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INTRODUCTION

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

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 Professional (signed further
as “Robot”).

Each example contains the following parts:
- title of the problem
- specification of the problem
- Robot solution of the problem
- outputs with calculation results and calculation notes
- comparison between Robot results and exact solution

- conclusions.
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STEEL
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1. BS 5950-Part 1:1985

March 2014 page 3/29



Autodesk Robot Structural Analysis Professional - Verification Manual for British Codes

VERIFICATION EXAMPLE 1
- Column example (Welded box)

Example taken from STEEL DESIGNERS MANUAL,
Editors: Graham W. Owners and Peter R. Knowles, Fifth edition.
TITLE:
Column example. Welded box. See page 399.

SPECIFICATION:
semm R Check the ability of a 960 mm square box column fabricated from 30
o mm thick grade 50 plate to withstand an axial compressive load of
E mm
EI: J"H_ E 22000 kN over an unsupported height of 15 m assuming that both
oo ends are held in position but are provided with no restraint in
' direction. Design to BS 5950: Part1.
SOLUTION:

Ascribe pre-defined type of member COLUMN with appropriate set of code parameters for the
analysed member. It could be done in DEFINITIONS dialog box on the MEMBERS tab.

¥~ #Definitions - BS5950 = B2 FiMember Definition - Parameters - BS5950
Members | Groupsl Member type: | Column ‘ Save
~Buckling [¥ 2] ~ Buckling 2 avie) Closs
Mumber: |1 'l Hew | . Mermber length by . Mernber length =
Beal Real
" B .00 = 1.00
Basic data ' Cosflicient ' Cosflicient Service |
Bar list 1 Buckling length coefficient . || Buckling length coefficient 2. More.,
— = it |
Neme: _Barameers | 2 b
ol = ~Lateral bucking
C. Graup: j' Mernber bipe: I olumn :I (L= el s Lateral buckling cosfficient
Wzl | | iz i
Save | Help | = lo Id = la Help |

In the CALCULATIONS dialog box, 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.

optior

(" Member verfication: 1 List
" Code group veification: List
" Code gioup design: List
= | Gtirfeatior Options

i~ Load: Limit stat

Load gase list 1 ¥ Ulimate

Load case selection | I~ Serviceabiliy

k| Corfiguration | [{ Ealcuiafions |

Hebp |

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

¥ 2B55950 - Member Verification { ULS ) 1 M=
Resuls | Messages | ColeNote | [ Cloce |
Member Section | Material | Lay | Laz | Ratio | case | Help
1 | RECT 96xg6a | STEEL 50-340] 3040|3040  oss 1ou1 |

Ratio
Analysis

Calculation point:

Division, n=3
Extremes: none
Additional none
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The view of the RESULTS window is presented below. Moreover the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

FERESULTS - Cade - B55950 1B I3 | RESULTS - Code - 553950 M=
Wil Section 0K ] gl Section K |
cction : : ection L 2
Point ¢ Coordnale: ~ 1/%=000L=000m Point / Coordinale: ~ 1/#=000L=000m
RECT_ 3643613 11| Lo e LTS RECT_36+36:3 o [ 0609
Sipliied t2:uts | Detaied rosuls | Efienc: Simplfied esults  Detalled resuls | [hanne
~FORCH -
Fe = 22000.00 kN Symbol | aes | uni Symhol desoriion Sacti
Pc=30231.32 kN Cross-section prapertics: RECT_96x96x5
Sec_class = Slender ) x 115000 Forees
LATERAL BUCKL Ay 556,000
Az 555,000
J 2413071.000
[ 1610388.000
~BUCKLING BUCKLING Z z Teioma
Ly=1500m pey = 129753 MPa Lz=1500m pez = 129753 MPa 2
“ Lep=1500m  Fly=82312MPa Lez=1500m  Flz=82312MPa Cale. Note Zy 548,750 Cale Note
Liy=3349 poy = 22984 MPa 0| Laz-3949 pez = 22984 MPa = 2849750
ny =008 Poy = 2585066 kN nz =008 Pz = 25850 66 kN 0 %00
- RESULT = =00
Fo/Poi - 22000.00/25650.66 = 0.86 < 1.00 (47.4] L 200
T 500
ry 3799
Help = Cr =l Help

STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 POINT: 1 COORDINATE: x=0.00L=0.00m
LOADS:
Governing Load Case: 1DL1
MATERIAL.:
STEEL 50-340  py =270.89 MPa

Z
H

SECTION PARAMETERS: RECT_96x96x3

D=96.00 cm
B=96.00 cm Ay=558.000 cm2 Az=558.000 cm2 Ax=1116.000 cm2
t=3.00 cm ly=1610388.000 cm4 12=1610388.000 cm4 J=2413071.000 cm4
T=3.00 cm Zy=33549.750 cm3 Z7=33549.750 cm3

INTERNAL FORCES AND CAPACITIES:
Fc = 22000.00 kN

Pc = 30231.32 kN

Sec_class = Slender

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 About Y axis: 1-1'3 About Z axis:
Ly =15.00 m pey = 1297.59 MPa Lz=15.00m
Ley =15.00 m Fly = 823.12 MPa Lez =15.00 m
LAy =39.49 pcy = 229.84 MPa LAz =39.49
ny =0.08 Pcy = 25650.66 kN nz =0.08

pez = 1297.59 MPa
Flz = 823.12 MPa
pcz = 229.84 MPa
Pcz = 25650.66 kN

VERIFICATION FORMULAS:
Fc/Pci = 22000.00/25650.66 = 0.86 < 1.00 (4.7.4)

Section OK !11
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COMPARISON:

Resistance, interaction expression

Robot

Handbook

1. Compression resistance Pcy

25650.66

25700.00

March 2014
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VERIFICATION EXAMPLE 2
- Beam/Column example (Rolled universal column)

TITLE:

Example taken from STEEL DESIGNERS MANUAL,
Editors: Graham W. Owners and Peter R. Knowles, Fifth edition.

Beam-Column example. Rolled universal column. See page 519.

