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INTRODUCTION

This verification manual contains numerical examples for elements of structures prepared and
originally calculated by Autodesk Robot Structural Analysis Professional version 2013. The
comparison of results is still valid for the next versions.

The most of the examples have been taken from 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 Autodesk Robot Structural Analysis
Professional (signed further as “Robot”).

Each example 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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STEEL
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1. ANSI/AISC 360-05 March 9, 2005
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IMPLEMENTED CHAPTERS of ANSI/AISC 360-05

List of Specification for Structural Steel Buildings ANSI/AISC 360-05 chapters, implemented to

Robot program:

. Classification of sections for local buckling - § B.4 and Table B.4.1

. Design of members for tension- § D

. Design of members for compression - § E

. Compressive strength for flexural buckling of members without slender elements - 8 E3

ga b W N P

. Compressive strength for torsional and flexural-torsional buckling of members without slender
elements - § E4

. Single-angle compression members - § E5

. Members with slender elements - § E7

. Design of members for flexure - § F

© 00 N O

. Doubly symmetric compact I-shaped members and channels bent about their major axis — § F2
Doubly symmetric i-shaped members with compact webs and noncompact or slender flanges
bent about their major axis - § f3
Other I-shaped members with compact or noncompact webs bent about their major - § F4
Doubly symmetric and singly symmetric i-shaped members with slender webs bent about their
major axis - § F5
I-shaped members and channels bent about their minor axis - 8 F6
Square and rectangular hss and box-shaped members - § F7
Round HSS - § F8
Tees and double angles loaded in the plane of symmetry - § F9
Single angles - § F10
Rectangular bars and rounds - 8§ F11
Unsymmetrical shapes - § F12

10. Design of members for shear - § G

Members with unstiffened or stiffened webs - § G.2

Tension field action - § G.3

Single angles - § G.4

Rectangular hss and box members - § G.5

Round hss - § G.6

Weak axis shear in singly and doubly symmetric shapes - § G.7

11. Design of members for combined forces and torsion - 8 H

Doubly and singly symmetric members subject to flexure and axial force - § H1

Unsymmetric and other members subject to flexure and axial force - § H2

Members under torsion and combined torsion, flexure, shear and/or axial force - 8H3
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GENERAL REMARKS

A. Job Preferences

If you make first step in Robot program - specify your job preferences in JOB PREFERENCES dialog
box (click Menu/ Tools/ Job Preferences). Default JOB PREFERENCES dialog box opens:

P Job Preferences l_I_J@ X
= E p g EURD -
= U.nits and Formats

- Dimensions SteslAluminum stuctures: EN 1333-1:2005 - E]
-Forces
i+ Other Steel connections: EM 1993-1-8:2005 - E]
i Unit E dition -
- Materials Tirnber structures: FN-B-03150 -
BC structures: FH-B-03264 2002 -
[+ Structure dnalysiz Geotechrical: PM-81/8-03020 -
- otk Parameters
[ More codes... ]
Fa'g Qpen default parameters ‘
B Save cument parameters as default ‘ [ QK. l ’ Canhicel ] ’ Help ]

You can define a new type of Job Preferences to make it easier for future.

First of all, make selection of documents and parameters appropriate for USA condition from tabs of
the list view in JOB PREFERENCES dialog box.

For example to choose code, first click Design codes tab from left list view, then select code from
Steel/Aluminum structures combo-box or press More codes button which opens Configuration of Code
List:

i Configuration of Code List @
Codes: Current codes:
Steel £ aluminur v] [ Set a3 curment ]
Code Country t Code
ALTE Framce X EM 1333-1:2005
LIS, 1 PN-90/B-13200
A50:1985 Ed. Sth Us5a
Addan France
BS - EM 1993-1-1:2005 UK EC3
B5 5350: 2000 K.
B55950 K. -
B5K33 Sweden
Cal/CSA-ST16-01 + Supp. No.1 [2005]  Canada il
_Q‘””__--.---. m - ’ 2 4 n 3
o) Cooms |

Set ANSI/AISC code as the current code. Press OK.
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To choose code combination first click Loads tab from left list view in JOB PREFERENCES dialog

box,

P Job Preferences Ll_J‘@ i
= H X% U -
[+ Units and Formats

- Dimersions
s el EUROCODE_SIMFLFED = [
‘. Urit Edition
- Materialz Sniow/wind loads: 430k 7-08 A
- Databases
=8 D.esign codes Betiamifis [eerks LUBCS7 -
‘o Loads -
[~ Shructure Analysis
- whork, Parameters More codes,..
Fa'g Open default parameters
B, Save cunent parameters as default [ 0K ] ’ Cancel ] ’ Help ]

then select code from Code combinations combo-box or press More codes button which opens

Configuration of Code List.

Pick Load combinations from combo box. The new list view appears:

[ ‘® | Configuration of Code List @

Codes: Current codes:

Load combinations V] [ Set az current ]
Code Country i Code

] USé Geotechric S 45D

AC1318 s BS5950

ACI318_2002 S CHEE dweril 2000

ALCIF1E_2002_gea US54 Geotechnic LEFD

AL TE France PHE2

AL 7E Awril 2000 France

ASD USA ASCE 7-05

BAEL 51 Frarce

BAEL 91_RPS2000 France il

e Wi - ] m p

(]9 ] [ Cancel

Set ASD and LRFD on the right list of the box. If LRFD code is selected as the current code
the Job Preferences can be named e.g.: “usa LRFD”.

After the job preferences decisions are set, press Save Job Preferences icon in JOB PREFERENCES

dialog box. It opens Save Job Preferences dialog box.
Type a new name e.g. “usa LRFD” and save it. The new name appears in the combo-box.

Press OK button.
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r

P Job Preferences lilﬂ_hj
= E X % uza LRFD -
B- Databases -

- Steel and timber o
~Wehicle lnads Code combinations: LRFD A B
- Standard loads
- Building soils
Bolts | Snowdwind loads: ASCE 705 M
- Anchor bolts 1
- Reinforcing bars Szt ek IJECS7 -
- fire fabrics -
=~ D.esign codes
3 ore codes. .
[+~ Structure Analpsiz 7
4| 1 | 3
ﬁ,{ Open default parameters |
E\g Save current parameters az default | [ ] 8 ] [ Cancel ] [ Help

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

% Editor of cade combination regulations - CAUisers\kalczyb\AppData\Raaming)Autodesk\Autodesk Robot Structural Analysis .. [E=TE=
File Preferences  Help
Code LAFD Wersion 165
Nature subnsture | Ymax| Yrin| ¥s | ¥a | Woq| Poo| Pos| Won| P4 [ Por| Won| P | & | & | -
1 | Dead 12 |08 [t 14 |
2 | Live [ [ [ 18 |1 [
3 | wind [ [ [ 1 18 G
4 | snow 1 T G 1 16 |0 0z
5 | Snow Raof ve 1 T G 1 16 |0 02
& | Accdental T
7 | seismic [
B
Combinatio Loads -
User-defined |-
ntype e Dead Live ac |
1 5] © @] [@]
us  |usR 1.1.40 ZG}. -y,
i
;
ue  |usR 284 ZG! T oY + ZQ: -, —
1 S
3 2) () @3) (]
3120+ 168Lr+L i
ws Ui 207 R A A
=
< [ L3

B. Calculation method

American code ANSI /AISC 360-05 gives two verification options: LRFD and ASD. In Robot program
you must always manually specify:

1.
2.

calculation method
load code combination -> appropriate for calculation method

ad.1l calculation method

Calculation method (LRFD or ASD) can be chosen on Steel /Aluminum Design layout.

March 2014
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Press the Configuration button in CALCULATIONS dialog box.

M Calculations - ANSI/AISC 360-05

| S

Werification options

@ Member verification: 1

") Code group verification; 12

" Code group desige: 2

Calculation archive

Optimization
Loads Lirnit state:
Cazes: 4 i
= Ultimate

. - Serviceabilit
[] Save calculation rezults L Seponasally

o

[Eonfigurationl ’Qalculations] [ Help

Here you can choose only calculation method.

ad.2a load code combination — basic approach

4F Configuration

Calculation points

Mumber of points: 3 z

[ Characteristic points

Calculation parameters

Efficiency ratia: 1.000

Maximum slendemess;

Compression: 200,000
Tension: 300,000

Components of complex bars are
nat taken into account

Calculation methods

) ASD
Alternative verification methods:
[ Flexure and compression [H1.3]

B Werification according to [HZ2] instead
of [H1]

[ Shear - "Tenzion field action' [53]

l Exclude internal forces from calculations

Uitz of results
) Code @ Robat

Camber

B Take the deflactions from the
following case into consideration:

1 5TAl -

* g

0

Cancel

Help

To specify load code combination (LRFD or ASD) appropriate for calculation method, click Menu/
Tools/ Job Preferences. JOB PREFERENCES dialog box opens.
Select earlier prepared job preferences (as defined in Section A.) by clicking its name from combo-
box. In following dialog box usa ASD job preferences will change to usa LRFD one.

P Job Preferences

B |

[z

= H X%
A
[ Units and Farmats Charpente boiz
- Materials DEFAULTS
[#- Databases FUH.D
: - Tancia
EI D:es@n codes india
oo Loads narway
(- Structure Analyzis polska

o wfark Parameters sIDO13

usa LRFD

More codes...

=

Open default parameters

E, Sawve cument parameters as default

[1]4 ” Cancel ][ Help

By pressing OK button you accept chosen job preferences for a current task.
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ad.2b load code combination - 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 combination and ASD load combination in
Load Types dialog box.

im Load Types =HACTH X

Caze dezcription

Mature: | live v] [ I e J

Mumber: 11 Label:
Mame:  KOME_LRFD

Lizt of defined cazes:

Ma. Caze name Mature i
2 EKSP1 eksploat...[—
=3  KOMB_LRFD state =
4 KOMB_ASD state
4 | 1 | r
| Modiy || Delste | [ Deleteal |

In this case, you can use in verification, appropriate load combination corresponding to calculation
method:

"

ail Load Combination - Cases: 34 [ || ]
S . Combination Case o &
Combinations Name Analysis type —-—— S—-—— Definition —
3(C) KOMB_LRFD | Linear Combina uLs state 11 20+2*1 60
4(C) KOMB_ASD | Linear Combina ULS state (1+2)*1.00 =
<[+ |4 values £Edit {Info / | < T | b
March 2014
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VERIFICATION EXAMPLE 1
- Design of members for compression

Example taken from AISC Steel Construction Manual v13.0

TITLE:

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

SPECIFICATION:

AISC Design Examples

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 and torsionally braced at the midpoint.

Verify the strength of defined compression member.
You can choose ASD or LFRD calculation method.

" Structure - Cases: 3 (KOMB_LRFD) [=|[=] 52 | | #F Definitions - ANSI/AISC 360-05 ==
Number: 1 hd Mew
Basic data
Bar list: 1
Mame: Pret_1
C. Group: 1 * Member type:  test 0.9z -
[ 0K ] [ Delete ] [ Save ] [ Help ]
FX=-168.0 2 Calculations - ANSI/AISC 360-05 (=T
p | FX=-0720 - Yerification options
@ Member verification:
() Code group verification: 1
() Code group design: 1
O ptimization
Loads Lirnit state:
—— STEEL A992-50 Lases: ! Ultimate
Z : } wip Calculation archiv? - [ Senvicaabiy
t(} Cases: 3 (KOMB_LRFD) [ 5ave calculation results
= ST = i [ 0k ] [Eonfiguration] [ Calculations ] [ Help
LIS EEEDD « m DEE D]

SOLUTION:

You must remember to specify appropriate (LRSD or ASD) load code combination in JOB
PREFERENCES dialog box (click Menu/Tools/Job Preferences).
In DEFINITIONS dialog box define a new type of member, laterally braced about the z-z axis and
torsionally braced at the midpoint. It can be set in Member type combo-box. Pre-defined type of
member “simple bar” may be initially opened.

March 2014
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#F Definitions - ANSI/AISC 360-05 ==
Members | Groups

MNumber: 1 hd MNew

Basic data

Bar list: 1

Name P

C Goup 1 ~ Member type:
Cal

| Seve geam

test 0.5z +5
Pret

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

HE Member Definition - Parameters - ANSI/AISC 360-05

[E)

Member type:  Simple bar

Buckling [ axiz]
Member length ly:

) Beal

- - 1.000
@ Coefficient

Buckling length coefficient '

Lateral buckling parametars

Lateral buckling

Ch: 100000

Seismic analysis parameters

Buckling [£ axis)

Member lenagth 1z:
CRe
@ Coefficient

Buckling length coefficient Z:

Kz 1.000
1o

Flexural-torsional buckling of monosymmetic sections

Lateral buckling length coefficient

Upper flange ] [ Lower flange ]

Lb=1 Lb=1

Save

Service
tdare...

[T Seismic calculations - AMS1AAISC 341-05

[SkF] Special Moment Frames

Beam

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.

#F Buckling Diagrams

=)
| (]S

LT
10 0.7 10 05
3
A It A
20 L 1 &

Zn
Cancel

o Help

2 X L L

@ Sway structure

() Moresway structure

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

= T
2 Internal bracings b | @
Fl -~ -
Y\f
Z‘/
___________________ U\/
L\/
Test for member: 1 Pret_1 &
‘ Buckling Yl Buckling 2 ‘ Lateral buckling-upper flange | Lateral buckling-lower ﬂange‘
Coordinates of the existing bracings Automatic detection of bracings
Define manually coordinates of the existing bracings [] &dd bracings at paints where adiining elements accur
0,500 =L Add bracings at points where bending moments equal
280
el @ relative
Basic scheme of & member Bracing detection preview
1 Pret_1
Buckling coefficients of companent segments o =L
1.000: 1,000

In Buckling Z tab define internal support in the middle of the member by typing value 0.5 in
the Coordinates of the existing bracings field.

Press OK.

Save the newly-created member type, e.g. “test 0,5z

HL Member Definition - Parameters - ANSI/AISC 360-05

o

Member type:  test 052

Buckling [v' axis]
Member length ly:

© Beal 1,000

@) Coefficient

Buckling length coefficient 'v':

Fye 1,000

Lateral buckling parameters

[ Lateral buckling

Ch:  1.00000

Seismic analysis paramaters

Beam

[7] Flesuraltorzsional buckling of monosymmetic zections

[ Seizmic calculations - AMS1AAI5C 341-05

[SMF] Special Moment Frames

Save

iy

Buckling [£ axis)
Member length lz:

1.000

Cloge

) Real
@) Coefficient

Buckling length coefficient Z:

kz 1000 m

Lateral buckling length coefficient

[ Upper flange ] [ Lower flange ]
Id =[ld1.1d2....)

Id = [id1Jd2,...)

Help

March 2014
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"2 Definitions - ANSI/AISC 360-05 ey
Number of the member must be Sy T
assigned to appropriate name ibliaiil 1571
of Member type. Hurber 1 - Haw
Hanc data
(It is very important when you verify Bar kit
different member types.
P ) Mame: Prat_1 Pt arneteis
C Groop 1 'IMerrbery,'pe: test 052 hd I
_swe | [_rb |

In the CALCULATIONS dialog box set:

-> Verification option; here Member Verification,
-> Loads cases ; here for LRFD design, only n°3
-> Limit state ; here only Ultimate Limit state will be analyzed,so switch off Limit stat —Serviceability.

Now, start calculations by pressing Calculations button.

HF Calculations - ANSIFAISC 360-05 |5 |
Yerification options
(@) Member verification: 1
(") Code group verification:
() Code group desigr:
DO ptimization [ Dptionz ]
Loads Limit state
Cazes: 3 -
B m Ultimate
Calculation archive = Sl
[T 5 ave calculation results ety
[ Ok l [Ennfiguration] [ LCalculations ] [ Help

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

L ANSI/AISC 360-05 - Member Verification { ULS ) 1 [P
Results | Messages [ Calc. Mate ] [ LCloze ]
Member Section Material Lay Laz Ratio Case Hel
p
1 Pret_1 |i| W 14x80 STEEL AS92-50 5362 4369 0.51 3 KOMB_LRFD Fiati
= 1d[n]
[ Analysis ] ’ Map ]

Calculation points

Diwigior: n=3
Ertremes: none
Additional.  none
E — ——|

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.
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Simplified results tab

RESULTS - Code - ANSI/AISC 360-05

Detailed results tab

T
:
Section OK
EEX Bar: 1 Pret_1
Pairt / Cocrdinate: 1/w=000L=0.00f
14430 - Load case: 3KOMB_LRFD 1+1.20+271.60
Slmpllfled resulls Detailed results Lhange
MEMBER PARAMETERS
Ly =30.00 ft Lz =1500ft
Ky =1.00 m Kz=1.00
KLpiry = 5862 KlLz/rz = 48 63

INTERMAL FORCES: MNOMIMAL STREMGTHS:

Pr= 8400 kip Fic*Pn = 927 2 kip
SAFETY FACTORS SECTIOM ELEMENTS

Fic =090 UNS = Compact 5Tl = Campact
RESULTS
Pré[Fic*Pr] = 0.91 < 1.00  LRFD [H1-1a]
Kyl = B8 B2 < [K*Ldr).max = 200.00 Kztlzfrz = 4869 < [K*LA).max = 20000 STABLE

= T ae =N
Section Ok
1 Pret_1
1/x=000L=0.00f
3KOMB_LRFD 1%1.20+21.60
LChange
Unit Symbol description Section -
Cross-section properties: W 14x90 ‘E
in2 Cross-section area b [ Forces

in2 Shear area - Y-axis

in2 Shear area - Z-axis

ind Torsional constant

ind Moment of inertia of a section about the Y-axis

ind Moment of inertia of a section about the Z-axis

in3 Plastic section modulus about the ™ (major) axis

in3 Elastic section modulus about the Y-axis

in3 Plastic section modulus about the Z (minor) axis

in3 Elastic section modulus about the Z-axis

in Height of cross-section

in Width of cross-section

RESULTS - Code - ANSI/AISC 360-05
Z
! Bar: _
Paint / Coordinate:
W 14:30 v Load case:
Slmpllfled results Detalled results
Symbol | values | i
A 265 i
Ay 206 i
Az 5.2 i
J 41 i
y 999.0 i Y
Iz 352.0 i i
Zy 157.0 i
Sy 1425 i
£z 76.0
Sz 459 i
d 14.02 i i
b 14.52 i Wi

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.
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RESULTS for LRFD method:

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

STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 9,2005
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Pret 1 POINT: 1 COORDINATE: x=0.00L =0.00 ft

LOADS:
Governing Load Case: 3 KOMB_LRFD 1*1.20+2*1.60

MATERIAL:
STEEL A992-50  Fy=50.00ksi Fu=65.00ksi E =29000.00 ksi

Z

£
SECTION PARAMETERS: W 14x90

d=14.02 in Ay=20.6 in2 Az=6.2 in2 Ax=26.5in2
b=14.52 in ly=999.0 in4 12=362.0 in4 J=4.1in4
tw=0.44 in Sy=142.5in3 Sz=49.9 in3

tf=0.71in Zy=157.0 in3 Zz=76.0 in3

MEMBER PARAMETERS:

I

1.0

Ly =30.00 ft Lz =15.00 ft

Ky =1.00 Kz =1.00

KLy/ry = 58.62 KLz/rz = 48.69

INTERNAL FORCES: NOMINAL STRENGTHS:
Pr =840.0 kip Fic*Pn = 927.2 kip

SAFETY FACTORS
Fic=0.90

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pr/(Fic*Pn) =0.91 <1.00 LRFD (H1-1a) Verified
Ky*Ly/ry = 58.62 < (K*L/r),max = 200.00 Kz*Lz/rz = 48.69 < (K*L/r),max = 200.00 STABLE

Section OK !l
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b) From economical reason try to check the next lighter W section.

Being still in RESULTS- CODE dialog box, type W 14x82 in the editable field below drawing
of section and press ENTER. Calculations (and results) are refreshed instantly.

