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INTRODUCTION

This verification manual contains numerical examples for structures prepared and originally calculated
by Autodesk Robot Structural Analysis version 2013. All 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 (signed further as “Robot”).

Each example contains the following parts:
- title of the problem
- specification of the problem
- Robot solution to 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. Eurocode 3 (EN 1993-1-1:2005)
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VERIFICATION EXAMPLE 1
- Axial compression

Example taken from Designer’'s Guide to EN 1993-1-1
L.Gardner and D.A.Nethercot, Thomas Telford Publishing, 2005

TITLE:
Axial compression (Example 6.2 page 44).

SPECIFICATION:
The member shown below is a cantilever. The design compression resistance force Ngq = 3305 kN is
checked for the assumed section UC 254x254x73, steel grade S355.

SOLUTION:

Define a new type of member. For analysed member pre-defined type of member COLUMN may be
initially opened. Press the Parameters button in DEFINITIONS/MEMBERS tab, which opens MEMBER
DEFINITION — PARAMETERS dialog. Type a new name Column 1 in the Member Type editable field.
Then, press Buckling Length coefficient Y icon and select the twelvth icon (no bucklling). For Z
direction press Buckling Length coefficient Z and choose the same icon. Save the newly-created type
of member.

E Definitions - EN 1993-1:2005 !E E E Member Definition - Parameters - EN 1993-1:2005
Members | Groups I ‘ Member type: IColumm ‘ Save |
Mumber: I‘] - I Mew  Buckling [v axis)—— | Buckling [£ axis) ——— Cloze |
I ember length l: M ember length Iz
Bazic data " Beal  Feal
- I‘I Jan T I'I o
Bar lisk I-I & Coefficient & Coefficient
I - Buckling length coeff. v Buckling length coeff. Z:
Hame: Bar1 —
n [1.00 [1.00
C. Group: I vI Member ype: II:DlL'”Wﬂ ]v MNaor-zway Mon-zway
Buckling curve ' m Bucking curve £ m
ok | Save | Help |
‘ [ Elexuraltorsional buckling of monosymmetric sections ‘
r— Lateral buckling parameters
— n _
#- 4 Buckling Diagrams ™ Lateral buckling |Lateral buskling lenath cosffizient More... |
Load level pper flange | Lawer flange |
Len=la Ler= I
) General method| [6212.2] Lambda LT.0 = IU,4U
: - % Detalled method [6:32.3] Beta = ID,?E
Simplitied method far beams with _ I
05 X Tl 1 r |ateral restraints (6.2, 2.4] i 10

—Additional setz of member parameters

" Sway stucture v Limit deflections and displacements: Service |

o : .
Hon-sway stucture [T Complex zections: LCarmples
I Thin-walled sections: Thirrwallzd Make |
[~ Eire analpsis parameters: Fire Help |

In the CALCULATIONS dialog set Member Verification option for member 1 and switch off Limit State
— Serviceability (only Ultimate Limit state will be analysed). Now, start the calculations by pressing
Calculations button.
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¥_“ Calculations - EN 1993-1:2005 = =]

—Werfication options

" Member verification:
" Code group werification:

" Code group design:

[ Lt |
[ e |
[ s |

™| Dptimization Optiohs |

~ Loads Limit state
Cazes: I 1 List

= LI W Ultimate

r~ Calculation archive
V¥ Save calculation results

[ Serviceakility

Ligt |

ok |

Configuration |

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

¥~ % EN 1993-1:2005 - Member Verification ( ULS ) 1 =1 E3
Resuls | Messages | Cale. Hate | j
Member Section | Material | Lay | Laz | Ratio | Case
1 Bar1  |Wl|uc2saxosaxs]  s3ss | 3s3]  e174] 100 1 STAT | :
Ratio
’7 Analysis |
Calculation points
Divigion: n=3
Extrernes: none
Additional:  none

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

IS B3 |7 2 mESULTS - Code - FN 199312005 [_ 1 ]=]
- E ]
== == — o
L D 1 Bal i fido Bo  1Bal K
s Pt/ Coondnate. 1= 000L=000m = ot / Coondnate. 1/x=000L=000m
UC 035873 - Vi e 15TA1 UC 254258073 2 Load e 15TA1
Simelfed ieculs | Detaled resuly | | | |
FORCES
NEd = 3305kN Symbol | Vakes | umt | plion | Secten | o
MR = 3305 b4 -
MisHd = T35 kN
Foices i ax G300 Foices I
Ay 75883
Cirs of st =2 S NN S _Dead |
LATERAL BUCKLING i 57600
Al=1m , 11410.000
[ W05000]  ema 158 0 8 ection asou the Z.axs
BUCKLING DUCLNG Z o isly 900,000 =) adkoion, wboul Bha ¥ (mapor) am =
Gl | Vis W3000) oo | Plantc sacion modeles aboul e 2 (mnee) v Gk |
Pasamsters | D Ta0]  cm | mentef crosssecton Passnetecs |
® 220 em | W of crosssecten
[ 142 em | Flange thikeeas
e T ) B
NEAN:Rd=100¢1.00 [B240] L] iLE] om | Radus of gyraten - Vos
7 6] om | Radus of gyrasen - Zavs
MEMBER STAHILITY CHECK. Materist:
et analvoed. Hame 1 | | BB
Ty I 35500]  MPa | Deaign yid strangm of materal [ =
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STEEL DESIGN

CODE: EN 1993-1:2005, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Bar | POINT: 1 COORDINATE: x=0.00L=

0.00 m

LOADS:
Governing Load Case: 1 STA1

MATERIAL:
$355 (S355)  fy =355.00 MPa

Z

S
SECTION PARAMETERS: UC 254x254x73

h=25.40 cm gM0=1.00 gM1=1.00

b=25.40 cm Ay=75.883 cm2 Az=25.792 cm2 Ax=93.100 cm2
tw=0.86 cm Iy=11410.000 cm4 1z=3908.000 cm4 Ix=57.600 cm4
tf=1.42 cm Wply=990.000 cm3 Wplz=463.000 cm3

INTERNAL FORCES AND CAPACITIES:
N,Ed = 3305 kN
Nc,Rd = 3305 kN
Nb,Rd = 3305 kN
Class of section =2

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About Y axis: X About Z axis:

VERIFICATION FORMULAS:
Section strength check:
N,Ed/N¢,Rd =1.00 < 1.00 (6.2.4.(1))

Section OK 1!
COMPARISON:

Resistance, interaction expression Robot Handbook
1. design compression resistance of the cross+section N g4 3305 3305
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VERIFICATION EXAMPLE 2
- Axial compression with buckling

Example taken from Designer’'s Guide to EN 1993-1-1
L.Gardner and D.A.Nethercot, Thomas Telford Publishing, 2005
TITLE:
Buckling resistance of a compression member (Example 6.7 page 66).

SPECIFICATION:
The member shown below has pinned boundary conditions. The design compression force N = 1630
kN is checked for the assumed circular hollow section CHS 244,5x10, steel grade S275.

\;}ﬁ{—
+— a0m —}

SOLUTION:

Define a new type of member. For analysed member pre-defined type of member COLUMN may be
initially opened. Press the Parameters button in DEFINITIONS/MEMBERS tab, which opens MEMBER
DEFINITION — PARAMETERS dialog. Type a new name Column 2 in the Member Type editable field.
The Buckling Length coefficient Y and Z are set to the buckling length 1.0. Save the newly-created
type of member.

¥4 Definitions - EN 1993-1:2005 M= EE

Members | Grgupgl

7% Member Definition - Parameters - EN 1993-1:2005

‘ Member bype: ICqumn2 ‘ Save |

MHumber:

Bazic data

Bar list;

Hame:

—

IBar1

C. Group: I 'I Member type: I':0|U|'ﬂ"11 "I

ok | Save | Help
0K
i o |
1w || os || or || z0 ! — |
el |1 %] 1T | [
= *s %) [o3 Help |

= [X][..]
0.8 oo

1

' Sway shucture
o Hon-sway stiucture

r— Buckling [Y" axiz)
Member length l:
" Real

I'I an
& Coefficient

r~ Buckling [£ axiz)
Member length Iz
" Real

I'I o
& Coefficient

Close |

Buckling length coeff. "

Mon-sway

Buckling curve Iﬁ
- auto

Buckling length coeff. 2

|1,DD :

Mon-sway

Bucking curve £ lﬁ
- auto

[ Elesuraltorsional buckling af monosymmetric sections

r— Lateral buckling parameters
[~ Lateral buckling

Load|evel:

L ateral buckling lenath coefficient

Wpper flange | Lawer flange |

More... |

) General methad) [6.212.2]
%) Detaledmethod  [5.3.2:3]

Len=la Ler= I
Lambda LT.0 = IU,4D
Beta = ID,?E

Bl N B T
—Additional setz of member parameters

[V Limit deflections and displacements: Service |

[ Compley sections; Complex

[ Thin-walled sections: Thimwalled

[~ Fire analpsis parameters: Fire:

Mate |

Help I

In the CALCULATIONS dialog set Member Verification option for member 1 and switch off Limit State
— Serviceability (only Ultimate Limit state will be analysed). Now, start the calculations by pressing
Calculations button.
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¥_“ Calculations - EN 1993-1:2005 = =]

—Werfication options

" Member verification:

" Code group design:

I~ | Giptimizaticn

I 1 List |
" Code group werification: I il
I Ligt |

Optiong |

~ Loads
Cazes

[ et |

r~ Calculation archive
V¥ Save calculation results

Ligt |

Limit state
v Ultimate
[ Serviceakility

ok |

Configuration |

Help |

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

E EN 1993-1:2005 - Member Verification (ULS ) 1

Results | Messagesl Calc. Mate |
Member Material Lay Laz Ratio Case
1 Bar1 .I CHS 244.5x10 5275 458.21 4321 0.89 1 5TA1 )
—Ratio
Analpsiz

r— Calculation points
Divizion: n=3
Extremes: none
Additional:  none

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

E'.‘} T | PSS
Pont / Coondnate.
[CHS 244 510 - Load cian

Simedied et | Dotatod resuls |
bR = TH 5 RN

LATEFAL BUCKLING

BUCKLING "

[I[ Ly=d.00m

Loy = 400m

Lasry = 4021

SECTION CHECE,
NEAN:Rd = N80 100 [B24010

Lam_y =05
y=091

MEMBER STABILITY CHECK
Loy = 4021 < Lamman = 211

NE/NbAd= 0832 1.00 611100

BUCKLING 2

Lamz = 4221

Lamz = 4321 < Lomman = 1000 STABLE

1 /u=000L = 000m
15TA1

T RESULTS - Code - FN 199312005 [_ 1 ]=]
[ i
= & . —
© "L | B 1 Ba1 H
Pt / Coondrape: 1/x=000L =000m
[CHS 244510 =l Lesdeme 15TA1
Symbol | Vakws | Unk | ption [ Sechen | =
Crona-section properties: CHS M45218
Focer | A 3700 Crows-secton ares Focer |
Ay s e
Claas of pection = 1 r e -
o e 0
0t =100 v o - %8 0f 8 Bection skout the -as
3 ema__| Momest of mersa of a secton skou e Z-axn
| Piante ancion ook stoul e
Wy . My
Lz=dD0m Lom z=056 :*—“'] ig o | Paste secten modeles bout B 2 (med E*—WI
Lerz=400m Hra08 Pasamsters | " tm | Mesht of crosssecton Passnetecs |
" Tm | Wen of cross-secten
[0 cm | Flangs theiness
o em | Fadus of gyraten - voams
" cm | Fadus of gyresen - Zoans
Materiat
Hame 1 | |s2vs (sams)
Ty 7500]  WPs | Design i strengm of materal (3.2] =
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STEEL DESIGN

CODE: EN 1993-1:2005, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Bar | POINT: 1 COORDINATE: x=0.00L=
0.00 m

LOADS:
Governing Load Case: 1 STA1

MATERIAL:
S275 (S275)  fy=275.00 MPa

¥
E} SECTION PARAMETERS: CHS 244.5x10

h=24.45 cm gM0=1.00 gM1=1.00

b=24.45 cm Ay=46.919 cm2 Az=46.919 cm2 Ax=73.700 cm2
tw=1.00 cm Iy=5073.000 cm4 1z=5073.000 cm4 Ix=10150.000 cm4
tf=1.00 cm Wply=550.236 cm3 Wplz=550.236 cm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =1630.0 kN
Nc,Rd =2026.8 kN
Nb,Rd = 1836.5 kN
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

|| = IS

w | [==] AboutY axis: o | =1 About Z axis:
Ly =4.00 m Lam y=0.56 Lz=4.00m Lam z=0.56
Ler,y =4.00 m Xy =091 Ler,z=4.00 m Xz=0.91
Lamy =48.21 Lamz =48.21

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.80 < 1.00 (6.2.4.(1))

Global stability check of member:

Lambda,y = 48.21 < Lambda,max = 210.00 Lambda,z = 48.21 < Lambda,max =210.00 STABLE
N,Ed/Nb,Rd=0.89 < 1.00 (6.3.1.1.(1))

Section OK 1!
COMPARISON:

Resistance, interaction expression Robot Handbook
1. cross-section compression resistance NcRrg 2026.8 2026.8
2. non-demensional slenderness for flexural buckling Lambda 0,56 0,56
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VERIFICATION EXAMPLE 3
- Combined compression and bending

Example taken from Designer’'s Guide to EN 1993-1-1
L.Gardner and D.A.Nethercot, Thomas Telford Publishing, 2005

TITLE:

Combined compression and bending (Example 6.6 page 57).

SPECIFICATION:

The member carry combined major axis bending moment and an axial force. The assumed section UB
457x191x98 in grade S235 steel is checked to determine the maximum bending moment in the

—

Define a new type of member. For analysed member pre-defined type of member COLUMN may be
initially opened. Press the Parameters button in DEFINITIONS/MEMBERS tab, which opens MEMBER
DEFINITION — PARAMETERS dialog. Type a new name Column 1 in the Member Type editable field.
Then, press Buckling Length coefficient Y icon and select the twelvth icon (no bucklling). For Z
direction press Buckling Length coefficient Z and choose the same icon. Save the newly-created type

presence of an axial force N= 1400 kN.

SOLUTION:

of member.
¥4 Definitions - EN 1993-1:2005 I i [

Members | Grgupgl

Mumber: I'I 'I New
Bazic data

Bar list; |1

Hame: IBar 1

C. Group: I 'I Member type: I':0|U|'ﬂ"11 "I

ok | Save | Help
0K I
110 015 orr zln
- - - - Cancel |
R ls : AT
- L 08 Help |
= X L U

 Sway stucture
[ Man-zway structure

¥4 Member Definition - Parameters - EN 1993-1:2005

‘ Member type: IColumrﬂ

r— Buckling [ axiz)
Member length ly:

" Real
= I'I oo
' Cocfficient

r~ Buckling [£ axiz)
Member length Iz

" Real
= I'I,DD
% Coefficient

Buckling length coeff. %"

Momn-zway

Buckling curve Iﬁ
= auto -

Buckling length coeff. 2

[1.00

MHon-zway

Bucking curve £ lﬁ
- auto

[~ Elesuraltorsional buckling af monosymmetric ssctions

r— Lateral buckling parameters
[~ Lateral buckling

L ateral buckling lenagth coefficient

Wpper flangs | Lower flange |

More... |

Laad|evel:

Ler= |0 L=l
= Gereral method . [6.3.2.2] Lambda LT,0/= ID,4D
=) ietaledmethod  [53.2:3] Beta= ID,?E

Simplitied method for beams with _ I
r lateral restraints [5.3.2.4] i 1T
—Additional getz of member parameters
[V Limit deflections and displacements: Service
[~ Complex sections; Camplex
[ Thin-walled sections: Thimvealled
[™ Fire analpsis parameters: Eire

MNote |

Help |

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

Calculations button.
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¥_“ Calculations - EN 1993-1:2005 = =]

—Werfication options

" Member verification:
" Code group werification:

" Code group design:

[ Lt |
[ e |
[ s |

™| Dptimization Optiohs |

~ Loads Limit state
Cazes: I 1 List
= LI W Ultimate

r~ Calculation archive . "
[ Serviceakility

Ligt |

Configuration |

V¥ Save calculation results

ok | Hep |

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

E EN 1993-1:2005 - Member Verification (ULS ) 1

Results | Messagesl Calc. Mate |
Member Section I Material Lay Laz Ratio Case
1 Bar1  |H|uB4sTx191xg]  s238 2091 8231 1.00 1 5TA1 :
—Ratio
Analpsiz dap |

r— Calculation points

Divizion: n=3
Extremes: none
Additional:  none

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

1P B3 | 2 RESULTS - Code - BN 1993 12005 [_1-]=]
— = ==
ST | H ST [ H
[Pt / Coondinate. 1= 000L=000m [Point / Coonfnate: 1/x=000L=000m
U8 571518 o | e 13Tk UB 45713138 | (| Sy 15TA1
Simedied et | Dotatod resuls | | | —I
FORCES
HEd = 14000 kY MyEd = M2 kHm Syubol | vVels | et | . I
Ne i = 2337 5k My R = 525.01m S ——
MR = 2937 G kN My Rd » S0 RN © 0N OIS UD 45T B30
My NRd = 342500 12000 LID85-SE200N 4rEd Forces |
TEEN| emd
Clos of pockion =1 = Detgled I
LATERAL BUCKLING "
X Mi=100 - %8 0f 8 Bection skout the -as
gmest 0! Rerma of A section Seou the Z-aun
BUCKLNG DUCKLNG Z Plantc: ancion modelon aboul S
Fastc s4ct00 moduled Sl B 2 (M FAED
Ttight of cross-secton Passnetecs |
Wi of cross-secten
Flangs thekneas
TR AR viebpcioes
My EdMy N Rd =100 < 100 15297 (21 ] Radus of gyranen - Yaxis
T 4 om | Radus of gyrasen - Z-ans
MEMBER STAHILITY CHECK. Materist:
et analvoed. Hame 1 | B
ty | 23:00]  MPa || Deaign yeid strengm of material (2] i
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STEEL DESIGN

CODE: EN 1993-1:2005, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Bar | POINT: 1 COORDINATE: x=0.00L=
0.00 m

LOADS:
Governing Load Case: 1 STA1

MATERIAL:
S235 (S235)  fy=235.00 MPa

Z

£
SECTION PARAMETERS: UB 457x191x98

h=46.74 cm gMO0=1.00 gM1=1.00

b=19.28 cm Ay=78.511 cm2 Az=55.655 cm2 Ax=125.000 cm2
tw=1.14 cm Iy=45730.000 cm4 1z=2347.000 cm4 [x=121.000 cm4
tf=1.96 cm Wply=2234.000 cm3 Wplz=379.000 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =1400.0 kN My,Ed =-342.2 kN*m

Nc,Rd=2937.5 kN My,pLLRd = 525.0 kN*m

Nb,Rd =2937.5 kN My,c,Rd = 525.0 kN*m

My,N,Rd = 342.5 kN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About Y axis: X About Z axis:

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.48 < 1.00 (6.2.4.(1))
My,Ed/My,c,Rd =0.65<1.00 (6.2.5.(1))
My,Ed/My,N,Rd =1.00 < 1.00 (6.2.9.1.(2))

Section OK 1!
COMPARISON:

Resistance, interaction expression Robot Handbook
1. plastic moment resistance My, rd 525,0 524.,5
2. reduced plastic moment resistance My, rd 3425 3422
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VERIFICATION EXAMPLE 4
- Bending with lateral buckling

Example taken from Designer’'s Guide to EN 1993-1-1
L.Gardner and D.A.Nethercot, Thomas Telford Publishing, 2005

TITLE:
Lateral torsional buckling resistance (Example 6.8 page 74).