SPECIFICATION:

Aem

SOLUTION:

Select the suitable UC in grade 43 steel to carry safely a combination of 940 kN in
direct compression and a moment about the minor axis of 16 kKNm over an
unsupported height of 3.6 m. Problem is one of uniaxial bending producing failure by
buckling about the minor axis. Since no information is given on distribution of applied
moments make conservative assumption of uniform moment ($=1.0).
203x203x60 UC - member capacities suggest Pcy of approximately 1400 kN will
provide correct sort of margin to carry the moment.

FZ=-940.00

3.80

A myd

116.00 |

FZ=940.00 o

Cases: 1(DL1)
£{Y 2 KRN
x |4 KN
n].n) =

m

Try

For the analysed member, the pre-defined type of member COLUMN with appropriate set of code
parameters was ascribed. It could be done in DEFINITIONS dialog box on the MEMBERS tab.

¢_2Definitions - BS5950

hMembers | Grgupsl

Humber;

I Mew |

Bagzic data

Bar list:

Marmne:

C. Group: I 'I Mernber bppe: IEDIumn YI

|1—
I Parameters |

Ok |

Help |

¥4 Member Definition - Parameters - BS5950
| tember type: ICo\umn | Save |
— Buckling [ axiz) Buckling [£ axis) Cloze |
tdember length ly: tdember length Iz
" Real " Real
- 1.00 = |1,DD .
o+ Coefficient & Coefficient Service |
Buckling length coefficient v Buckling length coefficient Z: Ware.
— Lateral buckling p
Lat. buckling type: Lateral buckling cosfficient
pperfatae | Lawerfarae |
ld=lo Id=lo Help |

In the CALCULATIONS dialog box, 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.

March 2014
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Calculations - BS5350 [==[=]

— Werification option:

(+ Member verification: 1 List I
" Code group verification: List I
1~ Code group design List I

I Gntitzation Options
i~ Load: Limit stat
Load case list: 1 [v Ultimate:
Load case selection | [ Semviceabilty
Ok | Configuration | Help |

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

55950 - Member Yerifical

n { ULS ) 1 Hi=]E3

Resultz | Messagesl Cale. Mote | Lloze I
Member Section Material Lay Laz Ratio Case Help |
1 @IUC 203x203x60 | STEEL 43-275 40.21 B9.25 0.96 1 DL .
Ratio
’7 Analyzis ‘
Calculation pointe——————
Division: n=3
Extremes: none
Additionat  none

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

F_2RESULTS - Code - BS5950 [EE] F_ZRESULTS - Code - BS5950 M=

TR w1
Section 0K I—I Section 0K = =
awe | gy PRI |

Poirt / Coordinate: ~ 1/%=0.00L=000m Point / Coordinale: ~ 1/x=000L=000m

UL 203203560 > Losd case 1oLt UC 2034203460 - [ 10U
Simplfied r2suls | Detaied resuls | Lhenge Sinplfied esus - Detaled resuls | ﬂl

x|

Frnicam 00 kN Mz = 16.00 KN*m Symbol | Welues [ unit Symiaol description | section -
Pe=2101.00kN Mez = 66.42 KN'm Cross-section properties: UC 203x203x60
Mez = 5535 ki'm
Seo_class = Plastic mz=1.00 Forces a0 76a00] om2 | Crose-section ares Em=
LATERAL BUCKLING &y 55447 om2 | Shoar arca along the -axis
oz 19702] _omz _|Shear srea slongthe Zawis
J 47.200 cmd Torsional constart
T T M 5125.000] _cmé__|Moment of inertis of = section about e v-ands
Ly=960m oy = 1251 59 MPa T oz = 471 9 WP iz 2065.000]_comd | Moment of inertia at & section about the Z-axis
Ley=360m Fly = 81378 MPa . gy e Nae Sy B56.000] om3 | Plastic section modulus ohout the ¥ (major) axis o o
ny =008 Py = 190861 kN nz=024 Pez=1395.78 kN o 2086]  em _|Helot of eross-seetion
esiT B 2058] _om | Widih of cross.section
FesPe + Mz/Mcz = 940.00/2101.00 + 16.00/86.42 = 069 < 1.00 (48.3.2) i 142]  om |Flangethiciness
FedPei + [maMz)/Mez = 340,00/1395.78 + [1.00+16.00)/55.35 = 096 < 100 (483.31) t LEL om \ieb thickness
Y 885 om Radius of gyration - V-axis LI

Help Help.
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STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 1

COORDINATE: x=0.00L=0.00m

LOADS:
Governing Load Case: 1DL1

MATERIAL:
STEEL 43-275  py =275.00 MPa

4
i

SECTION PARAMETERS: UC 203x203x60
D=20.96 cm

Ax=76.400 cm2
J=47.200 cm4

B=20.58 cm Ay=58.447 cm2 Az=19.702 cm2
t=0.94 cm ly=6125.000 cm4 12=2065.000 cm4
T=1.42 cm Sy=656.000 cm3 $z=305.000 cm3
INTERNAL FORCES AND CAPACITIES:
Fc = 940.00 kN Mz = 16.00 KN*m
Pc =2101.00 kN Mcz = 66.42 KN*m
Mez = 55.35 kKN*m
Sec_class = Plastic mz = 1.00

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

I

1o | AboutY axis: 19 | About Z axis:
Ly=3.60m pey = 1251.59 MPa Lz=3.60m
Ley =3.60 m Fly = 813.78 MPa Lez=3.60m
LAy =40.21 pcy = 249.82 MPa LAz =69.25
ny = 0.08 Pcy = 1908.61 kN nz=0.29

pez = 421.96 MPa
Flz = 408.93 MPa
pcz = 182.69 MPa
Pcz = 1395.78 kN

VERIFICATION FORMULAS:

Fc/Pc + Mz/Mcz = 940.00/2101.00 + 16.00/66.42 = 0.69 < 1.00 (4.8.3.2)

Fe/Pci + (mz*Mz)/Mez = 940.00/1395.78 + (1.00%16.00)/55.35 = 0.96 < 1.00 (4.8.3.3.1)

Section OK !
COMPARISON:

Resistance, interaction expression Robot Handbook
1. Compression resistance Pcz 1395.78 1387.00
2. Verification formula (4.8.3.3.1) 0.96 0.97

March 2014
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VERIFICATION EXAMPLE 3
- Beam/Column example (Rolled universal column)

TITLE:

Example taken from STEEL DESIGNERS MANUAL,
Editors: Graham W. Owners and Peter R. Knowles, Fifth edition.