S RESULTS - Code - ANSI/AISC 360-05 Pr— ’ SHECEL X
z ok,
Incomect section _
Paint / Coordinate: 1/»=000L=000f
M Load case: IKOMB_LRFD 191.20+241 B0
Simplified results | Detailed results
MEMBER PARAME TERS
Ly=3000f Lz=15.00ft
Ky=1.00 II] Kz=1.00
KLy = 5960 Klzz = 72 B2
INTERNAL FORCES: NOMINAL STRENGTHS:
Pr = 840.0 kip Fic*Pn = 737.2 kip
SAFETY FACTORS SECTION ELEMENTS
Fic = 0.90 NS = Compact 5Tl = Compact
! RESULTS
Pr/(FicPrl =114 > 1.00 LRFD (H1-14)
KLy = 63,50 < (CLALman = 20000 Kzladtz = 7262 (LA man = 20000 STABLE

The results for new selected section are presented below.

STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 92008
ANALYSIS TYPE: Member Verification

CODE GROQUP:
MEMBER: ] Pret 1 POINT: | COORDINATE: x=000L=000ft

LOADS:
Governing Load Case: 3 KOMB_LRFD 1%1.20+2%1.60

MATERIAL.:
STEEL A992-50 Fy=50.00ksi Fu=6500ksi E=29000.00ksi

Z
3

SECTION PARAMETERS: W 14x82

d=1431in Ay=17.3in2 Az=73in2 Ax=2411n2
b=10.13in Iy=882.0 in4 1z=148.0 in4 J=5.1in4
tw=0.511in Sy=1233 in3 $z=292 in3

tf=0.85in Zy=139.0in3 Zz=450in3

MEMBER PARAMETER S:

1]

Ly=30.00ft Lz=15.001ft

Ky=1.00 Kz=1.00

KLy/ry = 59.50 KLz/rz=72.62

INTERNAL FORCES: NOMINAL STRENGTHS:
Pr = 840.0kip Fic*Pn = 7372 kip

SAFETY FACTORS Fic=0.90

SECTION ELEMENTS: UNS = Compact STI = Compact

VERIFICATION FORMULA S:
Pr/(Fic*Pn) = 1.14> 1.00 LRFD (HIl-1a) Not verified
Ky*Ly/ry = 59.50 < (K*L/1),max = 200.00 Kz*Lz/rz = 72.62 < (K*L/r)max = 200.00 STABLE

Fer

Incorrect section [/
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RESULTS for ASD method:

W14x90 was considered. The results are presented below.

Simplified results tab

2 RESULTS - Code - ANSI/AISC 360-03

PrAPr/Ome) = 0.91 < 1.00 ASD (H1-1a)

KLyt = BB.E2 < [K*LA)max = 200.00

Kz#lzfrz = 4863 < [K*LA)max = 200.00  STAELE

Section O
! Bar 1 Pret 1
Paint / Coordinate: 1/4w=000L=000f
W 14230 - Load case: 4 KOME_ASD [1+21.00
Simplified results | D etailed results
MEMBER PARAMETERS
Ly = 30,00 ft Lz=15.001t
Ky =1.00 m Kz=1.00
KLy/e = BB.E2 kLz/rz = 4869
INTERMAL FORCES: MHOMIMAL STRENGTHS:
Pr=560.0 kip Pn/0Ome = B16.9 kip
RESISTAMCE FACTORS SECTION ELEMENTS
Omc =167 UMS = Compact 5Tl = Compact
RESULTS

LChange

Forces

Detailed results tab

2 RESULTS - Code - ANSI/AISC 360-05

Z
BE Bar 1 Pret_1 sestion 0K
Fuoint ¢ Coordinate: 1/=2=000L=000F
W 14430 M Load case: 4KOMB_ASD [1+271.00
Detailed results LChange

Symbol |  Vaues |  unit Symbol description | section -
About the Y axis of cross-section
Ly 30.00 ft Lateralty unbraced buckling length [E2]
Ky 1.00 Effective buckling length coefficient [EZ] Forces
Ky*Lyiry 58.62 Buckling slenderness of a member [EZ]
Fey 83.29 k=i Elastic critical buckling stress [E3]
Fery 33.29 ksi Critical flexural buckling stress. [E3]
Pny 1030.2 kip Nominal compressive strength of a member [E3]
About the 7 axis of cross-section T
Lz 15.00 it Lateralty unbraced buckling length [EZ] ‘E
Kz 1.00 Effective buckling length coefficient [E2] | &
Kz*Lzirz 43.69 Buckling slenderness of a member [EZ]
Fez 120,72 k=i Elastic critical buckling stress [E3]
Ferz 42.04 k=i Critical flexural buckling stress. [E3]
Pnz 11137 kip Nominal compressive strength of a member [E3] i
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The printout note view of Simplified results for ASD is presented below.

STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 9,2005
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Pret 1 POINT: 1 COORDINATE: x=0.00L =0.00 ft

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

MATERIAL:
STEEL A992-50 Fy=50.00ksi Fu=65.00ksi E =29000.00 ksi

Z

BE SECTION PARAMETERS: W 14x90

d=14.02 in Ay=20.6 in2 Az=6.2 in2 Ax=26.5 in2
b=14.52 in ly=999.0 in4 12=362.0 in4 J=4.1in4
tw=0.44 in Sy=142.5in3 Sz=49.9 in3

tf=0.71in Zy=157.0in3 Zz=76.0 in3

MEMBER PARAMETERS:

I

1.0

Ly =30.00 ft Lz = 15.00 ft

Ky =1.00 Kz =1.00

KLy/ry = 58.62 KLz/rz = 48.69

INTERNAL FORCES: NOMINAL STRENGTHS:
Pr =560.0 kip Pn/Omc = 616.9 kip

RESISTANCE FACTORS
Omc = 1.67

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pr/(Pn/Omc) =0.91<1.00 ASD (H1-1a) Verified
Ky*Ly/ry = 58.62 < (K*L/r),max = 200.00 Kz*Lz/rz = 48.69 < (K*L/r),max = 200.00 STABLE

Section OK !11
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COMPARISON:

Resistance, interaction expression Robot Handbook
For W14x90, LRFD Fic=0.90
1. Py - Required compressive strength [kips] 840,0 840
2. Py - Design compressive strength  [Kips] 1030,2 1030
Py < (Fic*Pp) 840 <927,2 | 840<928
For W14x90, ASD Omc =1.67
1. P, - Required compressive strength [Kips] 560,0 560
2. Pp - Design compressive strength  [Kips] 1030,2 1030
Pr < (Pn/Omc)) 560 < 616,9 | 560 < 618

CONCLUSIONS:

Underline value, from handbook, are wrong
(Fic*Pp) = 0,9 * 1030 = 927,0 not 928
Pn/Omc =1030/1,67 = 616,8 not 618 ,

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

March 2014

page 19/93



Autodesk Robot Structural Analysis Professional - Verification Manual for American codes

VERIFICATION EXAMPLE 2

- Lateral-torsional buckling of beams

Example taken from AISC Steel Construction Manual v13.0

TITLE:

AISC Design Examples

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.

l Structure - Cases: 3 (KOMB_LRFD)

&{

D, 00

30
[ EBlE)EEOE]] « L

= STEEL A992-50

S tapree
Cases: 3 (KOMB_LRFD)

y N

m

2 Definitions - ANSI/AISC 360-05 == 5]
Members | Groups|
MNumber: 1 - Mew
Basic data
Bar list: 1
Mame: bar
C. Group: 1 v Member type:  Simple bar -
e ] [
A Calculations - ANSI/AISC 360-05 y (Sl |
‘Werification options
@ Member verification: 1
() Code group verification: 1
(7 Code group design: 1
Optimization
Loads Lirnit state
Cases: o581 Wfriete
Calculation archive
[T 5ave calculation results [ Serviceabity
[ Ok ] [Eonfiguration ] [ Calculations ] [ Help

SOLUTION:

You must remember to specify appropriate (LRSD or ASD) load code combination in JOB
PREFERENCES dialog box (click Menu/Tools/Job Preferences).
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In DEFINITIONS dialog box define a new type of member, laterally braced about the z-z axis and
torsionally braced at the midpoint. It can be set in Member type combo-box. Pre-defined type of
member “simple bar” may be initially opened.

4 Definitions - ANSI/AISC 360-05 = | B s
Members | Groups
Murnber: 1 - Mew
Basic data
Bar list: 1
Nare Pt
C Goup 1 ~ Member type:
Cal
Save Boam
test 0.5z +
Pret

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

HE Member Definition - Parameters - ANSI/AISC 360-05 [
tember type:  Simple bar
Buckling [v" auis) Buckling [£ axiz]

tember length ly:
© Beal 000
@) Coefficient

Buckling length coefficient %"

Ew: 1,000

Member length |z
) Real
@ Coefficient

0oa

Buckling length coefficient £

Kz 1.000
10

Flexural-torsional buckling of monosymmetric sections

Service
Mare...

Lateral buckling parameters

. Lateral buckling length coefficient
[7] Lateral buckling BlEig

Upper flange l [ Lower flange ]

Ck: 1.00000

Lb=1 Lb=1

Seismic analysiz parameters
[7] Seismic calculations - ANSIAAISC 341-06

[SKF] Special Marment Frames

Beam

Help

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;
= define appropriate value of Cb by manually entering in editable field or pressing Cb icone
which opens PARAMETER Cb dialog box:

HE Parameter Ch

Ch Ch
2

Cancel

=
) [E
A

Help

Here, the second icon Cb=f(Mi) was selected.

ke

= define bracings for Lateral buckling and Buckling Z.
To define Lateral buckling length coefficient for this structure case, press Upper flange icon.
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It opens LATERAL BUCKLING LENGTH COEFFICIENTS dialog box.

$ Lateral buckling length coefficients &J

—| Lb=21

—

Cancel

|| Lb=05]

—|| Lb=1.000

1 Intermediate bracings

Click the last icon 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, - lower flange tab and Buckling Z tab define internal support in
the middle of the member by typing value 0.5 in the Coordinates of the existing bracings field.

Press OK.
2 Internal bracings ﬁ
Lateral buckling-upper flange \»
Z\/
U\/
L\/
-
l Test for member: 1 bar =
Buckling v | Buckling Z | Lateral buckling-upper flange | Lateral buckling-lowes flange|
Coordinates of the existing bracings Automatic detection of bracings
D efine manually coordinates of the existing bracings [7] Add bracings at paints where adinining elements accur
0500 =L & Add bracings at points where bending moments egqual
- : E=]
0 real @) relative i i i
Basic scheme of a mermber Bracing detection preview
1 bar
|
Buckling coefficients of component segments P =L
||
1.000;1.000
o] [come
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Save the newly-created member type:

2 Member Definition - Parameters - ANSIFAISC 360-05

Member type:  buckling

Buckling [Y axiz)
Member length |y

© Beal 0o
@ Coefficient

Buckling length coefficient

Ky 1,000

Lateral buckling parameters

Lateral buckling

Ch:  ChiMi)

Seismic analyziz parameters

Beam

Buckling [£ axig)

Member length |z:
© Real oo
@ Coefficient

Buckling length coefficient 2

Kz 1.000 |II

Flexural-torzional buckling of monosymmetnc zections

Lateral buckling length coefficient

[ Upper flange ] [ Lower flange ]

Id=d1.dz2....] Id=d1.dz2....]

[ Seismic caleulations - ANSIASISC 341-05

[SHF] Special Moment Frames

Save

Claze

Service

tore...

R b

Stiffeners

Help

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

(very importent when you verify
different member types.)

| ZF Definitions - ANSIAISC 360-05 L

Memberz | Groups

INy‘nher i
goi- 0als
B st

Hame: bar

Paiameters

C Group: 1

Membes lype:

bwsckling

-

Save

Help

In the CALCULATIONS dialog box set:
-> Verification options ;
-> Loads cases ;

here Member Verification,
here for LRFD design only n° 3
here only Ultimate Limit state will be analyzed,so switch off Limit stat —Serviceability.

-> Limit state ;
[ HL Calculations - ANSI/AISC 360-05 I. =RECTR X _J
Werification options
@ Member verification: 1
() Code group verfication:
() Code group design:

Optimization

Loads Lirnit gtate

Cazex 3 i

= [¥] Ultimate

Calculation archive [F] Serviceabil

[7] Save caloulation results 2eniceabilty
l 0K ] lConfiguration] [ Calculations ] [ Help

March 2014

page 23 /93



Autodesk Robot Structural Analysis Professional - Verification Manual for American codes

Now, start verifications by pressing
Calculations button.
MEMBER VERIFICATION dialog box with most significant results data will appear on screen.

FE ANSV/AISC 360-05 - Member Verification ( ULS ) 1 (=] B |
Resuls | Messages [ caleMote | [ Close |
Member Section | Material | Lay | Laz | Ratio | Case | Hel

1 bar |i|w1ax50 | sTEeLassz-s0| sesaa|izra4r| ns2s|

3KOMB_LRFD | Pt
atio

Calculation paints

Drivisian: n=3
Extremes: none
Additional.  none

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
FL RESULTS - Code - ANSI/AISC 360-05

Z
Section OK
5? Bar: 1 bar
Paint / Coordinate 2/4=050L=1750f
w1850 - Load case: 3KOMB_LRFD 1+1.200+2*1.600

Simplified results | Detailed results LChange

MEMBER PARAMETERS

Ly=35.001t Lz=1750f
Ky =1.000 fz =1.000 Lb=17.50%

KLy/ry = 56.933 klzhz = 127147 Ch=1.233

INTERMAL FORCES: NOMINAL STRENGTHS: Eorces

Iy = 266.44 kip*t Fibry = 287.97 kipft
SAFETY FACTORS SECTIOM ELEMEMNTS
Fib = 0.900 UMS = Compact 5Tl = Compact Cale. Nate
RESULTS

Mry/(Fibry) = 0.925 < 1.000 LRFD [H1-1h)

Help

Detailed results tab
S RESULTS - Code - ANSI/AISC 360-05

z
! Bar: 1 bar section 0K
Faint ¢ Coordinate: 2/w=050L=1750f
w/18R50 - Load case: 3KOME_LRFD 1+1.20+2°1 60
Dietailed results Change
symbol | wvalues | unit Symbol description Section [=
Cross-section properties: W13X50 ‘E‘

Ax 1470 in2 Cross-section area s [ Forces
Ay 8.54 in2 Shear area - v-axis
Az 6.39 in2 Shear area - Z-axis
J 1.24 ind Torsional constant
by 200.00 ind Moment of inertia of a section about the -axis
Iz 40.10 ind Moment of inertia of a section about the Z-axis
Zy 101.00 in3 Plastic section modulus about the Y (major) axis
Sy 88.94 in3 Elastic section modulus about the Y-axis
Zz 17.00 in3 Plastic section medulus about the Z (minor) axis
Sz 10.70 in3 Elastic section modulus about the Z-axis
d 17.99 in Height of cross-section
b 7.50 in Width of cross-zection b

Pressing the Calc.Note button in “RESULTS —Code” dialog box opens the printout note for
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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.

RESULTS for LRFD method:

STEEL DESIGN

CODE:
ANALYSIS TYPE: Member Verification

ANSI/AISC 360-05 An American National Standard, March 9,2005

CODE GROUP:
MEMBER: 1 bar

POINT: 2

COORDINATE: x=050L=

17.50 ft

LOADS:

Governing Load Case: 3 KOMB_LRFD 1*1.20+2*1.60

MATERIAL:

STEEL A992-50  Fy =50.00 ksi

Fu = 65.00 ksi

E =29000.00 ksi

4

S
SECTION PARAMETERS: W18X50

d=17.99 in Ay=8.54 in2 Az=6.39 in2 Ax=14.70 in2
b=7.50 in ly=800.00 in4 1z=40.10 in4 J=1.24 ind4
tw=0.35in Sy=88.94 in3 S$z=10.70in3
tf=0.57 in Zy=101.00 in3 Zz=17.00in3
MEMBER PARAMETERS:
Ch
X X —
Ly = 35.00 ft Lz =17.50 ft
Ky =1.00 Kz =1.00 Lb =17.50 ft
KLy/ry =56.93 KLz/rz = 127.15 Cbh=1.30

INTERNAL FORCES:
Mry = 266.44 kip*ft

NOMINAL STRENGTHS:
Fib*Mny = 287.97 Kip*ft

SAFETY FACTORS
Fib=0.90

SECTION ELEMENTS:

UNS = Compact STI = Compact

VERIFICATION FORMULAS:

Mry/(Fib*Mny) = 0.93 < 1.00 LRFD (H1-1b) Verified

Section OK !11
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RESULTS for ASD method:

Simplified results tab

I RESULTS - Code - ANSL/AISC 360-03

Section 0K

v

w1850 -

Simplified results | Detailled results

Bar:

Paint / Coordinate:
Load case:

1 bar
2/%=0580L=1750H
4 KOMB_ASD (1+2)1.00

MEMBER PARAMETERS

My = 183,75 kipft

RESISTAMCE FACTORS

rw/Omb = 131,60 kip*ft

SECTION ELEMENTS

Ly=235.001 Lz =17.50F
Ky=1.00 kz=1.00 Lb=1750f
KLy/y = 56.93 Klzfrz =127.15 Ch=1.30
INTERMAL FORCES: MOMIMAL STRENGTHS:

LChange

Forces

Omb =1.67 UINS = Compact 5TI = Compact
RESLLTS
My Mry/Ornb) = 0.96 < 1.00 A5D [H1-1b)
Detailed results tab
3 RESULTS - Code - ANSI/AISC 360-05
Z
Section OK
: Bar: 1 bar
Paint # Coordinate: 2/w=080L=1750f
1850 - Load case: 4 KOMB_ASD [1+211.00
Simplified results | Detailed results LChange
Symbol | vawes | umt | Symbel description Section -
Cross-section properties: W18X50 ‘E
A 1470 in2 Cross-section area B [ Forces
Ay 8.54 in2 Shear area - Y-axis
Az 6.39 inZ Shear area - Z-axis
1 124 ind Torsional constant
by 200.00 ind Moment of inertia of a section about the Y-axis
Iz 40.10 in4 Moment of inertia of a section about the Z-axis
Zy 101.00 in3 Plastic section modulus about the " (major) axis
- - - - Calc. Mote
Sy 88.94 in3 Elastic zection modulus about the Y-axis
Zz 17.00 in3 Plastic section modulus about the Z (minor) axis
Sz 10.70 ind Elastic section modulus about the Z-axis
d 17.99 in Height of cross-zection
b 7.50 in Width of cross-section Z =
i — =

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 o

n which tab is active.