SPECIFICATION:
Simply supported primary beam supports two secondary beams, represented with the concentrated
load as shown below. The secondary beams create full lateral restraint of the primary beam web at
these points. Section UB 762x267x173 is checked in grade S275 steel. The loads given are at the
ultimate limit state.

476.6 kM 2671 kN

A B LG
£ & D
],
A

| 2.5m 3I.2m 51m
+

SOLUTION:

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. Type a
new name Beam 1 in the Member Type editable field.

Select the radio button General method (6.3.2.2.) in the Lateral buckling parameters.

¥4 Definitions - EN 1993-1:2005 A= B ¥ Member Definition - Parameters - EN 1993-1:2005
Members | Groups I ‘ Member type: IBeanﬂ— ‘ 4'5‘3\‘-3
. |-| o I N —Buckling [ axiz)——— ) Buckling [£ awiz]|———— Cloze |
Number: Lol ember length ly: ember length |z:
Basic data " Real " Real
|1,UU L |1,UU
Barl ] ' Coefficient o Coefficient
Ear list: I

Buckling length coeff. v Buckling length coeff. 2:

Hame: IBar 1 W W

. MHon-sway Mon-zway
C. Group: I 'IMemberL'HDB- Il:olumrﬂ ]" Buckling curve I__lauto — || Bucking gurve 2 I__lauto =

I~ Flesural-tarsional buckling of monosymmetic sections

i Lateral buckling parameters v
¥ Lateral buckling Lateral buckling length coefficient Moare... |

Upper flange I Lower flange |

k. Save | Help |

:

E Lateral Buckling Length Coefficient

Load level: i
Ler = [Lerl Ler2,..) Ler= lo
|| Ler=2lo
Cancel | ' General method  [6.3.2.2] Lambda LT.0 = ID,4D
—_— e i 3.2, = |
Ler=la Help gﬂa:!:ddm'?th:dd f[B ?‘;2 3 . Beta 0.75
| implified method for beams wit - I
r lateral restraints [6.3.2.4] o 110
Ler=05I0
— Additional zets of member parameters
Ler= I‘LDD o v Limit deflections and displacemerts: Service
[ Complex sections: Lomplex
[~ Thinwalled sections: Thir-walled MNote |
[ Fire analpsis parameters: FEire Help |
III Intermediate bracings

Then, press Lateral buckling coefficient — Upper flange icon and select the last icon (Intermediate
bracing) that opens Internal bracing dialog. Define the coordinates of the existing bracing, change to
real length radio button, type in: 2.50 5,70 (m) in the Coordinate of the existing bracing edit box. Close
dialog by pressing OK. Do not change lateral buckling length for the lower flange.
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E Internal bracings
Lateral buckling-upper flange Y
Z\f
U\f
L\/
Test for member: 1 Bar 1 s
' Buckling I BucklingZ Lateral buckling-upper flange | Lateral buckling-lower flange I
r— Coordinates of the exizting bracings r— Automatic detection of bracings
v Define manually coordinates of the existing bracings [ Add bracings at points where adioining elements occur
|2J5|1- 570 r 4dd bracings at points where bending moments egual
zermn
& real  relative
Basic scheme af a member r— Bracing detection preview
Far member no.: I'I Bari j
For lnad case: I'I STAT j
Buckling coefficients of component segments g | I o
f1.00; 1,00, 1,00

Cancel |

Help |

For defining appropriate load type diagram, press More button. Choose the icon for Load type Y and

double-click the first icon (Uniform moment and varying linearly) in Load Type dialog.

Eﬂemher Definition - Additional Parameters [ x]
r~ Load ters——————————————
oad parameters ok

Load type: MY MZ E
Cancel |
[~ Section parameters
At/ gross ratio 1.00 Help
Shear parameter Eta: 1.00

[ Angles in tension [6.2.3.5]
™ Cannected by one bolt row

Humber of bolts rir 2
Dismeter of balt openings d0: [T.00 om
Digtances between bolts p1k |2.00 I

Distance between bolt and

anile edos 62 200 e

 Pipe:
I Hetrolled pipes
Yield strength:
& Basic f_yb

£ fyerane fya= 23500 | [HFa

Additional conditions for round pipes
’V ™ Fipes - unidirectional bending

Save the newly-created type of member.

—
B

oK

uniform ar varying linearly morment
Cancel

unifarm load - —I

simply supparted beam
Help |
uniform load -

fixed beam

al
-
g
9
=
<
bl
(1]

concentrated force in the center -
gimply supparted beam

concentrated force in the center -
fixed beam

2 concentrated forces in the

[EEE O]

In the CALCULATIONS dialog set Member Verification option for member 1 and switch off Limit State
— Serviceability (only Ultimate Limit state will be analysed). Call configuration dialog and set number of
calculation points to 101.
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#_ Calculations - EN 1993-1:2005 & B3 [l =" configuration E3

—Werfication options

% Member verification:
' Cade qroup verification:
' Code qroup design:

[~ Optimization

I‘I— List |

l— List |

l— List |
Options |

 Loads
Cazes:

[+ et |

Limit state

W Ultimnate

- Caloulation archive
¥ Save calculation results

[ Serviceahility

Ligt |

ok |

Configuration |

Help |

Calculation points

—
=
—

a3

Murnber of points:

I~ Characteristic points

=

ptionz

Calculation parameters

Efficiency ratio:

I

¥ Maximum slendemess: |£10.00

I LComponents of complex bars are
not taken into account

Shear werfization in elastic state

r [6.2.E6]

S I N S e A s

Now, start the calculations by pressing Calculations button.

dl:

Carzel

Help

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

¥ 4 EN 1993-1:2005 - Member Verification ( ULS ) 1

Fesults | Messages | Calc. Mote | L i
Member Section Material Lay Laz Ratio Case Help |
1 Bar1 .I UB 762x267x1 5275 3535 193.55 0.91 15TAT )
~Ratio————
finalyziz I ap |
r— Calculation points
Divizion: n=101
Extremes: none
Additional:  none

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

: BEE
e
= ] St O
Ao Da 1 Ba1 H o Bar 1 8a1 K
= ot / Coondnate. M/ =05l =5T2m = [Point / Coonfnate: B/am0SiL=5T2m
U8 TE87aT T2 ) [ Rt STkl U8 TE87e1TE ]| Loadcasa \STAT
Simelfed ieculs | Detaled resuly | | | o |
FORCES —
MyEd= 1267 kN Symbol | Vabws | Unt | plion [ Secten [ o
My R = 17036 kb m Crons-section propertics: US TE28TCATY
My Rl = 17T kNm Vefd w251 5kH 2 wction properties:
Vo Hd = 1625500 Eorcer | B Tme | Crosssecton ares Focer |
Mbfid = 1401 2km ay o2
Gl ol ecion 1 Do || e el |
LATERAL BUCKLING i ma conatant
M ] 1™ Met = 47119 K Crvll -b At=082 N cms | Moment of Ineroa o7 8 section skous e Y-axs
Leniggeii0m Lom LT =063 WLT =077 3 2 emd | Momest of imersa of 8 section skout e Z-axi
BUCKLING DuCLNG Z o 5 el | Puan o masdikon, aboul B W {majer) ax —r
_Cake b | 7 end | Plasic sacion modeles sbout e 2 (mnee) axe D
Pasamsters | T520]  cm | Mentef crosssecton Passnetecs |
L 26T om Wieth of cross-section
[ 218 e | Flangs thiineas
reo - e Hel
TR _tee | w 7] Vo tcivass s |
MyEdMycRd=075¢ 100 2500 L] 055 om Riadius of gyralon - Y-ans
VEEANzcRd=014¢ 100 [B2EN) [ 550] _ cm | Redus of gyrasen - Z-axn
MEMBER STARILITY CHECK Materist
M EUMERG =091 <100 32100 name | I [z
Ty | 7500]  MPa | Deaign ye strangm of materal =l
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STEEL DESIGN

CODE: EN 1993-1:2005, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Barl POINT: 54 COORDINATE: x=053L=
5.72 m

LOADS:
Governing Load Case: 1 STA1

MATERIAL:
S275 (S275)  fy=275.00 MPa

Z

£
SECTION PARAMETERS: UB 762x267x173

h=76.20 cm gMO0=1.00 gM1=1.00

b=26.67 cm Ay=121.931 cm2 Az=115.002 cm2 Ax=220.000 cm2
tw=1.43 cm Iy=205300.000 cm4 1z=6850.000 cm4 [x=267.000 cm4
tf=2.16 cm Wply=6195.000 cm3 Wplz=807.000 cm3

INTERNAL FORCES AND CAPACITIES:
My,Ed = 1276.7 kN*m
My,plLRd = 1703.6 kN*m
My,c,Rd =1703.6 kN*m Vz,Ed =-251.5 kN
Vz,c,Rd =1825.9 kN
Mb,Rd = 1401.2 kN*m
Class of section = 1

Ll *

! LATERAL BUCKLING PARAMETERS:
z=1.00 Mecr =4311.9 kKN*m Curve, LT -b XLT=0.82
Ler,upp=5.10 m Lam LT =0.63 fi,LT=0.77

BUCKLING PARAMETERS:

X About Y axis: X About Z axis:

VERIFICATION FORMULAS:

Section strength check:
My,Ed/My,c,Rd=0.75<1.00 (6.2.5.(1))
Vz,Ed/Vz,c,Rd=0.14<1.00 (6.2.6.(1))
Global stability check of member:
My,Ed/Mb,Rd=0.91 < 1.00 (6.3.2.1.(1))

Section OK !11

COMPARISON: Critical segment CD

Resistance, interaction expression Robot Handbook
1. Critical moment for lateral-torsional buckling Mcr 4311,9 4311
2. Reduction factor for lateral-torsional buckling Xt 0,82 0,82
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VERIFICATION EXAMPLE 5
- Combined bi-axial bending and compression

Example taken from Designer’'s Guide to EN 1993-1-1
L.Gardner and D.A.Nethercot, Thomas Telford Publishing, 2005

TITLE:
Combined bi-axial bending and compression (Example 6.10 page 89).

SPECIFICATION:

The model represents a column in a multistory building. The column frame is moment resisting in-pIna
and pinned out-of-plane, with diagonal bracing in both directions. The modeled bar shown below is pin
ended about y-y and z-z axes. The bar is subjected to the compressive force and bending in major
axis due to horizontal forces, in minor axis due to eccentric axial load. Section H 305x305x240 is
checked in grade S275 steel. The loads are given at ultimate limit state.

3440 kM

420 kMm 11 0kMm
L a o
o
L]
3

-420 kMm

Frts Y

H E

SOLUTION:

Define a new type of member. For analysed member pre-defined type of member COLUMN may be
initially opened. Press the Parameters button in DEFINITIONS/MEMBERS tab, which opens MEMBER
DEFINITION — PARAMETERS dialog. Type a new name Column 1 in the Member Type editable field.
Then, press Buckling Length coefficient Y icon and select the third icon (0.7). For Z direction let it
defined default 1.0.

7] initi . - -
»_4 Definitions - EN 1993-1:2005 ] B E Buckling Diagrams

Members | Grgupgl

=]
| k. I
MHumber: I'I 'I Mew | I I T l
1.0 0.5 0.7 2.0 =
Basic data Cancel |
. 3 o e
Bar list: I'I 1 2|11 =z 4+ = M
E L JL- Jle 1122 Help |

Mame: IBal 1

C-EIDUIII VIMemberLl,Jpe: IEDMWT'I 'I 0.8 X o l
oK | Save | Help | " Swap structure

g Hon-gway structure

Set Lateral buckling checkbox.
Select the radio button General method (6.3.2.2.) in the Lateral buckling parameters.
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%% Member Definition - Parameters - EN 1993-1:2005

Member type: IColumn1 ‘ Save |
Buckling [v axiz)— ) Buckling [£ axis] Cloze |

tember length Iy: tember length |z:
" Real " Real
= |1 n T |1 an
& Coefficient & Coefficient
Buckling length coeff. " Buckling length coeff. 2:
ID,?D |1 A0
Mon-zway Maon-zway

Buckling curve ' lﬁ Bucking curve £
= auto - Iauto VI

‘ I~ Elexural-torsional buckling of monosymmetic sections ‘

r—Lateral buckling parameters y
[V Lateral Buckling Lateral buckling length coefficient ez |

i Upper flange | Lower flange |

Load level:

Ler= I Ler = lo
& Generalmethod [6.32.2] LambdalT0= [T40
" Detailed method [6.3.2.3] Beta = s
r Simplified methad for beams with kil = W

lateral restraints [6.3.2.4]

—Additional zetz of member parameters

[v Limit deflections and displacements: Service |

[~ Complex sections:; Lamplex
[ Thin-walled sections: Thirrwalled Mate |
™ Eire analysis parameters: Fire Help |

Save the newly-created type of member.

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

¥4 Calculations - EN 1993-1:2005 M= B

— Yerfication options

' Member verification: I 1 il
" Code group verification: I il
" Code group design: I il
™ Dptimization Dptionz |

r Loads Lirnit state
Cases: I 1 List
_ LI ¥ Ultimate

r~ Calculation archive

. . Serviceabilit
[+ Save calculation results Ligt | I Serviceabiity

K | Configuration |

Member Verification dialog with most significant results data will appear on screen. Pressing the line
with results for member 1 opens the RESULTS dialog with detailed results for the analysed member.
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¥ 4 EN 1993-1:2005 - Member Verification ( ULS ) 1

Fesults | Meggagesl Calc. Mote |
Member Section Material Lay Laz Ratio Case
1 Bar1 .I UC 305x305=2] 5275 20.30 51.55 0.97 15TA1 )
—Ratio
finalyziz | I ap |
— Calculation paints
Division: n=3
Extremes: none
Additional:  hone

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

[imesnrs Code pwimadazess __________ EEE[ s code o0
5 oK Lij 1 K. [
b | gy 1 Ba1 i i E _am | Do 18a1 seten ] K
= Fort/ Codngte. 3/x=100L=420m Furt/Cowdnte. /2= 1.00L = 420m
UC 305205240 =l | Losdcam 15TA1 e || Losdese 15741
Simplfied iesuls | Detaod renul | | v | [ oo |
R MyEd= 4204 MeEd = 110N= VyEd= 284 Syrbol | Vaies | umt | plion [ Secten j'
M Fd = G415 M MydRd = 1167 km Mzgifid = 535 'm Vsl = 357 0N Croas-anction propedtics: UC 10505340
NbRd = GR0 kN Ky_l:,ﬁu,l-“nlﬂ“u Mz Fd e 535N Vekdw J00UN
MN A= 714 kN M Fd = 5403 VaeFd= 1372 N | A ) I Focer |
MbAd = 115083 oo
il Clora o poction = 1 Detgkd | 2 ,;-i}' L=l
LATERAL BUCKLING - - M T2r1000] cma
I =000 Mes = TETTH kN Curvall -a Mi=-09 42 ek
Bl . S T w05t g e T
BUCKLING DUCELNG Z [ 4343 800
Ly=420m Lam_y=023 [Il Lz=dm Lom_z=053 ) W 145,000 LD
81| Loyedtim =028 Lotz=420m Hew079 Pasamsters | D 32 Parsetes |
Lty = 2030 k=070 Lama = 5155 kaz= 070 & .79
L ATT
SECTION CHECS: | T 2% M
Ny!lliw,:ﬁlllMrth(_ﬁHd—D.’ﬂrllﬂ ws25nm L] 14.88
VEEdNzcRd=015¢ 100 (B26{1) L3 at5
MEMBER STABILITY CHECK
Lomy = 2030 ¢ Lommae = 21000 Lamz = 51.55 « Lamumae = 210.00 - STABLE
NEGARN Ak AgM1 | ke My E/BLT My ik /g 1] « ke Mz EMMEk/gMTh= D97 < 1,00 (5321411 Hame | | [sats qsars)
Ty | T7500|  MPm | Deasgn yield strengm of materal [FE] =
CODE: EN 1993-1:2005, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 1 Barl POINT: 3 COORDINATE: x=1.00L=4.20m
LOADS:

Governing Load Case: 1 STAI1

MATERIAL:
S275 (S275)  fy=275.00 MPa

F4

3E SECTION PARAMETERS: UC 305x305x240

h=35.26 cm eMO0=1.00 gM1=1.00

b=31.79 cm Ay=249.236 cm2 Az=86.435 cm2 Ax=306.000 cm2
tw=2.30 cm Iy=64200.000 cm4 1z=20310.000 cm4 1x=1271.000 cm4
tf=3.77 cm Wply=4243.000 cm3 Wplz=1945.000 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 3440 kN My,Ed =-420 kN*m Mz,Ed =110 kN*m Vy,Ed =-26 kN
Nc,Rd = 8415 kN My,pl,Rd=1167 kN*m  Mz,pl,LRd =535 kN*m Vy,c,Rd =3957 kN
Nb,Rd = 6640 kN My,c,Rd =1167 kN*m Mz,c,Rd = 535 kN*m Vz,Ed =-200 kN

My,N,Rd = 774 kN*m Mz, N,Rd = 503 kN*m Vz,c,Rd = 1372 kN
Mb,Rd = 1150 kKN*m
Class of section = 1
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L) [2E

! LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 16778 kKN*m Curve, LT -a XLT=0.99
Ler,Jlow=4.20 m Lam LT =0.26 fi,LT =0.54

BUCKLING PARAMETERS:

o7 | == AboutY axis: w ] == About Z axis:
Ly=420m Lam y=0.23 Lz=420m Lam z=0.59
Ler,y=2.94m Xy =0.99 Ler,z=4.20 m Xz=10.79
Lamy = 20.30 kzy =0.79 Lamz =51.55 kzz=10.78

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.41<1.00 (6.2.4.(1))

My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd = 0.57 < 1.00 (6.2.5.(1))

My, Ed/My,N,Rd)" 2.00 + (Mz,Ed/Mz,N,Rd)"2.04 = 0.34 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.01 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.15<1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 20.30 < Lambda,max = 210.00 Lambda,z = 51.55 < Lambda,max =210.00 STABLE
My,Ed/Mb,Rd=0.37 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed/(XLT*My,Rk/gM1) + kyz*Mz,Ed/(Mz,Rk/gM1) = 0.66 < 1.00 (6.3.3.(4))
N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed/(XLT*My,Rk/gM1) + kzz*Mz Ed/(Mz,Rk/gM1) = 0.97 < 1.00 (6.3.3.(4))

Section OK 1!
COMPARISON:
Resistance, interaction expression Robot Handbook
1. Cross section check for bi-axial bending (6.2.9.1.(6)) 0,34 0,33
2. Lateral torsion buckling resistance (6.3.2.1.(1)) 0,36 0,36
3. Interaction formuales (6.3.3.(4)) 0,66 0,66
4. Interaction formuales (6.3.3.(4)) 0,97 0,97
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CONCRETE
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1. Eurocode 2 EN 1992-1-1:2004
AC:2008 - RC beams
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VERIFICATION EXAMPLE 1
- Dimensioning reinforcement in rectangular section at
bending

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 6.7, pp. 319 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the
corrections EN1992-1-1:2004 AC:2008 made in 2008. However, the last correction does not introduce
any changes within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the reinforcement in rectangular section at simple bending at ULS. In this example, the
results of the program are compared against [1]. One should note that we deal with theoretical
(required) areas of reinforcement here. The real (provided) reinforcement is generated by the program
in order to fulfill the theoretical reinforcement requirements and structural requirements, and is not
analyzed here.

GEOMETRY:
cross section: 30x45 [cm]
cover to axis of longitudinal bars: c=4 [cm]

MATERIAL:
Concrete: C25/30
o = 0.85
Steel: fyk=355 [MPa]

LOADS:
Bending moment M = 100kNm [sz]

IMPORTANT STEPS:

Define the geometry of the beam (Fig.1.1). The span geometry and the loads should be defined in
order to obtain bending moment in the mid-span equal to 100 kNm (Fig.1.2). Set proper concrete
(C25/30 with parabolic-rectangular model) and steel with fyk=355MPa (18G2) in Calculation Options.
In order to select steel different than available by default for EN1992-1-1 code (i.e. with fyk=355MPa)
which is used in [1], select PN_2002# database in Job Preferences/Databases/Reinforcing bars
(Fig.1.3). The authors of [1] use the partial factor a.. = 0.85. The default value for the general edition
of the code is o, = 1.0. In order to enable the comparison, change the factor to 0.85 in Job
Preferences/Design Codes/Partial factors for a Code EN 1992-1-1:2004 AC:2008/User defined
(Fig.1.4).

March 2012 page 23 /88




Autodesk Robot Structural Analysis - Verification Manual for EU Codes

- 300x45.0 -

o40m . . . . . . . . 460m. . . . . . . . 040m

Fig. 1.1 Beam geometry

T T e

N 00 i
{8 Beam - Loads: Beaml =& &2
Case Distributed Li | Positi| Coord.| Load Load . L p1
number load < EITE st| on syste | directi| factor BRI [ EA T 1 {m} {kHim)
1 |DL1 uniform dead loa 1 |upp Local Z 1.35 absolute Mot projected 2370
=

Fig. 1.2 Loads and the calculation model

P2 Job Preferences @
= E W * DEFALLTS -

[#- Units and Formats

»

- Materials =
- Databases
- Steel and timber o Database D atabaze Mame D atabase Description
- Yehicle loads -
- Standard loads | EN 153211
- Building sails EC2-ICEL..
- Baltz EC2-ITaLl..
- énchar bolts 4 NE'
- Reirfarcing bars ol P 2002_#
- Wire fabrics
[#- Dezign codes 57 1 | 1 b
1 | 1 3
'F.\'g Open default parameters |
B Save curent parameters as default | [ OF. ] [ Cancel ] [ Help

Fig. 1.3 Selection of steel database corresponding to [1]
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5. Job Preferences @
= E 4 *‘ DEFALILTS -
&=- Initz and Formatz
" Edattelr::als Steeldluminum structures; EM 1333-1:2005 - E]
+- Databazes
EI DEES:_QH Z':'des Steel connections: EN 1333-1-8:2003 - E]
..... nads
B Structure Analysis Timber structures: ENY 1935-1-1:1992 -

i M odal Analpsiz

- Morvinear Analysis BIE sieas: EMN 1992-1-1:2004 AC:2008

Seizmic Analpziz
Lo wfork, Parameters Geotechnical EMY 1337-1:1334 -

[ More codes. . ]
'F,'& Dpen default parameters |
E* Save curent parameters as default | [ OF. ] [ Cancel ] [ Help ]
™0 Partial Factors for a Code EN 1992-1-1:2004 AC:2008 -7 |3
RLC structures
'EN 1992-1-1:2004 Coeiﬁcnlznt : Value Code reference -
1 2 | ki (redistribution) 0.44 1992-1-1 5.5 (4)
H"SFS'EN 133211 9 |k (redistribution) Auto 1992-1-1 5.5 (4)
‘ W UNI-EN1992-1-1 10| k3 (redistribution) 0.54 1992-1-1 5.5 (4}
11 | ket (redistribution) Aute 1992-1-1 5.5 (4) N
b PM-EM 1992-1-1:2008 - - 4
12 | k5 (redistribution) 0.70 1992-1-1 5.5 (4)
- .User-defined 13| ks (redistribution) 0.80 1992-1-1 5.5 (4)
14| Clog o 35 1992-1-1 315 (1)P
15 | Clet 1.00 1992-1-1 315 (2)P
16| Evd / Sk 0.90 1892-1-13.2.7 (2) -
Copy bo uger's sat ]
[ 0k, l [ Cancel ] [ Help

Fig. 1.4 Definition of partial factors

RESULTS OF LONGITUDINAL REINFORCEMENT (REINFORCEMENT FOR BENDING)
CALCULATION:

The theoretical areas of reinforcement determined by the program are presented on the graph in
Fig.1.5. The value in the midspan, compared with [1], is presented in the table below.

Theoretical areas [1] Robot
bottom reinf. Ay 8.53 cm’ 8.57 cm’

As can be seen, very good agreement of the results is obtained.
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Reinforcement Area for Bending:

X =270 (m} (+) ()

Required  Abt=8.57 Abt=0.00 (cm2)
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Reinforcement Area for Bending: Abt
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Fig. 1.5. Theoretical (required) areas of reinforcement in beam.

ANALYSIS OF RESULTS FOR NADs:

The example presented here has been calculated for the parameters assumed in [1]. As discussed
above, although the example is calculated for general edition of the code [2], the authors of [1] use the
partial factor a.; = 0.85. The default value for the general edition of the code is o = 1.0.

In this section, the same example is calculated for different national editions of Eurocode 2. The
results of calculations are compared in the table below, along with the values of coefficients, which
allow you to understand the possible differences of reinforcement area for different NADs.

Code

bottom reinf.

Ye Vs Aec
As1-Robot results
Handbook example 1.5 1.15 0.85 8.57 cm’
(general Eurocode 2 edition
with modified oo
EN 1992-1-1:2004 1.5 1.15 1.0 8.45 cm’
AC:2008
PN-EN 1992-1-1:2008 1.4 1.15 1.0 8.41 cm’
UNI-EN 1992-1-1 1.5 1.15 0.85 8.57 cm’
SFS-EN 1992-1-1 1.5 1.15 0.85 8.57 cm’
EN 1992-1-1 DK NA:2007 1.45 1.2 1.0 8.80 cm’
BS EN1992-1-1:2004 1.5 1.15 0.85 8.57 cm’
NA2005
NS-EN 1992-1- 1.5 1.15 0.85 8.57 cm’
1:2004/NA:2008
NF EN 1992-1-1/NA:2007 1.5 1.15 1.0 8.45 cm’

As it can be seen above, the results may slightly differ for some NADs due to different material
coefficients. However, the manual calculations carried out show that the results are correct for all

cases.
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VERIFICATION EXAMPLE 2
- Dimensioning reinforcement in rectangular section at
bending

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 6.8, pp. 330*

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with
corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the reinforcement in rectangular section at simple bending at ULS. In this example, the
results of the program are compared against [1]. The data is the same as in Verification problem 1,
except for the bending moment which is equal to M=320 kNm.

RESULTS OF LONGITUDINAL REINFORCEMENT (REINFORCEMENT FOR BENDING)
CALCULATION:

The theoretical areas of reinforcement determined by the program are presented on the graph in
Fig.2.1. The values in the midspan, compared with [1], are presented in the table below.

Theoretical areas [1] Robot
bottom reinf. Ay 34.59 ¢cm? 34.62 cm?
top reinf. Agy 2.98 cm’ 291 cm’

As can be seen, very good agreement of the results is obtained.

Reinforcement Area for Bending:
®=270(m} (+}

‘ =)
o \ Required  ADbt= 3452 Abt=2.91 (cm2) /

1 L L

Reinforcement Area for Bending: Abt

Fig. 2.1. Theoretical (required) areas of reinforcement in beam.

ANALYSIS OF RESULTS FOR NADs:

The presented example has been calculated for the parameters assumed in [1]. As discussed above,
although the example is calculated for general edition of the code [2], the authors of [1] use the partial
factor o = 0.85. The default value for the general edition of the code is o = 1.0.

In this section, the same example is calculated for different national editions of Eurocode 2. The
results of calculations are compared in the table below, along with the values of coefficients which
allow you to understand the possible differences for different NADs.
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Code Ve Ts Olee bottom reinf. Ag- top reinf. Agp-
Robot results Robot results
Handbook example 1.5 1.15 0.85 34.73 cm® 2.92 cm®
(general Eurocode 2
edition with
modified o
EN 1992-1-1:2004 1.5 1.15 1.0 3427 cm’ 0.0 cm’
AC:2008
PN-EN 1992-1- 1.4 1.15 1.0 33.09 cm” 0.0 cm’
1:2008
UNI-EN 1992-1-1 1.5 1.15 0.85 34.73 cm’ 2.92 cm’
SFS-EN 1992-1-1 1.5 1.15 0.85 34.73 cm” 2.92 cm’
EN 1992-1-1 DK 1.45 1.2 1.0 35.12 cm” 0.0 cm’
NA:2007
BS EN1992-1- 1.5 1.15 0.85 34.73 cm’ 2.92 cm’
1:2004 NA2005
NS-EN 1992-1- 1.5 1.15 0.85 34.73 cm’ 2.92 cm?
1:2004/NA:2008
NF EN 1992-1- 1.5 1.15 1.0 3427 em’ 0.0 cm’
1/NA:2007

As it can be seen above, the results may slightly differ for some NADs due to the different material
coefficients. However, the manual calculations carried out show that the results are correct for all
cases.

March 2012 page 28 /88



Autodesk Robot Structural Analysis - Verification Manual for EU Codes

VERIFICATION EXAMPLE 3
- Dimensioning reinforcement in rectangular section at
bending with compression

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 6.9, pp. 333*

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the
corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the reinforcement in rectangular section at bending with compression at ULS. In this
example, the results of the program are compared against [1]. The data is the same as in Verification
problem 1, except of the forces which are: bending moment M=150 kNm, and compressive force
N=150 kNm.

RESULTS OF LONGITUDINAL REINFORCEMENT (REINFORCEMENT FOR BENDING)
CALCULATION:

The theoretical areas of reinforcement determined by the program are presented on the graph in
Fig.3.1. The values in the midspan, compared with [1], are presented in the table below.

Theoretical areas [1] Robot
bottom reinf. Ay 11.62 cm? 11.67 cm?

As it can be seen above, very good agreement of the results is obtained.

Reinforcement Area for Bending:
x =270 (m} (+) -}
Required  Abt=11.67 Abt=0.00(cm2)

Reinforcement Area for Bending: Abt

Fig. 3.1. Theoretical (required) areas of reinforcement in beam.

ANALYSIS OF RESULTS FOR NAD’s:

The presented example has been calculated for the parameters assumed in [1]. As discussed above,
although the example is calculated for general edition of the code [2], the authors of [1] use the partial
factor a.. = 0.85. The default value for the general edition of the code is a.. = 1.0. In this section, the
same example is calculated for different national editions of Eurocode 2. The results of calculation are
compared in the table below, along with the values of coefficients, which allows you to understand the
possible differences for different NADs.
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Code Ye s Olee bottom reinf. Ag;-Robot
results
Handbook example 1.5 1.15 0.85 11.67 cm®
(general Eurocode 2 edition
with modified ol
EN 1992-1-1:2004 1.5 1.15 1.0 11.17 cm’
AC:2008
PN-EN 1992-1-1:2008 1.4 1.15 1.0 11.00 cm”
UNI-EN 1992-1-1 1.5 1.15 0.85 11.67 cm’
SFS-EN 1992-1-1 1.5 1.15 0.85 11.67 cm’
EN 1992-1-1 DK NA:2007 1.45 1.2 1.0 11.57 cm’
BS EN1992-1-1:2004 1.5 1.15 0.85 11.67 cm®
NA2005
NS-EN 1992-1- 1.5 1.15 0.85 11.67 cm’
1:2004/NA:2008
NF EN 1992-1-1/NA:2007 1.5 1.15 1.0 11.17 cm?

As it can be seen above, the results may slightly differ for some NADs due to the different material
coefficients. However, the manual calculations carried out show that the results are correct for all
cases.
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VERIFICATION EXAMPLE 4
- Dimensioning reinforcement in rectangular section at
bending with compression

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslgskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 6.10, pp. 334 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004 from
year 2004. The calculations in program Autodesk Robot Structural Analysis are based on the last
edition with the corrections EN1992-1-1:2004 AC:2008 from year 2008. However, the last correction
does not introduce any changes within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the reinforcement in rectangular section at bending with compression at ULS. In this
example, the results of the program are compared against [1]. The data is the same as in Verification
problem 1, except of the forces which are: bending moment M=150 kNm, and compressive force
N=1000 kNm.

RESULTS OF LONGITUDINAL REINFORCEMENT (REINFORCEMENT FOR BENDING)
CALCULATION:

The theoretical areas of reinforcement determined by the program are presented on the graph in
Fig.4.1. The values in the midspan, compared with [1], are presented in the table below.

Theoretical areas [1] Robot
bottom reinf. Ay 3.64 cm? 3.64 cm?
top reinf. Agy 430 cm’ 434 cm’
As can be seen, very good agreement of the results is obtained.
—t T
4 - — —_—] r e

I
Reinforcement Area for Bending: \I\
“)

®x=2.70(m) (+) -
Required  Abt=384 Abt =434 (cm2)

N N
| I
|
|
|

Reinforcement Area for Bending: ADbt

Fig. 4.1. Theoretical (required) areas of reinforcement in beam.

