral-torsional buckling strength (Cb=1.0) [F2.2]
Mny 319.97 kip*ft Nominal flexural strength [F2]
Design strengths:
About the Y axis of cross-section E
Fib*Mpy 378.75 kip*ft Design plastic bending moment [F1
Fib*Mny[vD] 378.75 kip*ft Design flexural strength in the limit ztate of yielding [F2.1] Help
Fik*Mny[LTB] 28787 kip*ft Design lateraHorsional buckling strength [F2.2] &

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

RESULTS for LRFD method:

STEEL DESIGN

CODE: ANSIFAISC 360-10 An Amercan National Standard, June 22 2010
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 beam_1 POINT: 2 COORDINATE: z=030L=17501

LOADS:
Governing Load Case: 3KOMB_LFFD 1*1200+2%1.600

MATERIAL:
STEEL AD02. 50 Fy=3000ksi Fu=6500kst E=20000.00 ks

z
T
} SECTION PARAMETERS: W18X50

d=17.99 in Av=834in? Ar=5§3861n2 Ax=147T00 in2
bf=7301n Iy=800.000 ind Iz=40.100 14 J=1240ind
tw=035 in Sy=33.038 m3 Sz=10.70M in3

=037 in Zy=101.000 in3 Zz=17.000 in3

MEMBER PARAMETERS:

X X =

Ly=35.00ft Lz=35.00 ft

Ky = 1.000 Kz =1.000 Lb=17.50ft

KLy/ry = 56.933 KLz/rz = 254294 Cb=1299

INTERNAL FORCES: DESIGN STRENGTHS
Mry = 266 44 kip*ft Fib*Mny = 287.97 kip*ft

SAFETY FACTORS
Fib = 0.900

SECTION ELEMENT 5:
Flange = Compact Web = Compact

VERIFICATION FORMULAS:
Mry/(Fib*Mny) = 0.925 < 1.000 LRFD (H1-1b) Verified

Section OK !!!
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RESULTS for ASD method:

-
4T ANSI/AISC 360-10 - Member Verification ( ULS ) 1 ‘ [E=N I
Results | Messages [ Calc. Note ] [ Close ]
Member Section Material Lay Laz Ratio Case Help
1 beam_1 .IW1 8X50 STEEL AS92-50 56.933| 254204 0.859| 4 KOMB_ASD Rati
io
’ Analysis ] ’ Map ]
Calculation points
Division: n=3
Exdremes: none
Additional:  none
—
Simplified results tab
F B
4 RESULTS - Code - ANSIAISC 360-10 ‘ ‘ e
E
—
: Bar: 1 beam_1 |
Point # Coordinate: 2/x=050L=1750ft
W18K50 - Load case: 4KOME_ASD (1+2)1.000
Change
Simplfied results | Detailed results
MEMBER PARAMETERS
Ly = 35.001t
Ky = 1.000
ces
INTERMAL FORCES: ALLOWABLE STRENGTHS
Mry = 183.75 kip™#t Mry/Omb = 191.60 kip Tt
RESISTANCE FACTORS SECTION ELEMENTS
Omb = 1.670 Fange = Compact Web = Compact
RESULTS
Mry/(Mry/Omb) = 0.958 < 1.000 ASD (H1-1b}

Detailed results tab

F
4F RESULTS - Code - ANSI/AISC 360-10 ‘ ‘ L=l
E
Section OK
; B 1 boon | |
Poirt / Coordinate: 2/x=050L=1750f
W18X50 M Load case: 4 KOMB_ASD (1+2)1.000
Change
Simplified resutts | Detailed resukts
symbol | wvawes | unit | Symbol description | section -
Allowable stress method ASD

Omb | 1.670] | safety factor for flexure J1F1.c1

Local buckling |
Lamf 6575 Width-thicknezs ratio for a flange [Table B4.1a,b] ‘E ‘
Lamw 45.211 Width-thickness ratio for a web [Table B4.1a,b] | —
Section class for simple bending (My moment)
Lamf_p_My G152 Limiting slenderness for compact flange [Table B4.1b] Calc. Note
Lamf_r_My 24083 Limiting slenderness for noncompact flange [Table B&.1b]
ClassF_My Compact Flange class [Table B4.1b]
Lamw_p_My 90.553 Limiting slenderness for compact web [Table B4.1b]
Lamw_r_My 137.274 Limiting glenderness for noncompact web [Table B4.1k] Help
Class\W_My Compact ‘Web class [Table B4.1b] i

| . i L _ ee—
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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 for ASD is presented below.