The printout note view of Simplified results for ASD is presented below.
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STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 9,2005
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 bar POINT: 2 COORDINATE: x=0.50L=17.50 ft
LOADS:
Governing Load Case: 4 KOMB_ASD (1+2)*1.00

MATERIAL:
STEEL A992-50 Fy=50.00ksi Fu=65.00ksi E=29000.00 ksi

BE SECTION PARAMETERS: W18X50

d=17.99 in Ay=8.54 in2 Az=6.39 in2 Ax=14.70 in2
b=7.50 in ly=800.00 in4 1z=40.10 in4 J=1.24 in4
tw=0.35in Sy=88.94 in3 Sz=10.70 in3
tf=0.57 in Zy=101.00 in3 Zz=17.00 in3

MEMBER PARAMETERS:

Ch

X X —

Ly = 35.00 ft Lz =17.50 ft

Ky =1.00 Kz =1.00 Lb=17.50 ft

KLy/ry =56.93 KLz/rz =127.15 Cb=1.30

INTERNAL FORCES:
Mry = 183.75 kip*ft

NOMINAL STRENGTHS:

Mny/Omb = 191.60 kip*ft

RESISTANCE FACTORS
Omb =1.67

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Mry/(Mny/Omb) = 0.96 < 1.00 ASD (H1-1b) Verified

Section OK !11
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COMPARISON:
verifications parameters, interaction expression Robot Handbook
Cb - Lateral-torsional buckling modification factor
Lpy - Limiting laterally unbraced length for the limit state of yielding [ ft ] 1,3 13
Lry - Literally unbraced length for the limit state of inelastic 5,83 583
lateral- torsional buckling [ft] 16,96 17.0
FcrLtb - Critical stress (lateral-torsional buckling) [ksi] 43,17 43,2
LRFD, Fib=0.90
. . 266,44 266
1. My - Required flexural strength [kip*ft '
i q. , o [kip ]. 319,97 320
2. Mpy - Design compressive strength  [kip*ft]
266,44< 287,97 | 266< 288
Mry < (Flb* Mny)
ASD, Omc =1.67
1. Mry - Required flexural strength  [kip*ft] 183,75 184
2. Mpy - Allowable flexural strength  [kip*ft] 319,97 320
Mry < (Mpy /OMG) 183,75< 191,60 184<192

CONCLUSIONS:

The small differences are caused by different accuracy of parameters in calculations.
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VERIFICATION EXAMPLE 3

- Combined compression and bending about both axes

Example taken from AISC Steel Construction Manual v13.0
AISC Design Examples

TITLE:

Example H.1 -- 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-it Max = 167 kip-ft Material Properties:
Muy = 80.0 kip-ft May = 53.3 kip-ft ASTM A992 Fy=50ksi Fu=65ksi
R Structure - Cases: 1 (LRFD) (=)@ 52 | || % Definitions - ANSVAISC 360-05 ==
i Members | Groups|
Murnber: 1 - Mew
Basic data
Bar list: 1
Mame: bar
C. Group: 1 ~ Membertype:  bar 1 -
e ] [ron ]
FX=-400.0 y
M(X,Y,Z)=(0.0 ,250.0,80.0 - y
A a ) =| [ #F calculations - ANSI/AISC 360-05 SlE]s=
Werification options
@ Member verification: 1
() Code group verification: 1
() Code group design: 1
— STEEL A992-50 Loads Limit state
Cases: 1 -
Z 2 kip'ﬁ e i Ultimate
; i kip Calculation archive . .
;‘( Cases: | (LRFD) [] Save calculation results [ Serviceabiiy
0 il
EEE R == m | v 522 [ [ oK ] [Eonfiguration] [ Calculations ] [ Help
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SOLUTION:

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

2 Definitions - ANSI/AISC 360-05 = | B s
Members | Groups
Mumber: 1 - Mew
Basic data
Bar list: 1
Moo Pt
C. Group: 1 ~ Member type: i
Cal
| Seve Bogn
test 0.5z +5
Pret

For choosen member type, press 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

ke 1.000 Kz 1.000

Lateral buckling parameters

) Lateral buckling length coefficient
[¥] Lateral buckling By

Upper flange] [ Laower flange]

Ch:  1.00000

Lb=1 Lb=1
Seismic analysiz parameters
[ Seismic calculations - AMSIAAI5C 341-05

[SHF] Special Moment Frames

Beam

[ M Member Definition - Parameters - ANSI/AISC 360-05 Ié]‘
Member type:  Simple bar
BuCklinlag:nS:irlength Iy BUCklinl\gd Em;:rsllength Iz:

(") Real ) Real
© E::fricient 100 ) c§:rricient 1o

Buckling length coefficient v Buckling length coefficient 2

Flexural-tarsional buckling of monosymmetric: sections Stiffeners

4 Member Definit

ion - Parameters - ANSI/AISC 360-05

tember type:
Buckling [ axiz]

ember length ly:

bar 1
Buckling [£ axiz]

Member length Iz:

Save

Close

requirements of the structure. In this particular load ) Beal T ©) Real T
case switch off Flexural-torsional buckling of © Cosfficient -~ © Cosficient Senice
monOSymetriC SeCtionS_ Buckling length coefficient " Buckling length coefficient Z: Mare

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

March 2014

Ky 1,000

Ck:  1.00000

1.0 1.0

[ Flexural-torsional buckling of monosyrmetric sections

Lateral buckling parameters

Lateral buckling

Stiffeners

Lateral buckling length coefficient

Upper flange ] [ Lower flange ]

Seismic analysiz parameters
[ Seismic calculations - AMS1AAISC 34105

[SMF] Special Mament Frameas

Beam

Lb=1 Lb=1

Help

i g
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Save the newly-created member type “bar 1”.

Number of the member must be assigned to appropriate name of Member type
(very importent when you verify different member types.)

In the CALCULATIONS
-> Verification options ;
-> Loads cases ;

-> Limit state ;

Now, start verifications

2 Definitions - ANSL/AISC 360-05 =T X
Membess | Groups
MNurmbeer; 1 - Mew
Bazic data
Bar kst:
M bar Patameters |
C Group: 1 F Member type; bar -
oK. Save |  Hep |

dialog box set:
here Member Verification,
here for LRFD design only n°3

here only Ultimate Limit state will be analyzed,so switch off Limit stat —Serviceability.

4 Calculations - ANSI/AISC 360-05 [ e
Yerification options
@) Member verification: 1
() Code group verification: 1
() Code group desigr: 1
O ptirizatian
Loads Lirnit state
Cases: ! Ultimate
Calculation archive
[T 5ave calculation results [ Serviceabiity

[ o |

[Configuration] [Qalculations] [

Help

by pressing Calculations button.

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

4 ANSI/AISC 360-05 - Member Verification { ULS ) 1 Ts BN
Results | Messages [ caleMote | [ Ciose |
Member Section Material Lay Laz Ratio Case m
p
1 bar |i I W14X59 STEEL AS52-50 27157 45183 0.528 1 LRFD Rati _
alo
Calculation points

Diwvision: n=11

Extremes: hohe

Additional:  none

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.
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Simplified results tab

S RESULTS - Code - ANSI/AISC 360-05 = | E |
! Bar 1 bar Section 0K :
) @]
Puoint / Coordinate: 11 /%=100L=1400f
14433 M Load casze: 1LRFD
Simplified results | Detailed results Change
MEMEER PARAMETERS
Ly=14.00ft Lz=14.001t h
1.10 Ky =1.000 1.10 kz=1.000 10 Lb=14.001
KLy = 27197 klz/rz = 46,193 Cb=1.000
INTERMAL FORCES: MOMIMAL STREMGTHS:
Pr=400.0kip Fic*Prn = 1127.5 kip
My = -280.0 kip*it Wy = 5.7 kip Fib*tny = 642.3 kip*ft Fivfny = B13.5 kip
Mrz = -80.0 kip*ft Wiz =-17. 9 kip Fib*Mnz = 312.9 kip*ft Fiv*nz = 185.4 kip
SAFETY FACTORS SECTION ELEMENTS
Fic=0900 Fib=0900 Fiv=0900 UNS = Mon-compact 5TI = Compact
RESULTS
PrAFicPn) + 8/ Mrp/(Fib*Mrw] + Mrz/[Fib*Mnz)] = 0.928 < 1.000  LRFD (H1-1a)
Wi/ [Fivng] = 0.009 < 1,000 VrzAFivdnz] = 0.087 < 1.000 LRFD (G2-1)
Ky'Lydy = 27.197 < (KLAlman = 200000 K'Laiz = 46,193 < (KL man = 200000 STABLE
Detailed results tab
2 RESULTS - Code - ANSI/AISC 360-05 i
5 Section Ok :
echan
5? Bar: 1 bar 3
Paint / Coordinate: 11 /4%=1.00L=1400f
W14x33 v Load case: 1LRFD
Simplified results | D etailed results Change
Symbol Values Unit Symbol description Section -
Mnz[vD] 350.0 kip*ft Flexural strength in the limit state of vielding [F&] [
Mnz[FLB] 3477 kip*ft Strength for local buckling of a compression flange [F&6.2]
Mnz 3477 kip*ft Design flexural strength [F&] Forces
Vny 58185 kip Design shear strength [G2.1]
Verification formulas:
UF[KLI] 0226 Wax(Ky*Ly/rg/(K*Ur),max ; Kz*Lz/rz/{K*Lir), max}) stable
UF(H1_1a) 0.923 Pri{Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) Verified
UF(G2_1) 0.008 Vryl(Fievny) Verified -
Calc. Mot
UF(G2_1) 0.087 VrziFivnz) Verified
Ratio:
RAT 0.828 Efficiency ratio Section OK |E|
| T n
|
= - = - =

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.
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RESULTS for LRFD method:

STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 9,2005
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 bar POINT: 11 COORDINATE: x=1.00L =14.00 ft

LOADS:
Governing Load Case: 1 LRFD

MATERIAL:
STEEL A992-50 Fy=50.0ksi Fu=65.0ksi E=29000.0 ksi

Z

S
SECTION PARAMETERS: W14X99

d=14.16in Ay=22.721in2 Az=6.868 in2 Ax=29.090 in2
b=14.57 in ly=1110.000 in4 1z=402.000 in4 J=5.370in4
tw=0.48 in Sy=156.780 in3 Sz=55.201 in3
tf=0.78 in Zy=173.000 in3 Zz=84.000 in3
MEMBER PARAMETERS:
1 1 Co
10 10 10
Ly = 14.00 ft Lz =14.00 ft
Ky = 1.000 Kz =1.000 Lb =14.00 ft
KLy/ry = 27.197 KLz/rz = 45.193 Cb =1.000
INTERNAL FORCES: NOMINAL STRENGTHS:
Pr = 400.0 kip Fic*Pn = 1127.5 kip
Mry = -250.0 kip*ft Vry =5.7 kip Fib*Mny = 642.3 kip*ft ~ Fiv*Vny = 613.5 kip
Mrz = -80.0 kip*ft Vrz =-17.9 kip Fib*Mnz = 312.9 kip*ft ~ Fiv*Vnz = 185.4 kip

SAFETY FACTORS
Fib = 0.900 Fic = 0.900 Fiv =0.900

SECTION ELEMENTS:
UNS = Non-compact STI = Compact

VERIFICATION FORMULAS:

Pr/(Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) = 0.928 < 1.000 LRFD (H1-1a) Verified
Vry/(Fiv*Vny) =0.009 < 1.000 LRFD (G2-1) Verified

Vrz/(Fiv¥Vnz) = 0.087 < 1.000 LRFD (G2-1) Verified

Ky*Ly/ry = 27.197 < (K*L/r),max = 200.000 Kz*Lz/rz = 45.193 < (K*L/r),max = 200.000 STABLE

Section OK !11
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RESULTS for ASD method:

Simplified results tab

I RESULTS - Code - ANSI/AISC 360-05

RESISTAMCE FACTORS
Omc=1.670 Omb=1.670 Omv=1.670

RESULTS

Kyslwdy = 27.197 < [K*LA)max = 200,000

F4
Section OK
! Bar 1 bar
Paint / Coordinate: 11/x=100L=1400f
w1433 - Load case: 285D
Simplified results | Detailed results
MEMEER PARAMETERS
Ly=14001 Lz=14.00ft o
‘_ID Ky =1.000 Kz =1.000 Lb=14.00f
KLyt = 27197 KlLz/rz = 45.193 Ch=1.000
IMTERMAL FORCES: MOMIMAL STRENGTHS:
Pr=267.0kip Pr/Omc = 750.1 kip
by = -167.0 kip®ft Wiy =3.8kip Mrp/Omb = 427 4 kipft WOy = 408.2 kip
Mrz = -53.3 kip*ft YWiz=-119kip tnz/0mb = 208.2 kip*it Wnz/Omv = 123.4 kip

SECTION ELEMEMTS

UMS = Mon-compact 5Tl = Compact

PriPn/Ome] + 849 My Mrw/0mb) + Mrz/(Mnz/0mb]) = 0.931 £ 1.000 ASD [H1-13)
WiwdFivry) = 0003 < 1,000 Yrz/(Fiv*ne) = 0.087 < 1.000 ASD [G2-1]

Kzlz/iz = 45.193 < [K"LAr.max = 200.000  STAELE

LChange

Farces

Detailed results tab

4 RESULTS - Code - ANSI/AISC 360-05
Z
Section OF
+ Bar: 1 bar
Paint / Coordinate: 11 /%=1.00L=14.001
1433 v Load case: 245D
Simplified results | Detalled results Change
Symbol Values Unit Symbol description Section -
Mpz 350.0 kip*ft Plastic bending moment [F1
Mnz[¥'D] 350.0 kip*ft Flexural =trength in the limit =tate of yielding [F&]
Mnz[FLB] 477 kip*ft Strength for local buckling of a compression flange [F&.2] Forces
Mnz 47T kip*ft Allowable flexural strength [Fs] |
Vny 631.6 kip Allowable shear strength [G2.1]
Verification formulas:
UF[KLI] 0.226 Max{Ky*Ly/ry/(K*Lir), max ; Kz*Lz/rz/(K*Lir), max) stable
UF(H1_1a) 0.931 Pri(PriOme) + B Mry/(Mny/Omb) + Mrz/(Mnz/Omb)) | Verified =
alc. Mote
UF(G2_1) 0.008 Vryl(vny/Omy) Verified =
UF(E2_1) 0.087 Vrz/(Wnz/Omv) Werified
Ratio: E|
— |-
RAT | 0.931 | | Efficiency ratio | section DK Z
h = = — =

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.
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STEEL DESIGN

CODE: ANSI/AISC 360-05 An American National Standard, March 9,2005
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 bar POINT: 11 COORDINATE: x=1.00 L =14.00 ft

LOADS:
Governing Load Case: 2 ASD

MATERIAL:
STEEL A992-50 Fy=50.0ksi Fu=65.0ksi E=29000.0 ksi

Z

BE SECTION PARAMETERS: W14X99

d=14.16 in Ay=22.721in2 Az=6.868 in2 Ax=29.090 in2
b=14.57 in ly=1110.000 in4 12=402.000 in4 J=5.370 in4
tw=0.48 in Sy=156.780 in3 S$z=55.201 in3
tf=0.78 in Zy=173.000 in3 Zz=84.000 in3
MEMBER PARAMETERS:
| I Ch
10 10 1.0
Ly = 14.00 ft Lz =14.00 ft
Ky =1.000 Kz =1.000 Lb =14.00 ft
KLy/ry = 27.197 KLz/rz = 45.193 Cb =1.000
INTERNAL FORCES: NOMINAL STRENGTHS:
Pr =267.0 kip Pn/Omc = 750.1 kip
Mry = -167.0 kip*ft Vry = 3.8 kip Mny/Omb = 427.4 kip*ft  Vny/Omv = 408.2 kip
Mrz = -53.3 kip*ft Vrz =-11.9 kip Mnz/Omb = 208.2 kip*ft  Vnz/Omv = 123.4 kip

RESISTANCE FACTORS
Omb =1.670 Omc =1.670 Omv =1.670

SECTION ELEMENTS:
UNS = Non-compact STI = Compact

VERIFICATION FORMULAS:

Pr/(Pn/Omc) + 8/9*(Mry/(Mny/Omb) + Mrz/(Mnz/Omb)) = 0.931 < 1.000 ASD (H1-1a) Verified
Vry/(Vny/Omv) = 0.009 < 1.000 ASD (G2-1) Verified

Vrz/(Vnz/Omv) = 0.087 < 1.000 ASD (G2-1) Verified

Ky*Ly/ry = 27.197 < (K*L/r),max = 200.000 Kz*Lz/rz = 45.193 < (K*L/r),max = 200.000 STABLE

Section OK !11
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COMPARISON:
verifications parameters, interaction expression Robot Handbook
LRFD Fib=0.90
Pr - Required compressive strength [kips] 400 400
Pn - Design compressive strength  [Kips] 1252,7 1255,6
Pr < Fic*Pn | 400<1127,4 | 400< 1130
Myy : Myz - Required flexural strength  [kip*ft] 250; 80 250; 80
Mny ; Mnz - Design compressive strength  [kip*ft] 713,7 ;347,7 | 713,3; 345,6
Mry < Fib* Mpy | 250 <642,3 250 < 642
Mz < Fib* Mz 80 <3129 80 <311
Pr / (Fic*Pn) > 0,2 0,355 0,354
Mry / (Fib*Mny) 0,389 0,389
Mrz / (Fib*Mnz) 0,256 0,257
Pr/(Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) =< 1.0 (H1-1a) 0,928 0,928
ASD Omc =1.67
P, - Required compressive strength [kips] 267 267
Pn - Design compressive strength  [Kips] 1252,7 1254,2
Pr < Pn/Omc | 267 <750,1 | 267 < 1254,2
Mry ; Mz - Required flexural strength  [kip*ft] 167 ; 53,3 167 ;53,3
Mny : Mnz - Design compressive strength  [kip*ft] 713,7 ;347,7 | 714,8;345,7
Myy < Mpy/Omc | 167 < 427,4 167 < 428
Myz < Mpz /Omc | 53,3 <208,2 53,3 < 207
Pr/ (Pn/Omc) > 0,2 0,356 0,356
Myy / (Mpy /Omc) 0,391 0,390
Myz /( Mpz /Omc) 0,256 0,257
Pr/(Fic*Pn) + 8/9*(Mry/(Fib*Mny) + Mrz/(Fib*Mnz)) =< 1.0 (H1-1a) 0,931 0,931

CONCLUSIONS:

The small differences are caused by different accuracy of parameters in calculations.
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2. ASD 1989 ed. 9 th
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VERIFICATION EXAMPLE 1
- Axially loaded columns

TITLE:

Example taken from STEEL STRUCTURES - Design and Behavior

Emphasizing Load and Resistance Factor Design

Axially loaded columns (Example 6.11.1)

SPECIFICATION:

Third Edition written by Charles G. Salmon and John E. Johnson

Select the lightest W section of A36 steel to serve as a main member 30 ft long to carry an axial
compression load of 50 kips dead load and 110 kips live load in a braced structure, as shown aside.
The member is assumed pinned at top and bottom and in addition has weak direction support at mid

high. Use Allowable Stress Design.

SOLUTION:

FZ=-110.00
FZ=-50.00

=2

|
[n] sy s ToT=T = ==

Define a new type of member. For analyzed member pre-defined type of member COLUMN may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Column 1 in the Member Type editable field. Then, press Buckling Length coefficient Z
icon and select the last icon. The new dialog box Internal bracing will appear. Define internal support
in the middle of the member by typing value 0.5 in the Coordinates of the existing bracings field. Save
the newly-created type of member.

EDefinitions - ASD:1989 Ed.9th EMember Definition - Parameters - ASD:1989 Ed.9th
tembers | E[gupsl Member type: | Columl | s |
- Buckling [ axis] - Buckling [£ axis) Close |
Mumber: |‘| - I New | Member length [y: Member length Iz
L= = " Real [fo | ' Real [fo |
Basic data ¥ Coefficient |~ @ Cefficient ' senice |
. Buckling length coefficient ¥ Buckling length coefficient Z:
Bar list: I‘I Hore. |
Ky |1,UU kz |1.00
MName: I Barameters |
i~ Lateral buckling p.
C. Group: I vI Member ype: o et Lateral buckling coefficient
Upper flange | Lower flange Help |
: Cb
Che I'I,UUEIUEI Lb=1 b=l
Ok, Save Help
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EBuckling Diagrams E ¥ iInternal bracing

— Bagzic gcheme of a member

u] 0K I

4

Help - Coordinates of the existing bracings————— Help |
050 ‘L
O real * rglative
oy Sway stiucture — Buckling coefficients of component segments —
" Non-sway stucture IT.DU; 1.00

In the CALCULATIONS dialog box set Member Verification option for member 1 and switch off Code

requirements — Deformation (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculation button.

¥ “calculations - ASD:1989 Ed.9th ==l

— Werification option

% Member verification: I 1 il
" Code group verification: I M
(" Cade group design: I il
= | Rtireaticn Options |

—Loads Code requirements —

Load case list I 3 |v Strength

Load case selection |

[ Dieformation

Ok | Configuration |

Member Verification dialog box with most significant results data will appear on screen. Pressing the

line with results for the member 1 opens the RESULTS dialog box with detailed results for the
analyzed member.

EASD:]‘JB‘J Ed.9th - Member Yerification (ULS } 1

Results | Messages |

Member Section Material Lay Laz Ratio Case
1 ] IW 10245 STEEL 8337 59.583 0.85| 3 Combination 1

Calc. Maote |

Fiatio
’7 Analpsis |

Calculation points

Divisior n=3
Extremes: nonge
Additional: haone

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

RESULTS:
a) In the first step W10x45 was considered. The results for the shape are presented below.