Beam-Column example. Rolled universal column. See page 521.

SPECIFICATION:

ST KNm

SEmM

SOLUTION:

Check the suitability of a 533x210x82 UB in grade 50 steel for use as the column

in a portal

frame of clear

height 5.6 m

if the axial

compression

is 160 kN, the moment at the top of the column is 530 kNm and the base is
pinned. The ends of the column are adequately restrained against lateral
displacement (i.e. out of the plane) and rotation.
Loading corresponds to compression and major axis moment distributed as
shown. Check initially over full height.

Define a new type of member. For analysed member pre-defined type of member COLUMN may be
initially opened. Press the Parameters button in DEFINITION-MEMBERS tab, which opens MEMBER
DEFINITION — PARAMETERS dialog box. Type a new name Columnl in the Member Type editable
field. Then, press Lat. Buckling icon and select the first icon (Element loaded symmetrically). Select
the icon Lateral buckling coefficient — Upper flange that opens Effective Length of Beams between
Supports dialog box. Choose third radio-button that set the lateral buckling coefficient to 1.0. Repeat
the previous procedure for the lower flange. For defining automatic way of equivalent uniform moment
factor calculation, press More button. Choose the icon for Factor My and select the second icon (Auto)
in Moment factor m dialog box. Save the newly-created type of member.

»_4Definitions - B55950

tMembers | Grgupsl

MHumber:

O New |

Basic data

Bar list:

Mame;

|1—
I Parameters |

C. Group: I 'l I emnber bpe: IColumrﬂ VI

e | Heb |
¥ iEffective Length for Beams, between Supparts
Conditions at Supports Loading Conditons

Normal Destabiizing

Beam torsionally unrestiained

Compression flange laterally unrestrained C12(s20) | C 141420

Baih flanges free to otate on plan

Beam torsionally unrestained

Compression flange laterally unestrained CA0[L+2D) | 1.4(L+20)

Campression flange anly free to rotate on plan

Beam torsionally restrained

Compression flange laterally restiained + {.0L 2L

Compression flange only free to rotate on plan

Beam torsionaly restrained

Compression flange leterally restrained 085l 0L

Both flangss partiall free to rotate on plan

Beam torsionally restrained

Compression flange Iaterall restained i " ossL

Both flanges not free o rotate on plan

(" Intermediate bracing m
ok | Cancel Help

| Member type: ICDIumn1 ‘ Save |
~ Buckling [t axis] - Buckling (2 axis) Cloge |
Member length l: Member length |z
" Real " Real
oy IW ol = 1.00
(* Coeflicient (* Coeflicient Service |
Buckling length coefficient Buckling length coefficient 2 Mare.
i~ Lateral buckling p
Lat. buckling type: Lateral buckling coefficient
Upper flange: Lower flange:
d=lo Id= la Help |

EMemher Definition - Additional Parameters

— Calculation parameters
Slenderness comection factor

Factarn = |1,DD
n=1.0

E quivalent uniform moment factor

Factor My= [mit1/M2)
Factor Mz= |1,DD

" Seclion parameters

Aestg ratio 1.00

—&dditional conditions for round pipes

[ PFipes - unidirectional bending

bk

oK

Canecel

Help
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In the CALCULATIONS dialog box 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.

T 4Calculations - BS5950 [EIE=]

—Werification option:

@ Merber verficatior: |1 Lis
" Code group verffication: I List
" Code group design; I— List
™| Wptimiestion Optiore:

i~ Load Lirnit stal

Load case list: I 1 Jv | Ultimate
Load case sslection | [ Senviceabiity
ok I Configuiation | {alcuiations | Help |

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

F_4B55950 - Member Verification { ULS ) 1 [_10]

Riesults | Messages | Colo.Mote | [ Dose |
Memharl Section | Material | Lay | Laz |mm | Case I Help |

1 || um s3meonoxse [sTErL sn-3ss]  zesz| 1zsma] x| qon | Rat
tio
Analysis
Calculation points
Division: n=3
Extremes: none
Additional.  none

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

FSRESULTS - Cade - BS5950 [ S ||7 2 RESULTS - Code - BS5950 [=1Ex]
F Tnconect sect b £ e [T
: nearect section | ncartect seelion
e == s RV | 9 ==
Point / Coordnate: ~ 3/x=100L=560m Point / Coordinate. ~ 3/x=1.00L=560m
UB 532210482 - L oad case: 3604 UE 5334210482 - i JEng
Simplfied rosults | Detaed resuls | e Simpified resuts Detaied suls | e
- FORC
O o e — S | vewes | ume Syl desertion [ secon [ =
Po= 372750 kNl TN Cross-cection propertiee: UB 5334210482
oy = m Fuz=-34.64 kN
Sec_class = Compact my =057 Pre = 1080.27 KN B ax 105000] _om2__[Crozs section area Foes
LATERAL BUICKL [ 55123|  om2 | Sheor orea sang the Yemds
n=100 v=031 Lak=10047 FIB = 674.41 ki'm az 50717| _om2 | Shear erea siang ihe Zaxis
2 u=086 Le=560m nit=0.49 Mb = 284,98 kN'm Ll 52540f omd | Torsionsl constant
v 47540.000| _oma__| Momen of inerta o  secion shout the V-axis
- BUCKLING ¥ BUCKLING Z
Ly=560m ooy = 232111 MPa [ nez = 17332 MPa iz 2007000 omd | Moment of inertia of a section sbout the Z-aris
; et o= IR T Ler-seon AR e Sy 2055.000 cm3 | Plastic section modulus sbout the  (mjor) axis e
s Lipa28 oy = HE13 WPa N —— poe = 1390 MPa _I sz 300000 om3 | Plastic section modulus akaut the Z (minar) axis _I
ny=0.02 Pey = 3634.97 kN nz = 0.40 Pez = 1084.70kN o 5283 cm___|Height of cross-section
CRESULT: B 2088 =l \Wicth of cross-section
Fe/Pe + My/Mey = 160.00/3727.50 + 530.00/73059 = 077 < 1.00 (4.8.32) T 132 om Flange thickness
Fe/Pei+ [myMyl/Mb = 160.00/1084.70 + (0S7S30.00/204.98 = 1.21 » 100 (£8331) u 0S8 om |Wewtheknecs
Fuz/Pyz = 34.64/1080.27 = 0.03< 1.00 (42.3) id 2128 om |Redus of gyration - Y.oxis =
Help = e Help

STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 3 COORDINATE: x=1.00L=5.60m

LOADS:
Governing Load Case: 1DL1

MATERIAL:
STEEL 50-355  py = 355.00 MPa
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SECTION PARAMETERS: UB 533x210x82

D=52.83 cm
B=20.88 cm Ay=55.123 cm2 Az=50.717 cm2 Ax=105.000 cm2
t=0.96 cm ly=47540.000 cm4 1z=2007.000 cm4 J=52.540 cm4
T=1.32cm Sy=2058.000 cm3 S$z=300.000 cm3
INTERNAL FORCES AND CAPACITIES:
Fc =160.00 kN My = -530.00 kN*m
Pc =3727.50 kN Mcy = 730.59 kN*m
Mpy = 730.59 kN*m Fvz =-94.64 kN

Sec_class = Compact my = 0.57 Pvz = 1080.27 kN
.-LLL.

: LATERAL BUCKLING PARAMETERS:
Fc =160.00 kN v=0.91 LAIt=100.17 FIB =674.41 KN*m
u=0.86 Le=5.60m nlt=0.49 Mb = 284.98 KN*m

BUCKLING PARAMETERS:

I

10 ] AboutY axis: 12 ] About Z axis:
Ly=5.60m pey =2921.11 MPa Lz=560m pez = 123.32 MPa
Ley =5.60 m Fly = 1670.83 MPa Lez=5.60m Flz = 263.54 MPa
LAy = 26.32 pcy = 346.19 MPa LAz = 128.09 pcz = 103.30 MPa
ny = 0.02 Pcy = 3634.97 kN nz =0.40 Pcz = 1084.70 kKN

VERIFICATION FORMULAS:

Fc/Pc + My/Mcy = 160.00/3727.50 + 530.00/730.59 = 0.77 < 1.00 (4.8.3.2)

Fc/Pci + (my*My)/Mb = 160.00/1084.70 + (0.57*530.00)/284.98 = 1.21 > 1.00 (4.8.3.3.1)
Fvz/Pvz = 94.64/1080.27 = 0.09 < 1.00 (4.2.3)

Incorrect section 11

= Member has insufficient buckling resistance moment. Increase stability by
EI = inserting a brace from a suitable side rail to the compression flange. Estimate
- suitable location as 1.6 m below the top.
v Create new structure consists 2 members: lower one of 4 m length (member 3)
! and upper one of 1.6 m (member 2). Now analyse each of them separately using
[ previously created type of member Beam-Column.

F_4B55950 - Member Yerification { ULS ) 2 3 [_[O]x]
Results | Messagesl Calc. Mote | LClose I
Member Section Material Lay Laz Ratio Case Help |
]
]

2 UB 533:210x52 | STEEL 50.355|  752| 3660|  077) 10U -
E UB 533x210x62 | STEEL 50.355|  1880] 9143| 053] 4104 " 2o ‘

Analyziz |

Extremes: none

Calculation points
’7Division: n=3

Additional:  none
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E_2RESULTS - Code - B55350

[MIENE3 || =2RESULTS - Code - B55950

Paint / Coareinat 1/%=000L=000m
UB 53321062 S e 1oLt
Simpliied results | Dretailed resuls |
- FORCE
Fe = 16000 kN by = 530,00 kN'm

Pe = 3727.50 KN Mey = 730,59 km
My = 730,59 kN°m

Sec_class = Compact my = 0.8

Fuz =464 kN

Pz =1080.27 kN Forces

LATERAL BUCKLI

n=1.00 v=099 Lak-31.20 FIE = 2509.33 kN'm
E u=086 Le=160m nt=0.01 Mb = 723.98 kN'm
[~ BUCKLING T BUCKLING Z-
Ly=160m pey = 35783 56 MPa Lz=160m pez = 1510.68 MFa
Ley=160m Fly = 17798.08 MPa Lez=160m Flz = 98367 HPa Cale. Note
1o Lay=T7.52 poy = 36052 MPa 10 Loz = 3660 pez = 32397 MPa
ny = 0,02 Pey = 3785.47 kN nz=008 Pez = 340168 kN
~RESULT:

Fuz/Pvz = 34.64/1080.27 = 0.08 < 1.00 [4.2.3)

FeJPe + My/Mey = 160.00/3727.50 + 530.00/73059 =077 < 1.00 (483.2)
Fo/Pei+ [my"Mylhb = 160.00/3401 68 + (0.86°530.001/723.95 = 067 < 100 (4833 1)

Help

wo || o =

UE 533:21 0182 -

i
Point / Coordinate: 1/%=000L=000m
Load case: 10L1

Section 0K

Simpified 1esults | Detailed results |
- FORCH

Fo = 160,00 kN
Pe = 372750 kN

My = 37857 KH'm
Mey = 730,59 KN°m
Mpy = 730,59 kh*m

Sec_olass = Compact iy = 0.57

Fuz = 9464 kN
Puz=1080.27 kN

LATERAL BUCKLI

=100 v=0.95 Lal =74.73 FIB = 854,33 kN
! u=086 Le=400m nk =031 bib = 424.08 kN'm
- BUCKLING " BUCKLING 2
Ly=400m pey = 5726.37 MPa Lz=400m pez = 241 71 MFa
Ley=400m Fly = 3061.37 MPa Lez=400m Flz = 330.67 MPa Cake, Note
10 Lap=1280 pey = 362.22 MPa 10 Lz =91.49 pez =177 26 MPa
rp=0.01 Pey = 3698.34 kN nz=027 Pez = 1861.21 kN
[~ RESULT:

Fyz/Pyz =94 647108027 = 0,08 < 100 (423

Fe/Pe + Mp/Mey = 160.00/3727.50 + 378 57/730 58 = 056 < 1.00 [48.32)
FerPei + (myMyl/Mb = 160.00/1861.21 + (05737857424 08 = 053 < 1.00 (48.331)