STEEL DESIGN

CODE: ANSIAAISC 360-10 An American National Standard, June 22, 2010
ANALYSIS TYPE: MMember Verification

CODE GROUF:
MEMBER: 1 beam_1 POINT: 2 COORDINATE: z=050L=17.301t
LOADS:
Governing Load Case: 4 KOMEB_ASD (1+2)*1.000
MATERIAL:
STEEL A902.50 Fy=3000ksi Fu=6300ksi E=29000.00%ksi
Z
+
SECTION PARAMETERS: W18X50
d=17.9% in Ayv=8354inl Ar=6386in2 Ax=14700 12
bf=7.30 in Iy=800.000 ind Iz=40.100 ind J=1240ind
tw=0.33in Sv=88.038 in3 S=10.700 in3
=037 in Zy=101.000 in3 Zr=17.000 in3

MEMBER PARAMETER 5:

X

X 3

Ly=35001ft Lz=3300ft

Ky =1.000 Ez=1.000 Lb=173501t

KLy/ry =56.933 Klzrz=254204 Cbh=1200

INTERNAL FORCES: ALLOWABLE STRENGTHS

Mry = 183.75 kip*ft

Mny/Omb = 191.60 kip*ft

RESISTANCE FACTORS
Omb = 1.670

SECTION ELEMENT 5:

Flange = Compact Web = Compact

VERIFICATION FORMULAS:

Mry/(Mny/Omb) = 0.959 < 1,000 ASD (HI-1b) Verified

Section OK !!!
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COMPARISON:
verifications parameters, interaction expression Robot Handbook
Cb - Lateral-torsional buckling modification factor 1,3 1,3
Lpy - Limiting laterally unbraced length for the limit state of yielding [ ft ] 5,83 5,83
Lry - Literally unbraced length for the limit state of inelastic
lateral- torsional buckling [ft] 16,96 17.0
FcrLtb - Critical stress (lateral-torsional buckling) [ksi] 43,17 43,2
Mpy - Nominal flexural strength [kip*ft] 319,97 320
LRFD , Fib=0.90
- i N*:
1. My - Required flexural strength [kip*ft] 266,44 266
2. Fib* Mpy - Design compressive strength [Kip*ft] 287,97 288
Mry < (Fib* Mpy) 266,44< 287,97 | 266< 288
ASD, Omc =1.67
1. Myy - Required flexural strength  [kip*ft] 183,75 184
2. Mpy /Omc - Allowable flexural strength [kip*ft] 191,6 192
Mry < (Mny /OMG)) 183,75< 191,60 | 184<192

CONCLUSIONS:

Consistency of results.

The small differences are caused by different accuracy of parameters in calculations .
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VERIFICATION PROBLEM 3
combined compression and bending about both axes

Example taken from AISC Steel Construction Manual v14.0
AISC Design Examples
File: MAN_ex_H1b.rtd

TITLE:
Example H.1 b -- W-shape Subjected to Combined Compression and Bending About Both Axes
(braced frame).