¥ RESULTS - Code - ASD:1989 Ed.9th I B3 || 77 RESULTS - Code - ASD:1989 Ed.9th ==
£ Section OK Lote ] 2 Section OK Lote ]
] ecion : J ! [ SeimOk ! J
Port / Coordinate:  1/x=0.00L =001 Pont/Cooidnate:  1/x=0.00L =000k
W 10445 id Load case 3 Combination 1 (1+2)4.00 /10045 2 Load case: 3 Combination 1 (1+2)4.00
Simplfied resuls | Dtiled resuls | i Simplfied results  Detaied resuls | Chierce
MEMBER PARAMET T [imcrm] — =
Ly=2000%  Ky-100 KLp=8337  Lb=30.00h UNS = Compact Sl S . Sl =
=160k Ke-1.00 KLiz-8983  Cb=1.00 STI = Noncompact Cross-section properties: W 10x45
INTERNAL FORC e ax 13300 2 |Cross section area e
{ Fi= 160.00 kp ‘ Ay 9945| in2 | Sncor area dong the Y-ads
az 3535 2 | Sneor erca dong the Zoads
CALCULATED STI ALLOWABLE ] 1510 ind Torsional constant
fa=1203ksi Fa=1422ksi Iy 248 000 ind Woment of inertia of & section about the Y-axis
iz 53.400] ind__|Momentaf inerlia of & section sbout the Zaxds
Sy 49| g Eam section medulus akout the ¥-ads
ESREDL 5 13517] __in3__|Elestic seclion modulus about the Z-axs ESREDL
o 1010w |Heontof cross-section
RESULI b 802 in wicth of cross-section
{ farFa=1200/1422=05¢1.00  ASD [H1) ‘ c 952] i |Fengstniciness
o 035  n | ebthokness 5
Help = Help
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1

POINT: 1

COORDINATE: x=0.00L=0.00 ft

LOADS:

Governing Load Case: 3 Combination 1 (1+2)*1.00

MATERIAL:
STEEL Fy = 36.00 ksi

[4
i

SECTION PARAMETERS: W 10x45
d=10.10in

b=8.02 in Ay=9.945 in2 Az=3.535in2 Ax=13.300 in2
tw=0.35 in ly=248.000 in4 1z=53.400 in4 J=1.510 in4

tf=0.62 in Wely=49.109 in3 Welz=13.317 in3

MEMBER PARAMETERS:

Ly=30.00ft Ky=1.00 KL/ry = 83.37 Lb =30.00 ft UNS = Compact
Lz =15.00 ft Kz =1.00 KL/rz = 89.83 Ch=1.00 STI = Noncompact
INTERNAL FORCES:

Fx = 160.00 kip

CALCULATION STRESSES: ALLOWABLE STRESSES:

fa=12.03 ksi Fa=14.22 ksi

VERIFICATION FORMULAS:

fa/Fa=12.03/14.22=0.85<1.00 ASD (H1-1)

Section OK !11
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b) From economical reason try to check the next lighter W section. Being still in Detailed results dialog
box, type W 10x39 in the editable field below drawing of shape and press ENTER. The results for
selected section are presented below.

STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 1 COORDINATE: x=0.00L =0.00 ft

LOADS:
Governing Load Case: 3 Combination 1 (1+2)*1.00

MATERIAL:
STEEL  Fy =36.00 ksi

Z

X
SECTION PARAMETERS: W 10x39

d=9.92 in

b=7.99 in Ay=8.464 in2 Az=3.125in2 Ax=11.500 in2
tw=0.32 in ly=209.000 in4 1z=45.000 in4 J=0.980 in4

tf=0.53 in Wely=42.137 in3 Welz=11.271 in3

MEMBER PARAMETERS:

Ly=30.00ft Ky=1.00 KL/ry = 84.45 Lb =30.00 ft UNS = Compact
Lz =15.00 ft Kz =1.00 KL/rz =90.99 Cb=1.00 STI = Noncompact
INTERNAL FORCES:

Fx = 160.00 kip

CALCULATION STRESSES: ALLOWABLE STRESSES:

fa=13.91 ksi Fa = 14.09 ksi

VERIFICATION FORMULAS:
fa/Fa=13.91/14.09=0.99<1.00  ASD (H1-1)

Section OK !
COMPARISON:
Resistance, interaction expression Robot Handbook
For W10x45
1. Service load compression stress f,= P/Ag [ksi] 12.03 12.0
2. Allowable stress at service load F, [ksi] 14.22 14.3
For W10x39
1. Service load compression stress f,= P/Ag [ksi] 13.91 13.9
2. Allowable stress at service load F, [ksi] 14.09 14.1
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VERIFICATION EXAMPLE 2
- Lateral-torsional buckling of beams

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Lateral-torsional buckling of beams (Example 9.10.3).

SPECIFICATION:

Select an economical W section for the beam shown below. Lateral support is provided at the vertical
supports, concentrated load points, and at the end of the cantilever. The 26-kip load (at point 2)
contains 6 kips dead load and the 11.5-kip load (at point 4) includes 4 kips dead load: the remainder is
live load. Use A36 steel and Allowable Steel Design.

Structure - Cases: 1 {TST) =1 E3

0
FZ=-11.50
i

Cases: 1 (TST)
Y L kip/ft
E.X 4 kip
|
nln e ToT=T = 4] I =[]

SOLUTION:

Define a new type of member 1. For analyzed member pre-defined type of member BEAM may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Segment 1_3 in the Member Type editable field. For defining appropriate values of
lateral buckling parameters choose the icon Cb that opens Parameter Cb dialog box and double-click
the second icon (Moments at the ends). Save the newly-created type of member.

Assign previously defined label Segment 1_3 (type of member) to member 3.

p'_‘Definitiuns _ ASD:1989 Ed.9th F_4Member Definition - Parameters - ASD:1989 Ed.9th
=] - -
tembers | Groups I | Member typs: | seqment]_3 | il
i~ Buckling [1" axis] ~Buckling [Z axis] Close
N ber: I-I e I Mew | Member length ly: Member length |z:
umber: = " Beal W " Real W
Basic data & Cosfficient '~ (' Casfficiert | Service |
Bar ; Buckling lenath cosfficient " Buckling length cosfficient Z: More:
ar lisk: I =
- Ey: IT ] Kz |1.00
M arne: I Parameters |
- — Lateral buckling p
C. Group: I 'l Member pe: hd [V Lateral buckling et e T el e
— Upper flange | Lower flange | SE
: i b
Lo oot Lb= | Lb=1
Swe | _ Heb |

In the CALCULATIONS dialog box set Member Verification option for members 1 and 3 and switch off
Code requirements — Deformation (only Ultimate Limit state will be analyzed). Now, start the
calculations by pressing Calculations button.
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alculations - ASD:1989 Ed.9th

I[= 2

—Yerification options

= (W ptimiieation

¢ Member verification:

" Code group verification: I il

" Code group design:

EE

I List |
Optianz |

r— Load

Load caze list:

Load case

Code requirements —
R

[w Strength
zelection |

[ Deformation

ok |

Configuration |

Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for member 1 opens the RESULTS dialog box with detailed results for the analyzed
member. The view of the RESULTS window is presented below. Moreover, the printout note
containing the same results data as in Simplified results tab of the RESULTS window is added.

— = -
pr 4 ASD:1989 Ed.9th - Member Yerification (ULS ) 1 3
Results | Messagesl Calc. Mote |
Member Section Material Lay Laz Ratio Case Help |
1 [&8] [vy 2173 STEEL 3339 155.93 0 1T3T Rati
— Ratio
3 [&8] [vy 2173 STEEL 291 139.06 083 1T3T :
Analyzis | Map |
— Calculation points
Diivigion: =23
Extremes: none
Additional:  naone
F"£RESULTS - Code - ASD:1980 Ed.9th M]3 || £ RESULTS - Code - ASD:1989 Ed.ath [= 1]
Paint / Coordinate: 3/%=1.00L=2400" Paint / Coordinate: 3/%=1.00L=2400"
W 2173 Sl || Loadoms: W 2173 Sl || Loadoms:
Simplfied result | Detaied resuls | Ciizee Simplfied results Detaie resuts | Charg:
MEMBER PARAMETS = T (e e = <
il T — UNS = Compact ymbal alues i il description ection
=24.001 Ch=175 5T = Compact Cross-section properties: W 21x73
INTERMAL FORCE Forees A 21500 [ Cross.section area Farces
Az 9664 in2 ‘Shear area along the Z-axis
CALCULATED STI ALLOWABLE J 3.020 ind. Torsional constant
0 To30000 | it [Womert ot nertin o o serion e ine Vs
EgefBiLy =095k eI Fuz=T440ksi A 70508] ina [ Woment of et = secion shout the Zwd
fy= = by = s Sy 150 659 in3 Elactic section moclus about the Y-axis.
o 2124 in Height of cross-section
RESULT b 529 in [hickh of cross-section
focy/Fboy =1919/21.07 =091 <100 ASD (H1-3) m 074 n Flange thickness
fuz/Fvz =007 <100 ASD (F4) o 0aE n (e thickness. L‘
Help Help
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition

ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1

POINT: 3

COORDINATE: x=1.00L =24.00 ft

LOADS:

Governing Load Case: 1TST

MATERIAL.:
STEEL  Fy =236.00 ksi
BE SECTION PARAMETERS: W 21x73
d=21.24 in
b=8.29in Ay=12.277 in2 Az=9.664 in2 Ax=21.500 in2
tw=0.46 in ly=1600.000 in4 1z=70.600 in4 J=3.020 in4
tf=0.74 in Wely=150.659 in3 Welz=17.022 in3
MEMBER PARAMETERS:
Ly =24.00 ft Lb =24.00 ft UNS = Compact
Lz =24.00 ft Ch=1.75 STI = Compact
INTERNAL FORCES:

My = 240.93 kip*ft Vz =9.20 kip
CALCULATION STRESSES: ALLOWABLE STRESSES:

fbcy = 19.19 ksi fvz = 0.95 ksi

fbty = -19.19 Ksi

Fbcy = 21.07 ksi Fvz = 14.40 ksi

Fbty = 21.60 ksi

VERIFICATION FORMULAS:
fhey/Fhey = 19.19/21.07 = 0.91 < 1.00
fvz/Fvz =0.07 < 1.00 ASD (F4)

ASD (H1-3)

Section OK !!

b) for the third segment

E-{RESULTS - Code - A5D:1989 Ed.ath JJE] B3 || RESULTS - Code - ASD:1988 Ed.9th
[ z [
_I Section 0K oo { e | Section 0K oo
Bar 3 £ Bar 3
Point / Coordinate:~ 1/%=000L =000k Point / Coordinate:~ 1/%=000L =000k
W 2173 =1 Leadome W 2173 =1 Leadome
Simplfied resuls | Detaied resuls | G Simplfied resubs  Detailed resuls | Chenge
MEMBER PARAMET! — — o] — — ~
21001 Lb=21001 UNS = Compact | R o Lzt =Eten
L =200t Ch=175 5T = Compact Cross-section properties: W 21x73
INTERMAL FORCE Forces Ax 21.500 in2 Foress
’V My = -256 34 kip'it Wz =1297 kip ‘ Ay 12277) 2 s
Az ast| n2
CALCULATED 5T ALLOWABLE T 3020 e
Iy 00000 | ind
oy = 20,46 ksi fuz=1.30ksi Fbey = 21.60 ksi Frz=14.40ksi m 000 e
oty = 20,46 ksi Fbiy = 2160 ksi Bl T T
Calc. Note = FETe) Calc. Note
o 224 in
RESULT b 52 [
fboy/Fhoy = 20.46/2160 = 095 < 1.00  ASD [H1-3) o o7a
fuz/Fvz = 003 ¢ 1.00 ASD [Fi) r oan o =
Help Help
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 3 POINT: 1 COORDINATE: x=0.00L=0.00 ft

LOADS:
Governing Load Case: 1TST

MATERIAL:
STEEL Fy = 36.00 ksi

[4
i

SECTION PARAMETERS: W 21x73

d=21.24 in
b=8.29in Ay=12.277 in2 Az=9.664 in2 Ax=21.500 in2
tw=0.46 in ly=1600.000 in4 1z=70.600 in4 J=3.020 in4
tf=0.74 in Wely=150.659 in3 Welz=17.022 in3
MEMBER PARAMETERS:
Ly =21.00 ft Lb =21.00 ft UNS = Compact
Lz =21.00 ft Ch=1.75 STI = Compact
INTERNAL FORCES:

My = -256.94 kip*ft Vz =12.97 kip
CALCULATION STRESSES: ALLOWABLE STRESSES:
fbecy = 20.46 ksi fvz = 1.34 ksi Fbcy = 21.60 ksi Fvz = 14.40 ksi
fbty =-20.46 ksi Fbty = 21.60 ksi

VERIFICATION FORMULAS:
fhey/Fbey = 20.46/21.60 =0.95<1.00  ASD (H1-3)
fvz/Fvz =0.09 < 1.00 ASD (F4)

Section OK !
COMPARISON:
Resistance, interaction expression Robot Handbook

For the first segment

1. Service load flexural stress f,, = P/Ag [ ksi ] 19.19 191

2. Allowable service load axial stress Fyg, [ ksi ] 21.07 21.1
For the first segment

1. Service load flexural stress f,, = P/Ag [ksi ] 20.46 20.4

2. Allowable service load axial stress Fy, [ ksi ] 21.6 21.6

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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VERIFICATION EXAMPLE 3
- Combined bending and axial load

TITLE:

Example taken from STEEL STRUCTURES - Design and Behavior

Emphasizing Load and Resistance Factor Design

Combined bending and axial load (Example 12.14.1)

SPECIFICATION:

Third Edition written by Charles G. Salmon and John E. Johnson

Investigate the acceptability of a W 16 x 67 used as a beam-column in a braced frame under the
loading shown aside. The total service loads are P=350 kips and M=60 ft-kips. The steel is A572

Grade 60. Use Allowable Stress Design.

SOLUTION:

W

Structure - Cases: 1 (TEST) 1 [=] B3

FZ=-350.00

. MY=60.00

WtEx67

15.00

E:
Cases:

D kip*t

1 kip

(TEST)

-
O P = = = Y Y|

Define a new type of member. For analyzed member pre-defined type of member COLUMN may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Columnl in the Member Type editable field. For defining appropriate values of Cm
coefficients (coefficient applied to bending term in interaction equation), press More button. Choose
the icon for Cmy and double-click the second icon (Cmy calculated automatically) in Parameter Cm
dialog box. Repeat the same action for Cmz. Save the newly-created type of member.

¥ _4Definitions - ASD:1989 Ed.gth

tembers | Grgupsl

MNumber: I'I 'l Mew |

Basic data

Bar list: I'I

Mame: I Barameters |

C. Group: I ‘I tdermber type:  |(Ealul -
March 2014

EMEmher Definition - Parameters - ASD:1989 Ed.9th
| Member type: ICU\umm | Save
i Buckling [Y axis] i~ Buckling [Z axis) Close
tember length l: Member length |z
" Feal " Real
= 1.00 - I‘I,UU .
+ Coefficient ' Coefficient Semvice |
Buckling length coefficient " Buckling length coefficient Z:
Ky |1,DU Kz: [1.00
i Lateral buckling p
Lateral buckli fhicient
¥ Loteral buckling ateral buckling coefficient s
Upper flange Lawer Alange | S
Ch
Lh |1,DDDDD bl Lbe i
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EMemher Definition - Additional Parameters

Crny: IEm_l,l[M1.f'M2]

— Coefficient C |
oefficient Crn 0K

Cancel |

—
s Parameter Cm

[ Mon-sway structure

—Section parameters——————————————————
Anetbgross ratio: I'I o

—Additional conditions for round pipes

[ Pipes - unidirectional bending

Ciitz Isz[M1.f'M2] chﬂ
= Help |

ak.

Cm Cm Cm
085 | === | 10

Cancel

Help

4l

In the CALCULATIONS dialog box set Member Verification option for members 1 and switch off Code
requirements — Deformation (only Ultimate Limit state will be analyzed). Now, start the calculations by

pressing Calculations button.

¥~ #Calculations - ASD:1989 Ed.9th [=]=]=]

—Werification option

(¥ Member verification

" Code group desigr:

™| Wptimizatian

" Code group verfication I il

[+

I List I
Options

— Load: Code requirements —
Load case list: I 1 ¥ Strength
Load case selection | I~ Deformation
Ok, | Configuration | Help |

Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for member 1 opens the RESULTS dialog box with detailed results for the analyzed

member.

1

EASD:IQBQ Ed.9th - Member Yerification { ULS }

Results | Messagesl Calc. Mate | Llose I
Member Section Material Lay Laz Ratio Case Help |
1 =] IW 16x67 | STEEL AS72-60 2587 7324 0.91 1 TEST

R atia
’7 Analyzis |

Calculation poi

Division: n=3
Extremes: hohe
Additiohal:  none

ints—————

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

- SRESULTS - Code - ASD:1989 Ed.9th

NI B3 || 72 RESULTS - Code - ASD:1989 Ed.9th

[- O[]

lw Section OK

Point / Coordinate: 34x=1.00L=1500f
W 16487 id Load case 17E5T
Simplfied resuls | Detailed results |

MEMBER PARAMETI ‘

Ly=15.00f Ky =1.00 KLy = 2567 Lb=15.00t Cry=060  UNS = Compact
L

INTERNAL FORCI
Fix = 350,00 kip My = E0.00Kip'ft Vz = 400 kip ‘

2=15.00f Kz=1.00 KLirz=73.24 Cb=1.00 STl = Noncompact
w

fa=17.77ksi Fa=2276ksi
fhcy = 616 ksi fuz = 062 ksi Fhey = 30,06 ksi Fvz =24.00 ksi
foty =616 ksi Fhiy = 36.00 ksi Fey =223, 20 ksi
Fez=27.84 ksi

farFa + (Cmyfboy)A(1-1arFeylFboy) =0.91< 1,00 ASD (H1-1)
FzfFyz =003 < 1.00 ASD (F4)

’rEALEULATED STI ALLOWABLE

RESULI ‘

[ T

W 16487 id Load case

ok
Section 0K Lote ]

Paint / Coordinate: 3/x=100L=1500f
17EST

Eherge Simplfisd resuls  Detailed restits |

[Bhienge

j Forces

Cale. Nate

S | vawes [t | ST Socion
Cross-section properties: W 1667
Eoes o 19700] 2 [Cross.section area
Ay 13613] 2| Shear arca dlong he Y-mis
az B450] in2 | Sheer orea dong the Z-wds
3 25| e [Torsona constant
iy 954000 ing | Moment o inerts of a section abot the Y-axis
iz 115000] _ind___|Momert of nertia of a secton abotthe Zwds
Sy [ Eam seclion moduus about he Y-aris
_Galeet | Sz 23254 i3 | Elaslic section modkdus aboul the Z-ads
o 1633] _m__|Hewntof cross-section
b 1023] _m__[wiethof cross.section
o 067]  n__|Fengetnickness
e 0a0]  n|webinckness

Helo

Helo
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 POINT: 3 COORDINATE: x=1.00L =15.00 ft

LOADS:
Governing Load Case: 1 TEST

MATERIAL:

STEEL A572-60  Fy =60.00 ksi

[4
i

SECTION PARAMETERS: W 16x67

d=16.33in

b=10.23 in Ay=13.613 in2 Az=6.450 in2 Ax=19.700 in2
tw=0.40 in ly=954.000 in4 1z=119.000 in4 J=2.390 in4
tf=0.67 in Wely=116.840 in3 Welz=23.254 in3

MEMBER PARAMETERS:

Ly=15.00ft Ky=1.00 KL/ry = 25.87 Lb=15.00ft Cmy=0.60 UNS = Compact
Lz =15.00 ft Kz =1.00 KL/rz=73.24 Ch=1.00 STI = Noncompact
INTERNAL FORCES:

Fx = 350.00 kip My = -60.00 kip*ft Vz =-4.00 kip
CALCULATION STRESSES: ALLOWABLE STRESSES:
fa=17.77 ksi Fa=22.76 ksi
fbcy = 6.16 ksi fvz = -0.62 ksi Fbcy = 30.06 ksi Fvz = 24.00 ksi
fbty = -6.16 ksi Fbty = 36.00 ksi Fey = 223.20 ksi

Fez = 27.84 ksi

VERIFICATION FORMULAS:
fa/Fa + (Cmy*fhcy)/((1-fa/Fey)*Fbcy) =0.91<1.00  ASD (H1-1)
fvz/Fvz =|-0.03| < 1.00 ASD (F4)

Section OK !

