ADVANCE
GrpesiGN

2022

VALIDATION GUIDE

GrGRAITEC



Advance Design

Validation Guide

Volume IV

Version: 2022
Tests passed on: 31 May 2021

Number of tests: 952

G

ADVANCE

DESIGN

2022




ADVANCE VALIDATION GUIDE Grabvance

TODESK (9)

INTRODUCTION

The Advance Design Validation Guide 2022 outlines a vast set of practical test cases
showing the behavior of Advance Design 2022 in various areas and various conditions.
The tests cover a wide field of expertise:

1 Modeling

1 Combinations Management according to Eurocode 0, CR 0-2012, CISC and AISC
Climatic Load Generation according to Eurocode 1, CR1-1-3/2012, CR1-1-4/2012,
NTC 2008, NV2009, NBC 2015 and ASCE 7-10

Meshing

Finite Element Calculation

Reinforced Concrete Design according to Eurocode 2, NTC 2008 and CSA

Steel Member Design according to Eurocode 3, NTC 2008, AISC and CSA
Timber Member Design according to Eurocode 5

Seismic Analysis according to Eurocode 8, PS92, RPA99/2003, RPS 2011
Pushover Analysis according to Eurocode 8, FEMA 356, ATC 40

Report generation

Import / Export procedures

User Interface Behavior

=4 =4 -4 -8 & 8 98 _9a -2 =

=

Such tests are generally made of a reference (independent of the specific software version
tested), a transformation (a calculation or a data-processing scenario), a result (given by
the specific software version tested) and a difference, usually measured in percentage as
a drift from a specific set of reference values. Depending on the cases, the used reference
can be a theoretical calculation performed manually, a sample taken from the technical
literature, or the result of a previous version considered as accurate by experience.

In the field of structural analysis and design, software users must always keep in mind that
the results depend, to a great extent, on the modeling (especially when dealing with finite
elements) and on the settings of the numerous assumptions and options available in the
software. A software package cannot entir
Despite all the efforts we have made in terms of quality management, we cannot guaranty
the correct behavior and the validity of the results issued by Advance Design in any given
situation.

This complex validation process is carried out along with and in addition to manual testing
and beta testing, to attain the "operational version" status.

Its outcome is the present guide, which contains a thorough description of the automatic
tests, highlighting both the theoretical background and the results that our validation
experts have obtained by using the current software release.

We hope that this guide will highly contribute to the knowledge and the confidence you
keep placing in Advance Design.

lonel DRAGU
Graitec Innovation CTO
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13.145 CSA S16-14: Factored tension resistance of a 2L unequal SECtiON .......ccceevciveeiiieee i 593
13.146 CSA S16-14: Factored tension resistance of a square HSS SeCtion.......c..cccoccvvvieeeeeiiiiciiieeeee e, 593
13.147 CSA S16-14: Factored tension resistance of an HSS rectangular shape section ..........ccccccoeene 593
13.148 CSA S16-14: Factored compressive resistance of two-angle shape........cccccoeviieiiiee e 593
13.149 CSA S16-14: Lateral torsional buckling resistance for a singly symmetric section ..................... 593
13.150 CSA S16-14: Compressive resistance of a double L section braced laterally at supports........... 594
13.151 CSA S16-14: Compressive resistance of an L section braced laterally at supports..........cc........ 594
13.152 CSA S16-14: Resistance limited by lateral torsional buckling for a W460x72 beam..................... 594
13.153 CSA S16-14: Resistance limited by lateral torsional buckling of a W530x92 beam ...................... 594
13.154 CSA S16-14: Strength of abeam-column with regard to its overall in-plane member strength i Non-
UNIfOrm MOMENT AiSTIIDULION .....eeiiie et e e e e e s anne e e 594
13.155 CSA S16-14: Strength of @ crane beam-COIUMN ... 595
13.156 CSA S16-14: Strength Of @ rafter.......oco i 595
13.157 CSA S16-14: Biaxial bending for an I-shaped Mmember .............ooiiiiiiii e 595
13.158 CSA S16-14: Classification of a WRF1800X543 SECHION .....uvviiiviiieiiiiee it 595
13.159 AISC: Verifying the factored tension resistance of a W shape Section..........cccccceeeeiiniiiiieneeenns 596
13.160 AISC: Verifying the factored tension resistance of a WT shape Section..........cccoccvveviieeeiiiieene 600
13.161 AISC: Verifying the factored tension resistance of a C shape section.........ccccccoveiiiiiiieiiiinene 603
13.162 AISC: Verifying the tensile strength of L shape SeCtion ...........cciiiiiiiiiiieeee e 606
13.163 AISC: Verifying the tensile strength of a HSS Round shape section ........ccccccceiiieeiiiieiiniieeene, 609
13.164 AISC: Verifying the tensile strength of HSS Rectangular shape section ...........ccccccceviiiiiieieennns 612
13.165 AISC: Verifying the tensile strength of WWF shape Section ........ccccceiviiiiiiiie 615
13.166 AISC: Verifying the factored tension resistance of two angle equal section............ccocciieeieennnns 618
13.167 AISC: Verifying the factored tension resistance of two angle unequal section ............cccoccueeenee 621
13.168 AISC: Verifying and optimize the section taking into account the compression strength ........... 624
13.169 AISC: Verifying and optimize a W-shape section column with intermadiate bracing .................. 629
13.170 AISC: Verifying a W-shape column with pinned ends...........c..eeiiiiiiiiii e 634
13.171 AISC: Verifying a W shape column with intermediate bracing..........cccovoveeiniiiiiiiecciiee e 639
13.172 AISC: Verifying a built-up column with slender Web ..o 645
13.173 AISC: Verifying a build-up column with slender flanges ... 645
13.174 AISC: Verifying a W-shape compression member (moment frame) .......ccccccoevvvvieeeeeeiiiiiiieeeee e 645
9 GrGraiTeC