SPECIFICATION:

Verify if an ASTM A992 W14x99 has sufficient available strength to support the axial forces and
moments listed below, obtained from a second order analysis that includes second-order effects.
The unbraced length is 14 ft and the member has pinned ends. KLx = KLy = Lb = 14.0 ft

LRFD ASD
Pu = 400 kips Pa = 267 kips
Mux = 250 kip-ft Max = 167 kip-ft Material Properties:
Muy = 80.0 kip-ft May = 53.3 kip-ft ASTM A992 Fy=50ksi Fu =65 ksi
;D-ﬁ-e—--" ;_M‘slu;lnsc;an-ln- = = ‘_*:m-llws mwsca.w-w _'—' :' = -m B Member Definition = Parsrmeters - ANSUAISC 36010
Merbers | Groups e - = Member type:  H. 3
Nosstor 1 - [ w A — = Bkl ¥ aes) Bkt (2 w0es)
(S ' : Code g veicaton: 12 it gy 11 LTS e
. - Cdegmpdegn | i i o couraens o cosoat
hame: 1 [ Parameters | e S J " noo
Como 1 - Manbertpe:  H1b - m ; e :":':. Ky L000 m K L0 m :
Loon | [ ] [ ] | Coeadooncime = | Flene s erserud ki
Seamn — Latersl bucking parsmeters
= .| r = r r [ Lt e gt comfm
M(X.Y.Z)=(0.0 .3oo.n.ss.mj ——.- 4+ A eyl ey ey
@ o) P -
P - St caGNBoNS - ANGLALSC 34110
f - kip*ft
- ¥ 4 kip SRR LT
1 Cases: 3 (KOMB_LRFD) o
; e = TR
@ Loads - Case: 3 (KOME_LRFD) =1 =0 il Load Comibination - Cases: 34 11 .
com [l | | | [ [ | | | [ [ [~ = -
1 T—— = o - Ty = w 1 =t o The 1 _{m_ KOMS_LRFD LUnear Combnancn 5| Strectursl
e v S R = v e
« [+ TValots hTobde edition { Ter eatben A1 A Cases & L L= o | DY oy ey 1<
& Suppens. |"\H-an = @ 8
M“| wﬂﬂll w wr uz | RX | Lid I Rz [WW| BETA (Degh |MW|'|| X (o) | KY (/) | KZ (i) ['!i [ m‘l Hode 2 | Slﬂl Materal |“N| Type |mﬂu -
Founa| | Boed  fued fued  foed  fasd  faed (DI [ [ | el sa | 1 1| 2| Wiaxes  STEEL Ana-Ed a0 wig Bar g
l\-nr:I 151. fed fed  feed l\xﬂl ||m|I kon as as ncl Dﬂl SGI Cﬂl | ’ 3 l_ mang_ ST!ELAW-W_ -30_ test Bdf
Prvedi | 24| ted  doed fwed  fwed s des 0.0] 0] (1] 00| 80| e | 0 [ [ [
I\ Sl s {1 s e 7 T
B Properties ’ @ g

Secton Barigt | AX(RZ) | AY(n2) | AZ{nZ) | S04} Wind} | E0nd) HY (m) | HZ (m) | wm| \’ZNIWVN VRZin) | WX{n3) | WY (nZ) | WZ(n2) | SURFR) i
| wiews| 1] cmees] Zwe|  Ge]  sdi0 tesi] dmeoe]  14e7] 1416 728 70 7| qee[  eee]  vews| 629 EAE]

+][+ \Bars {Panels { Cables J Drackels J Sohds J Mabeeials | K3 i,

Propesies | Loads | Load Combnation  Ban | Supports.

SOLUTION:

You must remember to specify appropriate (LRSD or ASD) load code combination in JOB
PREFERENCES dialog box (click Menu/Tools/Job Preferences) for considered verification method
in a current task or define it manually.

In DEFINITIONS dialog box define a new type of member. It can be set in Member type combo-box.
Pre-defined type of member “simple bar” may be initially opened.
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-
4 Definitions - ANSI/AISC 360-10 el ||
Members | Groups
Number L -
Basic data
Barlist: 1
Name: beam_1
C. Group: 1 + Membertype: | EIEEEEN
Column
Save  Boam
h Pret

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

Type a new name in the Member type editable field. Then change parameters to meet initial data
requirements of the structure. For this particular task switch off Flexural-torsional buckling.