COMPARISON:

Resistance, interaction expression Robot Handbook

1. Allowable service load axial stress F, [ ksi ] 17.77 17.8

2. Allowable bending stress at service load Fy, [ksi] 30.06 29.9

3. Check ASD Formula (H1-1) 0.91 0.91

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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VERIFICATION EXAMPLE 4
- Axial compression and bending about weak axis

TITLE:

Example taken from STEEL STRUCTURES - Design and Behavior

Emphasizing Load and Resistance Factor Design

Axial compression and bending about weak axis (Example 12.15.3)

SPECIFICATION:

Third Edition written by Charles G. Salmon and John E. Johnson

Investigate the adequacy according to Allowable Stress Design of the W8 x 24 sections shown aside.
The member is loaded to cause bending about its weak axis and steel is A572 Grade.

SOLUTION:

Structure - Cases: 1 (service)

[P A =Y =Y ) = e = T

1 kipft
4 kip

Cases: 1 (service)

[_ O[]

-

] v

Define a new type of member. For analysed member pre-defined type of member BEAM may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Beam 1 in the Member Type editable field. For defining appropriate values of Cm
coefficients (coefficient applied to bending term in interaction equation), press More button. Choose
the icon for Cmy and double-click the third icon (Cmy = 1.0) in Parameter Cm dialog box. Repeat the
same action for Cmz. Save the newly-created type of member.

¥_4Definitions - ASD:1989 Ed.9th

Menbers | Grgupsl

Mumber:

[ = New |

Baszic data

Bar list:

Mame:

—

I Parameters |
C. Group: I 'l tember type:

-

Save

Help

EMethr Definition - Parameters - ASD:1989 Ed.9th E
| Member type: | beaml | &I
— Buckling [v" ais] r~Buckling [£ ariz] Cloze

Member length ly: Member length |z:
" Beal " Real
= 1.00 = |1,DD .
(* Coefficient (= Coefficient Service |
Buckling length coefficient v Buckling length coefficient 2: M
More
Ky |1,DD Kz: |1,DD
— Lateral buckling p
Lateral buck| flicient
% Lateral bucking ateral buckling coefficient s
Upper flange | Lover flange =P
Ch
LCh I1,DDDDD Lbe | b1
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EMember Definition - Additional Parameters

r— Coefficient Crm
I Cm
Emy: 100 Cancel —
T p AParameter Cm E
Crnz: |1 a0

Help

ok

dils

[ Mon-sway structure 0k I
Section parameters DI.:Erln5 Cmﬂ EE Cancel |

’i&neta’.&gross ratio: I'I i
Help |

—ddditional conditions far round pipes

[ Pipes - unidirectional bending

In the CALCULATIONS dialog box set Member Verification option for member 1 and switch off Code
requirements — Deformation (only Ultimate Limit state will be analysed). Now, start the calculations by
pressing Calculations button.

¥ “Calculations - ASD:1989 Ed.9th [I=iE=]

—Werification aption:

% Member verificatior: 1 il
" Code group verificatior: il
" Code group desigr: il
™| Wptimization Options |

-~ Load: Code requirement:
Load case list: I 1 v Shength
Load case selection | [~ Defarmation
oK | Configuration | { Ealcuiztions § Help |

Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for member 1 opens the RESULTS dialog box with detailed results for the analysed
member.

¥4 ASD:1989 Ed.9th - Member Verification { ULS ) 1

Results | Messagesl Calc. Mate | LCloze |
Member Section Material Lay Laz Ratio Case Help |
1 ] IW Gx24 |STEEL AST2-5 35.09 74 64 0.94 1 service

R atia
’7 Analyzis | ‘

Calculation points

Division: n=3
Extremes: hohe
Additional:  none

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

E-<RESULTS - Code - ASD:1989 Ed.9th I B3 || =2 RESULTS - Code - ASD:1989 Ed.9th =]
£ Section OF. e J Section OF. e
j soton ) J j [ Seemok ) J
Point / Caordinate: ~ 2/%=050L =500k Point / Caordinate: ~ 2/%=050L =500k
(W 824 = Load case: 1 service (W 824 = Load case: 1 service
Simplfied results | Detailed resuits | LChangz Simplfied results - Detailed results | [EfiEge
HEHBER PARAHET Smbol | vawes | __m | Symoia et -
ey T — ymool ales n ymbol description ection
L =1000k Cmz=100 5Tl =Noncampast Cross-section properties: W 8x24
INTERNAL FOFiCE Forces ax 7080] 2 | cross-seclion area Forces
Az 1843|  in2 | Shesr area long the Zaxs
CALCULATED 3TI ALLOWABLE [ 0350 ind Torsional constant
=GlERls o = el by 52,800 ind___|Moment of inerlia of a section about the Y-axis
iz 15300]  ind | Momert of inerlia of o seetion about the Z-axis
o 1085k e e 750K R o Sy 20653) i3 | Elestic section mackius about the Y-
Eaely gy R [oetae | || 5 Se3s] e et et ok st e Lo [@E0 |
] 783 in__|Height of cross-section
RESUL [ 550 in [icth of cross-section
farFa + [Czibeal(14afFea Fhez) =084 < 1.0 ASD (H1-1) ‘ O [ i |Flangethickness.
[ 025 i |wenthickness -
Help = Help
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 2 COORDINATE: x=0.50L =5.00 ft

LOADS:
Governing Load Case: 1 service

MATERIAL:
STEEL A572-50  Fy =50.00 ksi

[4
i

SECTION PARAMETERS: W 8x24

d=7.93in
b=6.50 in Ay=5.196 in2 Az=1.943 in2 Ax=7.080 in2
tw=0.25in ly=82.800 in4 1z=18.300 in4 J=0.350 in4
tf=0.40 in Wely=20.883 in3 Welz=5.635 in3
MEMBER PARAMETERS:
Ly = 10.00 ft UNS = Compact
Lz =10.00 ft Cmz =1.00 STI = Noncompact
INTERNAL FORCES:
Fx =70.00 kip Mz = -5.00 kip*ft
CALCULATION STRESSES: ALLOWABLE STRESSES:
fa=9.89 ksi Fa = 20.06 ksi

Fey = 121.28 ksi
fbcz = 10.65 ksi Fbcz = 37.50 ksi Fez = 26.80 ksi
fbtz = -10.65 ksi Fbtz = 37.50 ksi

VERIFICATION FORMULAS:
fa/Fa + (Cmz*focz)/((1-fa/Fez)*Fbcz) = 0.94 < 1.00  ASD (H1-1)

Section OK 1!
COMPARISON:
Resistance, interaction expression Robot Handbook
1. Allowable service load axial stress F, [ ksi ] 20.06 20.1
2. Allowable bending stress at service load Fy, [Ksi] 37.5 37.5
3. Check ASD Formula (H1-1) 0.94 0.95

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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VERIFICATION EXAMPLE 5
- Frame member under axial compression / bending

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Frame member under axial compression and bending (Example 12.15.4).

SPECIFICATION:

Select a suitable W section for the column member of the frame, using service loads P=60 kips and
M=112 ft-kips. The joints are rigid to give frame action in the plane of bending, but in the transverse
direction sway bracing is provided and the attachments may be considered hinged. Use A36 steel and
Allowable Stress Design.

Solve for the following two cases:

1. Braced frame in the plane of bending.

2. Unbraced frame in the plane of bending.

Structure - Cases: 1 {(SERYICE)

I T =
FZ=-60.00
_| my=112.00

T2 IR

10.00 ft

A G

10.00 ft

MY=56.00

Cases: 1 (SERVICE)
ﬁ; < kip*ft
| kip

~|
B = Y 7 P R D | =S

X

SOLUTION:

Create a new super-member No.3 consists two bars (1 and 2) by pressing New button in Definition —
ASD dialog-box. Type 1 2 in Bar List editable field. Then, define a new type of member. For member 3
analyzed as a member of braced frame pre-defined type of member COLUMN may be initially opened.
It can be set in Member Type combo-box.

¥4 Definitions - ASD:1989 Ed.9th

Members | GIDUDSI

MHurnber: I3 'I Nt

Baszic data

Bar list: I 12 Selection |
Hame: |3 Parameters |
C. Group: I 'IMembernge: ICDhJITIn "I

0k, I Lelete | Save | Help |
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Press the Parameters button in DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION —
PARAMETERS dialog box. Type a new name Braced in the Member Type editable field. Then press
Buckling Length coefficient Y icon and select the second icon (Ky = 0.7). Next, press Buckling Length
coefficient Z icon and select the last icon. The new dialog box Internal bracing will appear. Define
internal support in the middle of the member by typing value 0.5 in the Coordinates of the existing
bracings field. For defining appropriate values of lateral buckling parameters choose the icon Cb that
opens Parameter Cb dialog box and double-click the second icon (Moments at the ends). Next, press
the Upper flange button that opens Lateral buckling length coefficients dialog box and choose the icon
Lb=0.5L. Repeat the same action for Lower flange.

EMember Definition - Parameters - ASD:1989 Ed.9th [ %] ' 'Buckling Diagrams E
| Member type: | braced | Save |
- Buckling [ axis) i~ Buckling [£ axis) Close | I r T I l 0K I
Member length 1 Member length Iz; i o {0 05 20
" Redl " Real - - - - - Cancel |
= I'I,UDU . 1.000
& Cosfficient & Cosfficient Senice | T[4 o] a7
Buckling length coefficient v’ Buckling length coefficient 2: — | z0 + B ® na HE||D |

Ky [0.700 Kz [1.000

r— Lateral buckling p

J P -
= (X . L
Lateral buckling coefficient

Upper flange | Laowser flange | M (e 5 way structure
B ch
(= ] Lbh=05I Lbh=05I

|¥ Lateral buckling

" Hon-zway structure

£ & Internal bracing
— Basic gcheme of & member oK.
| b2
— — |
¢ _4Parameter Ch [ %] Lb=1 Hel
e}
— Coordinates of the existing bracings Help | lb=05]
0,500 gL
" real % relative
— Buckling coefficients of component segments— ﬂl
{1.,000: 1,000 ,
Intermediate bracings

For defining appropriate values of Cm coefficients (coefficient applied to bending term in interaction
equation), press More button. Choose the icon for Cmy and double-click the second icon (Cmy
calculated automatically) in Parameter Cm dialog box. Repeat the same action for Cmz. Save the
newly-created type of member.

EMemher Definition - Additional Parameters [ X|

r— Coefficient Ci
oefficient Cm oK

| CryiMTM2
Cony: | Cmyt1/M2] H Cancel »_iParameter Cm | %] |
Ciz: | Crozlh1/M2)

o Morn-swayp structure

dils

Help

Cancel

Sechion parameters 0.85 p-"ﬂ 1.0
[Aneta’.t’-‘«gmss 1atio; |1 ]

— Additional conditions for round pipes

1

Help

| Pipes - unidirectional bending

In the CALCULATIONS dialog box set Member Verification option for member 3 and switch off Code
requirements — Deformation (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button. Member Verification dialog box with most significant results data will

appear on screen. Pressing the line with results for member 3 opens the RESULTS dialog box with
detailed results for the analyzed member.
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¥4 ASD:1989 Ed.9th - Member Yerification ( ULS ) 3
Results I Messages | {Talc. Hote Close |
Member Section Material Lay Laz Ratio Case Help |
33 @IW 21 w44 STEEL 436 20563 95097 0.976 1 SERYICE Rati
atior
[ Analpsiz |
Calculation points
Division: n=3
Extremes: nong

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

1. W21x44 for the braced frame

F-2RESULTS - Code - A5D:1989 Ed.9th

5 Section 0K | = Section 0K [
&I E—::m/l:nn:jd:\ale 3/x=1.00L=2000f _ &I E—::m/l:nn:jd:\ale 3/x=1.00L=2000f _
lm Load case: 1 SERVICE lm Load case: 1 SERVICE
Simplfied vesults | Detailed resuls | LH=re Simplfied resubs  Detailed resuls | [ehiarge
B = E——
s oo == =]
{iii‘f;f;i”i.;S’;’.T?%nz“i’ﬁn}‘m“f“ o ‘ m 5 o =—
STEEL DESIGN
CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 3 3 POINT: 3 COORDINATE: x=1.00L =20.00 ft
LOADS:
Governing Load Case: 1 SERVICE
MATERIAL.:
STEEL A36  Fy =36.00 ksi
Z
=X
SECTION PARAMETERS: W 21x44
d=20.66 in
b=6.50 in Ay=5.850 in2 Az=7.231in2 Ax=13.000 in2
tw=0.35in ly=843.000 in4 12=20.700 in4 J=0.770 in4
tf=0.45 in Wely=81.607 in3 Welz=6.369 in3
MEMBER PARAMETERS:
Ly =20.00 ft Ky =0.700 KL/ry =20.863 Lb=10.00 ft UNS = Compact
Lz =10.00 ft Kz =1.000 KL/rz=95.097 Cb=2.300 STI = Noncompact
INTERNAL FORCES:
Fx = 60.00 kip My = -112.00 kip*ft Vz =-8.40 kip
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CALCULATION STRESSES:
fa = 4.62 ksi

fbcy = 16.47 ksi
fbty = -16.47 ksi

fvz =-1.16 ksi

ALLOWABLE STRESSES:
Fa = 13.59 ksi

Fbcy = 21.60 ksi
Fbty = 21.60 ksi

Fvz = 14.40 ksi
Fey = 343.10 ksi

Fez = 16.51 ksi

VERIFICATION FORMULAS

fa/(0.6*Fy) + fbcy/Fbcy = 0.976 < 1.000
fvz/Fvz =1-0.081| < 1.000 ASD (F4)

ASD (H1-2)

Section OK 11

2. W21x44 for the un

braced frame

Using previously defined member type Braced create the new set of parameters for unbraced frame.
Press the Parameters button in DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION —
PARAMETERS dialog box. Type a new name Unbraced in the Member Type editable field. Define the
new value of Buckling Length coefficient Y by typing value 1.24 in editable field. For defining
appropriate values of Cm coefficients (coefficient applied to bending term in interaction equation),
press More button. Choose the icon for Cmy and double-click the first icon (Cmy =0.85) in Parameter
Cm dialog box. Repeat the same action for Cmz. Save the newly-created type of member. Make the
calculations for member 3.

EMemher Definition - Parameters - ASD:1989 Ed.9th

Member type: IUnbraced |

— Buckling [ axis]
tember length ly:

.
Beal 1,000

— Buckling [£ axis]
tember length |z

.
el 1,000

Save

Cloze

Pl

Service

(s Coefficient
Buckling length coefficient v

K |1 240

(s Coefficient
Buckling length coefficient £:

Kz |1 ] m

— Lateral buckling p

|v Lateral buckling

Lateral buckling coefficient

Upper flange | Lower flange |

b [Cop

Lb=051 Lb=051

Moare...

F b

Help

EMemher Definition - Additional Parameters

— Coefficient Cr

Cmz: ID.BEU

[ Mon-sway structure

025

— Section parameters
Anet/Agross ratio;

I'I .00a

r—Additional conditions for round pipes

[ Pipes - unidirectional bending

Cancel

Help

dils

¥ 4A5D:1989 Ed.9th - Member Yerification ( ULS ) 3

Fiesults | Meszages | Cale. Nate | !
Member | Section Material Lay Laz Ratio Case Help |
33 I@ IW 21x44 STEEL A3 36956 95097 1.ME 1 SERYICE )
~Ratio———
Analysiz | dap |
— Calculation points
Divvigion: n=3
Extremes: none
Additional: hohe
E-$RESULTS - Code - ASD:1989 Ed.9th I B3 || RESULTS - Code - ASD:1989 Ed.9th =
B Bar 33 B Bar 33
Poirt/ Coodinete: ~ 3/x=1.00L =200t Poirt/ Coodinete: ~ 3/x=1.00L =200t
W 214 - [ 1 SERVICE W 21t id Load case: 1 SERVICE
Simplfied results | Detailed results | e Simplified results - Detailed results | e
MEMBER PARAMET e a (e T = =
Ly=2000ft Ky =1.240 KLdrp = 36.956 Lb=10.00ft Crap = 0.850 UMS = Compact. e Ltk i Stk e aen
Lz=1000f Kz=1.000 KLérz = 95,097 Ch=2.300 571 = Noncompast Cross-section properties: W 21344
INTERNAL FORCE Foress A 13.000 N2 |Cross-section area Forees
az 7251| 2| Snear area songthe Zads
CALCULATED STI ALLOWABLE ] 0770 ind Torsional constant
fa=482ksi Fa=1359ksi Iy 543000 ind Woment of inertia of & section about the Y-axis
focy = 16.47 ksi frz =116 ksi Fbey = 21.60 ksi Fvz=T440ksi Iz 20,700 ind Momertt of inertia of & section about the Z-axis
oty =-16.47 ksi Fbty = 21.60 ksi ;Ey = 1 235‘31“‘ Sy 81607 i3 Elsstic section mociius about the -axis
i cdenoe || 55] o [riste secen mtius ot e T [
o 2056 in Height of cross-section
RESULT b 650 in isth of cross-section
fafFa + (Cmy*tboy)A((1-fa/FeyyFboy) = 1.016> 1.000  ASD (H1-1] 1 045 n Flange thickness
fwzfFvz = 10.0871< 1.000 ASD (F4) ™ 035 n [\web thickness. L‘
Help Help
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STEEL DESIGN

CODE: Allowable Stress Design - Ninth Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 3 3 POINT: 3 COORDINATE: x=1.00 L =20.00 ft

LOADS:
Governing Load Case: 1 SERVICE

MATERIAL:
STEEL A36 Fy =36.00 ksi

[4
i

SECTION PARAMETERS: W 21x44

d=20.66 in

b=6.50 in Ay=5.850 in2 Az=7.231in2 Ax=13.000 in2
tw=0.35 in ly=843.000 in4 1z=20.700 in4 J=0.770 in4
tf=0.45in Wely=81.607 in3 Welz=6.369 in3

MEMBER PARAMETERS:
Ly=2000ft Ky=1240 KL/ry=36.956 Lb=1000ft Cmy=0.850 UNS = Compact

Lz =10.00 ft Kz =1.000 KL/rz=95.097 Cb=2.300 STI = Noncompact
INTERNAL FORCES:

Fx = 60.00 kip My = -112.00 kip*ft Vz =-8.40 kip
CALCULATION STRESSES: ALLOWABLE STRESSES:

fa=4.62 ksi Fa=13.59 ksi Fvz = 14.40 ksi

fbecy = 16.47 ksi fvz = -1.16 ksi Fbcy = 21.60 ksi Fey = 109.34 ksi

fbty = -16.47 ksi Fbty = 21.60 ksi Fez = 16.51 ksi

VERIFICATION FORMULAS:
fa/Fa + (Cmy*fbcy)/((1-fa/Fey)*Fbcy) = 1.016 > 1.000  ASD (H1-1)
fvz/Fvz =]-0.081| < 1.000 ASD (F4)

Incorrect section !

For this unbraced frame the stability requirement governs. Thus if a small overstress is acceptable for
the unbraced frame, the same W21x44 could be used whether the frame is braced or unbraced.

COMPARISON:
Resistance, interaction expression Robot Handbook
W21x44 in braced frame
1. Allowable service load axial stress F, [ ksi] 13.59 13.6
2. Allowable bending stress at service load Fyy [Ksi] 21.6 21.4
3. Check ASD Formula (H1-1) 0.976 0.98
W21x44 in unbraced frame
4. Allowable service load axial stress F, [ ksi] 13.59 13.6
5. Allowable bending stress at service load Fy, [Ksi] 21.6 21.4
6. Check ASD Formula (H1-1) 1.016 1.03

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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3. LRFD
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VERIFICATION EXAMPLE 1
- Axially loaded column

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Axially loaded column (Example 6.10.2)

SPECIFICATION:

Select the lightest W section of A36 steel to serve as a main member 30 ft long to carry an axial
compression load of 50 kips dead load and 110 kips live load in a braced structure, as shown below.
The member is assumed pinned at top and bottom and in addition has weak direction support at mid-
height. Use AISC Load and Resistance Factor Design.