ANALYSIS OF RESULTS FOR NADs:

The presented example has been calculated for the parameters assumed in [1]. As discussed above,
although the example is calculated for general edition of the code [2], the authors of [1] use the partial
factor a.. = 0.85. The default value for the general edition of the code is a.. = 1.0. In this section, the
same example is calculated for different national editions of the Eurocode 2. The results of calculation
are compared in the table below, along with the values of coefficients which allows you to understand
the possible differences for different NADs.
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Code Ve s Olee bottom reinf. Ag- top reinf. Agy-
Robot results Robot results
Handbook example 1.5 1.15 0.85 3.64 cm’ 4.34 cm’
(general Eurocode 2
edition with modified
Qec)
EN 1992-1-1:2004 1.5 1.15 1.0 475 cm® 0.0 cm’
AC:2008
PN-EN 1992-1-1:2008 1.4 1.15 1.0 3.24 cm’ 0.0 cm’
UNI-EN 1992-1-1 1.5 1.15 0.85 3.64 cm’ 434 cm’
SFS-EN 1992-1-1 1.5 1.15 0.85 3.64 cm’ 434 cm’
EN 1992-1-1 DK 1.45 1.2 1.0 4.13 cm® 0.0 cm’
NA:2007
BS EN1992-1-1:2004 1.5 1.15 0.85 3.64 cm’ 434 cm’
NA2005
NS-EN 1992-1- 1.5 1.15 0.85 3.64 cm? 4.34 cm?
1:2004/NA:2008
NF EN 1992-1- 1.5 1.15 1.0 4775 cm’ 0.0 cm’
1/NA:2007

As it can be seen above, the results may slightly differ for some NADs due to the different material
coefficients. However, the manual calculations carried out showthe results are correct for all cases.
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VERIFICATION EXAMPLE 5
- Dimensioning of shear reinforcement in beam with
rectangular section

Example based on:
Manual calculations according to:
[2] Eurocode 2 EN 1992-1-1:2004 AC:2008, point 6.2

DESCRIPTION OF THE EXAMPLE:

Calculate the shear reinforcement in simply supported beam with rectangular section. In this example,
the results of the program are compared against the manual calculations presented.

GEOMETRY:
cross section: 30x45 [cm]
cover to axis of longitudinal bars: c=4 [cm]
MATERIAL:
Concrete: C20/255
Steel: B500C (f,« = 500 [MPa])
LOADS:
Uniformly distributed:
Dead load: gp = 30 [KN/m]
Live load: gL = 20 [kN/m]

IMPORTANT STEPS:

Define the geometry of the beam (Fig.5.1) and loads (Fig.5.2). Set proper concrete and steel in
Calculation Options. Set allowable stirrups spacings to: 0.05; 0.07; 0.10; 0.20; 0.25; 0.30; 0.35; 0.40;
0.50.

0.40m ' ' ' ' '6.00m ' ' ' - 040m

. Fig. 5..1 Beafn georﬁetry
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IDLLLLLLLLLLLL LI LI LS LT LL LI VLI LD DL DL DL LDV L LI EL LD
Fan i

[XT]

H} Beam - Loads: Beaml [= =] 2=
Case Distributed Li | Positi| Coord.| Load Load . L p1
number load ST st| on syste | directi| factor Erar i FA Al (kN/m)
i | DL uniform dead loa 1 |upp Local Z 135 absolute Not projected 30.00
2 | L unifarm Live 1 |upp Local z 1.50 absolute Not projected 20.00
&

Fig. 5.2 Loads and the calculation model

RESULTS OF SHEAR REINFORCEMENT DIMENSIONING:

e CALCULATION OF MAXIMUM SHEAR FORCE:

Load nature: Characteristic load [kN/m] Load factor Design load [kN/m]
Dead load 30 1.35 40.5
Live load 20 1.5 30
Otot = 70.5

The shear force at the end of the beam is equal to:

V., =0y % = 239.7kN

| =6.8m
The shear force at the edge of the support is equal to:

V. _oa =Viro = Oy - 0.4 = 211.5kN

The value of shear force calculated above is in agreement with the value calculated in Robot (see
Fig. 5.3).

e CALCULATION OF SHEAR CAPACITY OF A BEAM WITHOUT SHEAR
REINFORCEMENT:

The shear capacity of element without shear reinforcement is calculated based on eq. (6.2.a) [2].
The shear capacity in the mid-span is:

Vese = [Cack(100p, 14, )* + k0 b, d =103.69kN
Crge =0.18/7, =0.12

k=1++200/d =1.61<2.0

d =600 —65=535mm (position of bottom bars is averaged for two layers)
A
=——=0.0117
P b d

w

A, =2199mm’
b, =350mm
f, =20MPa
o, =0MPa

But should not be smaller than:

Veae = [V + ki pud = 59.9kN
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v =0.035k*f,/> =0.32
The value of VRd,C calculated by the program is in very good agreement with the one calculated

above (see table below). The value calculated by the program may be found as the shear capacity
in the point where shear reinforcement is placed in maximum allowable spacings (e.g. in the mid-
span) (Fig.5.3).

Theoretical areas Manualll Robot
calculation
Shear capacity Vg . 103.69 kN 103.71 kN

250 —— T T T T

a0 - ” T T

T il

AR = S I I

. - IR

: LT T s

I nnnnnn IR I I I
A TS e N
. I iR ol A I
100 Ll er redistribution oo . ._(kN,a ‘
o oy T i Ve o || | ! }
o (Vcu(totalp/ru) sf=- sf=490.35
-200 e

Resuts |ULS | 5LS | ALS | Reinforce

Diagram | Left Right Span
Support | Support
Wu
(kM) 211.50 21150 [ —
Wru
(kM) 211.50 21150 [ —
Weulstirr
21290 (-21290 |-103.71
ups)
eultotal)
(kM) 212.50 212.90 —_
4 [ T

Fig. 5.3 Shear force distribution and shear capacity

e CALCULATION OF SHEAR CAPACITY OF A BEAM WITH SHEAR REINFORCEMENT:

V2>V
Since, at the support face Rd the shear reinforcement must be calculated. The shear
reinforcement should be distributed along the length 1.4 m from the support face (see Fig.5.3).
Using equation (6.8) [2]:

Vegs = % zf 4 cot 0

Vo, . =V
And assuming = R¢s x=04 "the required spacing of stirrups near the support is:
S = Ao zf 4 cotd =0.101m
x=0.4

A, =0.000101m?

V, . =211.5kN
z=0.9d =0.49m

(2 bars ¢8)
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d =0.6-0.059 = 0.541m
frus = o /7 = 434.8MPa

(for bottom bars at the support)

fywk =500MPa
v, =1.15
cotd=1.0

(set in Calcualtion options/General)
The assumed spacing near the support is equal to 0.1 m (see Fig.5.4). Thus, the shear capacity
is equal to:

Vi, = ﬂzfywd cotd = 212.9kN
’ S

b, zv, f
And should not be greater than: VRd, max = GonPwtVilea _ 627.4kN
cotd +tan
a,, =10
v, =0.552

f,=f,/y, =1333MPa

V . o .
The value of ~ R4S at the support face calculated by the program (Fig.5.3) is in agreement with the
one calculated above (see table below).

Manual Robot
calculation
Shear capacity Vg ¢ 212.9 kN 2129 kN
A, Beam - Reinforcement : Beaml El 264
I ! I ! I ' | ! I I ! I -
0.0 1.0 2.0 3.0 4.0 5.0 6.0

s | A

= =gl

: =
—S@x —

1 (=]

0.0 1.0 2.0 3.0 40 L] 6.0

I ] ] | ] | ] ] | ] %
=00 - T :
M), Beam - Reinforcement Table ; Beaml = |[= =2

Reinforcement : ie-main, Number : 35

Spacing (m}

Direction X 1*#0.5000 + 13*0.1000 + &*0.4000 + 13*0.1000

Direction ¥ 1*0.3100

Direction Z 1*0.55800

| ,{ Summary table ;\Spacings and areas J 1

UL F

Fig. 5.4 Shear reinforcement distribution (see Direction X in the Reinforcement table)

March 2012

page 36 /88



Autodesk Robot Structural Analysis - Verification Manual for EU Codes

ANALYSIS OF RESULTS FOR NADs:

The presented example has been calculated for the general edition of Eurocode 2 [2]. In this section,
the same example is calculated for different national editions of the Eurocode 2. The results of
calculation are compared in the table below, along with the values of coefficients which allows you to

understand the possible differences for different NADs.

Code

Ye ¥s Olee Shear capacity Vi Shear capacity
VRd,s
EN 1992-1-1:2004 1.5 1.15 1.0 103.71 kN 212.9 kN
AC:2008
(manual calculation)

PN-EN 1992-1-1:2008 14 1.15 1.0 111.12 kN 212.9 kN
UNI-EN 1992-1-1 1.5 1.15 0.85 103.71 kN 212.9 kN
SFS-EN 1992-1-1 1.5 1.15 0.85 103.71 kN 212.9 kN

EN 1992-1-1 DK NA:2007 1.45 1.2 1.0 107.71 kN 203.29 kN

BS EN1992-1-1:2004 1.5 1.15 0.85 103.71 kN 236.03 kN

NA2005
NS-EN 1992-1- 1.5 1.15 0.85 103.71%* 236.03 kN
1:2004/NA:2008
NF EN 1992-1-1/NA:2007 1.5 1.15 1.0 103.71 kN 212.13 kN

As it can be seen, the value of shear capacity V, ¢ is dependent upon the varying y, coefficient for

different national editions of the code. The difference concerning the value of Vy, . is due to the Cgy .

coefficient dependent upon y .

* NOTE: The spacing of of stirrups of 40cm used in other editions of the code is greater than the
maximum allowable spacing according to NS-EN 1992-1-1:2004/NA:2008, thus the spacing of stirrups
in the mid-span should be decreased down to 25cm.
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VERIFICATION EXAMPLE 6
- Deflection of simply supported beam with rectangular
section

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 11.9.5, pp. 642 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the
corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the deflection of simply supported beam with rectangular section after cracking. In this
example, the results of the program are compared against the results presented in [1]. However, slight
modification of the example published in [1] is done for the sake of this verification. The authors of [1]
calculate the deflection taking into account the influence of shrinkage. This is not the case in Robot
program. In order to enable the comparison of the results, the reference value of final deflection is
obtained by means of recalculation of deflection, neglecting the shrinkage effects (but using other
partial results presented in [1]).

GEOMETRY:
cross section: 30x50 [cm]
cover to axis of longitudinal bars: c=5 [cm]
span length: I=7.5 [m]
MATERIAL:
Concrete: C16/20

REINFORCEMENT:
Bottom bars:  5¢20

LOADS:
Quasi-permanent bending moment M: = 160  [kNm]

IMPORTANT STEPS:

Define the geometry of the beam (Fig.6.1) and loads, which lead to the bending moment at SLS equal
to 160kNm in the mid-span (Fig.6.2). Set proper concrete in Calculation Options.

30.0x50.0

R : : : : : : : : : : : : : w2

0.60m ' - - 7.00m ' - ~ 0.60m

Fig. 6.1 Beam geometry
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MmNy

Case Distributed Li| Positi| Coord.| Load Load - L pl
number load iz st on syste | directi| factor Erammi MrezEeT x1 {m) (kMNim)
DL1 uniferm dead loa 1 |upp Local Fd 1.35 absolute Mot projected 2278

Fig. 5.2 Loads and the calculation model

NOTE: the program automatically generates reinforcement different than assumed in [1]. This is
because the example in [1] concerns the SLS effects only, while Robot calculates the reinforcement
for ULS and SLS (in this case, the deflection is additionally limited by the program). For the sake of
only-deflection analysis, the reinforcement should be modified manually to the form as assumed in [1].
Since we analyze only deflection here, the transversal reinforcement may be deleted (Fig.5.3).

* ® % & B

Fig. 5.2 Reinforcement (5¢20) assumed in [1]

RESULTS OF DEFLECTION CALCULATION:

The reference value of deflection, based on [1] after omitting shrinkage effects is:

f=(1-&f, +&, =3.757cm

£=0.9686
f, =2.720cm
f, =3.791cm
Reference value
based on [1] Robot
Deflection f 3.757cm 3.700cm

As can be seen in the table, the results are in agreement. Slight discrepancy is a result of small
difference in elastic modulus of concrete. The authors of [1] use ECm = 27500MPa while Robot uses

the code value for C16/20 concrete, E_, = 29000MPa.
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ANALYSIS OF RESULTS FOR NADs:

The result of deflection has also been checked for national editions of Eurocode 2:

PN-EN 1992-1-1:2008
UNI-EN 1992-1-1
SFS-EN 1992-1-1

EN 1992-1-1 DK NA:2007
BS EN1992-1-1:2004 NA2005
NS-EN 1992-1-1:2004/NA:2008
NF EN 1992-1-1/NA:2007

It has been found that the results are equal for national editions and general edition [2].

LITERATURE

[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslgskie Wydawnictwa Edukacyjne, Wroclaw 2006

[2] Eurocode 2 EN 1992-1-1:2004 AC:2008
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2. Eurocode 2 EN 1992-1-1:2004
AC:2008 - RC columns

March 2012 page 41 /88



Autodesk Robot Structural Analysis - Verification Manual for EU Codes

VERIFICATION EXAMPLE 1
- Column subjected to axial load and uni-axial bending

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 10.1, pp. 565 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the
corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

The example illustrates the influence of second order-effects on the total moment of column AB of the
frame (Fig.1.1). In [1], the reinforcement is assumed a priori. We analyse the part of the example
where the total moments are determined based on two methods: the nominal curvature method and
the nominal stiffness method. The total moment calculated with Robot program is verified against the
results in [1] and possible differences are discussed.

=
B E H
o D. o =k
Ical=6,4m
= Mg o,
a, C F e N
e 16m e e 16m e 16m e
Fig. 1.1. The model of the frame with the analyzed column AB.
GEOMETRY:
cross section: 45x50 [cm]
cover to axis of longitudinal bars: c=3.5 [cm]
heigh of the column: leot = 6.4 [M]
number of columns in analyzed level n=4
MATERIAL:
Concrete: C30/37
O = 0.85
Creep coefficient: ¢ = 2.3
Steel: fyk=410 [MPa]
LOADS:
Total bending moment: M = 168 [kNm]
Bending moment from quasi-permanent combination: M = 137 [kNm]
Compression force: N =776 [KNm]

REINFORCEMENT:
5 bars $20 at both sides of the section (Fig.1.9)
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IMPORTANT STEPS:
Define the geometry of the column and the buckling model in Buckling length dialog (Fig.1.2). The
direction considered is direction Y (the unidirectional bending option will be enabled in next steps).

I ]Buckling Length

Tatal structure height; IE-‘”:' m
Mumber of wertical elements m: |4

— Direction
I 0

Stuchure——————————— :

i plor-sway o -”"'J;I
" Sway ﬂ ¥

T

7 L= [c40 m ¥

ky=" [200

Fig. 1.2 Buckling parameters

Define the loads (Fig.1.3) and the parameter M 0Eqp /M ygq (ratio of quasi permanent moment to toal
moment) — denoted in load table as Nd/N.

! mMyA | myB | myc | mza | mzB | mec

il B Nature | Group| oy | (ewem) | (ktiem) | (edem) | (iem) | (kiem) | (kiem) | NOON Vi

7 | DSGN design 1 776.00 | 000| 16800 | 100.80| 000| 000| 000| O060| 1.00
Fig. 1.3 Loads

Set creep coefficient as fixed value in Story parameters dialog.

Set proper concrete and steel with fyk=410MPa (34GS) in Calculation Options. In order to select steel
different than available by default for EN1992-1-1 code (i.e. with fyk=410MPa) which is used in [1],
select PN_2002# database in Job Preferences/Databases/Reinforcing bars (Fig.1.4).

P2 Job Preferences @
= E W * DEFALLTS -

[#- Units and Formats

- Dasbaces

»

-+ Steel and timber s D atabase D atabase Marne D atabase Description
- Wehicle loads k.
- Standard loads |~ EMN 133211
- Building sails ECZ-ICEL..
- Balts ECZ-ITALL..
- dnchor bolts NE'
- Reinfarcing bars 14 2002_H
- Wdine fabrics B B
[+ Design codes & 1 I} 3
] m b
'F.\'g Open default parameters |
B Save curent parameters as default | [ OF. ] [ Cancel ] [ Help

Fig. 1.4 Selection of steel database corresponding to [1]
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Select proper second-order analysis method in Calculation options/General dialog (Fig.1.5).

Simplified second arder analyziz method
% Mominal tiffress

™ Marminal curvature

Fig. 1.5 Selection of second order analysis method

In order to enable unidirectional bending analysis, select “Design for simple bending” in Calculation
options/General dialog (Fig.1.6).

£ My direction ™ Mz direction
Fig. 1.6 Selection of uni-directional bending option

In order to obtain the reinforcement as assumed in [1] select diameter of bars equal to 20mm in
Reinforcement pattern/General dialog (Fig.1.7).