ADVANCE VALIDATION GUIDE

GrAbvance

13.175 AISC: Verifying a WT compression member without slender elements ...........cccccvviiiiiiiiiiiennennn. 645
13.176 AISC: Verifying a WT compression member with slender elements...........cccccevvieiniee e 645
13.177 AISC: Verifying arectangular HSS compression member without slender elements .................. 646
13.178 AISC: Verifying a pipe iNn COMPIESSION ..ouiiiiiiiiiiiiiteiieee ettt e e st sree e e s e snne e e 646

13.179 Second order analysis for beam without rotational restraint subjected to a concentrated load. 646

13.180 Second order analysis for beam with rotational restraint subjected to a concentrated load ...... 646

13.181 Second order analysis for beam subject to uniform distributed load..............occoeieiiiiiiiiiiieeneen, 647
13.182 Second order analysis for cantilever beam with warping restrains ...........cccccceviiiei e, 651
13.183 Second order analysis for cantilever beam subject to uniform distributed load ...............c......... 652

13.184 Second order analysis for cantilever beam subject to uniform distributed load with end lateral

(LTS3 =] T T T T T T TP U PO PR PPP PPN 658
13.185 Second order analysis for beam with no warping restraint subject to uniform loading .............. 665
13.186 Second order analysis for continuous beam subject to point loads........cccocccveviieiiiie e 671
13.187 Second order analysis for a beam on foundation subject to axial force .........ccocoveeviiieiiiiieennne 675
13.188 Second order analysis for a three span beam subject to uniform load. ..........ccocoeviviiieiiiinnnee 675
13.189 Second order analysis for a beam subject to eccentric uniform load (biaxial bending). ............. 675
13.190 Second order analysis for a continuous beam subject to uniform distributed load..................... 676
13.191 Second order analysis for flexural buckling of a restrainted column ...........cccccoiiiiniiiiinenee 677
13.192 Second order analysis for torsional buckling of @ COlUMN ..o 681

13.193 Second order analysis for simply supported haunched Beam subject to uniform distributed load.
.............................................................................................................................................................. 686

13.194 Second order analysis for simply supported haunched Beam subject to uniform distributed load
which has KRx imposed stiffness (sheeting at the middle of the section). ........cccccooviiiiiie 690

13.195 Second order analysis for a column with variable section subject to 1000 kN compression force..

.............................................................................................................................................................. 695

13.196 Second order analysis for simply supported beam subject to gravitationaly uniform distributed
load applied at the tOP FlANGE ... e e e e e s e e e e e e e e e eeeas 699
13.197 Second order analysis for a three-span beam subject to uniform distributed load, applied at the
CENLEr OF the LOP FlANGE . et e et s et e e e e anbreeeas 703
13.198 Second order analysis for a three span beam subject to non-uniform load. ..........ccccccoeiiiiineeen. 707
13.199 Second order analysis for restrained beam subject to axial force.........ccccovvviviiiiciii i 708
13.200 Verify the global and local imperfection equivalent static forces generated on columns and beams
according to EC3 - Dead Load + Live + SNOW (3D Steel StrUCTUIE) ....ccccoiiiiiiiiiiieei it 713
13.201 EC3/ NF EN 1993-1-1/NA - France: Angle Verification - Verifying the Net area for two equal leg
=T To ] =2 PP PP PPPPOPPRP PP 724
13.202 EC3/NF EN 1993-1-1/NA - France: Angle Verification - Verifying the Net area for two unequal leg
=T To ] =2 S S PP ST P PP PP PP OPPRP PP 724
13.203 EC3/NF EN 1993-1-1/NA - France: Angle Verification - Verifying the Net area for two CISC double
= g o | =TT UPRTPTRP 724
13.204 EC3/NF EN 1993-1-1/NA - France: Angle Verification - Verifying the Net area for two user-profile
(o Lo 10 o] L= o o |1 PP PP UPPPPOPPRP PP 724
13.205 EC3/ NF EN 1993-1-1/NA - France: LTB - Verifying the steel beams flanges buckling lengths for
AIffEerent reSTraiNTS PALLEIMIS. ... . e ittt e ettt e e e e s e bbbt e e e e e s e bt beeeeaa e e e e aanbbaeeeeeeeeannneees 725
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13.206 CSA S16-14 - Canada: LTB - Verifying the steel beams flanges buckling lengths for different
(ST A T L o F= Va4 0 SRS 725

13.207 EC3/NF EN 1993-1-1/NA - France: LTB - Verifying the lateral buckling parameters for an I-shaped
beam having intermediate lateral restraints. The load is applied dOWNWards. .......ccccccovevveeeiiiieeeinien e 725

13.208 EC3/NF EN 1993-1-1/NA - France: LTB - Verifying the lateral buckling parameters for an I-shaped
beam having intermediate lateral restraints. The load is applied upwards..........cccccoooviiiiieieee e, 725

13.209 EC3/ NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for cantilever beams having a double-symmetric cross-section...........cccccccvvvvviieeeeeiicnnnen, 726

13.210 EC3/ NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for cantilever beams having a mono-symmetric CroSS-SeCtION........cccevvvveeiiieieiiieee e 726

13.211 EC3/ NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for cantilever beams having a T€e CroSS-SECLION ......ciiieiiiiiiiiiiie e 726

13.212 EC3/ NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for beams with intermediate lateral restraints having a double-symmetric cross-section 726

13.213 EC3/ NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for beams with intermediate lateral restraints having a mono-symmetric | cross-section 727

13.214 EC3 / NF EN 1993-1-1/NA - France: Advance Stability - LTB - Verifying the load proportionality
factor and Mcr for beams with intermediate lateral restraints having a rotated mono-symmetric | cross-
LY=o 10 o PRSPPI 727

13.215 EC3/NF EN 1993-1-1/NA - France: Advance Stability - Verifying the capacity of a simply supported

Channel beam considering the second order effECtS ... 727
13.216 EC3/NF EN 1993-1-1/NA - France: LTB - MCr verification with respect to the load position for an
IPE400 steel beam subjected to a uniform 10AdIiNgG ......oooviiiiiiiiee e 727
13.217 EC3/ NF EN 1993-1-1/NA - France: Verifying the deflection of a super element (according to two
(o] £ (=T T ) TP PSP PP PP OPPPPPPPR 728
13.218 EC3/NF EN 1993-1-1/NA - France: Verifying the buckling length for a super element................ 728