Structure - Cases: 1 (tst) [_ O] =]

FZ=-236.00

-

ﬁl 4 Kip

SOLUTION:

Define a new type of member. For analyzed member pre-defined type of member COLUMN may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Column 1 in the Member Type editable field. Then, press Buckling Length coefficient Z
icon and select the last icon. The new dialog box Internal bracing will appear. Define internal support
in the middle of the member by typing value 0.5 in the Coordinates of the existing bracings field. Save
the newly-created type of member.

EDE“I’IitiDI’IS - LRFD:1994 Ed.Znd EMemher Definition - Parameters - LRFD:1994 Ed.Znd [ %]
Members | Groups | | Member type: | coluran | _ sae |
- Buckling [¥ axis) i~ Buckling [£ axis] Cloge |
Murnber: 1 - MNew tember length l: Member length |z
LMmRer: I ] —I- N Clfsd o
Easic data (+ Cosfficient -~ & Coefficient |~ Senice |
Ear list: |1— Buckling length coelfl}:lenl N Euckhhg length coefficient 2 More.. |
Ky [1.00 ke [1oo
MHarme: I Parameters |
= i~ Lateral buckling p
C. ﬁ[Dup: I vI Member Tope: - ¥ Lateral busking Lateral buckling cosfficient i
Upper flange | Laower flange =p |
: Cb
Save elp
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- - _— -
EBuckllng Diagrams Ed » 4Internal bracing [ x|

— Basic zcheme of a member

~ Ok, I
A|ES[R|FS(E | |
i 2 L0 = =l Cancel 1 0.7 10 05 2 i Cancel

4

3 3 E
T 1 e[ e l g AT - - ;
0 ! i 5 0.8 Help — Coordinates of the existing bracings————— Help |
] W 1 E E
i 26262 " real e relative

— Buckling coefficients of component segments —

(¢ Sway stiucture
{1.00; 1,00

£ Han-zway structure

In the CALCULATIONS dialog box set Member Verification option for member 1 and switch off Limit
State — Serviceability (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button.

¥ iCalculations - LRFD:1994 Ed.2nd

—Werification option:

% Member verification: I 1 List |
" Code group verification: I Ligt |
" Code group design: l— Ligt |
= | litimizatiar Options I

— Load Limit state
Load case list: I 1 Iv Ultirnate
Load case selection | [~ Serviceabiity

Ok, | Configuration | Help

Member Verification dialog box with most significant results data will appear on screen. 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 window is presented below. Moreover, the printout note
containing the same results data as in Simplified results tab of the RESULTS window is added.

RESULTS:
a) In the first step W8x40 was considered. The results for the shape are presented below.

T SLRFD:1994 Ed.2nd - Member Verification (ULS ) 1

Resultz |Messages| Calc. Note I Close |
Member I Section I Material I Lay I Laz I Ratio | Case I Help |
1 |@]waxao | sTeeL | qoiar| avar|  1as] st | :
Ratio:
Analysis | ‘
Calculation points——————
Drivigion: n=3
Extremes: nong
Additionat  none
[FSRESULTS - Code - LRFD:1994 Ed.2nd [BIE] B3 ||7-2 RESULTS - Code - LRFD:1994 Ed.2nd M= E3
Poit/ Coodinate:  1/x=0.00L 0001 Poit/ Coodinate:  1/x=0.00L 0001
! BrA0 = Load case: st ! BrA0 = Load case: st
Simpliied resuls | Detaied resuls | Clize Simplfied resube  Detaiied resuts | e
MEMBER PARAMET!
a0 Ko 10ran Sy | vawes [ um | Sr i
Lz2=15001 KlLadz = 87.87 Cross section properties: W 8x10
INTERNAL FORC CAPACITY Forces i 11700] 2 |Cross-section ares Eoes
S ay 0038 2 |Sneer ares dong the v-ads
FuoZ8Hkin n= L 2 2970 in2 Shear area along the Z.axis
1 1420)  ina_[Torsional constant
iy 135000] ind | woment of ineria of a section about the Y-axis
"FAETD SECTION ELEMENTS Iz 43100 ind Momertt of inertia of & section about the Z-asis
Fib=090 Fic=085 Fiv=090 H UNS = Nonrcompact STI = Norcompact Iy T9000] i3 Plastic section modkdus about the ¥ (mejor) axis
e Gt | | S| [t sesnmoe o s [eEmD |
Moo= 45 100 LAFD 2] = T5500] s | Plactic section modius about e Z grinor) mis
= T2185] n3_|Flectc section mosius sbout e Zais
a FET] B— T prpe— i ]
Help Help
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 POINT: 1 COORDINATE: x=0.00L=0.00ft
LOADS:

Governing Load Case: 1 tst

MATERIAL.:

STEEL  Fy=36.00 ksi

EN

SECTION PARAMETERS: W 8x40

d=8.25in Ay=9.038 in2 Az=2.970in2 Ax=11.700 in2
b=8.07 in ly=146.000 in4 12=49.100 in4 J=1.120 in4
tw=0.36 in Sy=35.394 in3 Sz=12.169 in3
tf=0.56 in Zy=39.800 in3 Zz=18.500 in3

MEMBER PARAMETERS:
Ly = 30.00 ft KLy/ry = 101.91
Lz = 15.00 ft KLz/rz = 87.87

INTERNAL FORCES:
Pu = 236.00 kip

NOMINAL STRENGTHS:
Pn =243.80 kip

COEFFICIENTS:

Fib=0.90 Fic=0.85

Fiv=0.90

SECTION ELEMENTS:

UNS = Non-compact STI = Non-compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) =1.14>1.00  LRFD (E2-1)

Incorrect section 11

b) Now check W10x45. Being still in Detailed results dialog box, type W 10x45 in the editable field
below drawing of shape and press ENTER. The results for selected section are presented below.

F-2RESULTS - Code - LRFD:1994 Ed.2nd

[ F-2RESULTS - Code - LRFD:1994 Ed.2nd

d e T sewnox || | —=| | aell . . [ Sedn
1} JTCI | B 1
L Poirt / Coordinate: ~ 1/x=0.00L =001 Poirt / Coordinate: ~ 1/x=0.00L =001
VI i Load cace Load cace
Simplfied resus | Detailed resuls | Lohng, Simplfied esults  Detaied resuls | hErE
MEMBER PARAMET
00 Mopemis T T T | Symbol descriion Sect
Lz=15001 Klz/z= 6963 Cross.sertion properties: W 10245
INTERNAL FORC CAPECITY Forcss ax EET] ) Forcss
ay aais| 2
Pu=23600kip o= GiEEL Bz e )
a 150 e
Iy 28000] ind
FACTO SECTION ELEMENTS iz ]
’7 Fib=090 Fic-085 Fiv=090 ‘ ( UNS = Non-compact ST = Norvcompact 7y ssom| s
Cale. Note: S PR ) Calc. Note
oy = 20.000 a
Pu/FicPr] =083 <100 LRFD [E21) =3 n
Sz e ) g
Helo | aniol__n Hob |
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 1 COORDINATE: x=0.00L =0.00 ft

LOADS:
Governing Load Case: 1 tst

MATERIAL:
STEEL Fy = 36.00 ksi

Fd

S

SECTION PARAMETERS: W 10x45

d=10.10in Ay=9.945 in2 Az=3.535in2 Ax=13.300 in2
b=8.02 in ly=248.000 in4 12=53.400 in4 J=1.510 in4
tw=0.35in Sy=49.109 in3 S$z=13.317in3

tf=0.62 in Zy=54.900 in3 Zz=20.300 in3

MEMBER PARAMETERS:

Ly = 30.00 ft KLy/ry = 83.37

Lz =15.00 ft KLz/rz =89.83

INTERNAL FORCES: NOMINAL STRENGTHS:

Pu = 236.00 kip Pn = 313.08 kip

COEFFICIENTS:
Fib=0.90 Fic=0.85 Fiv=0.90

SECTION ELEMENTS:
UNS = Non-compact STI = Non-compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) = 0.89 < 1.00  LRFD (E2-1)

Section OK !
COMPARISON:
Resistance, interaction expression Robot Handbook
1. Compressive resistance ¢. P, [Kips] for W8x40 207.23 208
2. Compressive resistance ¢. P, [Kips] for W10x45 266.12 267

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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VERIFICATION EXAMPLE 2
- Lateral torsional buckling of beams

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Lateral-torsional buckling of beams (Example 9.9.3).

SPECIFICATION:

Select an economical W section for the beam as shown below. Lateral support is provided at the
vertical supports, concentrated load points, and at the end of the cantilever. The 26-kip load (at point
2) contains 6 kips dead load and the 11.5-kip load (at point 4) includes 4 kips dead load: the
remainder is live load. Use A36 steel and Load and Resistance Factor Design.

Structure - Cases: 1 (DEAD) M=l B

-

ﬁ\( Cases: 1 (DEAD)
¥ 4 kip

hd
n ] n IS =% 4] | JIEED

Define a new type of member 2. For analyzed member pre-defined type of member BEAM may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Segment 2 in the Member Type editable field. For defining appropriate values of lateral
buckling parameters choose the icon Cb that opens Parameter Cb dialog box and double-click the
second icon (Moments at the ends). Save the newly-created type of member. Assign previously
defined label Segment 2 (type of member) to member 2.

EMemher Definition - Parameters - LRFD:1994 Ed.2nd

¥4 Definitions - LRFD:1994 Ed.2nd

tMembers | Groups I ‘ Member ype: IsegmentZ | Save
~Buckling [ axis] ~ Buckling [£ axis] Close
Mumber; |2 - I MNew | Member length ly: Member length kz
= ’ = " Real " Feal
5 o 1.000 — IW,DUD
Basic data & Cosficient (% Caeffiient Service |
Bar list |2— Buckling lenath coefficient v Buckling length coefficient 2 Mot
4ar it e
= Kyr [1.000 kz |1.000
Harme: I Parameters |
- — Lateral buckling p
C. EIDUDZ I vI Member Tope: - [¥| Lateral buckiing Lateral buckling coeffizient o
Upper flange: | Laower flange | =P

Lo JesiMi Lb=1 Lb= |
swe | heo |
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In the CALCULATIONS dialog box set Member Verification option for members 2 and switch off Limit
State — Serviceability (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button.

¥ dcalculations - LRFD:1994 Ed.2nd [=1E]

—Werification option

&' Member verification:

" Code group design:

™| Wpfimizatior

" Code group verification: I il

[ e |

I List |
Options |

—Load Limit state
Load case list; I 4 v Ultimate
Load caze selection | [ Semviceabilty
Ok | Configuration | Help |

Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for the member 2 opens the RESULTS dialog box with detailed results for the
analyzed member. The view of the RESULTS window is presented below. Moreover, the printout note
containing the same results data as in Simplified results tab of the RESULTS window is added.

RESULTS:

a) In the first step W 24x68 was considered

ELRFD:l‘J‘H Ed.2nd - Member Yerification { ULS ) 2

Results I Messages |

Calc. Mote | LCloze I

Member Section Material Lay Laz Ratio Case Help |
2 [%] IW 24x65 STEEL A6 35214 179536 1.112| 4 Combination 1 .
— Ratio
Analysiz |
— Calculation paintz
Division: n=3
Extremes: none
Addiional:  none
F-2RESULTS - Code - LRFD:1994 Ed.2nd [E15] F-2RESULTS - Code - LRFD:1994 Ed.2nd [E15]
T o [T z B |
Paint / Coordinate: 1/%=000L=0008 = Paint / Coordinate: 1/%=000L=0008 =
W 4G - Load case: 4 Combination 1 11.200+2*1 €00 W 4G - Load case: 4 Combination 1 11.200+2*1 €00
Simplfied resus | Detailed resuls | Lhense Simplfied esults  Detaied resuls | Diierae
MEMBER PARAMETI
b 2nm0 P a0 Simbol | vaves | um | Symiol descrigton Section
Lz=28001t Kladz=173536 Ch=1.852 Cross-section properties: W 24x68
INTERNAL FORCE CAPACITY Forces Ax 20100 in2 Cross-section area Forces
y T048s| 2 [shear ares aong e Vs
i = 480,08 it i = 45871 Kt = Sow0| iz |snew areadong e Zaas
iz = 2003k e =21272 ki f Tom0| e |Torsona constent
Iy 1830.000 ind Momertt of inertia of & section about the Y-axis.
FACTO SECTION ELEMENTS 3 70.400 in4 Eumem of ingrtia of a section about the Z-axis
’7 Fib=0300 Fit=0.900 Fiv=0300 ‘ ’7 UNS = Compact STl = Compact Iy 177 000 = Plastic section modUlus aboutihe ¥ (major) sxis
= SN 5 255]ins st se moasus b e Vs [T |
M/ P = 11125 1000 LAFD [F12] Iz 24,500 in3___|Plastic section modulus about the Z (minan) mxis
S e T (] = 15705] 5| iestic section mosus about the Zrais
P [ ZY B [T pm—r— =l
Helo | Hele |
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 2 POINT: 1 COORDINATE: x=0.00L =0.00 ft

LOADS:
Governing Load Case: 4 Combination 1 1*1.200+2*1.600

MATERIAL:
STEEL A36 Fy =36.00 ksi

Fd

S

SECTION PARAMETERS: W 24x68

d=23.73in Ay=10.489 in2 Az=9.848 in2 Ax=20.100 in2
b=8.96 in ly=1830.000 in4 12=70.400 in4 J=1.870 in4
tw=0.41in Sy=154.235in3 Sz=15.706 in3

tf=0.58 in Zy=177.000 in3 Zz=24.500 in3

MEMBER PARAMETERS:

Ly =28.00 ft KLy/ry = 35.214 Lb =28.00 ft

Lz = 28.00 ft KLz/rz = 179.536 Cb =1.952

INTERNAL FORCES: NOMINAL STRENGTHS:

Muy = 460.06 kip*ft Vuz = -20.03 kip Mny = 459.71 kip*ft Vnz = 212.72 kip
COEFFICIENTS:

Fi b =0.900 Fit=0.900 Fiv=0.900

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Muy/(Fib*Mny) = 1.112>1.000  LRFD (F1-2)
Vuz/(Fiv*Vnz) = 0.105 < 1.000 LRFD (F2-2)

Incorrect section 11

b) Now check W24x76. Being still in Detailed results dialog box, type W 24x76 in the editable field
below drawing of shape and press ENTER. The results for selected section are presented below.

F2RESULTS - Code - LRFD:1994 Ed.2nd [ E3 ||7 RESULTS - Code - LRFD:1994 Ed.2nd
£ Section 0K = = Section 0K =
d s Il .. . [ secon - - d s Il .. . [ secon - |
Poirt / Coordinate: ~ 1/x=0.00L =001 Poirt / Coordinate: ~ 1/x=0.00L =001
W 2n76 d Load case 4 Combination 1 171.200+2°1 600 W 2076 - Load case: 4 Combination 1 171.200+2°1 600
Simplfied resubs | Detaied results | Lhenge Simplfied esults  Detaied results | Lherae
MEMBER PARAMET S | va T — =
Ly=28001 Ky = 34702 Lb=28.00ft LS L o il s
Lz=2800f Klz/z=175.080 Cb=1.952 Cross-section properties: W 24x76
INTERNAL FORC CAPACITY Forcss ax 2am] 2 Forcss
ay 22E] 2
hiuy = 450,06 Kip’R My = 567,15 kip'tt Az 10525) 2
Vuiz = 2003 kip Wiz =227.34 kip 4 2650{  ind
Iy P
FACTO SECTION ELEMENTS iz ]
’7 Fib=0900 Fit-0900 Fiv=0900 ‘ ’7 UNS - Compact ST = Compact N cooooe| e
Cale. Note: S e Cale. Note:
FESLL = 26600 a
Muy/(Fib"Mry) = 0801 < 1,000 LRFD (F12) =3 n
VuzdFivnel = 0.098 < 1000 LRFD (F2:2) =3 183541 i
Helo | nxl Hob |
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 2 POINT: 1 COORDINATE: x=0.00L =0.00 ft

LOADS:
Governing Load Case: 4 Combination 1 1*1.200+2*1.600

MATERIAL:
STEEL A36 Fy =36.00 ksi

Fd

S
SECTION PARAMETERS: W 24x76

d=23.92 in Ay=12.226 in2 Az=10.525 in2 Ax=22.400 in2
b=8.99 in ly=2100.000 in4 1z=82.500 in4 J=2.680 in4
tw=0.44 in Sy=175.585 in3 Sz=18.354 in3

tf=0.68 in Zy=200.000 in3 Zz=28.600 in3

MEMBER PARAMETERS:

Ly = 28.00 ft KLy/ry = 34.702 Lb =28.00 ft

Lz =28.00 ft KLz/rz = 175.080 Cb =1.952

INTERNAL FORCES: NOMINAL STRENGTHS:

Muy = 460.06 kip*ft Vuz = -20.03 kip Mny = 567.15 kip*ft Vnz = 227.34 kip

COEFFICIENTS:
Fi b =0.900 Fit=0.900 Fiv=0.900

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Muy/(Fib*Mny) =0.901 < 1.000  LRFD (F1-2)
Vuz/(Fiv*Vnz) =0.098 < 1.000 LRFD (F2-2)

Section OK !
COMPARISON:
Resistance, interaction expression Robot Handbook
1. Nominal moment strength Mny [ft-kips] for W24x68 459,71 468
2. Nominal moment strength Mny [ft-kips] for W24x73 567,15 581

CONCLUSIONS:
The differences are caused by different way of Cb calculations in the handbook and in the program.
Robot uses the new equation given by LRFD Second edition in chapter F formula (F1-3). In Handbook

the old equation was used.
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VERIFICATION EXAMPLE 3
- Combined bending and axial compression

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Combined bending and axial compression (Example 12.10.1).

SPECIFICATION:
Investigate the acceptability of a W 16 x 67 used as a beam-column in a braced frame under the
loading shown aside. The steel is A572 Grade 60.Use Load and Design Factor Design.

Structure - Cases; 1 2 |- O] =]

FZ=-262.50
FZ=-87.50

| MY=45.00 || MY=15.00 |
«:“\\\

15.00

E?\

Cases: 12
&Y o kip*ft
X I kip

-
T P Y = = ) ==

SOLUTION:

Define a new type of member. For analyzed member pre-defined type of member COLUMN may be
initially opened. It can be set in Member type combo-box. Press the Parameters button in
DEFINITION-MEMBERS tab, which opens MEMBER DEFINITION — PARAMETERS dialog box. Type
a new name Columnl in the Member Type editable field. For defining appropriate values of lateral
buckling parameters choose the icon Cb that opens Parameter Cb dialog box and double-click the
second icon (Moments at the ends). Save the newly-created type of member.

EDEﬁI‘IitiDI‘IS - LRFD:1994 Ed.Znd ¢ #Member Definition - Parameters - LRFD:1994 Ed.2nd [ x]
Members | G[DUDS I | Member type: | Colurnn | Save
— Buckling [ axis] ~Buckling [£ aris] Clase
NQI‘I‘IbB[Z |‘| vl NQW | - He::amher length ly: - He:emhel length Iz:
o - 1.000 - |1 oa .
B asic data * LCosfficient ol Coefficient Service |

Bl [z I_I— Buckling length cosefficient v Buckling length coefficient 2: More.

= Ky [1.000 Ke: [1.000

Mame: I Parameters |
i Lateral buckling p

C. Group: I i I fember ype: Columnry ~ Bl Lt el Lateral buckling coefficient o
Upper flange | Lower flange =P

gbmﬂ i i
s | v |
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In the CALCULATIONS dialog box set Member Verification option for members 1 and switch off Limit
State — Serviceability (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button.