Save the newly-created member type
under a new name, e.g. “H.1b 1"

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).

In the CALCULATIONS dialog box set for this task :

March 2014

==

-
HL Member Definition - Parameters - ANSI/AISC 360-10

Member type:  H.1b

Buckling (¥ axis)
Member length ly:

st 2.
Member length |z:

1.000

() Real
@ Coeffident

) Real

N 1.000
@) Coeffident

Buckling length coeffident Z:

Kz 1.000
1.0

Buckling length coeffident ¥:

Ky:  1.000

|| Flexural-torsional budkding

Lateral buckling parameters

Ch:  Ch(M)

Lateral buckling length coeffident

’Ujpel’ flange l [Loger flange ]

b =1 b = I
Seismic analysis parameters
|| seismic calculations - ANSIJAISC 341-10
[SMF] Special Moment Frames
Beam
r B
HF Definitions - ANSI/AISC 360-10 | o= —
Members Groups
Mumber: 1 v
Basic data
Barlist: 1
MName: beam_1
C. gl'oup: 1 - MEmbErtﬂjE: H.1b -
[ ] L=
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¢ Verification option > Member Verification

e

4¥ Configuration

Calculation poirts =

il

. . o
e Loads cases - for LRFD design (defined as n” 1) Number of poirts: g =
e Limit state > only Ultimate Limit state will be [ Characteristic poirts | Options Cancel
analyzed so switch off Limit stat Serviceability.
) ) . Calculation parameters
e Calculation method = switch on LRFD radio button T . 1000 kieln
. . iciency ratio: -
in CONFIGURATION dialog box, opened by
[Configuration] button. Maximum slendemess:
Compression: 200.000
Tension: 300.000
Components of complex bars are
nat taken into account
f - — | Calculation methods
4 Calculations - ANSI/AISC 360-10 C1m | L=t —— _ _
@ LRFD ) ASD
Verffication options Altemative verfication methods:
"@' Member verfication: 1 DEIexure and compression [H1.3]
() Code group verfication: 12 Dgfe‘['ﬂ‘;?”“” according to [H2]instead
e T 1 [ Shear - "Tension field action” [G3]
Optimization l Options ]
[ Bxclude imtemal forces from calculations
Loads Limit state PE—
MILS resuns
Cases: 1 i _ _
aees Uttimate ©) Code @ Robot
Calculation archive
’ - Camber
) - Serviceabil
[T 5ave calculation resutts Bs E Take the deflections from the
following case into consideration:
0K [ Corfiguration ’ Calculations l [ Help 1 5TA1 -
L
Now, start verifications by pressing [Calculations] button.
MEMBER VERIFICATION dialog box with most significant results data will appear on screen.
rj ANSI/AISC 360-10 - Member Verification { ULS ) 1 == &1
Resutts | Messages | Cde.Note | [ Cose |
Member Section Material Lay Laz Ratio Case Help
1 beam 1 |Ml|w14x9s | STEEL Avsz-so | 27202 45200 woszs| iLmFD Rt
10
[ Analysis ] [ Map ]
Calculation points
Division: n=3
Extremes: naone
Additional:  none

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.
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Simplified results tab

-
HT RESULTS - Code - ANSI/AISC 360-10 =l —

& 0K
= ok |
o

E
3% Bar: 1 beam_1

Pairt / Coondinate: 3/x=100L=14.001
W 1435 v Load case: 1 LRFD

Simplified results | Detailed results

MEMBER PARAMETERS
Ly = 14.00ft Lz =14.00ft
Ky = 1.000 Kz = 1.000 |
KLy/ry = 27 202 KlLz/rz = 45 200
"