— Carner bars

Diameter; Im - I

bl aximal number of bars in a

bundle
I ] - I

~ Intermediate bars

¥ l|dentical diameters

Diameter: I N - I

bl aximal rumber of bars ik a

bundle
I ‘| - I

Fig. 1.7 Parameters of reinforcement

The authors of [1] use the partial factor o, = 0.85. The default value for the general edition of the code
is ac. = 1.0. In order to enable the comparison, change the factor to 0.85 in Job Preferences/Design
Codes/Partial factors for a Code EN 1992-1-1:2004 AC:2008/User defined (Fig.1.4).
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5. Job Preferences @
= E 4 *‘ DEFALILTS -
&=- Initz and Formatz
" Edattelr::als Steeldluminum structures; EM 1333-1:2005 - E]
+- Databazes
EI DEES:_QH Z':'des Steel connections: EN 1333-1-8:2003 - E]
..... nads
B Structure Analysis Timber structures: ENY 1935-1-1:1992 -

i M odal Analpsiz

- Morvinear Analysis BIE sieas: EMN 1992-1-1:2004 AC:2008

Seizmic Analpziz
Lo wfork, Parameters Geotechnical EMY 1337-1:1334 -

[ More codes. . ]
'F,'& Dpen default parameters |
E* Save curent parameters as default | [ OF. ] [ Cancel ] [ Help ]
™0 Partial Factors for a Code EN 1992-1-1:2004 AC:2008 -7 |3
RLC structures
'EN 1990112004 Coefﬁculmt , Value Code reference -
1 2 | ki (redistribution) 0.44 1992-1-1 5.5 (4)
H"SFS'EN 133211 9 |k (redistribution) Auto 1992-1-1 5.5 (4)
‘ W UNI-EN1992-1-1 10| k3 (redistribution) 0.54 1992-1-1 5.5 (4}
11 | ket (redistribution) Aute 1992-1-1 5.5 (4) N
b PM-EM 1992-1-1:2008 - - 4
12 | k5 (redistribution) 0.70 1992-1-1 5.5 (4)
- .User-defined 13| ks (redistribution) 0.80 1992-1-1 5.5 (4)
14| Clog o 35 1992-1-1 315 (1)P
15 | Clet 1.00 1992-1-1 315 (2)P
16| Evd / Sk 0.90 1892-1-13.2.7 (2) -
Copy bo uger's sat ]
[ 0k, l [ Cancel ] [ Help

Fig. 1.8 Definition of partial factors

NOTE: The program automatically generates smaller reinforcement (8 ¢$20 for both methods: nominal
curvature and nominal stiffness) than assumed in [1] (the capacity is in [1] first verified against the
previous edition of Eurocode 2, which gives greater total moment). Since the presented example
concerns the comparison of second-order analysis, the reinforcement should be modified to the same
form as in [1] (see Fig.1.9)
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— ™
/]

] s_° o »
Fig. 1.9 Reinforcement assumed for the calculation (10 $20).

RESULTS OF BUCKLING ANALYSIS - NOMINAL CURVATURE METHOD:

Robot (results
(Unit) [1] presented in
calculation note)

Atim ) 322 323

a, ) 0.791 0.791

A, ) 0.791 0.791

e, (cm) 2.0 2.0

K, ) 1.0 1.0

Kq, ) 1.0 1.0
1/r, (1/m) 0.00863 0.00853*
1/r, (1/m) 0.00863 0.00853

c ) 10 10

€, (cm) 13.7 (14.1)** 14.0
Mg, (KNm) 289.8 (293.9)** 291.97

As can be seen, a very good agreement concerning the final results is obtained, even if some small
discrepancies may occur in partial results.

NOTES ON DIFFERENCES IN THE COMPARISON:

* - the difference is due to accuracy of steel strength value used in calculation of 1/, (the

authors of [1] use fixed fyd =350MPa value, while program uses fyd = fyk /y, =357TMPa

*ok - the value of e, calculated in [1] is erroneous (simple calculation error was apparently made in

handbook). The corrected values are presented here in parentheses.
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ANALYSIS OF RESULTS FOR NADs:

In this section, the same example is calculated for different national editions of Eurocode 2. It has
been found that the results for all NADs are exactly the same as for general edition of Eurocode 2,
except of the EN 1992-1-1 DK NA:2007 code, where the nominal curvature method is not used. The
list of the codes, for which the calculation was carried out is presented below:

PN-EN 1992-1-1:2008
UNI-EN 1992-1-1
SFS-EN 1992-1-1

EN 1992-1-1 DK NA:2007
BS EN1992-1-1:2004 NA2005
NS-EN 1992-1-1:2004/NA:2008
NF EN 1992-1-1/NA:2007

RESULTS OF BUCKLING ANALYSIS - NOMINAL STIFFNESS METHOD:

Robot (results
(Unit) [1] presented in
calculation note)

J (cm®) 14500 14442

J. (cm®) 785000%* 468750

EJ (kKNm?) 38670%* 34285

N, (kN) 2330 2065

B ) 72/12=0.8225 | 7°/8=1.2337 %
Mg | (KNm) 258.9 319.79% %

NOTES ON DIFFERENCES IN THE COMPARISON ABOVE
** - apparently, the calculation error was made in [1]. The Robot gives proper value of J.-

faleie - the authors of [1] take the value of c, = 12 for triangular distribution of moment. In Robot
program however, this value is by default assumed as ¢, = 8 since the exact distribution of moment

along the height of the column is not known (thus, more unfavorable case is chosen). Thus, £ is

taken as 77° /8 =1.2337 when the moment in the mid-height (Mc) is not fixed by the user in the load
definition dialog and £ =1 is assumed when Mc is fixed (i.e. when neither 5.8.7.3 (2) nor (3) can be

applied). It naturally leads to the greater (in this particular case by 20%), but at the same time safer,
value of total moment.

ANALYSIS OF RESULTS FOR NADs:
In this section, the same example is calculated for different national editions of the Eurocode 2. The

results of calculation are compared in the table below, along with the values of coefficients which
allows you to understand the possible differences for different NADs.

March 2012 page 47 /88



Autodesk Robot Structural Analysis - Verification Manual for EU Codes

Code Ye Olee Design moment Mgy

EN 1992-1-1:2004 1.5 1.0 317.38 kN
AC:2008

PN-EN 1992-1-1:2008 14 1.0 319.79 kN

UNI-EN 1992-1-1 1.5 0.85 311.39kN

SFS-EN 1992-1-1 1.5 0.85 311.39kN

EN 1992-1-1 DK 1.45 1.0 318.57 kN
NA:2007

BS EN1992-1-1:2004 1.5 0.85 311.39kN
NA2005

NS-EN 1992-1- 1.5 0.85 311.39kN

1:2004/NA:2008

NF EN 1992-1- 1.5 1.0 317.38 kN

1/NA:2007

As it can be seen, the results may slightly differ for some NADs which is due to the different partial
material coefficients for concrete. Due to this, the K. coefficient, being a function of design strength
varies, and thus varies the stiffenes EJ.

CONCLUSIONS

The results obtained in Robot are in agreement with those obtained in [1] for nominal curvature
method. For nominal stiffness method, the discrepancy is found due to the value of coefficient
describing moment distribution assumed in Robot. Since the exact distribution of moment along the
height of the column is not known in the program, more unfavorable case is chosen, thus greater total
moment is calculated by the program. The calculations have also been carried out for different NADs
available in Robot and compared against the general edition of the code.

LITERATURE

[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolno$laskie Wydawnictwa Edukacyjne, Wroclaw 2006

[2] Eurocode 2 EN 1992-1-1:2004 AC:2008
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3. Eurocode 2 EN 1992-1-1:2004
AC:2008 - RC slabs (punching)
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VERIFICATION PROBLEM 1
- Punching capacity of slab without shear reinforcement

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 9.2.5.1, pp. 486 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the
corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the punching capacity of the internal node of slab-column structure.

GEOMETRY:
slab thickness: h=24.0 [cm]
effective depth (average): d=20.9 [cm]
column section: 30x30 [cm]

REINFORCEMENT:

reinforcement area: A=A,=16.08 [cm?/m]

reinforcement ratio: px=py=0.0077
MATERIAL:

Concrete: fck =15 [MPa]

IMPORTANT STEPS:

In the Structure model/Geometry view, define the slab with the supporting column in the middle. The
slab shoud be of proper size, so the column is not located at any of its edges. Define the thickness of
the slab in FE Thickness dialog (Fig.1.1). Set proper concrete type. Since there is no concrete with
fck=15MPa in the default Eurocode 2 material databse, the new material should be added in the Job
Preferences dialog. From the left-hand side list, select materials and then use Modification button
(Fig.1.2). On the Concrete Tab set the parameters for new concrete type and use Add button. Define
new reinforcement pattern in the Plate and Shell reinforcement type. On the Materials tab, check the
option As in structure model for concrete. Set proper cover of bars on the Reinforcement tab (Fig.1.3).
Having calculated the strucutre model and the RC required reinforcement send the slab to provided
RC calculations. On the Slab-provided reinforcement view, in Reinforcement pattern/General dialog
select reinforcement with bars (Fig.1.4). On the Bars tab (Fig.1.5), set diameters to 12mm, and the
spacing of top bars to 7cm (in order to obtain the reinforcement ratio as in Handbook example). Now,
the calculations of real reinforcement, along with punching calculations may be carried out.
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5 New Thickness ==

Homogeneous | Orthotropic

Label: h240

@ Constant

1 Yaniable alang a line

() Wariable on a plane
Paint coordinates Thickneszes

I fizm)

P{1: |7.0000;2.0000: 0.0000 0o

F2: F.0000; 2.0000; 0.0000 0.0

F3: F.0000; 2.0000; 0.0000 0.0

B Reduction of the

cr 1.00 |#
mament of inertia 4

Farameters of foundation elasticity

[ add || Cose || Hep |
Fig. 1.1 Slab thicknes
i1 Material Definition » L2 ||
Steel | Concrete | Aluminum I Timber I Other |
Mame: fok15 Drezcription: ECZ Concrete C12/15
Elazticity Resistance
) 27000.00 bPa M- |
Yu:u.ung mu:u:!ulus, E [ ) [Eharacteristic v] 15.00 [Fa)
Poizzon ratio, v nz
Shear modulus, G: 11250.00 iMPal Sample: [ Cylindrical - ]
Farce denzity [unit weight]: 24.53 (kM Arn]
Thermal expanzion coefficient:  0.0000710 [14°C)
[Dramping ratio; n.04
pdd | | Deete | | ok | | Cancel | Help

Fig. 1.2 Definition of new concrete type
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P EN 1992-1-1:2004 AC:2008 Reinforcement Par... (i=u/o=) eS|
| General | Materials | 515 Parameters | Reinforcement

N
P
e ad]

le

[E—

B ar dimenzions

di: 12 - dz: 12 -
[l d1* 12 - d2" 12 -
Cower [cm)
cl: 1.3 ce: 1.9
cl': 0o c2' 0o [
Dieviations

[ Unidirectional reinforcement

bembrane reinforcement in one laper

kiririLrmn reinfarcenment

71 Nane
@ Far FE far which reinforcement &0

70 Far the whale panel
o

Fig. 1.3 Definition of covers of reinforcement

Note || add || Clese || Hep

E Reinforcement Pattern - EM 1992-1-1:2004 AC:2008

General | Bars | wire fabric reinf, | Constructional reinf. I Shapes|

Reinforcement type
(7 "Wire fabric

(70 "ire fabric + bars
@ Bars

Straight bars

b awirnrn length:

bimirmum diameter:

b odular length:

Reinforcement segmenl
@ Single panel

71 Entire plate

1200 m
100 mm

0.0C| m

[] The zame top and battom reinforcement

Fig. 1.4 Selection of reinforcement with bars
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Fj Reinforcement Pattern - EM 1992-1-1:2004 AC:2008

General | Bars |Wire fabricz reinf. I Conztructional reinf. | Shapesl

Bottamn reinforcement Top reinforcement

Diarneter Diarneter
Direction & Direction &
Direction ' Direction '

Spacing [cm] Spacing [cm]
[ Direction 0.0 Direction 7.0
[ Direction 10.0 Direction v 7.0

Preferred reinfarcement spacing

Diirection #
E 40.0 cm [ Minimum a0 cm
Diirection "
[7] b asdirriann 4a.0 cm [ Mimirnum 30 i

Fig. 1.5 Definition of spacing and diameters of reinforcement

RESULTS OF PUNCHING CALCULATIONS:

The results of punching calculations may be seen on Slab-punching view (Fig.1.6). The punching
capacity (denoted as Qadm) is compared with Handbook result in the table below.

[1] Robot
Punching capacity 429 kN 430 kN

As can be seen, the results of the capacity calculation are in a very good agreement.
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7= Plate and Shell Reinforcement [= =1 ==
Punching
Werification paints Paint grouping
Mame; List: -

l Mew ] [ Delete ]

[ Mew l [ Delete ] b asirmum punching force (kM)
Pogition [m]
w= 20000 | p= |2.0000 Maode number: 2
Punching: from bottom
[ Head Dimensions [cm)
Type - bt 2= [300
@) rectangular
) y W b= |300
circular b= [oq
Qadm Q u Reinforcement
kM) (kN) (m) (m), (em2)/nx$ Erimiz
51 42665 | 162.85 | 3.8264 ———- 2841

Fig. 1.6. Punching calculations dialog.
ANALYSIS OF RESULTS FOR NADs:

The presented example has been calculated for the general edition of Eurocode 2 [2]. In this section,
the same example is calculated for different national editions of the Eurocode 2. The results of
calculation are compared in the table below, along with the values of partial coefficients which allows
you to tounderstand the possible differences for different NADs.

Code Ve Punching capacity

EN 1992-1-1:2004 1.5 430 kN
AC:2008

PN-EN 1992-1-1:2008 1.5 430 kN

UNI-EN 1992-1-1 1.4 460 kN

EN 1992-1-1 DK NA:2007 1.45 445 kN

BS EN1992-1-1:2004 1.5 430 kN
NA2005

NS-EN 1992-1- 1.5 430 kN

1:2004/NA:2008
NF EN 1992-1-1/NA:2007 1.5 457 kN

As it can be seen above, the results may slightly differ for some NADs due to the different material
coefficients. However, the manual calculations carried out show that the results are correct for all
cases.
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VERIFICATION PROBLEM 2
- Punching capacity of slab without shear reinforcement for
Finnish NAD

Example based on:
Manual calculation

DESCRIPTION OF THE EXAMPLE:
Based on Finnish NAD SFS-EN 1992-1-1 [3], calculate the punching capacity of the internal node of

slab-column structure without punching reinforcement. In this example, the same data as in
Verification problem 1 is assumed, except for the concrete type, which is taken as C20/25 here.

GEOMETRY:
slab thickness: h=24.0 [cm]
effective depth (average): d=20.9 [cm]
column section: 30x30 [cm]

REINFORCEMENT:

reinforcement area: A=A,=16.08 [sz]

reinforcement ratio: A=py=0.0077
MATERIAL:

Concrete: C20/25

FORCES IN THE NODE:
Vertical force: N =192 kN
Moments: M, =24 kN
M, =40 kN

CALCULATION OF PUNCHING CAPACITY:

V, =kB(1+50p)udf , =210kN (2.38)
k=16-dm]=1.391 (pc = 2500 kg/m®)
d =0.209m
p =0.0077

u=2(c, +d+c, +d)=2.036m
¢, =¢, =0.3m

fo = fu /7. =1.0MPa
fu =1.5MPa
7. =15

g0 (256

[1+1.5\/%J
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e=,/e,’ +e,’ =0.243m

e, =M /N =0.125m
e, =M, /N =0.208m

y
A = 0.426m*

The results of punching calculations may be seen on Slab-punching view (Fig.2.1). The value of

VRd,C calculated by the program (denoted as Q in Punching dialog) is in very good agreement with the

one calculated above (see table below).

Manue'll Robot
calculation
Punching capacity 211 kN 211 kN
#= Plate and Shell Reinforcement == | &
Puriching
Werfication points Point grouping
M armne: 31 30x30 Ligt; -
[ Mew ] [ Delete ]
Mew ] [ Delete ] b awimum punching force (kM)
Qoo
Position [m]
w= (00000 | w= |0.0000 Mode number:
Punching: fram top
Hzad Dirnengionsg (o]
Type | bl a= (00
(@) rectangular W b= [og
circular h= (o
Gadm aQ u Reinforcement
(KN} (KN} {m) (m}), ([cm2)/nx§ e
51 21061 | 19200 | 2.0360 ——-- 1.10>1

Fig. 2.1. Punching calculations dialog.
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VERIFICATION PROBLEM 3
- Calculation of punching force for eccentricaly applied
support reaction

Example based on:
Manual calculation

DESCRIPTION OF THE EXAMPLE:
Based on general edition of Eurocode 2 [2], calculate the tangent stress and punching force in the

internal node of slab-column structure with eccentrically applied load. In this example, the results of
the Robot program are compared against the manual calculation.

GEOMETRY:
slab thickness: h=24.0 [cm]
effective depth (average): d=20.9 [cm]
column section: c=50 [cm]
c,=30 [cm]
REINFORCEMENT:
reinforcement area: A=A,=16.08 [cm2]
reinforcement ratio: px=py=0.0077
MATERIAL:
Concrete: C20/25
FORCES IN THE NODE:
Vertical reaction: V =192 kN
Moments: M, = 24 kN
M, =40 kN

CALCULATION OF g COEFFICIENT:

In Robot, g coefficient is calculated for both directions according to the equation (6.38) [2]
modified for biaxial bending into a form:

M
f=1+k, '\\/'/Xwi+ky7ywl=1.64

X y
u=4.2264m
C
k, =0.48 for = =10.60
CX
C
ky =0.67 for X =1.67
C

y

W, =0.5c,” +c,c, +4c,d +16d° +2zdc, =1.706
W, =0.5¢,” +c,c, +4c,d +16d* +2xdc, =1.881
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V
ve, = f—E =387kPa
ud
Q=v,, A =342kN
A, =ud =0.883m’

The results of punching calculations may be seen on Slab-punching view (Fig.3.1). The value of
punching force calculated by the program (denoted as Q in Punching dialog) is in very good
agreement with the one calculated above (see table below).