Help

STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 2

POINT: 1

COORDINATE:

Xx=0.00L=0.00m

LOADS: Governing Load Case: 1DL1

MATERIAL:
STEEL 50-355

py = 355.00 MPa

Z

=

D=52.83 cm
B=20.88 cm
t=0.96 cm
T=1.32 cm

Ay=55.123 cm2
ly=47540.000 cm4
Sy=2058.000 cm3

SECTION PARAMETERS: UB 533x210x82

Az=50.717 cm2

1z=2007.000 cm4

$z=300.000 cm3

Ax=105.000 cm2
J=52.540 cm4

INTERNAL FORCES AND CAPACITIES:

Fc =160.00 kN
Pc = 3727.50 kN

Sec_class = Compact

My = 530.00 KN*m
Mcy = 730.59 kN*m
Mpy = 730.59 KN*m
my = 0.86

Fvz =-94.64 kN
Pvz =1080.27 kN

A

Fc =160.00 kN
u=20.86

LATERAL BUCKLING PARAMETERS:

v =0.99
Le=160m

LAIt=31.28
nlt = 0.01

FIB = 2509.33 KN*m
Mb = 723.98 kN*m

BUCKLING PARAMETERS:

1 | About Y axis:
Ly=160m
Ley=1.60 m
LAy =7.52
ny =-0.02

pey = 35783.56 MPa
Fly =17798.06 MPa
pcy = 360.52 MPa
Pcy = 3785.47 kN

I

1 | About Z axis:

Lz=1.60m

Lez=1.60m
LAz = 36.60
nz =0.08

pez = 1510.68 MPa
Flz = 989.67 MPa
pcz = 323.97 MPa
Pcz = 3401.68 kN

VERIFICATION FORMULAS:
Fc/Pc + My/Mcy = 160.00/3727.50 + 530.00/730.59 = 0.77 < 1.00 (4.8.3.2)
Fc/Pci + (my*My)/Mb = 160.00/3401.68 + (0.86*530.00)/723.98 = 0.67 < 1.00 (4.8.3.3.1)
Fvz/Pvz = 94.64/1080.27 = 0.09 < 1.00 (4.2.3)

Section OK !l
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STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 3 POINT: 1

COORDINATE: x=0.00L=0.00m

LOADS: Governing Load Case: 1DL1

MATERIAL: STEEL 50-355  py = 355.00 MPa

Z

BE SECTION PARAMETERS: UB 533x210x82
D=52.83 cm

B=20.88 cm Ay=55.123 cm2 Az=50.717 cm2 Ax=105.000 cm2
t=0.96 cm ly=47540.000 cm4 1z=2007.000 cm4 J=52.540 cm4
T=1.32cm Sy=2058.000 cm3 $z=300.000 cm3
INTERNAL FORCES AND CAPACITIES:
Fc =160.00 kN My = 378.57 KN*m
Pc =3727.50 kN Mcy = 730.59 kN*m

Mpy = 730.59 kN*m Fvz = -94.64 kN

Sec_class = Compact my = 0.57 Pvz =1080.27 kN
Al

: LATERAL BUCKLING PARAMETERS:
Fc =160.00 kN v =0.95 LAIt=74.73 FIB = 854.33 KN*m
u=0.86 Le=4.00m nlt=0.31 Mb = 424.08 KN*m
BUCKLING PARAMETERS:

I

0 | About Y axis: 19 | About Z axis:
Ly=4.00m pey = 5725.37 MPa Lz=4.00m pez = 241.71 MPa
Ley =4.00 m Fly = 3061.37 MPa Lez=4.00m Flz = 330.67 MPa
LAy =18.80 pcy = 352.22 MPa LAz =91.49 pcz = 177.26 MPa
ny = 0.01 Pcy = 3698.34 kN nz=0.27 Pcz = 1861.21 kN

VERIFICATION FORMULAS:

Fc/Pc + My/Mcy = 160.00/3727.50 + 378.57/730.59 = 0.56 < 1.00 (4.8.3.2)
Fc/Pci + (my*My)/Mb = 160.00/1861.21 + (0.57*378.57)/424.08 = 0.59 < 1.00 (4.8.3.3.1)

Fvz/Pvz = 94.64/1080.27 = 0.09 < 1.00 (4.2.3)

Section OK !
COMPARISON:

Resistance, interaction expression Robot Handbook
1. Compressive strength pcz 177.26 178.00
2. Compression resistance Pcz 1861.21 1851.00
3. Verification formula (4.8.3.3.1) 0.59 0.61
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VERIFICATION EXAMPLE 4
- Beam example (Laterally restrained beam)

Example taken from STEEL DESIGNERS MANUAL,
Editors: Graham W. Owners and Peter R. Knowles, Fifth edition.

TITLE:
Beam example. Laterally restrained universal beam. See page 437.

SPECIFICATION:
Select a suitable UB section to function as a simply supported beam carrying a
140 mm thick solid concrete slab together with an imposed load of 7.0 kN/m2.
Beam span is 7.2 m and beams are spaced at 3,6 intervals. The slab may be
= 13m 7+ assumed capable of providing lateral restraint to the beams top flange.

r L Due to restraint from slab there is no possibility of lateral-torsional buckling, so
design beam for moment and shear capacity. It has been suggested that a UB
457x152x67 section be considered.

0.0 2,0 4,0 6,0
| pz=-31.78 _
Ny EENRRNARENE= MR ENE
| 7.20 7J
s A
_QEX Cases: 14 o
b kN/m °
o0 v ) 210 1 410 ! EWD ! |
o[BS Ta ST = ] ==y
SOLUTION:

Ascribe pre-defined type of member SIMPLE BAR with appropriate set of code parameters for
analysed member. It could be done in DEFINITIONS dialog box on the MEMBERS tab.