Change

INTERNAL FORCES: DESIGN STRENGTHS

Pr=400.0 kip Fic*Pn = 1127 8 kip

Mry = -250.0 kip*ft Viy = 5.7kip Fib*Mny = 645.4 kip*ft Fiv*¥ry = 615.0kip

Mrz =-80.0 kip™ft Viz =-17 9 kip Fib*Mnz = 311.2 kip*ft 1.000"Vnz = 206 6 kip
SAFETY FACTORS SECTION ELEMENTS

Fic=05900 Fb=0500 Fiv=0500 Flange = Non-compact Web = Compact
RESULTS

Pr/(Fic*Pn) + 8/3"(Mry/(Fib "My} = Mrz/(Fib"Mnz)) = 0.928 < 1.000 LRFD {H1-1a)
ViyAFiv™Viy) = 0.009 < 1.000 Vrz/{1.000°Vnz) = 0.086 < 1.000 LRFD (G2-1)

Ky"Ly/ry = 27.202 < (K*L/r)max = 200.000 Kz"lz/rz = 45.200 < (K'Lf)max = 200.000 STABLE kich
A
Detailed results tab
i ™
i RESULTS - Code - ANSI/AISC 360-10 e e,
z Socton O
ion
I 1 bean i
Point / Coordinate: 3/x=100L=1400
W43 - Load case: 1LRFD
- Change
Simplified results | Detailed results
symbol |  walies | unt | Symbol description | section -
Nominal strengths: |

Pn | 12531 | kip | Nominal compressive strength | [E3]
About the Y axis of cross-section
Mpy 7208 kip*ft Nominal plastic bending moment [Fl
Mny[¥'D] 7208 kip*ft Nominal flexural strength in the limit state of yielding [F3.1]
Mny[FLB] 72 kip*ft Nominal strength for local buckling of a compression flan | [F3.2]
Mny 72 kip*ft Nominal flexural strength [F3]
vnz 2066 kip Nominal shear strength [G2.1] L | Calc. Note |
About the Z axis of cross-section |E|
Mpz 343.3 kip*ft Nominal plastic bending moment [Fl
Mnz[¥D] 3438.3 kip*ft Nominal flexural strength in the limit state of yielding [F&]
Mnz[FLB] 3457 kip*ft Nominal strength for local buckling of a compression flan | [F5.2] Help
Mnz 3457 kip*ft Nominal flexural strength [F&] alic

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

RESULTS for LRFD method:

STEEL DESIGN

CODE: ANSI/AISC 360-10 An Amernican National Standard, June 22, 2010
ANALY SIS TYPE: Member Venfication

CODE GROUP:
MEMBER: 1 beam 1 POINT: 3 COORDINATE: z=100L=1400ft

LOADS:
Governing Load Case: 1 LEFD

MATERIAL:
STEEL A%02- 50 Fy=300ksi Fu=650ksi E=20000.0ksi

£
T
i‘ SECTION PARAMETERS: W 14x09

d=14200in Ay=2278 in2 A7r=6589in2 Ax=29.10 in2
bf=14.600 in Ty=1110.00 ind Iz=402.00 ind J=337 ind
tw=0.485 in Sy=156.34 in3 8z=55.07 in3
t£=0.780 in Zy=173.00 in3 Zz=83.60 in3
MEMBER PARAMETERS:
1.0 1.0
Ly=14.00f Lz=14.00 ft
Ky = 1.000 Kz=1.000
KLy/ry = 27202 KLz/rz = 45200
INTERNAL FORCES: DESIGN STRENGTHS
Pr = 400.0 kip Fic*Pn = 1127.8 kip
My =-250.0 kip*ft Vry= 5.7 kip Fib*Mny = 6454 kip*ft  Fiv*Vny = 615.0 kip
Mrz = -80.0 kip*ft Vrz=-17.9 kip Fib*Mnz=3112kip*ft  1.000%Vnz = 206.6 kip
SAFETY FACTORS
Fib = 0.900 Fic = 0.900 Fiv =0.900

SECTION ELEMENT 5:
Flange = Non-compact Web = Compact

VERIFICATION FORMULAS:

Pr/(Fic*Pn) + 8/9* (Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) = 0.928 < 1.000 LRFD (Hl-1a) Verified
Vry/(Fiv*Vny) = 0.009 < 1.000 LRFD (G2-1) Verified

Vrz/(1.000*Vnz) = 0.086 < 1.000 LRFD (G2-1) Verified

Ky*Ly/ry = 27202 < (K*L/r)max =200.000  Kz*Lz/rz=45.200 < (K*L/r),max=200.000 STABLE

Section OK !!!
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RESULTS for ASD method:

,
w0 e 092 I

-:--El-g

Resutts | Messages [ Calc. Note ] [ Close ]
Member Section Material Lay Laz Ratio Case
22 [ I W14x99 STEEL AS52-50 27.202| 45200 0.930 2 ASD Rt
io
(Lo ) ()
Calculation points
Divigion: n=3
Extremes: none
Additional:  none

Simplified results tab

-
3 o
£uto Bar: 22
Point / Coordinate: 3/x=100L=14D0
W 14393 - Load case: 2ASD
Change
Simplfied results | Detailed results
MEMBER PARAMETERS
Ly = 14.001t Lz = 14001t
I Ky = 1.000 I Kz =1.000
Kly/ry = 27.202 Klz/rz = 45.200
Forces
INTERNAL FORCES: ALLOWABLE STRENGTHS
Pr=267.0kip Pn/Ome = 750.4 kip
Mry =-167.0 kip*ft Wiy =3.8kip Mry/Omb = 425 4 kip™ht Wy /Omv = 405.1 kip
Mrz = -563.3 kip“ft Viz =-11.9kip Mnz/Omb = 2070 kip™ft Wnz/1.500 = 137.7 kip
RESISTAMCE FACTORS SECTION ELEMENTS
Omec =1.670 Omb=1670 Omv=1670 Flange = Non-compact Web = Compact
RESULTS
Pr/{Pn/Omc) + 8/ (Mry/{Mry/Omb) + Mrz/{Mnz/Omb}) = 0.930 < 1.000 ASD (H1-1a)
VNV /Omv) = 0,009 < 1.000  Vrz/{Vnz/1.500) = 0.087 < 1.000 ASD {G2-1)
Ky"Ly/ry = 27 202 < (K'L/rhmax = 200.000 Kz"Lz/frz = 45.200 < (KL mac = 200.000 STABLE

Detailed results tab

P
= -
v B 22 | Section OK
Pairt / Coordinate: 3/x=100L=1400f
W 4¢3 v Load case: 2A5D
Change
Detailed results
symbol | wvames | unt | ey YOI description | section -

Pn | 1253.1] kip | Nominal compressive strength [
About the Y axis of cross-section
Mpy T20.8 kip*ft Nominal plastic bending moment [F1
Mny[¥D] 7208 kip*ft Mominal flexural strength in the limit state of yielding [F3.1]
Mny[FLB] TIT2 kip*ft Nominal strength for local buckling of @ compression flan | [F3.2]
Mny 772 kip*ft MNominal flexural strength [F3]
wVnz 206.6 kip Nominal shear strength [G2.1]
About the Z axis of cross-section | | [ Calc. Note ]
Mpz 3483 kip*ft Mominal plastic bending moment [F1 El
Mnz["D] 3483 kip*ft MNominal flexural strength in the limit state of yielding [F&]
Mnz[FLE] 3457 kip*ft Mominal strength for local buckling of a compression flan | [F8.2]
Mnz 3457 kip*ft Nominal flexural strength [FE] Help
Wy 6333 kip Mominal shear strength [G2.1] n
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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 for ASD is presented below.