Manual Robot
calculation
Punching force 342 kN 345 kN

#= Plate and Shell REinfurcement_LEIﬂlgﬁ
Punching

YWerfication points Faint grouping

M ame: 31 50:30 Lizt: -
[ M ] [ Delete

[ New ] [ Delete ] b awirmum punching force (kM)
Type: LIk ot 000
Fozitian [m]
= 00000 | w= |0.0000 Mode number:
Punching: fram top
Hzad Dimenzions [cm)
T d =
. b 0 0o
(@) rectangular W b= 0
circular h= (on
Qadm aQ u Reinforcement
I
) | o) | m) [ (m)(em2)inxg | SOM'E
51 436 47 | 34487 | 42264 _ 127 =1

Fig. 3.1. Punching calculations dialog.
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The presented example has been calculated for the general edition of Eurocode 2 [2]. In this section,
the same example is calculated for different national editions of Eurocode 2. The results of calculation
are compared in the table below.

Code Punching capacity

EN 1992-1-1:2004 345 kN
AC:2008

PN-EN 1992-1-1:2008 345 kN

UNI-EN 1992-1-1 345 kN

EN 1992-1-1 DK NA:2007 345 kN

BS EN1992-1-1:2004 345 kN
NA2005

NS-EN 1992-1- 345 kN

1:2004/NA:2008
NF EN 1992-1-1/NA:2007 345 kN

As it can be seen, the results for different NADs are equal.
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VERIFICATION PROBLEM 4
- Punching capacity of slab with shear reinforcement

Example based on:
[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolnoslaskie Wydawnictwa Edukacyjne, Wroclaw 2006, Example 9.6.1, pp. 501 *

* - NOTE: the reference handbook [1] is based on the edition of Eurocode 2 EN1992-1-1:2004. The
calculations in program Autodesk Robot Structural Analysis are based on the last edition with the

corrections EN1992-1-1:2004 AC:2008. However, the last correction does not introduce any changes
within the range of the calculations presented in the examples.

DESCRIPTION OF THE EXAMPLE:

Calculate the punching reinforcement for the internal node of slab-column structure.

GEOMETRY:

slab thickness: h=24.0 [cm]

spacing of columns: ly =6.60 [m]

ly =6.00 [m]

slab thickness: h=24.0 [cm]

effective depth (average): d=21.0 [cm]

column section: 40x40 [cm]
REINFORCEMENT:

reinforcement ratio: px=py=0.009
MATERIAL:

Concrete: fo = 20 [MPa]

Steel: fy = 355 [MPa] (18G2 steel)
LOADS:

dead loads: 7.5 kN/m?

live loads: 3.0 kN/m?

dead load coefficient: 1.35
live load coefficient: 1.50

IMPORTANT STEPS:

In the Structure model/Geometry view define the slab with the supporting column in the middle. The
dimensions of the slab should be 6.60x6.00 m. Set the material to C20/25 concrete. Define the
thickness of the slab in FE Thickness dialog (Fig.4.1). In order to select steel different than available
by default for EN1992-1-1 code (i.e. with fyk=355MPa) which is used in [1], select PN_2002# database
in Job Preferences/Databases/Reinforcing bars (Fig.4.2). Define new reinforcement pattern in the
Plate and Shell reinforcement type. On the Materials tab, check the option As in structure model for
concrete. Set proper cover of bars on the Reinforcement tab (Fig.4.3). Define the loads and create
manual combination with proper load coefficients.
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NOTE:

In the Handbook example [1], there is no detailed calculation of g coefficient. Instead, the simplified
rule (Fig. 6.21N from Eurocede 2 [2]) is used and £=1.15 is assumed. Robot calculations of punching
stress are based on calculation of g from equation (6.39), [2]. Thus, in the presented example, the
loads as defined cause no bending moments at the support, hence £=1.00. In order to enable the
comparison of the reinforcement calculations, the punching force in Robot should be as in the
reference example [1]. For this purpose, define the additional linear moment of 7.5 kNm/m along the
6m-long edge of the slab. Now, based on the algorithm as presented in verification problem 3, the g
coefficient will be eqaul to that in Handbook [1].

Having calculated the strucutre model and the RC required reinforcement, send the slab to provided
RC calculations. On the Slab-provided reinforcement view, in Reinforcement pattern/General dialog
select reinforcement with bars. On the Bars tab (Fig.4.4), set diameters to 12mm, and the spacing of
top bars to 7cm (in order to obtain the reinforcement ratio as in Handbook example). Now, the
calculations of real reinforcement, along with punching calculations may be carried out.

(=] ® =

P New Thickness

Label h240 Colar; Auto -

@ Cangztant Th= 240 [erm)
(71 Wariable along a line
(7 Wariable on a plane

Point coordinates Thickneszes

[m] [m)
p1. |0.0000: 0.0000; 0.0000 oo
FZ: |0.0000; 0.0000; 0.0000 oo
F3: |0.0000; 0.0000; 0.0000 oo
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A Reduction of the
mament of inertia

1.00

] Parameters of foundation elasticity
Material: | C20/25 -|
| add || Clse || Hep |

Fig. 4.1. Slab thickness dialog
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&l Job Preferences R ==
= E % DEFALLTS -
[#- Unitz and Formatz -

- M aterialz i =
=) Databazes
- Steel and timber s D atabase Database Name C'atabase Description
- Wehicle loadz -
- Standard loads | EHN 133211
- Building soils EL2-ICEL..
- Balts EC2-ITALI..
- dnchor bolks 4 NE'
- Reinforcing bars gl P 2002_H
- Wfire fabrics
[ Design codes Y 4 | U} t
1 | m [ 3
'F,'& Open default parameters |
E*_ Save current parameters as default | [ ] ] [ Cancel ] [ Help
Fig. 4.2 Selection of steel database corresponding to [1]
B® EM1092-1-1:2004 AC:2008 Reinforcement Para... | = | B [+55]
| General | Materials | SLS Parameters | Reinforcement
d 1
3
— p
I-I—I:_JLI:1 d
=
=G
Bar dimenzsionz
dl: 12 - d: 12 -
dl* 12 - d2" 12 -
Cover [cm]
cl: 1.8 c 1.8
cl': oo 2t 0.0 [
Deviationz
[ Unidirectional reinforcement
tembrane reinforcement in one laper
birirnurn reinforcement
1 Maone
@ Far FE far which reinforcement &3>0
() Far the whaole panel
| Mote || #dd || Clse || Help
Fig. 4.3 Definition of covers of reinforcement
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E Reinforcement Pattern - EN 1992-1-1:2004 AC:2008

General | Bars |"-.-'-.-"ire fabric: reinf. I Constructional reinf. I Shapes|

Battam renfarcement

Diameter
Dhrechion =
Diirection

Spacing [cm])
[ Direction
[] Direction '

10.0
10.0

Preferred reinfarcement spacing

Top reinforcement
Diameter

Direchion =

Diirection '

Spacing [cm])
Direction 3
Dhirection '

Direction
[ Maximum 40.0 cm [ Minimurm
Direction '
[ Maximum 46.0 I [ Minimum

.0
.0

10 M

30 cn

oK. |
Cancel |
Help |
)

Saveds.. |
Delete ]

Fig. 4.4 Definition of spacing and diameters of reinforcement

The results of punching calculations may be seen on Slab-punching view (Fig.4.5). The value of
punching force calculated by the program (denoted as Q in Punching dialog) is in very good
agreement with the one calculated above (see table below).

[1]

Robot

Punching force

666 kN

665 kN

The area of reinforcement in one circumference calculated in [1] was 3.96 cm?, while in Robot it is
414 cm’ (see table below). This relatively small difference results from the assumed spacing of
perimeters assumed during calculation of theoretical reinforcement. In Robot, the spacing is assumed
as eual to the maximum allowable value s,=0.75d, while in [1], the assumed value is smaller than this

maximum.

[1] Robot
. . 2 perimeters 2 perimeters
Punching reinforcement ) )
A=3.96 cm A=4.14 cm
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r

#== Plate and 5hell Reinforcement

Puriching
Werfization points Foint grouping
Mame: 51 4040 Lizt: -
[ Mew ] [ Delete ]
[ New ] [ Delate ] b amimum punching force (kM)
Type: Ltk nowh 000
Pozition [m]
W= 00000 | w= |0.0000 Made number:
Punching: fram top
H=ad Dimengions [cm)
T d =
' Ype bz —3 a 0n
@ rectangular h b= (00
circular h= (o0
Qadm Q u Reinforcement
) | (e) | (m) [ (m)(cm2)inxy | S29m'Q
L1=0.1050 L2=0.1050
A=414115 46
S1 | 66467 | 66467 | 42389 | | 1024281 0-024ps | 1.00>1
A=414115 45

ANALYSIS OF RESULTS

Fig. 4.5. Punching calculations dialog.

FOR NADs:

As it can be seen in Fig. 4.5, the first perimeter is placed in the distance of 0.105 m from the face of
the column, which satisfies the requirement 0.5d.

The presented example has been calculated for the general edition of Eurocode 2 [2]. In this section,
the same example is calculated for different national editions of Eurocode 2. The results of calculation
are compared in the table below.
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Code Punching reinforcement
EN 1992-1-1:2004 2 perimeters
AC:2008 A=4.14 e’
PN-EN 1992-1-1:2008 2 perimeters
A=4.14 cm’
UNI-EN 1992-1-1 2 perimeters
A=4.14 cm’
EN 1992-1-1 DK NA:2007 2 perimeters
A=3.99 cm’
BS EN1992-1-1:2004 2 perimeters
NA2005 A=4.14 cm’
NS-EN 1992-1- 3 perimeters
1:2004/NA:2008 A=4.14 cm>
NF EN 1992-1-1/NA:2007 2 perimeters
A=3.72 cm’

As it can be seen, the results may slightly differ for some NADs. The difference concerning the area of
reinforcement in one perimeter is a result of different values of material coefficients. The difference
concerning the number of perimeters of reinforcement for NS-EN 1992-1-1:2004/NA:2008 is a result of
different value of k coefficient (6.4.5 (4) [2]), which determines the location of the most external
perimeter of the reinforcement. However, the manual calculations carried out show that all these
results are correct.

LITERATURE

[1] Bases of designing of reinforced and prestressed concrete structures according to Eurocode 2 (in
Polish). Dolno$laskie Wydawnictwa Edukacyjne, Wroclaw 2006.

[2] Eurocode 2 EN 1992-1-1:2004 AC:2008.
[3] National Annex to Eurocode 2 SFS-EN 1992-1-1.
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TIMBER
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1. Eurocode 5: Design of timber
structures

Part 1-1: General - Common rules
and rules for buildings

EN 1995-1:2004/A1:2008, March, 2005
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GENERAL REMARKS

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

A. Preferences

To specify your regional preferences in PREFERENCES dialog click Tools/ Preferences.
Default PREFERENCES dialog opens e.g.:

12y Preferences @I&J
= H X % STANDARD -
Languages

i~ General Parameters
- iew Parameters
- Desktop Settings Begiohal settings: Eurocode
oolbar & Menu
[l Printout Parameters
o tdvanced Wworking language: English

VVY

Frintout language: Englizh

[¥] Update Preferences on exit [ Accept ][ Cancel ] [ Help ]

B. Job Preferences

To specify your job preferences in JOB PREFERENCES dialog click Tools/ Job Preferences.
Default JOB PREFERENCES dialog opens, e.g.:

P Jab Preferences |. ? -Eh]
= H by EURD -
=3 U_nits and Formats

- Dimensions Steel/Aluminum structures: EM 1533-1:2005 - [:]
----- Forces
o Other Steel connections: EN 1933-1-3:2005 - [I]
“e Uik E dition -
- Materials Timber structures: PM-B-03150 -
(- Databazes
RC structures: PM-B-03264 [2002) -
(- Structure Analysis Geotechnical PH-81/B-03020 -
- wiork Parameters
[ tore codes... ]
ﬁ,\'{ Open default parameters |
B Save current parameters as default | [ ak. l ’ Cancel ] [ Help ]

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

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

For example, to choose code, click Design codes tab from the left list view; then select code from
Timber structures selection list or press More codes button which opens Configuration of Code List:
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E Configuration of Code List

Codes:

Current codes:

Steel / aluminum

o |

Set as curent

Code Country

ALTE France
Sa

A50:1989 Ed.Ath 54
Adden France
BS - EM 1993-1-1:2009 UK. EC3
BS 5350: 2000 K.
B55950 K
B5kA3 Sweden
Can/C5A-516-01 + Supp. Mo.1 [2005]  Canada
T r— - - . |

m | »

ﬂ

Code
EM 1953-1:2005
PN-BVE-03200

4 11

[ (]9 ][ Cancel ]

Select appropriate code category (e.g. Timber) from the selection list

Tirnber
Geotechnical
Load combinations
Show/wind loads

E Caonfiguration of Code List l&]
Codes: Current codes:
Steel / aluminum - [ Set az curent ]
Stesl connections Code -

BS-EM 1333-1:2008/MA: 2008/40C:
DS/EM 1333-1:2005/DK N 2007,
EN 1003-1:2005/AC: 2000

m

Seizmic loads ENv 1933-1:1552 MAD Belgium
A50:1989 Ed.9th USa EMY 1993-1:1992 NAD Germany
Addan Franice EMY 1933-1:1392 NAD Metherland

BS 55350:2000 UK MWF EM 1333-1:2006/MA; 2007 /AC:
BS-EM 1393-1:2005/MA: 2008402009 UK EC3 MS-EM 1993-1:2005/M4: 2008/4C:
B55950 UK il PM-EM 1993-1: 200642 2003

_‘_.l.__ - .. | - _‘__l menne e _i__..r_
(o) (o)

A new suitable list view appears. Set code as the current code. Press OK.

After the job preferences decisions are set, you can save it under a new name by pressing

E Configuration of Code List l&]

Codes: Current codes:

Timber v] [ Set a3 cument ]
Code Country Code

CB7 France EN 1995-1:2004/A1:2008

CE71+KERTO France PM-EM 1995-1:2005/441:2008

Eurocode 5

EMY 1935-1-1:1952 Eurocode

EMY 1995-1:1992 NAD Finland Finland ECS

WF EM 1995-1:2005/MA:2007/41:2008  France ECS

PM-B-03150 Paland =

PM-EM 1995-1:2005/41:2008 Foland ECS
4 1 | » Ll 11 | »

Save Job Preferences icon in the JOB PREFERENCES dialog.
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VERIFICATION PROBLEM 1
bending about two main axes with lateral buckling

Example based on “Practical design of timber structures to Eurocode 5”
Hans Larsen and Vahik Enijily
File: EX_4_3p114 bending_My_Mz.rtd

TITLE:

Example 4.3 Solid Timber - Bending About Two Main Axes Restrained or Not Against Torsion
Eurocode5 - EN 1995-1-1:2004

SPECIFICATION:

Verify the strength of the C16 cross-section 75%x200 mm beams with simply supported spans of 4,8 m
and 7,0 m. The beams n° 1, 4, 11, 14 are restrained at 1,2m against torsion. For load case n° 8

loads are assumed as a short-term load and are acting on the bottom (for el. n° 3, 6,13,16) or on the
top of the beams (for the others elements) and are equal for all elements: py = 0,37 kN/m, pz = -1,11
kN/m.

38 elwgu'xa'ar ANEEE QRY lee B

Sl @D @EE T
S G R A TR T RPN L,@tl’&ﬁ':&.‘b@{t’lm@@(\ﬂ.’l%
P et ~EN 1995~ 1:2004/8 12008 = T
Marbacs | Giroups o
er T | - :
T L LLI - Jpz—111 i L &
[pvos7] o | [ L l I T l' P ;
e M ek stazons Fassmsters —_
0 I | T © G Hemberygs:  blae 12m pie
T ] | L pEe-1. i
L pY=0.37 | o i L ar [ Ewm Help
; ] ot
S =
2 6 Coulation: EN 1995-1:2004/A1:2008 = F
S Y=0).] Vi atin i -
pY=037 | A T | &
[ = @
Tt s datigr Lm A
Ot
Lok L state:
Canes: B Lt 7 Lmirnaie
Cakadation mchvm o L
Save cabculston sk (™ FIVEED
0 [[ -[Iz'l.][__‘___ S 7 ) L8 L]
s —[ -[ —— g
; Z=-1.11 ‘ ‘_ pY=0.37
pY=037 ! e 2
L fi4 BALK 75x200
7.00 H Nm
| Cases: 8 (wypadkowe ob)
S = R e = - v eI
View Wy
YRR & Resuts (PN maaitie B W sncmaa [T ] Som I 164) [Beg]

SOLUTION:

After having defined and calculated the structure models, go to [Timber Design] tab.

Define new types of members in accordance with the structure definition in DEFINITIONS dialog.
It can be set in Member type selection list.

In this example, the beams numbered 1, 4, 11, 14 are laterally braced at upper flange.
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For easier start, the pre-defined type of member (e.g. “timber beam”) may be initially opened.

[ g Definitions -EM 1995-1:2004/41:2008 Elﬂli‘r
Nurrber: n - New
Basic data
Bar list: 11
MName: klazyczna stezona
C. Group:  Member type: *m gi
Timber Member
Pret drewniany

For the selected “Timber Beam” from member type, press the Parameters button on Members tab.
It opens MEMBER DEFINITION - PARAMETERS dialog.

@ Member Definition - Parameters - EN 1995-1:2004/A1:2008

tember type: Timber Bearn

1.00

Lateral buckling parameters

Buckling [ axiz) Buckling [£ axiz)
Member length ly: Member length |z:
) Beal (") Real
a1 e
@ Coefficient @) Coefficient
Buckling length coefficient ' Buckling length coefficient Z:

1.00

Lateral buckling length coeff.