13.219 EC3/NF EN 1993-1-1/NA - France: Verifying the lateral torsional buckling for a super element 728

13.220 EC3/NF EN 1993-1-1/NA - France: Verifying the buckling length for a super element (part of a steel
oo ] : U 1= 11 11 T PP P PPPPP TP 729

13.221 EC3 / NF EN 1993-1-1/NA - France: Verifying the deflection of a steel linear element using
6Cal cul ation on s.el.ect.i.onbd..met.ho.d. .. 729

13.222 EC3/NF EN 1993-1-1/NA - France: Verifying the fire strength and stability for a super element729
13.223 AISC: Verifying the strength of a square HSS shape section beam (ASD method) .........cccce...... 730

13.224 AISC: Verifying if the current section (HSS12x10x3/8) has sufficient available strength (ASD
[aT=10 0 Lo Yo ) IR PP PP UPPTRPPUPPRPTTN 730

13.225 EC3/ NF EN 1993-1-1/NA - France: Verifying the deflection of a super element according to both
CIIBIIA oo 730

13.226 EC3 / NF EN 1993-1-1/NA - France: Verifying the deflection of a steel linear element using
"Calculation on Selection” MELNOM ........cuiiiiiii e 731

13.227 AISC: Verifying the strength of a HSS (HSS10x6x3/16 ) shape section beam (ASD method) ...... 731

13.228 AISC: Determining the available shear strength of a built-up beam girder (ASD method)........... 731
13.229 AISC: Determining the available shear strength of a built-up beam ginder with end stiffeners (ASD
LA L=1 4 Yoo ) T TSP PP UP PP PUPP 732
13.230 AISC: Determining the maximum shear strength of a built-up beam girder with intermediate
SHIFENErS (ASD MELNOM). . ii ittt et e e ettt e s bt e e ekt e e sbbe e e s nnbeeeeanbreeeaas 732
13.231 AISC: Verifying the strength of square HSS shape section beam (LRFD method) ...........cccc....... 732
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13.232 AISC: Verifying if the current section (HSS12x8x3/16) has sufficient available strength (LRFD

L0 aT=1 1 g Lo o ) IR PP 733
13.233 AISC: Verifying if the current section (2L5x3x1/4 LLBB) has sufficient available strength (LRFD
L0 1=11 0 Lo o ) IO PPT PP 733
13.234 AISC: Verifying if the current section (HSS12x10x3/8) has sufficient available strength (LRFD
L0 T=11 g Lo o ) IR PP 733
13.235 AISC: Verifying the strength of HSS (HSS10x6x3/16 ) shape section beam (LRFD method)....... 734
13.236 AISC: Determining the available shear strength of a built-up beam girder (LRFD method) ........ 734
13.237 AISC: Determining the available shear strength of a built-up beam girder with end stiffeners (LRFD
L0 1= 0 Lo o ) IO RT PP 734
13.238 AISC: Determining the maximum shear strength of a beam with intermediate stiffeners (LRFD
L0 1=11 0 Lo o ) IO PPT PP 735
13.239 EC3/NF EN 1993-1-1/NA - France: Verifying the deflection, buckling and lateral torsional buckling
for a super element with 3 spans having different 10Cal axisS ........ccccviiiiiiiiieii e 735
13.240 EC3/ NF EN 1993-1-1/NA - France: Verifying the cross section classification of the web of the
haunch of a steel subjected t0 PUIE COMPIESSION ..ciiuiiiiiiiiiie ittt 736
13.241 EC3/NF EN 1993-1-1/NA - France: Verifying the deflection, buckling and lateral torsional buckling
of a steel linear element using "Calculation on selection” Method...........cccooviiiiiiii i 736
13.242 EC3/NF EN 1993-1-1/NA - France: Verifying the displacement results on linear elements (NL static
(oF- 1<) T TP U PP PP PR UPPRP PRSP 736
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13.1 Verifying results on square hollowed beam 275H according to thickness (TTAD #11770)

13.2

13.3

13.4

Test ID: 3406

Test status: Passed

13.1.1 Description
Performs the steel calculation for two vertical bars with different thicknesses and generates the shape sheets report.

The bars are made of the same material (S275 H - EN 10210-1), have rectangular hollow cross sections, but with
different thicknesses (R80*40/4.1 and R80*40/3.9). Each is subjected to a -150.00 kN vertical live load and has a rigid
support.

Verifying shape sheet on S275 beam (TTAD #11731)

Test ID: 3434

Test status: Passed

13.2.1 Description
Performs the steel calculation for two horizontal bars and generates the shape sheets report.

The bars have cross sections from different catalogues (1016x305x487 UKB and UKB1016x305x487). They are made
of the same material (S275); each is subjected to a -500.00 kN linear horizontal dead load and has two rigid supports
at both ends.

Verifying the calculation results for steel cables (TTAD #11623)

Test ID: 3560

Test status: Passed

13.3.1 Description

Performs the finite elements calculation and the steel calculation for a steel model with cables (D4) and a static
nonlinear case. Generates the linear forces by load case and steel analysis report: data and results.

The internal forces for the nonlinear case are validated by an independent software.

Generating the shape sheet by system (TTAD #11471)

Test ID: 3575

Test status: Passed

13.4.1 Description

Generates shape sheets by system, on a model with 2 systems.

13.5 Verifying the shape sheet results for the elements of a simple vault (TTAD #11522)

Test ID: 3612

Test status: Passed

13.5.1 Description
Performs the finite elements calculation and the steel calculation. Generates the shape sheet results report.

The structure is a simple vault consisting of three steel elements (S235 material, IPEA240 cross section) with two rigid
fixed supports. The loads applied on the structure: self weight and a linear live load of -10.00kN on FZ.