Etalculations - LRFD:1994 Ed.2nd

= EE

— YWerification option:

% Member verification:

(" Code group design:

= | Wptimizatiorn

[

" Code group verification: I il

I List |
Options |

 Load

Load caze list:

Load case

Limnit state
I 3

v Ultimate
selection |

[ Serviceahility

ok |

Configuration | e

Help

Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for the member 1 opens the RESULTS dialog box with detailed results for the
analyzed member.

ELRFD:I‘J‘M Ed.2nd - Member Yerification { ULS )

Fiezults | Messages I

1

Calc. Mote | LCloze I

Member I Section Material Lay

Ratin Case

1 || 16067 | STEEL As728| 25868

0873 | 3 COMBIMNATION 1

Help |

i

Fiatio
Analyzis | ‘

Calculation points

Division: n=3
Extremes: hiohe
Additional:  none

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

E-<RESULTS - Code - LRFD:1994 Ed.2nd I B3 || RESULTS - Code - LRFD:1994 Ed.2nd =]
Z eI ] Z eI ]
T || B— [ SenOk T || B— [ SenOk
Point / Coordinate: 3/w=1.00L=1500f Point / Coordinate: 3/w=1.00L=1500f

W 1667 d Load oase: 3COMBINATION 1 171.200+241.600 16467 - Load oase: 3COMBINATION 1 171.200+241.600
Simplfied results | Detaied results | Ehierge Simplified results  Detailed resuite | Ehierge

MEMBER PARAMET == ] — — -

Ly=1500fc KLy/iy = 25,866 Lb=1500f e et = o =
Le=1500f Kledz = 73.297 Ch=1.687 Cross-section properties: W 1667
INTERNAL FORC CAPACITY Eoress A 19700 in2__|Cross-section area Eerces
Ay 13613 2| Shear area olong the Ymis
= Pri=73830ki
;‘Ly :szgnununkkw?m M:y Zes000 Eu"t Az 6450]  in2 | Shear arca dlong the Z-axis
Vi - £.00Kip Wiz 23221 kip ] 2390 ind | Torsional constant
iy 954000| ind | Momert of ineria of a section abaut the V-axis

FACTO SECTION ELEMENTS iz 113,000 ind. Momert of inertia of & section about the Z.axis
’— Fib=0.300 Fic=0850 Fiv =0.300 ‘ ’7 UNS = Compact 5Tl = Compact Iy 130.000 in3 Flastic section modulus about the ¥ (major) sxis

RESUL Sy T16840] i3 |Elastic section moshius about the Y-eds

e 7z 35 500 i3 Plastic section modlus about the Z (minor) axis.

Vuzd(Fiv¥nzl = 0.029 < 1.000  LRFD [F2-2) Sz 23.254 in3 Easﬂc section modulus about the Z-axis

. I Temil Vit ot rrnes-ae ey ]
Help | Help |
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 3

COORDINATE: x=1.00L =15.00 ft

LOADS:
Governing Load Case: 3 COMBINATION 1 1*1.200+2*1.600

MATERIAL:
STEEL A572-60  Fy =60.00 ksi

Fd

S

SECTION PARAMETERS: W 16x67

d=16.33in Ay=13.613 in2 Az=6.450 in2 Ax=19.700 in2
b=10.23 in ly=954.000 in4 12=119.000 in4 J=2.390 in4
tw=0.40 in Sy=116.840in3 $z=23.254 in3

tf=0.67 in Zy=130.000 in3 Zz=35.500 in3

MEMBER PARAMETERS:

Ly = 15.00 ft KLy/ry = 25.866 Lb =15.00 ft

Lz = 15.00 ft KLz/rz = 73.237 Cbh =1.667

INTERNAL FORCES: NOMINAL STRENGTHS:

Pu =525.00 kip Pn =738.30 kip

Muy = -90.00 kip*ft Vuz = -6.00 kip Mny = 650.00 kip*ft Vnz = 232.21 kip

COEFFICIENTS:
Fi b =0.900 Fic=0.850 Fiv=0.900

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) + 8/9*Muy/(Fib*Mny) =0.973 <1.000  LRFD (H1-1A)
Vuz/(Fiv*Vnz) =0.029 < 1.000 LRFD (F2-2)

Section OK 1!
COMPARISON:
Resistance, interaction expression Robot Handbook
1. Nominal strength of an axially loaded compression 627.55 628
member ¢.*P, [Kips]
2. Nominal moment strength Mny [ft-kips] 650 650
3. Check LRFD Formula (H1-1a) 0.973 0.973
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VERIFICATION EXAMPLE 4
- Axial compression and biaxial bending |

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Axial compression and biaxial bending (Example 12.13.3).

SPECIFICATION:
Design a beam-column W section for the service loading conditions shown below. The compression
load P is 30 kips dead load and 70 kips live load. The bracked load W is 2 kips dead load and 18 live
load, as might by caused by a crane, and the horizontal load H is 5 kips live load, as might be the
horizontal effect of a crane. The member is part of a braced system, has support in the weak direction
at mid height, but only at the top and bottom for the strong direction. Use A36 steel and Load and
Resistance Factor Design.
e Compute factored loads. Assume a first-order analysis was performed to obtain the given
forces:
Pu =1.2(30) + 1.6(70) = 148 kips (right site)
Wu = 1.2(2) + 1.6(18) = 31.2 kips
Pu =148 + 31.2 = 179 kips (left site)
Hu = 1.6(5) = 8 kips
Maximum moment = (H/2 + W/16)*8
Mnt = (8/2 +31.2/16)8 = 47.6 ft-kips
e Moment magnification for W 10x39 (initially taken for analysis) Mux = B1*Mnt = 1.10*47.6 =
52.4 ft-kips

Structure - Cases: 1 (SERVICE) [-[o] Structure - MY; Cases: 1 (SERVICE) =] B

FX=-148.00

My 10kipft
Max=52 40
Cases: 1(SERVICE) Min=-0,00
. i Y
I Cases: 1 (SERVICE)
< |
R i | ] »IIﬂeI!-sIJ n el = =1 — Bl =

SOLUTION:

Create a new “super-member” consists of the elements 1 and 2. Press the New button in
DEFINITION-MEMBERS tab. The new member 3 will be automatically created. In editable field Bar
List type numbers of existing bars 1 2. Define a new type of member. For analysed member 3 pre-
defined type of member COLUMN may be initially opened. It can be set in Member type combo-box.
Press the Parameters button that opens MEMBER DEFINITION — PARAMETERS dialog box. Type a
new name COLUMN1 in the Member Type editable field. Then, press Buckling Length coefficient Z
icon and select the last icon. The new dialog box Internal bracing will appear. Define internal support
in the middle of the member by typing value 0.5 in the Coordinates of the existing bracings field. For
defining appropriate values of lateral buckling parameters choose the icon Cb that opens Parameter
Cb dialog box and double-click the second icon (Moments at the ends). Save the newly-created type
of member.

March 2014 page 69 /93




Autodesk Robot Structural Analysis Professional - Verification Manual for American codes

¥_“Definitions - LRFD:1994 Ed.2nd

tembers | Groups I

Humber:

E—

Mew

Basic data

Bar list:

Hame:

I 12 Selection |
|3 Parameters |

C. Group: I 'I tember type:

Colurnry

EMemher Definition - Parameters - LRFD:1994 Ed.2nd

‘ tember type: Icnlumrﬂ

i~ Buckling [ axiz]

" Real

Member length ly:

i~ Buckling [£ axis]

" Real

Member length lz:

= 1.000
' Coefficient

- IT an
' Coefficient

Save

Close

i

Service

Buckling length coefficient v

K [1.000

Buckling length coefficient 2

Kz [1.000 II]

r— Lateral buckling p
[¥ Lateral buckling

LChbe | ChiMil

Lateral buckling coefficient

Upper flange Laower flange |
Lb=1

Lb=1

More...

i

Help

K I Delete | Save | Help
jBuckling Diagrams

=

E] 3
T 1 C3 0 K1 B M e
z.0 L & (1]

HMM

(¢ Sway structure

. Hon-sway structure

E Internal bracing [ x|

— Basic scheme of a member

LA

i

0K

Canicel
— Coordinates of the existing bracings Help |
j0.500 L
" real & relative

— Buckling coefficients of component segments —

{1.000: 1,000

In the CALCULATIONS dialog box set Member Verification option for member 3 and switch off Limit
State — Serviceability (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button. Member Verification dialog box with most significant results data will
appear on screen. Pressing the line with results for the member 3 opens the RESULTS dialog box
with detailed results for the analyzed member.

¥ icalculations - LRFD:1994 Ed.2nd

—Werfication option:

(* Member verfication:

(" Code group design:

™| Gptimization

1= B

I 3 List

" Code group veriiication: I _IUSt

I List
Options |

~ Load:

Load caze list:

Load case selection

—

Limrit state:
Iv Ulimate

| I Serviceabilty

ok |

Configuration |

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

ELRFD:IQ‘M Ed.Znd - Member ¥erification ( ULS ) 3

Results | Messagesl

Calc. Mote | Cloze I

Member

Section

Material

Lay Laz

Ratio

Case

33 ||wox3s

STEEL A36

45035

Help |

0945

1 SERVICE

— Ratio

Analysis |

r— Calculation points

Division: n=3
Estremes: hane
Additional  none
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RESULTS:
a) for W 10 x 39

F"fRESULTS - Code - LRFD:1994 Ed.2nd [PIE] B3 ||F-2 RESULTS - Code - LRFD:1954 Ed.2nd
= [ = [
e Bar 33 e Bar 33
Foint / Coodinate: ~ 3/x=050L =600k Poit / Coodinate: ~ 3/x=050L = B00#
W 10,33 i Lozd case: 1 SERVICE W 10,33 i Lozd case: 1 SERVICE
Simplfied resuls | Dtiled resuls | iE Simplied resus Detaied resus | Lhierg
MEMBER PARAMET!
Ly=16001 Klyiry - 45.038 Lb=16.00f Symbol | vaues | umt | ‘Symbol description Sectior -
L2800k Klzirz= 49530 Cb=1.430 Cross
INTERNAL FOFiCE CAPACITY Forces A i) 2 Forces
Fu-17320kp Pn=36572kip 2: 2:2: ::i
bluy = 5240 kig'ft My = 140,40 kip'fe
Viz =595 kip Wiz =67.50 kip Cl 0%80f i3
y 208000[ s
"FAETD SECTION ELEMENTS [ a5000| e
Fib=0900 Fic=0.850 Fiv=0900 ‘ ( UINS = Compact 5T = Compact zy ag00| 3
— Cale. Note | = i Cale. Note:
Pud{FicPri + 8/ MuydFibehny) = 0.945 < 1000 LRFD (H1-14) = w8
Vuz/[Fivnz] = 0.098 < 1,000 LRFD (F2-2) sz 12 i3 =
o | P FE) o
elp Help

STEEL

DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 3 3 POINT: 3 COORDINATE: x=0.50L =8.00 ft
LOADS:
Governing Load Case: 1 SERVICE
MATERIAL:
STEEL A36  Fy =36.00 ksi
Z
Y

SECTION PARAMETERS: W 10x39

d=9.92 in Ay=8.464 in2 Az=3.125 in2 Ax=11.500 in2
b=7.99 in ly=209.000 in4 12=45.000 in4 1=0.980 ind
tw=0.32 in Sy=42.137 in3 Sz=11.271in3

tf=0.53 in Zy=46.800 in3 Z2=17.200 in3

MEMBER PARAMETERS:

Ly = 16.00 ft KLy/ry = 45.038 Lb = 16.00 ft

Lz = 8.00 ft KLz/rz = 48.530 Cb=1.430

INTERNAL FORCES: NOMINAL STRENGTHS:

Pu =179.20 kip

Muy = 52.40 kip*ft Vuz =5.95 kip

Pn =365.72 kip

Mny = 140.40 Kip*ft Vnz = 67.50 kip

COEFFICIENTS:

Fi b=0.900 Fic=0.850

Fiv=0.900

SECTION ELEMENTS:

UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) + 8/9*Muy/(Fib*Mny) = 0.945 < 1.000
Vuz/(Fiv*Vnz) =0.098 < 1.000 LRFD (F2-2)

LRFD (H1-1A)

Section OK !11
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b) check for lighter section W 12 x 35

[ <RESULTS - Code - LRFD:199+4 Ed.2nd [BIE] B3 ||7- RESULTS - Code - LRFD:1994 Ed.2nd
: =
&I s’jnt/l:usd:vals 3/x=050L=8001 &I s’jnt/l:usd:vals 3/x=050L=8001
'm Load case: 1SERVICE 'm Load case: 1SERVICE
Simplfied vesults | Detailed resuls | EiFe Simplied resus Detaied resus | Lenge
WEMEER PR LyiTEl]EIYt KLy/ryiSEEUU El;:sﬂgﬂn ‘ Syt || wees | omr | - SV“?“'““"”"’““” ST j
"NTEHNAL FORCE EAPA:E\TY Eorces :j 12222 ; Forces
(H::;LD 500 Fic=0850 Fiv=0500 ‘ "SEE'I\SD:IEED\;”E;;‘:‘”S 571 = Compact Calo Note | g: %z ZEE mg ﬂl
’7Vu1/[Fw‘\M1]:DDB2<IDDD LRFD [F2:2) ‘ e | sz Z::: na =l e |
STEEL DESIGN
CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 3 3 POINT: 3 COORDINATE: x=0.50L =8.00 ft
LOADS:
Governing Load Case: 1 SERVICE
MATERIAL:
STEEL A36 Fy = 36.00 ksi
Z
ES
SECTION PARAMETERS: W 12x35
d=12.50in Ay=6.822 in2 Az=3.750 in2 Ax=10.300 in2
b=6.56 in ly=285.000 in4 1z=24.500 in4 J=0.740 in4
tw=0.30 in Sy=45.600 in3 Sz=7.470in3
tf=0.52 in Zy=51.200 in3 Z7=11.500 in3
MEMBER PARAMETERS:
Ly = 16.00 ft KLy/ry = 36.500 Lb =16.00 ft
Lz =8.00 ft KLz/rz = 62.245 Cb =1.430
INTERNAL FORCES: NOMINAL STRENGTHS:
Pu =179.20 kip Pn =302.38 kip
Muy = 52.40 kip*ft Vuz =5.95 kip Mny = 153.60 Kip*ft Vnz = 81.00 kip
COEFFICIENTS:
Fi b =0.900 Fic=0.850 Fiv=0.900

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) + 8/9*Muy/(Fib*Mny) = 1.034 >1.000  LRFD (H1-1A)
Vuz/(Fiv*Vnz) =0.082 < 1.000 LRFD (F2-2)

Incorrect section 11!
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COMPARISON:
Resistance, interaction expression Robot Handbook

For W10x39 section

1.Nominal strength of an axially loaded comp. member ¢.*Py, [kips] 310.87 311
2. Nominal moment strength Mny [ft-kips] 140.40 140
3. Check LRFD Formula (H1-1a) 0.945 0.94
For W12x35 section

4. Nominal strength of an axially loaded comp. member ¢:*P, [Kips] 257.03 257
5. Nominal moment strength Mny [ft-kips] 153.60 154
6. Check LRFD Formula (H1-1a) 1.034 1.03
7. Check LRFD Formula (H1-1a) for W 14 x 38 0.909 0.91
8. Check LRFD Formula (H1-1a) for W 14 x 34 1.026 1.02

The lightest section that satisfies is the W 14 x 38; however, the extra 4 in. of depth may not be
desirable.

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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VERIFICATION EXAMPLE 5
- Axial compression and biaxial bending Il

Example taken from STEEL STRUCTURES - Design and Behavior
Emphasizing Load and Resistance Factor Design
Third Edition written by Charles G. Salmon and John E. Johnson

TITLE:
Axial compression and biaxial bending (Example 12.13.7).

SPECIFICATION:

Select the lightest W12 50 section to carry an axial compression in addition to biaxial bending, loaded
as shown below. Assume a first-order structural analysis has been performed using factored load. The
results give P, =375 kips, M,=38 ft-kips about y-axis at the top of the column, and M,=14 ft-kips
about the z-axis at the top of column. Use A572 Grade 50 steel and Load and Design Factor Design.

Structure - Cases: 1 {service) [_ O] <]
AI

FZ=-375.00

M(X,Y,Z)=(14.00,38.00,
[y

7.50

7.50

B

Cases: 1 (service)
ﬁy -2 kip*ft
X 4 kip

|
I Y = = K i 1 ) )

SOLUTION:

Create a new “super-member” consists of the elements 1 and 2. Press the New button in
DEFINITION-MEMBERS tab. The new member 3 will be automatically created.
In editable field Bar List type numbers of existing bars 1 2. Define a new type of member. For
analysed member 3 pre-defined type of member COLUMN may be initially opened. It can be set in
Member type combo-box. Press the Parameters button that opens MEMBER DEFINITION —
PARAMETERS dialog box. Type a new name Columnl in the Member Type editable field. Then,
press Buckling Length coefficient Z icon and select the last icon. The new dialog box Internal bracing
will appear. Define internal support in the middle of the member by typing value 0.5 in the Coordinates
of the existing bracings field. For defining appropriate values of lateral buckling parameters choose the
icon Cb that opens Parameter Cbh dialog box and double-click the second icon (Moments at the ends).
Additionally set 0.5 coefficient in lateral buckling length Lb editable field. Save the newly-created type
of member.
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EMethr Definition - Parameters - LRFD:1994 Ed.2nd

¥ “Definitions - LRFD:1994 Ed.2nd

tembers |Gmup3| | Mermber type: | colurr] | Save |

~ Buckling [¥ axis) — Buckling [£ axig] Close |

[ ber: |3 - I Mew Member length Iy Member length Iz:
e - &[] 1,000 ‘® G 1,000

Basic data (* Coefficient ' ' Cosficient

Bar list |12— S electi Buckling length coefficient '’ Buckling length coefficient Z: More |
oar st elechion |
K |1.000 Kz |1,UDU
MHame: |3 Parameters |
- ~ Lateral buckling p

C. Group: I 1 vI Member type: - [ Lterdl buckirg Lateral buckling coefficient .
Upper flange | Lower flange =P |

’TI Delete | Save | Help | g ot | o=l o=l

Service |

»2Buckling Diagrams E3 F_4Internal bracing

— B azic zscheme of a member
b 1

n . . =0 Bere) 10 0

E

— Coordinates of the existing bracings————— Help |

(* Sway structure

z0 Cancel

4l

LLE

Help

'II {0500 “L
O real (* [elative

— Buckling coefficients of component segments —

{1.000; 1,000

(" MHon-zway structure

In the CALCULATIONS dialog box set Member Verification option for member 3 and switch off Limit
State — Serviceability (only Ultimate Limit state will be analyzed). Now, start the calculations by
pressing Calculations button. Member Verification dialog box with most significant results data will
appear on screen. Pressing the line with results for the member 3 opens the RESULTS dialog box
with detailed results for the analyzed member.