Lat. buckling type:

’ Upper flange l ’ Lower flange l

Load level:

@) Classic - formula [6.31]

Service class:

Id=lo Id=la

tethad of critical stress determination - £.3.3

() Far rectangular sections - farmula [B.32]

Save

Close

Service
Mare...

Qther ...

il

Eire

Help

Type a new name in Member type editable field. Next, change the parameters to meet the initial data

requirements of the structure. Set the following lateral-buckling parameters:

= switch on the appropriate Lateral buckling type icon;

@@ Lateral Buckling Type

| Beam with
i pinned supports
Beam with
—F .
fixed supports
Cantilewver

Without lateral buckling

Cancel

il

Help
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= select the appropriate Load level icon

59 Load Level &I

= define the appropriate load type by pressing [More...] button;
it opens ADDITIONAL PARAMETERS dialog

il b |
& Member Definition - Additional Parameters [&

Load parameters
--

Load type:

Section parameters

Anetihgross ratio 1.00

Additional conditions for round sections
[ Uridirectional bending

next, choose the load type by pressing the icon - it opens a new dialog:

r 3
g Load Type =5
E Moment at the end

= ;

. Uriifarm load

=
I“: Concentrated force

e select Method of critical stress determination
e choose Service class
¢ define bracings for Lateral buckling and Buckling:

- to define Lateral buckling length coefficient for a member, press Upper/Lower flange
button or the buckling type icon in [MEMBER DEFINITION-MEMBER] dialog

The first method opens LATERAL BUCKLING LENGTH COEFFICIENTS dialog:

&P Lateral Buckling Length Coefficient &J

Id=05Io
Id=|1.00 lo
m Intermediate bracings
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The second one opens BUCKING TYPE DIAGRAMS dialog:

g Buckling Type Diagrams

2lo :

Cancel

I

[[]  Complex member Help

B atten type: packs

Connectian: giued

Batten coordinates:

1eal 2 relative

If you click the last icon - Intermediate bracings - the new dialog INTERNAL BRACINGS will appear.

2 Internal bracings &J
:T Lateral buckling-upper flange v
Z\/
___________________ U‘/
L‘/
Test for member: 1 Belka stezona
Buckling | BucklingZ | Lateral buckling-upper flange | Lateral buckling-lower flange|
Coordinates of the existing bracings Automatic detection of bracings
Define manually coordinates of the existing bracings [ 2dd bracings at points where adisining elements ocour
1.20: 2.40: 3.60 m Bl Add bracings at points where bending moments equal
zera
@ real ) 1elative
Basic scheme of & member Bracing detection preview
For member no.: 1 Belka stgzona -
HHEHEH ek
Buckling coefficients of component segments <<
1.00;1.00;1.,00; 1,00
6] [ oen

In the INTERNAL BRACINGS dialog, there are possibilities to define bracings for buckling and lateral
buckling for the marked member type independently.
In this particular example of restrained elements, define member type with lateral buckling-upper
flange internal bracings.
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Save the newly-created member type under a new name:

£ Member Definition - Parameters - EN 1995-1:2004/A1:2008

klaz 1.2m gdra st

Buckling [£ aniz]

Member length |z:
) Real

Member type:

Buckling [+ axiz)
tember length Iy
) Beal
~ nea 1,00

@ Coefficient @ Coefficient

Buckling length coefficient v’ Buckling length coefficient 2:

1.00 ! 1.00 !

Lateral buckling parameters

Lat. buckling type:

Load level:

Lateral buckling lenagth coeff.

l Upper flange ] [ Lowwer flange l
Id = (Id1.1d2....]

. [7] Double sections treated as solid

Id=lo

tethod of critical strezs determination - £.3.3
(@) Classzic - formula [6.31]

() For rectangular sections - formula [6.32]

Service class: 1 -

Save

Cloze

Service
More. ..
Other ...

Fire

A B

Maote

Help

¢ Definitions -EN 1995-1:2004/A1:2008 oo o o o]
tembers Graups
Number of the member must be
assigned to the appropriate name Murmber: 1 v New
of Member type. Basic data
Bar list: 1
Il Itis very important when Mame: Belka stezona Parameters
verifying different member types C. Group: v Member type:  Klas 12mtop |
See ] [_Heb |
& Calculations -EN 1995-1:2004/A1:2008 =R X
. Werification options
In the CALCULATIONS dialog set the .
L 9 @ Member verification: Tl 11016
following:
-> Verification options - list of verified members, ) Code group verficatior:
-> L_oa_ds cases - list of chosen loads © Code group desiar:
oot state iz
->Configuration. Optimization e
Loads Linvit ztate
C. ; 2 i
s Ultimate
Calculation archive ) .
[7] Save calculation results | Zaieazily
l (0] l [Configuration] [ Calculations l l Help
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Before doing calculations you have to remember to specify appropriate duration for loads

in the CALCULATIONS dialog:
- click [Configuration] button
- in CONFIGURATION dialog press [Load case classification - duration] button

@@ Configuration

Calculation points

Mumber of points: 3
[ Characteristic points

Calculation parameters

Efficiency ratio: 1.00

Mawimum slenderness: 210,00

Components of complex bars are
niot kaken into account

[ Calculations: fire impact

|A| ﬂj Load Case Classification - Duration ﬁ
0K Case list:

T ok,
Murnber Narne Class Murnber  Name

u arcel

5 3 hierzutowane |E | _
-» 8 wypadkowe obc —
4 1 [ 4 1 + Help

l Load case classification - duration l

’ Exclude intemnal farces fram calculations ]

Units of results
() Code @ Robot
Camber

m Take the deflections fram the
following case into consideration:

1 o whasny

Load class according to duration:

&

3

_ 1. Permanent
2. Long-term
M edium-term

- in LOAD CASE CLASSIFICATION-DURATION dialog, assign “Load class according to duration”

from selection list to the number of case list; for this particular example 4

th «

short-term” load case

was selected and LOAD CASE CLASSIFICATION-DURATION dialog after the introduced changes

looks as follows:

E Load Case Classification - Duration

[S528

Caze list:

Murmber

4|

Mame

L

o~ e

MHumber
4 4
4 5
4 g

-

Mame
wiatr

3 nierzuhl; |
wpadke—

3 Help

Cancel

Load class according to duration:

1. Permanent

4

Follow up with the calculations now - press the Calculations button in the CALCULATIONS dialog.

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

gf EN 1995-1:2004/A1:2008 - Member Verification { ULS ) 1to6 11to16 = | B S|
Results | Messages [ CaleMote | [ Close |
Member Material Lay Laz Ratio Case
1 Belka St@ZUI.'Iﬂ BALK 75x200 ci16 2314 | 2217 0.89 | & wypadkowe obc Ratio
2 Belka obc. gora BALK 75x200 ci16 2314 | 2217 0.89 | & wypadkowe obc
3 Belka wolnopodp BALK 75x200 ci16 2314 | 2217 0.89 | & wypadkowe obc Map
4 Belka stezona BALK 75x200 ci16 2314 | 2217 0.89 | & wypadkowe obc Bl st
5 Belka obc. gora BALK 75x200 C16 83.14 46159 0.89 | & wypadkowe obc Division: h=3
§ Belka wolnopodp BALK 75x200 ci16 2314 | 2217 0.85 | & wypadkowe obc Extremes: none
11 klasyczna stezona BALK 75x200 C16 12124 32332 1.89 | 8 wypadkowe obc Additional  none
12 klas obc. gorg BALK 75x200 ci16 121.24 | 32332 1.89 | & wypadkowe obc
13 klasycz obedot BALK 75x200 ci16 121.24 | 32332 1.89 | & wypadkowe obc
14 uproszcz stgZzona BALK 75x200 ci16 121.24 | 32332 1.89 | & wypadkowe obc
15 Belka obc. gorg BALK 75x200 ci16 121.24 4519 1.89 | & wypadkowe obc
16 uproszcz obedol BALK 75x200 ci16 121.24 | 32332 1.89 | & wypadkowe obc
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Pressing the line with results for the member 1 opens the RESULTS dialog with detailed results
for the analyzed member. The views of the RESULTS dialogs are presented below.

Simplified results tab

& RESULTS - Code - EN 1995-1:2004/A1:2008

5

Bar 1 Belka stezona
Paint / Coordinate: 2/%=0580L=240m
BALE. 75200 v Load caze: 8 wupadkowe obc

Simplified results | Detaled results

Section OK,

LChange

CALCULATION STRESEES ALLDWABLE STRESSES

Sig_my.d=313/500.00 = 6.35 MPa
Sig_m.z.d=1.07/187.49 = 5. B8 MPa

fmyd=11.08 MPa
fmzd=1272MPa

FACTORS AMD ADDITIOMAL PARAMETERS

RESULTS

Sig_m . d/(keritt my.d) = 6.38/01.00°11.08) = 058 < 1.00 [5.33)

km=0.70 kh=1.15 kmod = 0.90 Kaps =1.00
LATERAL BUCKLING
lef=1.48m Lambda_rel m = 0.48
Sig_or = 70.43 MPa k it =1.00
BUCKLING BUCKLING Z

Sig_rnp.d/froy.d + kreSig_m.z d/f mzd =6.38/11.08 + 0.70F5.68/1272 = 083 <1.00 [611)

Detailed results tab

E@ RESULTS - Code - EN 1995-1:2004/A1:2008

z
Section OF.
Tz 1 Bokasicms
Faint / Coordinate: 2/%=0580L=240m
BALK. 75200 v Load case: & wypadkowe obc
Simpliied results | Detailed results LChange
Symbol Value Unit Symbol description Section -
Sig_m,z,d 568 MPa Left edge normal stress due to Mz [6.1.6]
fmyd 11.08 MPa Allowable normal stress from bending [6.1.6]
fmzd 1272 MPa Allowable normal stress from bending [6.1.6] [ Forces ]
Factors and additional parameters Dietailed
kh 115 Scale coefficient [3.2/3.3/3 4]
kh_y 1.00 Scale coefficient [3.2/3.3/3 4]
kh_z 115 Scale coefficient [3.2/3.3/3.4]
ki 1.00 Reduction factor depending on member length [3.4.(4)] Calo Mot
alc. Mote
kmod 0.90 Modification factor depending on time of load action [3.1.3] =
km 0.70 Interaction factor due to bending [6.1.6.(2)]
Ksys 1.00 System coefficient [6.7]
Parameters of lateral buckling analysis
Method of critical stress determination - Classic - formula (6.31)
lef 1.48 m Lateral buckling length [6.3.3]
Sig_cr 70.43 MPa Critical stress ( lateral buckling ) [6.3.3]
Lambda_rel 0.48 Relative slenderness (lateral buckling) [6.3.3.(2)] =
k crit 1.00 Lateral buckling factor [6.3.3.(4)]
Ratio:

Delta I 0.89 I I Ratio between normal and allowable stresses I Section OK
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Pressing the Calc.Note button in “RESULTS -Code” dialog 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.

RESULTS:

a) In the first step, BALK75x200 section was considered. The results are presented below.

TIMBER STRUCTURE CALCULATIONS

CODE: EN 1995-1:2004/A1:2008
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 Belka stgzona POINT: 2 COORDINATE: x=0.50L=2.40m

LOADS:
Governing Load Case: 8 wypadkowe obc

MATERIAL Cl6
gM =1.30
fv,k=1.80 MPa

E 0,05 = 5400.00 MPa

3

fm,0,k =16.00 MPa
1,90,k =0.50 MPa
G moyen = 500.00 MPa

ft,0,k =10.00 MPa
£¢,90,k=2.20 MPa
Service class: 1

fc,0k =17.00 MPa
E 0,moyen = 8000.00 MPa
Beta ¢ = 1.00

SECTION PARAMETERS: BALK 75x200

ht=20.0 cm

bf=7.5 cm Ay=40.91 cm2 Az=109.09 cm2 Ax=150.00 cm2
tw=3.8 cm Iy=5000.00 cm4 1z=703.10 cm4 [x=2148.0 cm4
tf=3.8 cm Wely=500.00 cm3 Welz=187.49 cm3

STRESSES ALLOWABLE STRESSES

Sig_m,y,d = MY/Wy= 3.19/500.00 = 6.38 MPa
Sig_m,z,d = MZ/Wz= 1.07/187.49 = 5.68 MPa

fm,y,d=11.08 MPa
fm,z,d=12.72 MPa

Factors and additional parameters

Ksys =1.00

km = 0.70 kh=1.15 kmod =0.90
Al

; LATERAL BUCKLING PARAMETERS:
lef=1.48 m Lambda rel m = 0.48

Sig cr=70.43 MPa k crit=1.00

BUCKLING PARAMETERS:

X

About Y axis:

X

About Z axis:

VERIFICATION FORMULAS:

Sig_m,y,d/f m,y,d + km*Sig_m,z,d/f m,z,d = 6.38/11.08 + 0.70*5.68/12.72 = 0.89 <1.00 (6.11)
Sig_m,y,d/(kerit*f m,y,d) = 6.38/(1.00%11.08) = 0.58 < 1.00 (6.33)

Section OK !11
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b) For economical reasons try to check the other, e.g. lighter BALK section.

While still in RESULTS- CODE dialog, type BALK only in the selection list and select

the new section in the editable field, e.g. BALK 63x225. Press ENTER.

Calculations and results are refreshed instantly.

@ RESULTS - Code - EM 1995-1:2004/A1:2008

I}
g

Bar.

Paint # Coordinate:
Load cage:

5

[ BALK, 50x115
BALK, 50x125 s

Incorrect section

1 Belka stezona

2/%=050L=240m
8 wypadkowe obc

Lo

Change

BALK 50x140 5
BALK 50150
BALK 50x160
BALK 50x175
BALK 50:200
BALK 50x225
BALK 50:250
BALK £3¢140
BALK E34150
BALK E3¢160
BALK E34175
BALK £3:200
BALK E3:225 AL PARAMETERS
BALK E3:250 125
BALK. 75150

BALK 75¢160
BALK 75173
BALK 75:200
BALK 75¢225
BALK 75,250
BALK 100:200
BALK 100:225
BALK 100:250

£.29 MPa
5.57 MPa

lef=128m

RESULTS

kmod = 0,90

Sig_cr =68.56 MPa

ALLDWABLE STRESSES

fmyd=1201 MPa
fm.zd=1380MPa

Kayz=1.00

Lambda_rel m = 0.48
k crit = 1.00

BUCKLING 2

Sig_mydf my.d + kimeSig_mzd/fmzd= 38291200 + 070F25571380 = 448 > 1.00 (5.11)
Sig_m.p.dAkeritt my.d) = 382941 001201 = 319> 1.00 (5.33)

Forces

Detailed

Calc. Mote

o
-~

Help

£ RESULTS - Code - EN 1995-1:2004/A1:2008

i

0

=

Bar

LIS

Pairt / Coordinate:
Load case:

Simplified results | Detailed results

Section OK

1 Belka stezona

2/9=0580L=240m
8 wypadkowe obc

’

LChange

CALCULATION STRESSES

Sig_my.d = 3.19/531.56 = 6.00 MPa
Sig_m.z2.d =1.07/148.83 =716 MPa

FACTORS AMD ADDITIONAL PARAMETERS

km=0.70 kh=1.19 krmod = 0,90

LATERAL BUCKLING

|e.f =153m
Sig_cr= 4437 MPa

BUCKLING v

RESULTS

ALLDWABLE STRESSES

froyd=11.08 MPa
Frizd=1318MPa

Kaps =1.00

Lambda_rel m = 0.60
k crit =1.00

BUCKLING 2

kri“Sig_m.p.d/f my.d + Sig_m.z.d/f mzd = 0706001108 + 2161218 = 0,92 <1.00 (B.12)
Sig_m.y.d/ ket m.y.d] = B.00/1 00-11.08) = 054 < 1.00 (5.33)

Detaled

Help

The results for the newly selected section are presented below.
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TIMBER STRUCTURE CALCULATIONS for BALK 63x225

CODE: EN 1995-1:2004/A1:2008
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 Belka stgzona POINT: 2 COORDINATE: x=0.50L=240m
LOADS:

Governing Load Case: 8 wypa dkowe obc

MATERIAL Cl6

gM =130 fm,0,k =16.00 MPa 1,0,k =10.00 MPa fc,0,k =17.00 MPa
fv,k=1.80 MPa 11,90,k = 0.50 MPa £¢,90,k =2.20 MPa E 0,moyen = 8000.00 MPa
E 0,05 =5400.00 MPa G moyen = 500.00 MPa Service class: 1 Beta c=1.00
z
#
SECTION PARAMETERS: BALK 63x225

ht=22.5 cm
bf=6.3 cm Ay=31.02 cm2 Az=110.78 cm2 Ax=141.80 cm2
tw=3.1 cm Iy=5980.10 cm4 1z=468.80 cm4 Ix=1544.5 cm4
tf=3.1 cm Wely=531.56 cm3 Welz=148.83 cm3
STRESSES ALLOWABLE STRESSES
Sig_m,y,d = MY/Wy=3.19/531.56 = 6.00 MPa fm,y,d=11.08 MPa
Sig_m,z,d = MZ/Wz=1.07/148.83 = 7.16 Mpa fm,z,d=13.18 MPa
Factors and additional parameters
km=0.70 kh=1.19 kmod = 0.90 Ksys = 1.00

Ll

: LATERAL BUCKLING PARAMETERS:
lef=1.53 m Lambda_rel m = 0.60
Sig_cr =44.37 MPa k crit=1.00

BUCKLING PARAMETERS:
X About Y axis: x About Z axis:

VERIFICATION FORMULAS:
km*Sig_m,y,d/f my,d + Sig_m,z,d/f m,zd = 0.70%6.00/11.08 + 7.16/13.18 = 0.92 <1.00 (6.12)
Sig_m,y,d/(kerit*f m,y,d) = 6.00/(1.00%11.08) = 0.54 < 1.00 (6.33)

Section OK !