14
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13.6

13.7

13.8

13.9

EC3 / NF EN 1993-1-1/NA - France: Verifying the cross section optimization of a steel element

(TTAD #11516)

Test ID: 3620

Test status: Passed

13.6.1 Description
Verifies the cross section optimization of a steel element, according to Eurocodes 3.

Performs the finite elements calculation and the steel calculation. Generates the "Envelopes and shapes optimization"
report.

The steel bar has a IPE360 cross section, a rigid hinge support at one end and a rigid support with translation restraints
on X, Y and Z and rotation restraint on X. Two loads are applied: a punctual dead load of -1.00 kN on FZ and a punctual
live load of -40.00 kN on FZ.

Verifying the shape sheet results for a column (TTAD #11550)

Test ID: 3640

Test status: Passed

13.7.1 Description

Performs the finite elements calculation and the steel calculation. Generates the shape sheet report for a vertical steel
element.

The steel element (S235 material, IPE300 cross section) has a rigid fixed support. A vertical live load of -200.00 kN is
applied.

EC3 /NF EN 1993-1-1/NA - France: Verifying the shape sheet results for a fixed horizontal beam
(TTAD #11545)

Test ID: 3641

Test status: Passed

13.8.1 Description

Performs the finite elements calculation and the steel calculation. Generates the shape sheet report for a horizontal
steel element, verifies the cross section class.

The steel element (S235 material, IPE300 cross section) has a rigid fixed support at one end and a rigid support with
translation restraints on Y and Z and rotation restraint on X at the other end. A linear live load of -10.00 kN on FX and
a punctual live load of 1000 kN on FX are applied.

CM66 (steel design) - France: Verifying the buckling length for a steel portal frame, using the kA
kB method

Test ID: 3813

Test status: Passed

13.9.1 Description
Verifies the buckling length for a steel portal frame with one level, using the kA kB method, according to CM66.

Generates the "Buckling and lateral-torsional buckling lengths" report.

GrGRrAITEC 15
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13.10 CM66 (steel design) - France: Verifying the buckling length for a steel portal frame, using the
roA roB method

Test ID: 3814

Test status: Passed

13.10.1 Description
Verifies the buckling length for a steel portal frame with one level, using the roA roB method, according to CM66.

Generates the "Buckling and lateral-torsional buckling lengths" report.

13.11 EC3/ EN 1993-1-1 - General: Verifying the buckling length for a steel portal frame, using the
kA kB method

Test ID: 3819

Test status: Passed

13.11.1 Description
Verifies the buckling length for a steel portal frame, using the kA kB method, according to Eurocodes.

Generates the "Buckling and lateral-torsional buckling lengths" report.

13.12 EC3 / NF EN 1993-1-1/NA: Verifying the steel shape optimization when using sections from
Advance Steel Profiles database (TTAD #11873)

Test ID: 4289

Test status: Passed

13.12.1 Description

Verifies the steel shape optimization when using sections from Advance Steel Profiles database. Performs the finite
elements calculation and the steel elements calculation and generates the steel shapes report.

The structure consists of columns with UKC152x152x37 cross section, beams with UKB254x146x37 cross section and
roof beams with UKB203x133x25 cross section. Dead loads and live loads are applied on the structure.

13.13 EC3/NF EN 1993-1-1/NA - France: Verifying the buckling coefficient Xy on a class 2 section

Test ID: 4443

Test status: Passed

13.13.1 Description

Performs the finite elements calculation and the steel elements calculation. Verifies the buckling coefficient Xy on a
class 2 section and generates the shape sheets report.

The model consists of a vertical linear element (126*0.71+15*1.07 cross section and S275 material) with a rigid hinge
support at the base and a rigid support with translation restraints on X and Y and rotation restraint on Z, at the top. A
punctual live load is applied.
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13.14 EC3/NF EN 1993-1-1/NA - France: Verifying the buckling length results (TTAD #11550)

Test ID: 4481

Test status: Passed

13.14.1 Description

Performs the steel calculation and verifies the buckling length results according to Eurocodes 3 - French standards.
The shape sheet report is generated.

The model consists of a vertical linear element (IPE300 cross section, S275 material) with a rigid fixed support at the
base. A punctual live load of 200.00 kN is applied.

13.15 EC3 / SR EN 1993-1-1-2006 - Romania: Fire verification: verifying the work ratios after
performing an optimization for steel profiles (TTAD #11975)

Test ID: 4484

Test status: Passed

13.15.1 Description

Runs the Steel elements verification and generates the "Envelopes and optimizing profiles” report in order to verify the
work ratios. The verification is performed using the EC3 norm with Romanian annex.

13.16 Verifying the "Shape sheet" command for elements which were excluded from the specialized
calculation (TTAD #12389)

Test ID: 4529

Test status: Passed

13.16.1 Description

Verifies the program behavior when the "Shape sheet" command is used for elements which were excluded from the
specialized calculation (chords).

13.17 EC3 / NF EN 1993-1-1/NA - France: Changing the steel design template for a linear element
(TTAD #12491)

Test ID: 4540

Test status: Passed

13.17.1 Description

Selects a different design template for steel linear elements.

13.18 Verifying the shape sheet for a steel beam with circular cross-section (TTAD #12533)

Test ID: 4549

Test status: Passed

13.18.1 Description

Verifies the shape sheet for a steel beam with circular cross-section when the lateral torsional buckling is computed
and when it is not.
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13.19 EC3/ NF EN 1993-1-1/NA - France: Class section classification and compression verification

of an IPE300 column (evaluated by SOCOTEC France - ref. Test 1)

Test ID: 5383

Test status: Passed

13.19.1 Description
Classification and verification of an IPE 300 column made of S235 steel. The column is connected to the ground by a
fixed connection and is free on the top part. On top, the column is subjected to a 100 kN force applied gravitationally,
defined as a live load. The dead load will be neglected.

13.19.2 Background

This test was evaluated by the French control office SOCOTEC.