E Definitions - BS5950 M= F-Member Definition - Parameters - B55950 [x]
Members | Groupsl Member type:  |Simple bar | Save
- Buckling [¥ axis]  Buckling Z axis] Close
Mumber: |1 - l MHew | Mamber lenath b Member length |z
_ " Beal " Real
L A 1.00 B 1.00 .
Basic data & Coefficient  Cgefficient Service |
Bar list: |1 Buckling lenath cosfficient ¥ Buckling lenath cosfficisnt Z: More
Mame: I Parameters 20,
m i~ Lateral buckling parameter.
C. Group: I :I' Member type: Imple bar ¥ Lat buckiing type Lateral buckling coefficient
Upser flange | Lower fange
7 Save | Help | 1d= I d= Io Hep |

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

State — Serviceability (only Ultimate Limit State will be analysed). Now you can start the calculations
by pressing Calculations button.

FiCalculations - BS5950 2=
i Verification option
(¢ Member verification: I 1 i‘

" Code group verification I List
" Code group desigr: I List
I ptimiztior &I

~ Load: Limit state:
Load case list 3 [v Ultimate
Load case selection | [ Sewviceabiity
ak. | Canfiguration | Calculations & Help
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Member Verification dialog box with most significant results data will appear on screen. Pressing the
line with results for member 1 opens the RESULTS dialog box with detailed results for the analysed

member.

T 4B55950 - Member Yerification { ULS } 1 Hi=]
Results I Messagesl Calc. Note | LCloze I
Member Section | Material | Lay | Laz | Ratio | Case | Help
1 B8 | LB 457152267 | STEEL 43-275) 3916 | 220.46)

093] scomen |

Ratio
Analysiz |

Calculation points
Drivision: n=3
Extremes: nange
Additional none

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

F§WYNIKI - norma - 655950 T3 WYNIKI - norma - 655950 s
z 0K H 0K
2 Pret 1 4 Pt 1
Punki /Wspéhzedna: 2/ 5 =050L =360m Purkt / Wapéirzedna: 2/ 5 =050L =360m
UB 457:152+67 & Preypadek obciggenia: 3 COMB1 1°1.40+4°1.60 UB 457152457 H Praypadek chiggeria: 3 COMB1 1%1.40+4%1 60
Wipniki upros2ezane | Wyriki szcesgotowe | iz ‘Wynki uproszczone Wriki szezegéowe | Zisfail)
Sy
My = 370,02 ke Symbol | Veues | it | Symbol description Seotion | &
ey e Cross-section properties: UB 457152467
by = 396.55 kN'm
Ses,_class = Plastio my=1.00 Sity = s5600] cm2 sy
ZWICHAZENIE Ay e )
AT 41.220 cm2
J 7700] ema
[ 25330 000 4
- WYBOCZENIE ¥ WYBOCZENIE 2 ‘I o0 Z:a
Sy 1442 000 cm3,
Natka oblicz. = o oms Notka oblicz.
o 4580 m
REZULTATY o 153
My/Moy = 370.02/396.55 = 0.93 < 100 [(425) il 150
¢ 050
1839 j
Fomos | B Fom

STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 2 COORDINATE: x=0.50L=3.60m
LOADS:
Governing Load Case: 3 COMB1 1*1.40+4*1.60
MATERIAL:
STEEL 43-275  py = 275.00 MPa
Z
+
SECTION PARAMETERS: UB 457x152x67
D=45.80 cm
B=15.38 cm Ay=46.140 cm2 Az=41.220 cm2 Ax=85.600 cm2
t=0.90 cm ly=28930.000 cm4 1z=913.000 cm4 J=47.700 cm4
T=1.50 cm Sy=1442.000 cm3 $z=183.000 cm3

INTERNAL FORCES AND CAPACITIES:
My = 370.02 KN*m
Mcy = 396.55 KN*m
Mpy = 396.55 KN*m

Sec_class = Plastic my = 1.00
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X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

About Y axis:

About Z axis:

VERIFICATION FORMULAS:
My/Mcy = 370.02/396.55 = 0.93 < 1.00 (4.2.5)

Section OK !11

To check the shear capacity at the ends of the member set the number of points taken into account to
2. You can do that in CALCULATION | CONFIGURATION dialog box. Then, start calculations again.

Etonﬁguratiun

i~ Calculation paoin

Mumber of points: IE 3:
|~ Characteristic points DOptions

Ot
i~ Calculation parameters
|1 .0a
v Maximum slendesmess: I130.UU

v Components of complex bars are
it taken into account

Efficiency ratio:

Exclude internal forces from calculations |

Urits of results
’7(" Code (+ Robot

Camber
Take the deflections from the
following case into consideration;

|1 DL1

L«

o ]
Cancel |
_ e |

ok

Help

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

¥ #B55950 - Member Yerification { ULS ) 1 |H=] E3
Calc. Maote I

Results I Messages |

Lloze |

Member section | Material | Lay | Laz | Ratio |

case |

1 |E|UEI45?x152x8?|STEEL43—275| 3916] 22048] 030

scomen |

Help |

Ratio
Analysiz ‘

"Calculalion paints

Drivizion: n=2
Extremes:

Additional:

nong

nong

[ O]

F_SRESULTS - Code - B55950

E_2RESULTS - Code - B55350

[_ (T[]

&I

Bar

i

Section OK.

JO LS |
[ s |

[hienge

»

Forces

Calo. Note

R |
Bar 1
Paint / Coordinate: ~ 1/3=0.00L=0.00m Point/ Coordinate:  1/%=000L=000m
UB 257152467 [ Load case: 3COMB1 1¥1.40+441 60 UB 4574152467 - Load case: 3COMB1 1°1.40+4°1.60
Simplified results | Detaited resuls | e Simplified results  Detailed results |
- FORCE
My = 0,00 ki Symiol Walues unt | Symiol descrigtion |__Section
iap= 8B L0 Cross-section properties: UB 467x152x67
My = 396,55 kh°'m Fuz=20557 kKN
See_class = Plastic my =1.00 Pz = 68013 kN Forces Ax 85.600 omz | Cross-section area
LATERAL BUCKLI ay 46140] _om2 | Sneer srea slang the v-axis
Az H.220 om2 Shear area along the Z-axis
J 47700] omé | Torsional constant
BUCKLING BUCKLING Z Iy 28930000 omd Momert of inertia of a section about the Y-axis
iz 313,000 omé | Moment of inerla of a section sbout the Zaxis
Sy 1442.000 om3 Plastic section modulus about the YV (major) axis
D 4580 =0l Helght of cross-section
“RESLLT B 1538 cm wicth of cross-section
My/Mey = 0.00/396.55 = 000 < 100 (4.25) u 1501 om |Rlangethiciness
t 080 cm wieb thickness
Fva/Pvz = 205.57/68013 = 0.30 < 1.00 (4.2.3) r 1838] om  [Redis of gyrsfion - V.axis