RFD:1994 Ed.2nd - Member ¥erification { ULS } 3

Riesuits | Messages | Cale. Note | | :
Member I Section Material Lay Laz Ratio Case Help |
33 IQ I'IN 12x50 STEEL AS72-5] 34768 45953 1.004 1 =zervice Rt
~ Ratio
Analysiz | Map |

i Calculation points

Drivigion: n=3

Extremes: none

Additional  none

The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

F2RESULTS - Code - LRFD:1994 Ed.2nd IS E3 || RESULTS - Code - LRFD:1994 Ed.2nd [
! incortest section : : | incortest section
i} _two || gy 33 i} _two || gy 33
Point/Covdnate:  3/%=1.00L =16.00# Point/Covdnate:  3/%=1.00L =16.00#
U 1250 id Load case: 1 senvice U 1250 id Load case: 1 senvice
Simplfied resubs | Detaied results | Liznge Simplfied resus  Detailed resuls | Chenge
MEMBER PARAMET!
o0 oyt 100 N Symbel | Vawes | tnt__| Symboldssarion Soton | =
Lz=7501 Klaiz= 45335 Cb-1.867 Cross-section properties: W 12x50
INTERNAL FORCE CAPACITY o ax 14700 2 |Cross.section area e
P e E2960K ay 10342] 2 |Snear area song the v-mis
i n= i
Muy 38.00 kip'ft Vuy =233 kip My = 300,00 kit Vny=279.24 kip A2 a5f 2 shear area slong the Zavis
bluz = 14,00 kig'ft Vuz = 253 kin bz = 87.50 kip'ft Wz =135.31 Kin 4 17o0f  ind }Torsional constant
Iy 384,000 ind LMumerﬁ of inertia of @ section about the Y-axis
FACTON SECTION ELEMENTS iz 56,300 ind___|Moment of inertia of a section about the Z-axis
’7 Fib=0900 Fic=0850 Fiv=08900 ‘ ’7 UNS = Compact STI = Compact Zy 72.000 13| Plactic section modius aboutihe ¥ (major) axis
Calc. Note: Calc. Note:
Tt EY B4643] 3| Elstic sestion motius abot the v-ais
FuFie P+ 875 irg] - MU/ = 1,006 1000 LRFD (H1-18) ) 21000] i3 |Piastic section mocuius about the Z gminon axis
Vug{Fiv Vi) = 0.003 < 1,000 Vuz/[Fivine] =0.021 < 1000 LRFD (F22) = Ll [ (Dene el o b =l
v | P PEETY E— T y— pr v |
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STEEL DESIGN

CODE: LRFD Second Edition
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 3 3 POINT: 3 COORDINATE: x=1.00L =15.00 ft

LOADS:
Governing Load Case: 1 service

MATERIAL:
STEEL A572-50  Fy =50.00 ksi

Fd

S
SECTION PARAMETERS: W 12x50

d=12.19in Ay=10.342 in2 Az=4.510in2 Ax=14.700 in2
b=8.08 in ly=394.000 in4 12=56.300 in4 J=1.780 in4
tw=0.37 in Sy=64.643 in3 Sz=13.936 in3

tf=0.64 in Zy=72.000 in3 Zz=21.000 in3

MEMBER PARAMETERS:

Ly = 15.00 ft KLy/ry = 34.768 Lb =7.50 ft

Lz=7.50ft KLz/rz = 45.988 Cb =1.667

INTERNAL FORCES: NOMINAL STRENGTHS:

Pu = 375.00 kip Vuy =-2.33 kip Pn = 629.69 kip Vny = 279.24 Kip
Muy = -38.00 kip*ft Vuz = -2.53 kip Mny = 300.00 kip*ft Vnz = 135.31 kip
Muz = 14.00 kip*ft Mnz = 87.50 kip*ft

COEFFICIENTS:
Fi b =0.900 Fic=0.850 Fiv=0.900

SECTION ELEMENTS:
UNS = Compact STI = Compact

VERIFICATION FORMULAS:
Pu/(Fic*Pn) + 8/9*(Muy/(Fib*Mny) + Muz/(Fib*Mnz)) = 1.004 > 1.000  LRFD (H1-1A)
Vuy/(Fiv¥Vny) =0.009 < 1.000 Vuz/(Fiv*Vnz) =0.021<1.000 LRFD (F2-2)

Incorrect section 11!

COMPARISON:
Resistance, interaction expression Robot Handbook
1.Nominal strength of an axially loaded comp. member ¢.*P, 535.24 535
2. Nominal moment strength Mny [ft-kips] 300.00 301.1
3. Nominal moment strength Mnz_[ft-kips] 87.5 89.2
4. Check LRFD Formula (H1-1a) 1.004 0.98

CONCLUSIONS:
The differences are caused by different way of rounding-off the cross-sectional properties (cross-
sectional area, section modulus, moment of inertia).
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CONCRETE
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1. ACI 318-02 — RC columns
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VERIFICATION EXAMPLE 1
- Column subjected to axial load and uni-axial bending |

Example based on:
[2] E. G. Nawy, “Reinforced Concrete. A Fundamental Approach”, Fifth Edition, 1987, Example 9.15,
pp. 372

DESCRIPTION OF THE EXAMPLE:

Rectangular tied column is subjected to uni-axial bending. Design the column section and
reinforcement necessary for gravity loads only, assuming lateral sideway due to wind as negligible.

In the following example, the results of the program, concerning the calculations of reinforcement and
buckling analysis are compared to the results of [2]. Moreover, in order to better verify the results,
manual calculations are carried out in parallel.

LOADS:
P.=726 [Kip]
M,=46 [kip-ft]
M,=127 [Kip-ft]
GEOMETRY:

[,=18 [ft]
cross section: 21x21  [in]

MATERIAL:
Concrete: = 5000 [psil, E.=4.29x10° [psi]
Steel: f,= 60000 [psil, Es=2.9x10° [psi]
Fig.1. Cross section with reinforcement determined in [2] (10 No.9).
IMPORTANT STEPS:

In the dialog box Buckling length set buckling parameter k,as 1.7 (Fig.1.2.).
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Buckling Length

Structure
— Direction '
i
£ Non-sway
£ Sway
L= |1B.EIEIEIEI ft
k_.f |1.?IZIIIIEI

Fig. 1.2. Buckling parameters of the column.

In the Loads dialog box put the axial force N, moments at the ends of the column M,A, M,B, and the
moment in the mid-height M,C = M,A, since the authors of [2] assume C,=1 (Fig.1.3.).

H | myva | myB | Mmyc | Mza | MzB | mMzc
flo.|  Case Hature | Group | iy | kip'ft) | (kip'fty | kip'et) | (kip'rt) | kipety | (kipry| B | Y
1 |2BLA design 1 T26.00 45.00 [ 127.00| 127.00 0.00 0.00 0.00 0.50 1.00
*
Fig. 1.3. Loads.

In the Calculation Option/ General dialog box check: Design — unidirectional bending: My direction

(Fig. 1.4.).

v Design - unidirectional bending

=ty direction

i~ Mz direction

Fig. 1.4. Unidirectional bending.

RESULTS OF REINFORCEMENT CALCULATION:

The reinforcement generated by the program (Fig 1.5.) is different than that calculated in [2]. The
authors of [2] find the reinforcement of 5 No. 9 bars at each side, thus the total area is equal to
10.99in’. The calculations with the program result in reinforcement with 20 No. 6 bars, thus the total
area is equal to 8.84 in”. The reinforcement determined by the program is more optimal solution. It
should be noted, that if we fix the bars diameter as No. 9 (Reinforcement pattern dialog), we obtain the
same reinforcement as the authors of [2] (five No. 9 bars at each side).
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Fig. 1.5. Reinforcement generated by the program (20 No. 6).

In order to verify the results of buckling analysis, after the modification of reinforcement to the form as
in [2], the verification is carried out.

RESULTS OF BUCKLING ANALYSIS:

March 2014

Formula number in
. 1 Manual
Quiality (1] 2] Robot calculations
(Unit)
Kl
L 10.7 58.2 60.5723 605723
r ¢)
Iy (in*) 16207 16207 16207
I (in%) ; 640 640
(0,2E.1, +El,
1+ A 128634
El = max 04E. | 10.11, 10.12 uses only 150194 150206
o9 (Kip-ft?) 10.12
1+ B,
p _ 7 El 10.10
c = 2 . 1356 1583 1583
(kl,) (kip)
10.13
C,=10 ) 1,0 1,0 1,0
*10.12.3.1
C,
ns 0175Pc 0 3.495 2.57 2.57
1
M
M, = maxs 2 1014 127 127 127
2 {Pu (0,6 +0,003h) (Kip-ft)
M, =5.M, 10.8 (kip-ft) 444.16 326.86 326.82
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FINAL VERIFICATION:

NOTE: the results of reinforcement calculation concern the automatic calculation of reinforcement. In
the case of buckling analysis, the reinforcement obtain in the program is modified to a form as in the
reference example, in order to enable the comparison of total moments.

Quantity [2] Robot
A, 10.99 in® 8.84 in’
M. 444.16 kip-ft 326.82 kip-ft *

* The reason of greater final moment determined in [2] is the use of equation 10.12 only. Robot uses
the maximum of values from equation 10-11 and 10-12, thus the critical force is calculated more

accurately.
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VERIFICATION EXAMPLE 2
- Column subjected to axial load and uni-axial bending Il

Example based on:
[3] S.K. Ghosh, D.A. Fanella, B.G. Rabbat ‘Notes on ACI 318-95. Building code requirements for
structural concrete’, First Edition, 1996, Example 13.1, page 13-21

DESCRIPTION OF THE EXAMPLE:

Design A3 column in the non-sway frame.

In the following example, the results of the program, concerning the calculations of buckling are
compared to the results of [3]. Moreover, in order to better verify the results, manual calculations of
slenderness effects are carried out in parallel.

Finally, the calculations of reinforcement and calculations of capacity are compared to the results of
the pcaColumn v.3.64 software.

LOADS:
P, = 1096 [kip]
Mu.op = 116.2 [kip-ft]
My.bot = 59.3 [kip-ft]
GEOMETRY:
,=21.33 Ifq

cross section: 20x20  [in]

MATERIAL:
Concrete: f.=5000 [psi], E=4.29x10° [psi]
Steel: f,=60000 [psil, Es=2.9x10°  [psi]
IMPORTANT STEPS:

In the dialog box Buckling length set buckling parameter k, as 0.84.

In order to obtain the same Young modulus as in [3], the unit weight of concrete should be set as
0.144[kip/ft).

In the Loads dialog box put the axial force N, moments at the ends of the column MyA, M,B (Fig. 2.1.)
Let the M,C in the mid-height be calculated automatically.

H Mya | MyB | MyC | Mza | MzB | mzc
flo.|  Case Hature | Group | giny [ (kip'rt) | kipety | (kip'st) | (kip'rty | (kip'sty | kip'rry | B

1 |2BLA design 1 108600 11620 5830 9344 0.00 0.00 ooo| o082 1.00

Fig. 2.1. Loads.

In the Calculation Options/General dialog box check: Design — unidirectional bending: My direction.
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RESULTS OF REINFORCEMENT CALCULATION:

The reinforcement generated by the program (Fig. 2.3.) is different than that assumed for all
calculations in the reference [3]. However, the latter one does not fulfill the capacity requirements (in

[3]itis increased up to 8 bars No.9, but after the calculations).

Nevertheless, the reinforcement has been modified (Fig. 2.4) in the program (the number of bars has
been decreased down to 8 bars No.7), in order to compare the results of buckling analysis with the

results from [3].

Fig. 2.3. Reinforcement generated automatically by the program (16 No.7).

Fig. 2.4. Manually modified reinforcement (8 No.7), equal to that assumed for calculations in [3].

RESULTS OF BUCKLING ANALYSIS:

Formula
number in M |
. anua
Quantity [1] 31 Robot calculations
(Unit)
Kl
Kl 10.7 %6 37 37
r )
I o (in%) 13333 13333 13333
I (in% 213 213 213

March 2014

page 84 /93



Autodesk Robot Structural Analysis Professional - Verification Manual for American codes

(0.2E1, +E,1,
1+ A 10.11, 10.12 6
El = max ! 6 11.8x10 11.8x10°
0,4E,1, (kip-in) | OO "
1+ 5,
b _ 72El 10.10
© = (KI)? (ki) 2519 2523 2523
M
06+04 1 1013
C,, = max M, ' 08 08 08
0.4 ©)
C,
ns 0.75P, 0 19 1.93 1.91
1
M. = max M, 10.14 116.2 116.2 116.2
? P,(0,6+0,003n) | kipf) | M09 | M 9096 | ™ 100.6
M. =0,M, 1_0'8 220.8 222.1 222.1
(kip-ft)

FINAL VERIFICATION:

NOTE: the results of reinforcement calculation concern the automatic calculation of reinforcement. In
the case of buckling analysis, the reinforcement obtained in the program is modified to a form as in the
reference example, in order to enable the comparison of total moments.

Quantity [2]
A, 7.99in’ 9.62 in’
M. 220.8 Kip-ft 222.1Kkip-ft

VERIFICATION WITH THE OTHER SOFTWARE:

According to the current code [1], the reinforcement 8 No.9 assumed finally in the reference [3] is not
sufficient. Thus, we let Robot to calculate the reinforcement automatically (see Fig. 2.3), and then
check the results with pcaColumn v.3.64 software.

: pcaColumn
Quantity V364 Robot
M., 214.8 kip-ft 222.1kip-ft
capacity (interaction see Fig. 2.5
diagrams)
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N [kip)
e L s e
IR [Prnax]
| 1200
e
800 :
400
—t——+—+— 0 i
500 .
Mt (k-f1) :
11T EECELTPA SEERRERE I Jeoso000oc deeeonees
______________ [Prmin]
600 -
e
0 100 200 300 400
+My [kip*ft)
Fig. 2.5. Comparison of the interaction diagrams
CONCLUSIONS:

The results of the calculations of slenderness effects are with agreement with those from [3].
The results verified against the software pcaColumn v.3.64 show that the calculations of slenderness

effects and of capacity are correct.
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VERIFICATION EXAMPLE 3
- Column subjected to axial load and biaxial bending

DESCRIPTION OF THE EXAMPLE:
Following example illustrates the procedure of dimensioning of biaxial bending of column, which is

non-sway in one direction, whereas sway in the other. The results of the program are accompanied by
the ‘manual’ calculations.

1. SECTION DIMENSIONS

S
&
2
1 !
Z
16,00
X v
2. MATERIALS
Concrete: fe = 3.50 (ksi)
Longitudinal reinforcement: Grade 60 fy = 60.00 (ksi)
Transversal reinforcement: Grade 60 fy = 60.00 (ksi)
3. BUCKLING MODEL
— Durection '
I~ o
&+ Non-sway
" Bway
L= [162.0000 |
ky=" |300
— Direction £
I~ oif
" Non-sway
' Sway
b= |1EIZI.EIEIIZIEI i
ko= [1.00

As can be seen the sway column is assumed for Z direction, and the non-sway column for Y direction
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4. LOADS
H MyA MyB MyC MzAa MzB Mz Mnsz/
flo.|  Case Nature | Group | iy | (kip'ft) | (kip'ft)| (kipet) | (kip'ft)| tkipety [ (kipesty| mz | B | Y
1 |DL1 dead load 1 25000 40.00 000 52.00 g0.00 a0.00 90.00 0.40 030 120
2 |LL1 live load 1 150.00 20,00 10.00 16.00 0.0o 10.00 12.00 0k0 050 1 .60
*

NOTE: The column is sway for Z direction, thus the ratio of non-sway moment to total moment should
be defined in the load table.

NOTE: Let us assume, the moments in Y direction are linearly distributed along the height of the
column. Thus, we define only the ends’ moments for Y direction. In Z direction however, we assume
the mid-height moment is not a result of the linear distribution. For such a case, Robot let the user
define the moments in the mid-section explicitly.

5. CALCULATED REINFORCEMENT:

The program generates the reinforcement 4 No.18.

6. RESULTS OF THE SECTION CALCULATIONS:
The dimensioning combination is 1.2 DL1+1.6 LL1

The dimensioning section (where the most unfavorable set of forces is found) is for that combination
the section in the mid-height of the column.
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]Intersection
Load types
’75“ B asic 0 Lecidental |
. H My Mz
Description (Kip) (Kip'ft) (Kip'ft)
120001 +1 BOLLA (&) 540,00 50.00 8226

1.20001+1 60LLT (C)

S40.00

120001+ BOLLY (B 54000 &6 .00 12795
140001 (&) 349095 56.00 9659
1400011 () 349 95 105.74 144 89
1400011 (B 349 95 &4 .00 125789

Rl / Sl 1.00 = [1.26

L MR { WS 1.00 = [1.45

PR /NS 1.00 < 156

- [

Cloze

Help |

Since the column is found as slender, the second-order effects are taken into account in both

directions.

In parallel the other sections (at the ends of the column) are checked for all combinations of loads.

In the top and bottom ends’ sections of the column in Y direction, the influence of buckling has not
been taken into account, since the structure is non-sway in this direction. In Z direction however, the
influence of slenderness is taken into account for all three sections of the column.
All the results of total forces for each combination and each section of the column may be seen in the
table “Intersection” at the Column-results layout.

7. CALCULATIONS OF TOTAL MOMENT:

7.1. LOADS

For the dimensioning combination, the loads are:

Case N MyA MyB MyC MzA MzB MzC
(kip) | (kip-f) | (kip-ft) | (kip-ft) | (kip-ft) | (kip-ft) | (kip-ft)
1 Gl 250 40 60 52 60 80 90*
2 Q1 150 20 10 16 0 10 12
Dimensioning | 4 5141 601 | 540 80 88 84.8 72 112 127.2
combination

where A, B and C denote upper, lower and mid-height sections of the column respectively.
* - the values are written “by hand” by the user (see point 4 — Loads)
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7.2. THE INFLUENCE OF SLENDERNESS

Two independent calculations of the total moment for both directions are carried out.

Y DIRECTION
Slenderness:
k-1,
=72.25
r
k-1,=504 (in)
I =6.93 (in)

34-12 & = 23.09
M?2

M1
—— =0.909
M2
k-1, >34 —12& column is slender
r M2

The initial moments at the end of the column:
M1 = 80.00 (kip-ft)y M2 =88.00 (kip-ft)

Calculation of critical force:

2
i (iluE)lz
(02E,1, +E,l,,)
El = max 0’4Ej:’8 ‘ (10-11), (10-12)
1+py

I, = As-z%=16.00- (12 -3.1285)*=1259.5 in*
|, =18432.00 in

E, = 3686.82 ksi

E, =29000.00 ksi

B, is calculated as a weighted average from the load cases. The weight factors are assumed
according to the axial forces. Thus:
1.2.250 1.6-150

= — " 03+———0.5=0.389
Ps 540 540

(0,2E.1, + E(l,)

1+ B,

0,4E.I, L
————~ =19569609 Kkip - in
1+ B,

= 36081620 Kip - in 2
El = max
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Thus,
El =36081620 kip-in®

P, =1402 kip

The coefficient J,,:

Ops = CT: =1.981
1_ u
0,75P,
0.6+O.4&
C,, = max M, =0.964

= 88 (kip-ft)

M, =88kip— ft
M, = max )
P, (0,6 +0,003n) =540-0.11=59.4kip — f

The dimensioning moment in Y direction is equal to:

M, =5 M,=174.3 (kip-ft

Z DIRECTION

NOTE: In most cases, the sway column is calculated for the end moment M2, taking into account the
effects of slenderness.
In this case however, the presence of moment in Y direction (which is also increased due to

slenderness), causes the mid-height section to be the most unfavorable (even though the end moment
in Z direction is greater).

Slenderness:

k-1,
=38.97
r
k- Iu = 504 (in)
Ir=6.93 (in)
k-1, _
>22 the column is slender
r
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The following table illustrates how the division of moments into sway and non-sway is carried out for

the particular load combination.

Case | MzC | Load factors | MzC Mzns/Mz Mzns = Mzs =
(dimensioning (Mzns/Mz)*Mz | (1-Mzns/Mz)*Mz
combination)

Gl 72 1.2 108 0.4 43.2 64.8
Q1 6 1.6 19.2 0.6 11.52 7.68
SUM - 96 - 54.72 72.48

M, =54.72 (kip-ft)
M, = 72.48 (kip-ft)

The magnification factor for sway column is equal to:
o, =1/(1-Q) =1.25 (Q coefficient is defined in the Story parameters dialog box)

[ [=tability index far stary]:

oz

The dimensioning moment in Z direction is equal to:

M, =M, +M = 14532 kip-ft

NOTE: Since the values of moment do not result from the linear distribution, but were defined directly
by the user, we do not deal here with M, and M, but use directly the value of the mid-height

moment).

Check if further magnification of the moment is necessary:

I, 35
_— < -
r P,
|, A,
Ii: 38.97
.
35

=55.22

u

[AK

No further magnification of moment is required.

7.3. FINAL RESULT

M, = 174.3 (kip-f)

M _, = 145.32 kip-ft
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8. CONCLUSIONS

The algorithm of calculations of the total moments (i.e. slenderness effects) in non-sway/sway column
has been presented. The results obtained with the program (see point 6 — Results of the Section
Calculations) are in agreement with the manual calculations (see point 7.3 — Final Result).
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