13.19.2.1 Model description

Yy Reference: Guide de validation Eurocode 3 Partl,1 EN 1993-1-1-2001;
y Analysis type: static linear (plane problem);

y Element type: linear.

The following load cases and load combination are used:

Yy Exploitation loadings (category A): Q = -100kN,

y The ultimate limit state (ULS) combination is: Cmax=1 X Q

Fz=-100.00 kN
10,7
£48,6 15
5 |
8 2 =
0 -
—
[
300
Units
Metric System
Materials properties
NOT FOR RESALE version - Materials B |
Designation Standard -
TEEL EN 10025-2
5355 STEEL EN 10025-2 5355
5450 STEEL EN 10025-2 5450
C25/30 CONCRETE |EN206 C25/30
C20/25 CONCRETE |EN206 C20/25
30,37 CONCRETE |EN206 C30/37 [ 1
C35/45 CONCRETE |EN206 C35/45 [ 1
C40/50 CONCRETE |EN206 C40/50 [ 1l -
Add | |
Mechanical Properties »> Properties ‘ Libraries => ‘
He | ok | cancel |
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Boundary conditions

The boundary conditions are described below:

Outer:

y

3 Support at start point (x=0) restrained in translation and rotation along X, Y and Z axis,

3 Support at end point (z = 5.00) free.
Inner: None.

y

13.19.2.2 Reference results for calculating the cross section class

In this case, the column is subjected only to compression, therefore the distribution of stresses along the section is like

in the picture below:

NOT FOR RESALE version - Linear elements stresses B
& s - 1a W@ T
IPE300 Section paints Stresses (MPa)

P1 -18.58 MPa
P2 1858 MPa
P3 1858 MPa
P4 -18.58 MPa
P5 1858 MPa
P6 A7ATMPa
P7 -18.58 MPa
P8
Min -18.58 MPa
Max 1858 MPa
xm) 245m

Propertes Value

A 52.81cm?

sy 33670m?

52 25,66 cm?

3 835600 cmé

I 503.80cmé

bz 000cmé

13 20.12cmd.

Seax (WP
2
L Il L 1
i ¥ ¥ B
8
000m it 500m
245m
Close

To determine the web class, we use Table 5.2 sheet 1, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

elements

Internal compression elements

o [+ o 7C o [+
l_:‘. t telfe

5 < 7 el
= t —— 't t
_ o ey S R ) ] Adisof
C
4 L —

Class HE‘“f‘“ subjectto | Element subject o | gy oy supject 1o bending and compression
bending compression s
f, f,
Stress 1 1
distribution + + | el
in elements o c
(compression
poskive) ] |
f, £
when @ > 05 mswj%"1
1 /<% c/t<33e T
G 36
wheno £05: e/t=—
o
4568
when o > 05: ¢/t sﬁ
c/t=83 c/t<38e 4‘;“;
. Se
wheno<05: e/t=——
a
[} f T,
Stress ]
distribution &
in elements c c
c
(compression c2 *
positive) f &
42e
wheny >—-1: ¢/t£———F
3 e/t <124¢ c/t=42e 0,67 +0.33y
wheny =—1": e/t =62e(l *V‘\."[*V‘
. 7 | [3 | 235 275 | 355 | 420 | 460
) | t | oo [ 0s | o8 | 03 [ om

refers to the strain ratio

#) This ¢/t value refers t the wilisation of plastic reserves in the tension zone, see 5.5.4(5), therefore y
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The section geometrical properties are described in the picture below:

S

According to Table 5.2 and the column section geometrical properties, the next conclusions can be found:

A ctapi i
O xpii
R P

Therefore:
A ctapl i
O xpl i

o@iprt

oBiptoPYes oY

This means that the column web is Class 2.
To determine the flanges class, we will use Table 5.2, sheet 2, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

elements

Qutstand flanges

c c c {
TR — : )
&) t 1
y t 1 =z
i -
Rolled sections Welded sections
Cla Element subject to Element subject to bending and compression
455 compression Tip in compression T'ip in tension
Stress ac ac
—  —a
distribution
— + +
inelements 3 G ——— 7
(compression i | ’-—-l ‘ ,EI M ('—‘j
positive) il C ! | c
9e 9
1 c/t<9s c/ts— c/t<——
o oo
10e 10e
2 c/t<10g Its— clts——
o oo
Stress
distribution 7 - + _ I+
in elements 3 i = S | ‘ ‘,
(compression | )*—-I ‘ ! c ‘ ! c
positive) I ) '
/t €21e.
3 c/t<l4de c/t<2leyk,
For k, see Part 1-5
AR T, | 235 | 275 [ 355 [ a0 T 460
=,(235/f [
e | P | 100 [ 092 [ o081 [ 0715 | o0m

The section geometrical properties are described in the picture below:

10,

t
7

7

248.,6

15

71

(o8]
L)
o
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According to the Table 5.2 and the column section geometrical properties, the next conclusions can be found:

c_ 56.45mm

t 107mm =o2fe
e=1

Therefore:

C _5645mm

=5.276C¢ 9* @ =9 this means that the column flanges are Class 1.
t  107mm

A cross-section is classified by quoting the heist (least favorable) class of its compression elements.

According to the calculation above, the column section have a Class 2 web and Class 1 flanges; therefore the class
section for the entire column section will be considered Class 2.