COMPARISON for member n° 1 ( BALK 75x200):

verification parameters, interaction expression Robot Handbook

L - beam length [m] 4,8 4,8
Leff - effective length of the beam (Table 6.1, EC5)) [m] 1,48 1,48
o m,cr = f ( Leff ) - critical bending stress [MPa] 70,43 70,43
om,y,d - design bending stress due to My [MPa] 6,382 6,39
o m,z,d - design bending stress due to Mz [MPa] 5,68 5,68

fm,y,d - design bending strength due to My [MPa] 11,08 11,08

fm,z,d - design bending strength due to Mz [MPa] 12,72 12,74

ratio (6.11) > om,y,d /fm,y,d + km* o m,zdfmzd = 0,889 0,89

CONCLUSIONS:

Agreement of results.
The small differences are caused by different accuracy of parameters in calculations.
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VERIFICATION PROBLEM 2
combined compression and bending about one ma

in axis

Example based on “Practical design of timber structures to Eurocode 5”
Hans Larsen and Vahik Enjily
File: EX_5_2p140_Nc_My.rtd

TITLE:
Example 5.2 - Solid Shape Subjected to Combined Compression and Bending About One

SPECIFICATION:

Main Axis

Verify if a simply supported rectangular columns of C16 with planed cross-section 44x145mm have
sufficient available strength to support a permanent concentric compression load Fz = 12 kN and

uniformly distributed lateral wind load inducing a design moment My = 1,5 kNm at mid-spa

n about

the strong axis. The unbraced length is 2,4m and Service Class 2. There are different types of

buckling parameters for columns.

: ) ] - - | B S|
% Autodesk Robot Structural Analysis Professional 2011 Dvip- - Project: ex5_2pl140 Nc_My_v3418en - Results (FEM): available n an a\ [3 o 9
File Edit View Geometry Loads Analysis Results Design Tools Add-Ins Window Help
@I %&@@-X%I A EHE G @\@¥ bR %2 & [E @rmeo v -
2
2 ? - @ [E e w2 - LMEEE et L, A A SR e o
FZ=-12.00 ~ian [EE]
FZ=-12.00 FRony I £a
S—
FZ=-12.00
FZ=-12.00 E
FZ=-12.00 @
FZ=-12.00
p
pE=2.08 F
@ Calculations -EN 1995-1:2004/A1:2008 ‘Dil
Verification options 3
@) Member verification: ta? List 3 N
@ Definitions -EN 1995-1:2004/A1:2008 L= =5 )
() Code group verification m—|
embers | Groups
) Code group design:
ptimization Basic deta L4
Loads Limit state
c o3 _ Bar list: 1
356, o -lst
! ! Ultirate Hame e
Calculation archive [ Serviceabil
[T Save caleulation results erviceabilty C. Group: w Membertype:  Shupdcstezz =
[ ak. ] [Cunliguratim] [Ca\cu\al\uns] [ Help ]
= PROST_44x145
L 1am
¥ Lo
g Cases: lto3
D 0,00 -
CHOEELEECCD] « [ m | F EEEE
View
Vi ¥? B8 3& @ Results (FEM): available 19 Aog 1PE 100 1 x=7,98: y=0,00: z=4,08 = 0,00 [mn] [kN] [Deg]
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SOLUTION:

After having defined and calculated the structure model, go to [Timber Design] tab.

In DEFINITIONS dialog, define a new type of member. It can be set in Member type combo-box.

Pre-defined type of member, e.g. “timber column” may be initially opened.

For the selected member type, press the Parameters button on Members tab.

9 Definitions -EN 1995-1:2004/A1:2008 =HECAL X
Members | Groups
Mumber: 1 - Mew
Basic data
Bar list: 1
pome o
C. Group: w Member type: LT :
Timber Member
Timber Column
5ave  Timber Eeam

Shup drewniany

The MEMBER DEFINITION-PARAMETERS dialog opens.

g Member Definition - Parameters - EN 1995-1:2004/A1:2008

tember type: Timber Colurmn

Buckling [ axis) Buckling [Z axis)
Member length ly: Member length |z:
JBed S
@ Coefficient @ Coefficient
Buckling length coefficient " Buckling length coefficient £:

Lateral buckling parameters

Lateral buckling length coeff.
Lat. buckling tupe: S

[ Upper flange ] [ Lower flange ]

Load level: d=la d= la

. ["] Double sections treated as solid

Method of critical stress determination - £.3.3
@) Clazzic - formula [B.31]

~) For zoft timber - formula [6.32]

-
4

Service class:

Save

Close

Service
Hore...

Othker ..

L

Fire

MNote

Help

Type a new name in the Member type editable field. Next, change the parameters to meet the
initial data requirements of a structure, e.g.:

@ Lateral Buckling Type

\ Bearn with
' pinned supparts
Beamn with
fixed supportz
=
Cantilewer

without lateral buckling

March 2012
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= select appropriate Load level icon

59 Load Level &I

= define appropriate load type - press [More...] button; it opens
ADDITIONAL PARAMETERS dialog

g Member Definition - Additional Parameters @

Load parameters

K

Load type: J::;...

Cancel

Sechion parameters

Anetdhgrozs ratio 1.00 Help

Additional conditions for round sections
[7] Unidirectional bending

b

pressing the Load type icon opens a new dialog in which load type can be selected

g Load Type

E Momert at the end
Cancel
Ig Urifarm load
Help

t Concentrated force

o
K [E
J

= define bracings for Lateral buckling and Buckling.

To define Lateral buckling length coefficient for a member, press
Upper/Lower flange button or buckling type icon in [MEMBER DEFINITION-MEMBER]
dialog.

The first method opens LATERAL BUCKLING LENGTH COEFFICIENTS dialog,

&P Lateral Buckling Length Coefficient &J

Id=051lo
Id=|1.00 lo
m Intermediate bracings
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the second opens > BUCKING TYPE DIAGRAMS dialog.

g Buckling Type Diagrams

1.0 U .D' .. . |
ANCE]
X m

[ Complex member Help

| R

Batten type; | packs

Connectian: alued

Batten coordinates:

real @) relative

If you click the last icon Intermediate bracings, the new dialog INTERNAL BRACINGS will appear:

2 Internal bracings @
ZT Lateral buckling-lower flange

< E

Test for member: 3 Nc+My bez wyb z-z

| Buckling v | Buckling 2 | Lateral buckling-upper flangel Lateral bucklinglower flange |
Coordinates of the existing bracings

Automatic detection of bracings

Define manually coordinates of the existing bracings [ &dd bracings at points where adioining elements occur

m " Add bracings at pointz where bending moments equal
- - . zemo
@ real (0 relative

. Bracing detection preview
Basic scheme of a member = P

For member no.: 3 Mo+My bez wiyb 22 -

Buckling coefficients of component segments

5

) [ ]

There are possibilities to define independently bracings for buckling and lateral buckling for
the marked member type in INTERNAL BRACINGS dialog.
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Save the newly-created member type under a new name.
The new MEMBER DEFINITION-PARAMETERS dialog defined for member n °3 verification

looks as follows:

[ @ Member Definition - Parameters - EM 1995-1:2004/A1:2008 @1
Member type: Shup $ostei 22
Buckling [ awiz] Buckling [£ axiz)
Member length ly: Member length |z:
() Beal 100 ) Real o0
(@ Coefficient ~ @ Coefficient ~
Buckling length coefficient v’ Buckling length coefficient 2:
Lateral buckling parameters
Lat, buckiing type: Lateral buckling length coeff.
[ Upper flange ] [ Lower flange ]
Load level: d=lo d=lo
. [] Double sections treated as solid
tethod of critical stress determination - 6.3.3
@ Classic - formula [6.31]
() For zoft timber - farmula [6.32]
Service class: 2 -
" @ Definitions -EN 1995-1:2004/A1:2008 [E=REE )
The Number of the member must be 5 Definitions A=
assigned to appropriate name Members |—|[,-r,quJS
of Member type
Humber: 3 - Mew
- itis very important when B3I data
verifying different member types Bar list: 3
Marne: MWe+y bez wob z-2
L. Group: wltdember type:  Stupdcstgiz -
T
£f Calculations -EMN 1995-1:2004/41:2008 =RACIAL X
In CALCULATIONS dialog, set the following: walizaion ol _
-> Verification options - list of verified members ©® Member verification: Tto?
-> Loads cases - list of chosen loads . o -
. () Code group verfication:
-> Limit state
-> Configuration. () Cade group desigr:
Optirnization [ Olptiors ]
Loads Lirnit state
Cazes Tta3 List .
[&] U timnate:
Calculation archive ] Servicsabil
. - I
[ Save calculation results ariEelly
[ k. ] [ Canfiguration ] [ Calculationz l [ Help

March 2012

page 84 /88




Autodesk Robot Structural Analysis - Verification Manual for EU Codes

Before you verify the member, you have to specify appropriate duration for loads

in CALCULATIONS dialog:

- click [Configuration] button

- in CONFIGURATION dialog, press [Load case classification - duration] button

niot taken into account

|| Calculations: fire impact

l Load caze classification - duration l

’ Exclude internal farces from calculations ]

Units of resulte

) Code @ Robot
Camber
B Take the deflections from the

following caze into consideration:
15741

&9 Configuration |A| E Load Case Classification - Duration ﬁ
Calculation points oK, Case list:
Mumber of paints: 3 = oK
Hurber Name Class Mumber  Mame
[ Characteristic points 12 ST":J
wiatr
Calculation parameters
E fficiency ratio: 1.00 .
< 1 ] + 1| [l + Help
Manimum slendermess: 210,00
C i b Load class according to duration:
omponents of complex bars are

2. Long-term
3 Mediurn-term
4. Short-term
5. Instantaneous

- in LOAD CASE CLASSIFICATION-DURATION dialog, assign “Load class according to duration”
from combo box list to the number of the case list; in this particular example, the first “permanent”
and the fifth “instantaneous” load case were selected and LOAD CASE CLASSIFICATION-

DURATION dialog after the introduced changes looks as follows:

\E Load Case Classification - Duration

=

-~ e

4 1 | +

m

Caze list:
Mumber Mame Class Mumber ~ Mame aK.
1 1 S5TA1
Cancel
s

3 Help

Load clazs according to duration:

1. Permanent

4

Start verification by pressing Calculations button in CALCULATIONS dialog.

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

[ EN 1995-1:2004/A1:2008 - Member Verification ( ULS } 1to7 o5 |
W [ Cale. MNate ] [ Close ]
Member Section Mate rial Lay Laz Ratio Case
1 N PROST 44x145| C16 5734 | 18885 0.35 1 5TA1 )
2 My PROST 42x125| C18 c73s| 18885| o079 2 wiatr i
3 Nc+My bez wyb z-z || PROST 44x145| C18 57.34| 18895 0.91 3 KOMB1 [ Analysis ] [ tap ]
4 bez zwich ]| PrROST_44x145| ci18 s734| og44m 093] 3KOMB1 Caleuation points
5 NeMy wyb+zw |€3] PROST 44x145] 18 5734 | 9448 105| 3 KOMB1 T -
6 Nc PROST_44x145 c16 5734 | 18895 289 1 5TA1 Extremes: nane
7 NosMy wyb + zw | PROST_44x145 C18 57.34 4724 0.91 3 KOMB1 Additional: none
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Pressing the line with the result for any member opens the RESULTS dialog with more detailed results
for the analyzed member. The views of the RESULTS dialogs, e.g. for the third member, are
presented below.

Simplified results tab

g8 RESULTS - Code - EN 1995-1:2004/A1:2008 = | 5 )
z
M Section OK.
= Bar: 3 Moy bez wyb z-2
Paint / Coordinate: 2/%=080L=120m
FROST_44:145 - Load case: IKOMBT (1+211.00
Simplified results | D etailed results Change
CALCULATION STRESSES ALLOWABLE STRESSES
Sig_c.0.d = 12.00/63.80 = 1.88 MPa fe.0d=1438MPa
Sig_m..d = 1.50/154.18 = 973 MPa fmpd=1363MPa
FACTORS AND ADDITIONAL PARAMETERS
km =070 kh=1.28 kmod =1.10 Kays=1.00
g
LATERAL BUCKLING
[T, lef =245 m Lambda_relm = 0.88
! Sig_cr = 20.79 MPa k crit = 0.90
BUCKLING v BUCKLING Z
Lv'=240m Lambda_rel v =1.02
LFY =240m ky=1.10
- LambdaY =57.34 key =067
RESULTS
Sig_c.0.d/(ke.yf c.0.d] + Sig_m.p.d/f myp.d = 1.88/06714.38) + 9731363 = 091 <1.00 (.23
Sig_m,y.d/ ket my.d) = 973/0.9013.63) = 079 < 1.00 [6.33)
Detailed results tab
&8 RESULTS - Code - EMN 1995-1:2004/A1:2008
z
Section OF.
* Bar: 3 Ne+My bez wyb z-2
Faint # Coordinate: 2/w=0580L=120m
PROST_44x145 - Load case: TKOMBT [1+2)41.00
Simplified results | Detailed results LChange
Symbol Value Unit Symbol description Section -
km 070 Interaction factor due to bending [6.1.6.(2)]
Ksys 1.00 System coefficient 6.7
F
Buckling parameters ﬂ]
About the Y axis of cross-section
LY 2.40 m Member length [6.3.2]
LFY 2.40 m Buckling length [6.3.2]
Lambda " 57.34 Member slenderness [6.3.2]
Sig c,crit,y 16.21 MPa Critical stress ( buckling ) [6.3.2.(1)]
Mo
Lambda_rel 1.02 Relative slenderness (buckling) [6.3.2.(1})]
ky 1.10 Slenderness factor [6.3.2.(3)] [ Farameters ]
key 0.67 Reduction factor due to compression [6.3.2.(3)]
Parameters of lateral buckling analysis
Method of critical stress determination - Classic - formula (6.31)
lef 245 m Lateral buckling length [6.3.3]
Sig_cr 2079 MPa Critical stress ( lateral buckling ) [6.3.3]
Lambda_rel 0.88 Relative slenderness (lateral buckling) [6.3.3.(2)]
k crit 0.50 Lateral buckling factor [6.3.3.(4}] =
Ratio:
Delta I 0.91 I I Ratio between normal and allowable stresses I Section OK -
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If you press the Calc.Note button in “RESULTS - Code” dialog, the printout note opens 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.

RESULTS:

TIMBER STRUCTURE CALCULATIONS

CODE: EN 1995-1:2004/A1:2008
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 3 Nc+My bez wyb z-z POINT: 2 COORDINATE: x=0.50L=1.20m

LOADS:
Governing Load Case: 3 KOMBI1 (1+2)*1.00

MATERIAL Cl16

gM=1.30 fm,0,k =16.00 MPa ft,0,k =10.00 MPa fc,0k =17.00 MPa
fv,k=1.80 MPa 1,90,k =0.50 MPa fc,90,k =2.20 MPa E 0,moyen = 8000.00 MPa
E 0,05 =5400.00 MPa G moyen = 500.00 MPa  Service class: 2 Betac=0.20

‘- SECTION PARAMETERS: PROST_44x145

ht=14.5 cm
bf=4.4 cm Ay=14.85 cm2 Az=48.95 cm2 Ax=63.80 cm2
tw=2.2 cm Iy=1117.83 cm4 1z=102.93 cm4 Ix=333.0 cm4
tf=2.2 cm Wely=154.18 cm3 Welz=46.79 cm3
STRESSES ALLOWABLE STRESSES
Sig ¢,0,d = N/Ax = 12.00/63.80 = 1.88 MPa fc,0,d =14.38 MPa
Sig m,y,d =MY/Wy=1.50/154.18 =9.73 MPa fm,y,d =13.63 MPa
Factors and additional parameters
km = 0.70 kh=1.28 kmod =1.10 Ksys =1.00
Al
: LATERAL BUCKLING PARAMETERS:
lef=2.45m Lambda rel m = 0.88
Sig cr=20.79 MPa k crit=10.90
BUCKLING PARAMETERS:
I
12 | About Y axis: x About Z axis:
LY =2.40m LambdaY =57.34
Lambda rel Y =1.02 ky =1.10
LFY =2.40m key =0.67

VERIFICATION FORMULAS:
Sig_c,0,d/(ke,y*f ¢,0,d) + Sig_m,y,d/f m,y,d = 1.88/(0.67%14.38) + 9.73/13.63 = 0.91 <1.00 (6.23)
Sig_m,y,d/(kerit*f m,y,d) = 9.73/(0.90%13.63) = 0.79 < 1.00 (6.33)

Section OK !11
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COMPARISON:

e.g. formember n°3 - for the axial load Nc and My moment

verifications parameters, interaction expression Robot Handbook

AY - member slenderness 57,34 57,3
ky - slenderness factor 1,097 1,097
key - reduction factor due to compression 0,671 0,671
k mod 1 ,1 1 ,1
fc,0,d - design compression strength [MPa] 14,38 14,38
fm,y,d - design bending strength due to My [MPa] 13,63 13,54
0 c,0,d - design compression stress [MPa] 1,88 1,88
o m,y,d -design bending stress due to My [MPa] 9,73 9,73
ratio from (6.23)

2> o0c,0,d/ (ke *fc,0d)+omyd/fmyd = 091 0,91

CONCLUSIONS:

Total agreement of results.
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