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Introduction 
 

In this document, the results of Scia Engineer concerning the Steel Code Check according 

to EN 1993 are compared to benchmark projects. 

 

A total of 43 benchmarks are evaluated for EN 1993-1-1, EN 1993-1-2 and EN 1993-1-3. 

In addition some benchmarks include parts of EN 1993-1-5. 

 

An overview of supported articles as well as theoretical background on how specific code 

rules have been implemented/supported within Scia Engineer can be found in the Steel 

Code Check Theoretical Background document, revision 12/2009. 

 

All checks are executed according to the regulations given in the following codes and 

correction sheets: 

 

Eurocode 3 

Design of steel structures 

Part 1 - 1 : General rules and rules for buildings 

EN 1993-1-1:2005 

 

Eurocode 3 

Design of steel structures 

Part 1 - 1 : General rules and rules for buildings 

EN 1993-1-1:2005/AC:2009 Corrigendum 

 

Eurocode 3 

Design of steel structures 

Part 1 - 2 : General rules  - Structural fire design 

EN 1993-1-2:2005 

 

Eurocode 3 

Design of steel structures 

Part 1 - 2 : General rules  - Structural fire design 

EN 1993-1-2:2005/AC:2009 Corrigendum 

 

Eurocode 3   

Design of steel structures 

Part 1-3: General rules 

Supplementary rules for cold-formed members and sheeting 

EN 1993-1-3:2006 
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Eurocode 3   

Design of steel structures 

Part 1-3: General rules 

Supplementary rules for cold-formed members and sheeting 

EN 1993-1-3:2006/AC:2009 Corrigendum 

 

Eurocode 3  

Design of steel structures 

Part 1.5 : Plated structural elements 

EN 1993-1-5 : 2006 

 

Eurocode 3  

Design of steel structures 

Part 1.5 : Plated structural elements 

EN 1993-1-5 : 2006/AC:2009 Corrigendum 

 

The following list gives an overview of the different benchmarks. 

 

 

Benchmarks EN 1993-1-1 
 

Benchmarks 1 to 4 concern manual calculations. 

 

Benchmarks 5 to 15 concern examples of Designerôs Guide to EN 1993-1-1 Eurocode 3, 

The Steel Construction Institute, 2005. 

 

Benchmark 16 concerns an example of Nachweispraxis Biegeknicken und 

Biegedrillknicken, Ernst & Sohn, 2002. 

 

Benchmarks 17 to 22 concern examples of ECCS N°119 Rules for Member Stability in 

EN 1993-1-1, Background documentation and design guidelines, ECCS, 2006. 

 

Benchmarks 23 to 28 concern examples of Access Steel, which can be found on the 

website http://www.access-steel.com/ 

 

 

Benchmarks EN 1993-1-2 
 

Benchmarks 29 to 33 concern examples of Access Steel, which can be found on the 

website http://www.access-steel.com/ 

 

Benchmarks 34 to 35 concern manual calculations. 

 

 

http://www.access-steel.com/
http://www.access-steel.com/
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Benchmarks EN 1993-1-3 
 

Benchmarks 36 to 37 concern examples of Designerôs Guide to EN 1993-1-1 Eurocode 3, 

The Steel Construction Institute, 2005. 

 

Benchmarks 38 to 41 concern examples of Access Steel, which can be found on the 

website http://www.access-steel.com/ 

 

Benchmarks 42 to 43 concern manual calculations. 

 

 

 

For each Benchmark, the reference results and the Scia Engineer output are given. Where 

needed, the results are followed by comments. 

More background information concerning each benchmark can be found in the specified 

references. 

 

For those benchmarks in which the verification is done using both Interaction Method 1 

and 2 two Scia Engineer project files are provided (XXX_1.esa and XXX_2.esa). 

 

http://www.access-steel.com/
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Benchmarks EN 1993-1-1 
 

Benchmark 1: Global Imperfections 
 

Project file: EN_Benchmark01.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

In this benchmark, the equivalent sway imperfections according to EN 1993-1-1 

are checked. 

 

A portal frame is modeled as shown on the following picture. The frame has a 

total height of 12m and is loaded on the top side of the columns by 100 kN point 

loads. The column bases are taken as fixed, the beam-column connections as 

hinged. 
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Reference Results 
 

The results are checked by a manual calculation. 