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2(6)

13.19.2.3 Reference results in calculating the compressive resistance N¢rg

The design resistance of the cross-section force Ncrd shall be determined as follows:

A* f

y

Gvo

For Class 1, 2 or 3 cross-section NC Rd —

Where:
A sectionarea A=53.81cm2
Fy nominal yielding strength for S235 fy=235MPa

gy, Partial safety coefficient g, . =1
Therefore:
A* f, 5381*10** 235
Guo 1

=1.26453%IN =126454kN

Nc,Rd =

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.4(2)

Finite elements modeling

y Linear element: S beam,
y 6 nodes,
y 1 linear element.
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Finite elements results

Compressive resistance work ratio

Column subjected to compressive load

Work ratio [%0]

791%
b 91%
791%
b 91%
791%
F91%
791%
91%
791%
91%
z
T x ?.9%

13.19.2.4 Reference results

Result name

Result description

Reference value

Work ratio

Compressive resistance work ratio [%)]

8%

13.19.3 Calculated results

Result name

Result description

Value

Error

Work ratio - Fx

Work ratio Fx

7.90805 %

-1.1494 %

22

C:IGRAITEC



C"IADVANCE

ADVANCE VALIDATION GUIDE

13.20 EC3 / NF EN 1993-1-1/NA - France: Class section classification and shear verification of an

IPE300 beam subjected to linear uniform loading (evaluated by SOCOTEC France - ref. Test 2)

Test ID: 5410

Test status: Passed

13.20.1 Description

Classification and verification of an IPE 300 beam made of S235 steel. The beam is subjected to a 50 kN/m linear
uniform load applied gravitationally. The force is considered to be a live load and the dead load is neglected.

13.20.2 Background
This test was evaluated by the French control office SOCOTEC.

13.20.2.1 Model description

y Reference: Guide de validation Eurocode 3 Partl,1 EN 1993-1-1-2001;

y Analysis type: static linear (plane problem);
y Element type: linear.
The following load cases and load combination are used:

y Exploitation loadings (category A): Q = -50kN/m,
y The ultimate limit state (ULS) combination is: Cmax=1 X Q

__S00p,

Units

Metric System

Fzs

Materials properties

.50_ 0o kN

£48.6

NOT FOR RESALE version - Materials

Designation

| Family

Standard I Type

355

|STEEL

|s235

5355

I

I
55 STEEL [ —
5450 STEEL EN 100252 5450 [—
25030 CONCRETE |EN206 ca5/30 [
C20/25 CONCRETE |EN206 2025 [
30737 CONCRETE |EN206 307 [ ]
3545 CONCRETE |EN206 Ca5M5 [ ]
C40/50 CONCRETE |EN206 C40/50 1 1| -

Mechanical Properties =

Propeties ‘

Boundary conditions

The boundary conditions are described below:

y Outer:
3 Support at start point (x=0) restrained in translation along X, Y and Z axis,
3 Support at end point (x = 5.00) restrained in translation along Y and Z axis and rotation restrained on X
axis
y Inner: None.

GrGrAITEC
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13.20.2.2 Reference results for calculating the cross section class
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2

In this case the stresses distribution along the section is like in the picture below:

y
y
y

compression for the top flange
compression and tension for the web
tension for the bottom flange

NOT FOR RESALE version - Linear elements stresses A=)
o e - 1a - @ F
IPE300 Sectionpoints | Stresses (MPa)
El
P1 280 47 MPa
P2 230.47 MPa
P3 28047 MFa
Pl 28047 MFa
P5 280.47 MPa
P6 0.00 MPa
P7 28047 MFa
]
El
Min -280 47 MPa
Max 230.47 MPa
El
xm) 250m
Propetties Value
80.47 A 5381 om?
f Sy 3367 cm?
Sz 25.68cm*
28047 Iy 2356.00 omé
Iz 603.80 cmd
vz 0.00cméd
3 2012cmé

(m)

To determine the web class it will be used the Table 5.2 sheet 1, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2.

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression
elements

Internal compression elements

c 1+
| t
== ) C 3
¥t ¥ ]
C C
— — —=
Class I-.Iemrm subjoct to Eloment subject to Element subject to bending and compression
bending compression 5
f f,
Stress 1
distribution + + | luc
in elements c c
(compression
posiing) — =
f, £,
. . 396
whena >05: u:‘[s}: i
1 clt< 72 c/t<33e e
. 368
whena <0,5: c/t=
o
S 456e
whena > 05: u."t_r 3
2 e/ts83 e/1=38e N
S Se
whena 05: c/t=——
o
f f
Stress d f g
distribution b
in elements c c
c
(compression o2 M
positive) f g
42e
wheny >-1: ¢/t —w—"
3 cft =124 cft=42e 0,67 +0,33y
whenw £-1": ¢/t £62e(l —V)\."[—\.-J’]
| f, | 235 [ 275 [ 355 [ 420 | 460
[ £ [ oo [ 082 | o8l [ 0715 [ o7

*) This ¢/t value refers to the utilisation of plastic reserves in the tension zone, see 5.5.4(3), therefore w
refers to the strain ratio
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The section geometrical properties are described in the picture below:

10,7

248,6 15

According to the Table 5.2 and the beam section geometrical properties, the next conclusions can be found:

A ctal i

5 x@ri °%PT
R TG

Therefore:

A ctal i

O xpl I

N

N

N
150

This means that the column web is Class 1.
To determine the flanges class it will be used the Table 5.2, sheet 2, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter

300 ]

CBIPTXCERGCBT Q@ T

55.2
Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression
elements
Qutstand flanges
Cc C o]
i ——
1 i : th Tl
Rolled sections Welded sections
Class Element subject to Element subject to bending and compression
A8 compression l'ip in compression l'ip in tension
Stress ac ac
—  —
distribution
_ + +
in elements SN = -—- —
(compression i | I-‘—ﬂ ‘ ,B 0r _
positive) | | [ | 3 }_#,
9z e
1 c/t<9s c/ts— c/ts——
o Aol
10e 10e
2 c/t<10s cr’tS—E e/t =
o oo
Stress
distribution _ - + _ 1+
in elements 3 | = ' | ! ‘
(compression ! |-—-f ! c | c
positive) | ' ‘ I‘—.i ‘ I‘—+
2 [t <2 e
3 c/t<l4e c/t<2kyk,
For k. see Part 1-5
.= [235/F f, 235 275 355 420 460
By . £ 1.00 0,92 0,81 0,75 0,71

The section geometrical properties are described in the picture below:

G’GRAITEC
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.
-
~J
—
o
~J

c48.,6 15

I a:
1S
150

7,1

| ' 300 \

According to the Table 5.2 and the beam section geometrical properties, the next conclusions can be found:

€ _2045mM_ 5 576

t  107mm

e=0.92

Therefore:

C- —5645mm =5.276¢ 9* e =9* 0.92=8.28 this means that the column flanges are Class 1.
t  107mm

A cross-section is classified by quoting the heist (least favorable) class of its compression elements.