STEEL DESIGN

CODE: ANESIFAISC 360-10 An American National Standard, June 22, 2010
AMNALYSIS TYPE: MMember Verification

CODE GROUP:
MEMBER: 2 2 POINT: 3 COORDINATE: x=100L=14001t

LOADS:
Governing Load Case: 2 ASD

MATERIAL:
STEEL A%02-50 Fy=300ksi Fu=650ksi E=200000ksi

Z
¥
% SECTION PARAMETERS: W 14x00

d=14200 in Ay=2278in2 A7=680 in2 Ax=29.10in2
bf=14.600 in Iy=1110.00 in4 [=402.00 in4 1=537in4
tw=0485 in Sy=135634 in3 §2=35.07 in3
0780 in Zy=173.00 in3 Z7=83.60 in3
MEMBER PARAMETERS:
1.0 1.0
Ly = 14.00 ft Lz=14.00 ft
Ky = 1.000 Kz =1.000
KLy/ry = 27202 KLz/rz= 45200
INTERNAL FORCES: ALLOWABLE STRENGTHS
Pr=267.0 kip Pn/Omc = 750.4 kip
Mry = -167.0 kip*ft Vry =3.8 kip Mny/Omb = 4204 kip*ft  Vny/Omv = 409.1 kip
Mrz=-33.3 kip*ft Viz=-11.9 kip Mnz/Omb =2070kip*ft  Vnz/1.500 = 137.7 kip

RESISTANCE FACTORS
Omb = 1.670 Ome = 1670 Omv = 1670

SECTION ELEMENTS:
Flange = Non-compact Web = Compact

VERIFICATION FORMULAS:

Pr/(Pn/Ome) + 8/9%(Mry/(Mny/Omb) + Mrz/(Mnz/Omb)) = 0.930 < 1.000 ASD (Hl-1a) Verified
Vry/(Vay/Omv) = 0.008 < 1.000 ASD (G2-1) Verified

Viz/(Vnz/1.500) = 0.087 < 1.000 ASD (G2-1) Verified

Ky*Ly/ry =27202 < (K*L/f)max = 200000  Kz*Lz/rz = 45200 < (K*L/r),max = 200.000 STABLE

Section OK !}
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COMPARISON:
verifications parameters, interaction expression Robot Handbook
LRFD Fib=0.90
- Required compressive strength [Kips] Pr 400 400
- Design compressive strength [kips] Fic*Pp, 1127,8 1130
Pr < Fic*Pn | 400<1127,8 | 400< 1130
- Required flexural strength [kip*ft] Mry ; Mz 250; 80 250; 80
- Design compressive strength [kip*ft] Fic*Mpy ; Fic*Mpz | 6454 ;311,2 642 ; 311
Mry < Fib* Mpy | 250 <6454 250 < 642
MI’Z < Fib* an 80 < 311,2 80< 311
interaction expression for  Pr/ (Fic*Pn) > 0,2 0,355 0,354
Mry / (Fib*Mny) 0,387 0,389
Mrz / (Fib*Mnz) 0,257 0,257
Pr/(Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) =< 1.0  (H1-1a) 0,9275 0,928
ASD Omc =1.67
- Required compressive strength [kips] Pr 267 267
- Design compressive strength [Kips] Pn/Omc 7504 750
P, < P/Omc | 267<750,4 | 267 <750
- Required flexural strength [kip*ft] Myy : Myz 167 ; 53,3 167 ;53,3
- Design compressive strength [kip*ft] Mpy/Omc : Mpz/Omce | 4294 ; 207,0 428 ; 207
Mry < Mny/Ome | 167 < 4204 | 167 <428
Mrz < Mnz /OMC | 535 507,0 | 53,3 <207
interaction expression for Pr/(P,/Omc) > 0,2 0,356 0,356
Mry / (Mny /Omc) 0,389 0,390
Myz /( Mpz /Omc) 0,257 0,257
Pr/(Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) =< 1.0  (H1-1a) 0,9306 0,931

CONCLUSIONS:
Agreement of results.

The small differences are caused by different accuracy of parameters in calculations .

GENERAL CONCLUSIONS

More examples from “AlSC Design Examples v. 14.0, Steel Construction Manual” were made using
Robot program. In the last column of the following table it was shown the comparison between

Robot results and “AISC Design Examples” results .
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