Hep

Help
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STEEL DESIGN

CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 1 POINT: 1

COORDINATE: x=0.00L=0.00m

LOADS:
Governing Load Case: 3 COMB1 1*1.40+2*1.60

MATERIAL:
STEEL 43-275  py =275.00 MPa

4
i

D=45.80 cm

B=15.38 cm Ay=46.140 cm2
t=0.90 cm ly=28930.000 cm4
T=1.50 cm Sy=1442.000 cm3

SECTION PARAMETERS: UB 457x152x67

Az=41.220 cm2
1z=913.000 cm4
S$z=183.000 cm3

Ax=85.600 cm2
J=47.700 cm4

INTERNAL FORCES AND CAPACITIES:
My = 0.00 kN*m
Mcy = 396.55 KN*m
Mpy = 396.55 kN*m
Sec_class = Plastic my = 1.00

Fvz = 205.57 kN
Pvz = 680.13 kN

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About Y axis:

X About Z axis:

VERIFICATION FORMULAS:
My/Mcy = 0.00/396.55 = 0.00 < 1.00 (4.2.5)
Fvz/Pvz = 205.57/680.13 = 0.30 < 1.00 (4.2.3)

Section OK 1!
COMPARISON:

Resistance, interaction expression Robot Handbook
1. Moment Mcy 396.55 396.00
2. Design ultimate shear Fvz 205.57 205.00
3. Vertical shear capacity Pvz 680.13 686.00
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VERIFICATION EXAMPLE 5
- Beam example 2 (Laterally unrestrained beam)

Example taken from STEEL DESIGNERS MANUAL
Editors: Graham W. Owners and Peter R. Knowles, Fifth edition.

TITLE:
Beam example 2. Laterally unrestrained universal beam. See page 439.

SPECIFICATION:
For the same loading and support conditions as in example 4 select

Jcceercececececeeeesy, @ SUItable UB assuming that the member must be designed as laterally
T2m
I d unrestrained. For simplicity make a safe approximation. Try 610x229x125 UB.

SOLUTION:
Ascribe the pre-defined type of member BEAM with appropriate set of code parameters for the
analysed member. It could be done in DEFINITIONS dialog box on the MEMBERS tab.

EDeﬁnitions - BS5950 F_fMember Definition - Parameters - BS5350
embers | Gmupsl Member type: | Beam | Save
~ Buckling [ axis] ~Buckling [£ axis] Close
Nurmber: |1 - I New | Member length |y Member length
~ " Real © Feal
i k iy 1.00 = 1.00
Basic data (= Coefficient {* Cpefficient Service |
Ear list: 1 Buckling length coefficient Y: Buckling length coefficient 2 More
I I o o |
M ame: I PFarameters X X
B ~ Lateral buckling parameter
C. Group: I j‘ Member bipe: I =am jv Lat. buckling type: Lateral buckling cosfficient
Upper flange Lower flange
0K | Help | Id=lo Id=lo Help |

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

F_fcalculations - BS5950 [=]E)
—Werification option:
* Member verification: [1 Lz |

' Code group verification: I List I
" Code group design: I List I
I= | S ptirreation Options |

r~ Load Lirvit st
Load case list 3 Iv Lltimate:
Load case selection | [ Semviceabily
0K | Configuration | {Caicuiations § Help |

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

F_2B55950 - Member Yerification { ULS ) 1 H=]E3
Riesuks | Messages | (G Nge | o |
Member Section | Material | Lay | Laz | Ratio | Case | Help

1 [ | U E10xoo9x | STEEL 43275 2891 14a7a] om0  scommr | P
aho
Linalysiz Map

Calculation points

Divisior n=3
Extremes: none
Ldditional: none
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The view of the RESULTS window is presented below. Moreover, the printout note containing the
same results data as in Simplified results tab of the RESULTS window is added.

F_ARESULTS - Code - BS5950 ISl B3 |72 RESULTS - Code - BS5950 [HIEE3
M E’artfli 1d te 2/%=050L=360 ‘ - ’ ﬂl E‘muli 1d t 2/%=050L=360 ‘ - '
W L;;i -:a:em e BE;I;AET 1‘174EI~4‘:"ED ,W L§:d -:s:: e BEEI?TAEI I’T’AD-A‘;“EI]
Simplfied tesults | Detaied resuts | (Ctizig Simplifed resuts Detaled resus | e
e My = 370.02 kN°m Symbol | values | unit Symbol description ] Section -
e A ' } =
B B o o | ——
oo | ST e Gk |
- —
o : w || E ] B T e i
STEEL DESIGN
CODE: BS5950: Partl: 1990
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 1 POINT: 2 COORDINATE: x=050L=3.60m
LOADS:
Governing Load Case: 3 COMB1 1*1.40+4*1.60
MATERIAL.:
STEEL 43-275  py = 275.00 MPa
z
=+
SECTION PARAMETERS: UB 610x229x125
D=61.22 cm
B=22.90 cm Ay=89.768 cm2 Az=72.852 cm2 Ax=159.000 cm2
t=1.19 cm ly=98610.000 cm4 12=3932.000 cm4 J=154.000 cm4
T=1.96 cm Sy=3673.000 cm3 $z=535.000 cm3
INTERNAL FORCES AND CAPACITIES:
My = 370.02 kN*m
Mcy = 1010.08 KN*m
Mpy = 1010.08 KN*m
Sec_class = Plastic my = 1.00
Al
' LATERAL BUCKLING PARAMETERS:
v=0.85 LAIt = 107.75 FIB = 989.59 kN*m
u=0.87 Le=7.20m nlt=0.51 Mb =412.71 kN*m

BUCKLING PARAMETERS:

X About Y axis: X About Z axis:

VERIFICATION FORMULAS:
My/Mcy = 370.02/1010.08 = 0.37 < 1.00 (4.2.5)
(my*My)/Mb = (1.00%370.02)/412.71 = 0.90 < 1.00 (4.3.7.1)

Section OK !11
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COMPARISON:

Resistance, interaction expression

Robot

Handbook

1. Buckling resistance Mb

412.71

427.00
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CONCRETE
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1. BS 9/1/96 — RC columns
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VERIFICATION EXAMPLE 1
- Column subjected to axial load and biaxial bending

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

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

1. SECTION DIMENSIONS

2. MATERIALS

Concrete : C20 feu = 20.00 (MPa)
Longitudinal reinforcement T fy = 460.00 (MPa)
Transversal reinforcement 'R fy = 250.00 (MPa)

3. BUCKLING MODEL

— Direction
I~ Off
Structure——————— :
™ Monesway ) -""j;ﬂ
£ Sway ﬂ ¥
T
L':'_'r'= 2.00 m F
.ﬂf 1.00
— Direction £
I~ Off
o Mz .. z
ructure m;
—r— i Non-sway e “T;
{* Sway
— Liz= [4.00 m Y
= 1.30

As can be seen the sway column is assumed for Z direction, and the non-sway column for Y direction.
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4. LOADS
Ho| MyA | MyB | myC | Mza | MzB | mzC
Ly R Nature | Group | oy | ktirmy | (kti'm | (ko | getimy | kbirmy | ety | Y
1 |oLt dead Inad 1| 40000] 15000 3000| 10200] 2000 3000| s000] 140
2 |LLt Live 1 | 15000] 12000 3000| 8400 1000 2000| 4000 160
£

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

define the moments in the mid-section explicitly.

5. CALCULATED REINFORCEMENT:

Program generates the reinforcement 14 ¢ 20.

6. RESULTS OF THE SECTION CALCULATIONS:
The dimensioning combination is 1.4DL1+1.6LL1

The dimensioning section (where the most unfavorable set of forces is found) is for that combination
the section in the mid-height of the column (marked as (C)).
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]Intersectiun El
— Load tvpes
¥ Basic € Accidental
. H My Mz
LRl (k) (kH'm) {kl'm)
1.4000L1+1 BOLLT (A0 200.00 42333 1.04

1.40001+1 BOLLY (C)

161.04

1.40DL1+1 BOLL1 (E) 800,00 111 33 101.04
140011 (&) 560.00 224 93 46.93
1.400L1 (C) 560.00 17267 85.93
1.400L1 (B) 560.00 56.93 60.93
1.000L1+1 BOLLT (&) £40.00 359.07 57 63
1.000L1+1 BOLLT (C) £40.00 27053 13563
1.00DL1+1 BOLL1 (E) £40.00 9507 8363

Rd / Sd 1.00 = [105

MRd { MSd 1.00 = [105

MR § NS 1.00 = 176

Cloze

Help |

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

account.

In parallel the other sections (at the ends of the column) are checked for all combinations of loads.
All the results of total forces for each combination and each section of the column may be seen in the

table “Intersection” at the Column-results layout.

7. CALCULATIONS OF TOTAL MOMENT:

7.1. LOADS

For the dimensioning combination, the loads are:

Case N MyA MyB MyC MzA MzB MzC
(kN) | (kKN*m) | (KN*m) | (KN*m) | (KN*m) | (kKN*m) | (kKN*m)
1 DL1 400 | 150 30 102 20 30 50*
2 LL1 150 | 120 30 84 10 20 40*
Dimensioning | 4 4py 1116011 | 800 | 402 90 2772 44 74 134
combination

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

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

Slenderness analysis acc. to 3.8.1.3:
l, /h=13.33 <15 (non-sway for Y direction)

|, /b=13.0 > 10 (sway for Z direction)

Since the ratio |, /b exceeds the limit, the column is found as slender.

Y DIRECTION

Calculation of minimum eccentricity ey, and minimum moment Mp,j,— 3.8.2.4

e, =min(0.05-h;0.02m) = 0.02 (m)
M., =N-e, =16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have:

M, =0.4-M, +0.6-M, =277.2 (kNm) > 0.4- M, = 160.8 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.053 (m)

1 (1
=——|-%|=0.088
P 2ooo(h]

K =min M;l
Nuz - I\Ibal

2 fcu fy
N, =——*A +— A, =4060.18 (kN)
37 7

A, =0.24 (M)
A, =43.98 (cm?)

N,. =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,. =1173.33 (kN)

N,—-N
K= ——|= - thus, K = 1 was assumed
Ny, — Nbal

uz

Calculation of second-order moment Mgayq

M, = N -a,=42.67 (kNm)
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NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:

in non-sway structures, M,qq is added for the mid-height section, while 0.5 M,qqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.

in sway structures, M,qyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment My :

M, =M, + M4, =319.87 (kNm) > 16.00 (kNm) = M

n

Z DIRECTION

Calculation of minimum eccentricity ey, and minimum moment Mp,j,— 3.8.2.4

€, = Min(0.05-b;0.02m) = 0.02 (m)
M., =N-e_, =16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have the moment fixed directly by the user:

M, = 134 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = f,Kh=0.034 (m)

1 (I
= ——|-%|=0.0845
P Zooo(bj

K =min M;l
Nuz - I\Ibal

f
N, —ghAc +-—L A =4060.18 (kN)

37 Vs
A, =0.24 (M)
A, =43.98 (cm?)
N,. =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,. =1173.33 (kN)

N,—-N
K= ——|= - thus, K = 1 was assumed
Ny, — Nbal

uz

Calculation of second-order moment Mugq

M, = N-a,=27.04 (kNm)
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NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, M,qqis added for the mid-height section, while 0.5 Mpqq is added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
= in sway structures, M,yq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment Mz :
MZ = I\/Ii + Madd =161.04 (kNm) > 16.00 (kNm) = Mmi

n

7.3. FINAL RESULT

M, = 320 (kNm)

M, = 161 (kNm)
8. CONCLUSIONS

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

LITERATURE

[1] British Standard BS 8110: 1985. Structural use of concrete. British Standard Institution, 1985.
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