According to the calculation above, the beam section have a Class 1 web and Class 1 flanges; therefore the class
section for the entire beam section will be considered Class 1.

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2(6)

13.20.2.3 Reference results in calculating the shear resistance Vpird

The design resistance of the cross-section Vpi,rd Shall be determined as follows:

A\/* fy
V :—\/§
pl,Rd
9vo

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.6(2)
Where:

Av: section shear area for rolled profiles A = A- 2*b*t, +(t, +2*r)*t,

A: cross-section area  A=53.81cm?
b: overall breadth b=150mm

h: overall depth h=300mm

hw: depth of the web hw=248.6mm
r: root radius r=15mm

tr: flange thickness t=10.7mm

tw: web thickness tw=7.1mm
A =A-2*%b*t, +(t, +2*r)*t, =5381- 2*15*17+(0.71+2*1.5)*1.07= 25.68cn
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.6(3)

fy: nominal yielding strength for S275 fy=275MPa

gy,- Partial safety coefficient g,,, =1

26
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Therefore:
A* L 2568r10'* 212
Ve = V3 _ 3 =0.407MN =4077kN
| Guro 1
For more:

Verification of the shear buckling resistance for webs without stiffeners:

N g 7007
t, e
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.6(7)
h=120* 91 =120+ 1 =120
Gvo 1
e= 2_35: 2_35: 0.92
i, V275
& = 2486 =3501¢ 72* Q =72* 120 =9391
t, 7.1 e 0.92

There is no need for shear buckling resistance verification
According to: EC3 Part 1,5 EN 1993-1-5-2004 Chapter 5.1(2)

Finite elements modeling

y Linear element: S beam,
y 6 nodes,
y 1 linear element.

Finite elements results

Shear resistance work ratio

‘ Work ratio - Fz

13.20.2.4 Reference results

Result name Result description Reference value
Fz Shear force 125 kN
Work ratio Work ratio - Fz 31%

13.20.3 Calculated results
Result name Result description Value Error
Fz Fz -125 kN 0.0000 %
Work ratio - Fz Work ratio Fz 30.6579 % -1.1035 %

G’GRAITEC
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13.21 EC3/ NF EN 1993-1-1/NA - France: Class section classification, shear and bending moment
verification of an IPE300 column (evaluated by SOCOTEC France - ref. Test 3)

Test ID: 5411

Test status: Passed

13.21.1 Description
Classification and verification of an IPE 300 column made of S235 steel. The column is connected to the ground by a
fixed connection and is free on the top part. In the middle, the column is subjected to a 200 kN force applied on the
web direction, defined as a live load. The dead load will be neglected.

13.21.2 Background
This test was evaluated by the French control office SOCOTEC.

13.21.2.1 Model description

Yy Reference: Guide de validation Eurocode 3 Partl,1 EN 1993-1-1-2001;
y Analysis type: static linear (plane problem);

y Element type: linear.

The following load cases and load combination are used:

Yy Exploitation loadings (category A): Q = -200kN,

y The ultimate limit state (ULS) combination is: Cmax=1 X Q

10,7

248.6 15
‘/é -
Q
=
200
Units
Metric System
Materials properties
MOT FOR. RESALE version - Materials liléj

Designation Standard

] EN 52 5275
55 STEEL EN 10025-2 5355
5450 STEEL EN 10025-2 5450
C25/30 CONCRETE |EN208 C2530
C20i25 CONCRETE |EN206 C20i25
ca0a7 CONCRETE |EN205 ca0a7 \ \
Casis CONCRETE |EN205 Casis \ \
C40i50 CONCRETE |EN205 c40550 i ] -
o] oo | |
Mechanical Propetties > Properties | Libraries 55 |
He | ok | cance |
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Boundary conditions

The boundary conditions are described below:

y Outer:
3 Support at start point (x = 0) restrained in translation and rotation along X, Y and Z axis,
3 Support at end point (z = 5.00) free.

Y Inner: None.

13.21.2.2 Reference results for calculating the cross section class
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2

In case the column is subjected to a lateral load, the stresses distribution on the most stressed point (the column base)
is like in the picture below:

.
NOT FOR RESALE version - Linear elements stresses (-9 [
& 5x >| L] > M T
IPE300 Sectionpoints | Stresses (MPa )
E]
Pl 89750 MPa
P2 89750 MPa
P3 89750 MPa
P4 -897.50 MPa
Ps 897.50 MPa
P6 0.00 MPa
P7 89750 MPa
]
]
Min -897.50 MPa
Max 897.50 MPa
)
xm) 000m
Properties Value
A 5381 om?
897.50 Sy 33.67cm®
s 2588 cm?
i 835600 cmd
Iz 603.80 cmd
lyz 0.00 cm4
t 2012 cmd

Swox (WFa)

. 5
/
¥ (m

b
T
)
&
o
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To determine the web class, we will use Table 5.2 sheet 1, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2.

Table 5.2 (sheet 1 of 3): Maximum width-<to-thickness ratios for compression

elements

Internal compression elements

T T¢

c WLT Axis of

et

| s
uﬂh bending

pls =t
c=h-3t
L
g } ! —
¥ TTe— ¥ [ t) .
c ! _ c__ t _ _ 1 | Axis of
c t bending
p—l 1 — ek _dk o | T
c=b-3t
Class Hlement mbject to Blemext subject Element subject to bending and compression
bending COMpression =
. r.- f:
Stress
distribution + + | |ee
in elements c c e
(compression
- , 396e
when o =05 u.-'r.&']: "
! e/t< T e/t <33e o
S (o o J6E
whena =05: ¢/t =
o
4568
when o >05: I.:.-"LE]_‘ "
2 c/t=83 c/t=38s 4';0;_
- , It
whena <05: ¢/t =
o
- f. T.
Stress
distribution *
in elements c c
c
(compression cl2 *
positive) f 0T
42e
wheny >—1: ¢/t € —x
3 ¢/t £1245 o/ t<42s 0.67+0.33y
whenw =-1": ¢/t < 62&(] —w],,‘"m
X Facit i 235 275 355 420 460
£=,/235/1 z
W Y £ 1,00 0,92 0.81 0,75 0,71

refers to the strain ratio.

*) This ¢/t value refers to the utilisation of plastic reserves in the tension zone, see 5.5.4(5), therefore W

The section geometrical properties are described in the picture below:

10,7 10,7
T T
e A —
2

15 c48.,6 15

c

o —

7 S
ZL..'.

3

o
7 - 27—
. 200 J

According to the Table 5.2 and the column section geometrical properties, the next conclusions can be found:

X 10
p

A O)l >l

ctapl i

o@iprt
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Therefore:

- —— OoBIPTXCEKG

This means that the column web is Class 1.

To determine the flanges class it will be used the Table 5.2, sheet 2, from EC3 Part 1,1 EN 1993-1-1-2001 Chapter
5.5.2.

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression
elements

Outstand flanges

Bl S M QS SR
t1 ) t i1 th o

Rolled sections Welded sections

Class Element subject to Element subject to bending and compression

compression Tip in compression

l'ip in tension
Stress

" Siress oG oc

distribution _ + +

in elements Ve E T ] o

(compression i | |-—-+ | f :‘ i -
positive) | | —C

[—C— |

9g 9e
1 c/t=9 L:fts—E c/ts——

o oLy oL

A 10g

2 c/t<10g c/tsﬁ It=< =

o oy o

Stress

distribution _ - + __ I+
inelements N c Vi ~r
(compression | ! |-—+ c

! }‘—-|

positive)
o < e IlI
3 c/t<l4e c/ts2lek,
For k. see Part 1-5
= 335/F f, 235 275 355 420 460
e =,/235/f, . 1.00 0.92 0.81 0,75 0,71

The section geometrical properties are described in the picture below:

10,7 10,7
[T+ T
z Z

15 248,6 15

s
1
150

|A | L

6%
(e
o

According to the Table 5.2 and the column section geometrical properties, the next conclusions can be found:
va@ vl
paIT MAX9

p

O >
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Therefore:

8

- UV X P WE RW

This means that the column flanges are Class 1.
A cross-section is classified by quoting the heist (least favorable) class of its compression elements.

According to the calculation above, the column section have a Class 1 web and Class 1 flanges; therefore the class
section for the entire column section will be considered Class 1.

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 5.5.2(6).

13.21.2.3 Reference results in calculating the shear resistance Vpird

The design resistance of the cross-section Vpird, is determined as follows:

A/* fy
V :—\/§
pl,Rd
Gvo

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.6(2)
Where:

Av section shear area for rolled profiles A = A- 2%b*t, +(t, +2*%r)*t,

A cross-section area A=53.81cm?
b  overall breadth b=150mm

h  overall depth h=300mm

hw depth of the web hw=248.6mm
r  rootradius r=15mm

tr  flange thickness t=10.7mm

tw  web thickness tw=7.1mm
A =A-2*b*t, +(t,+2*r)*t, =5381- 2*15*17+(0.71+2*1.5)*1.07= 25.68cm?
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.6(3)

fy nominal yielding strength for S235 f,=235MPa

gy, Partial safety coefficient g, , =1

Therefore:

f

A\/*Ty 25.68*104*2735
3 - : 3 =0.348MN =34842KN

0

Viird =

G

13.21.2.4 Reference results in calculating the bending moment resistance

Ves = 200 _ oo 406> 50%
Ve 34842

The shear force is greater than half of the plastic shear resistance. Its effect on the moment resistance must be taken
into account.

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.8(1)(2)

r3Az2 Q
LA H-T-
x, Ob

W

Yo

a
%Vpl,y -
-C

y.V,Rd

M
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Where:
7 @caAl

° -2 2
0 g2+
;=& 19 -8270200 .8 _ 4450z
Hyee O ¢ 0348 2

According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.8(5)

A,=hz2t,

Ay section shear area for rolled profiles

A cross-section area  A=5381mm?

b overall breadth b=150mm

h overall depth h=300mm

hw depth of the web hyw=248.6mm

r root radius r=15mm

tr  flange thickness t=10.7mm

tw web thickness tw=7.1mm
A,=h, %, (@00 2- 1037 2 1p 37.1 31765:6m
According to: EC3 Part 1,1 EN 1993-1-1-2001 Chapter 6.2.8(5)

fy  nominal yielding strength for S235 fy=235MPa

gy, Partial safety coefficient g,,, =1

Therefore:
a 3A2 B 9 i 0
Ny - m 31, 5628.40 1C° 002234?;32?? 10 )0 935
M,y e =< v =& : ~  @&14M™MNm
o o 1

Mgy =2.5m* 20kN = 50(kNm= 0.5MNm

M. _ 0.500
M 0.147

340%

y,V,Rd

Finite elements modeling

y Linear element: S beam,
y 7 nodes,
y 1 linear element.

GGRAITEC
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Finite elements results

Shear z direction work ratio

Shear z direction work ratio
Work ratio - Fz
0.00
0.04
0.00
0.0
0.00
0.0d
57.400.00
5740 uana
57.40 i
53.81
50.23
57.40 :gg
: 30.46
3 3588
57.4 3229
2870
281
57.40 o
14.35
" 10.76
t 57,40 218

Work ratio of the design resistance for bending

Work ratio of the design resistance for bending

Work ratio i My

13.21.2.5 Reference results

Result name Result description Reference value
Work ratio i Fz Work ratio of the shear resistance z 57 %
Work ratioi My Work ratio of the design resistance for bending 340 %

13.21.3 Calculated results
Result name Result description Value Error
Work ratio - Fz Work ratio Fz 57.4021 % 0.7054 %
Work ratio - My Work ratio of the design resistance for bending 338.584 % -0.7085 %
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