 

3

2
577,0

12

22

h
h

 

3

2
h  

 

816,0
3

1
15,0

1
15,0

m
m  

 

0027217,0816,0577,0
200

1
0 mh  

 

This results in a leverage arm e for the point loads at the top: 

 

mtghe 03266,00027217,012)(  

 

Due to this leverage arm, the expected moment at the column bases is calculated 

as follows: 

 

kNmmkNeFM 266,303266,0100  

 

Scia Engineer Results 
 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 2: Bow Imperfections 
 

Project file: EN_Benchmark02.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

In this benchmark, the local bow imperfections according to EN 1993-1-1 are 

checked. 

 

A set of six Euler columns is modeled. The columns have length 4m and cross-

section IPE 240. For each column bow imperfections and normal force loading 

are defined as shown in the following table: 

 

Column Bow imperfection Normal Force [kN] 

B1 According to code ï elastic 100 

B2 According to code ï plastic 100 

B3 According to code ï elastic ï only if required 100 

B4 According to code ï plastic ï only if required 100 

B5 According to code ï elastic ï only if required 1300 

B6 According to code ï plastic ï only if required 1300 
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Reference Results 
 

The results are checked by a manual calculation. 

 

IPE 240   Buckling curve y-y: a 

  Buckling curve z-z : b 

 

Elastic analysis: curve a:  
300

10

L

e
 

 

   curve b:  
250

10

L

e
 

Plastic analysis: curve a:  
250

10

L

e
 

 

   curve b:  
200

10

L

e
 

 

For the imperfections óif requiredô the critical Euler load is calculated: 

 

2

2

2

2

4000

38920000210000
,

L

EI
yNcr

y
5041,64 kN 

 

  25% of Ncr,y = 1260,41 kN 

 

2

2

2

2

4000

2836000210000
,

L

EI
zNcr z 367,37 kN 

 

  25% of Ncr,z = 91,84 kN 

 

 

With a length of 4m the imperfection value e0 can be calculated for each column 

for each direction. Due to these imperfection values, the normal force loading will 

cause bending moments My and Mz in the columns. The expected results are 

shown in the following table. 
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Column Buckling 

axis 

e0 [mm]  N [kN]  My [kNm]  Mz [kNm] 

B1 y-y 

z-z 

13,33 

16 

100 1,33  

1,6 

B2 y-y 

z-z 

16 

20 

100 1,6  

2 

B3 y-y 

z-z 

0 

16 

100 0  

1,6 

B4 y-y 

z-z 

0 

20 

100 0  

2 

B5 y-y 

z-z 

13,33 

16 

1300 17,33  

20,8 

B6 y-y 

z-z 

16 

20 

1300 20,8  

26 

 

For columns B3 and B4 the normal force loading is lower then the limit for 

buckling around the y-y axis so no imperfection has to be applied in that case. For 

buckling around the z-z axis the imperfection is required. 

 

Scia Engineer Results 
 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 3: Material Yield Strength 
 

Project file: EN_Benchmark03.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

In this benchmark, two items are checked: 

 

- Reduction of the yield strength in function of the thickness for rolled 

sections, according to EN 1993-1-1. 

- Calculation of the average yield strength for cold-formed sections 

according to EN 1993-1-3. 

 

Two sections are modeled: hot rolled HE1000X393 fabricated from S235 and a 

cold-formed RHSCF300/100/12.5 fabricated from S275. 

 

    
Reference Results 
 

The results are checked by a manual calculation. 

 

 CS1 - HE1000X393 ï S235 

 

tf = 43,9 mm > 40 mm  fy = 215 N/mm² 

 

With area A = 50020 mm² and M0 =1,00 the compression capacity will be: 

 

kN
fyA

NRd
M

3,10754
00,1

21550020

0
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CS2 - RHSCF300/100/12.5 ï S275 

 

The average yield strength is calculated as follows: 

 

2

2 fybfu
fybfu

A

knt
fybfya

g

 

 

With: fyb = 275 N/mm² 

 fu = 430 N/mm² 

 Ag =  8700 mm² 

 k =  7 for cold rolling 

 n = 4 (90° bends) 

 t = 12,5 mm 

 

2

275430
275430

8700

5,1247
275

2

fya  

 

5,35295,352fya  

 

 fya = 352,5 N/mm² 

 

With M0 =1,00 the compression capacity will be: 

 

kN
fyA

NRd
M

75,3066
00,1

5,3528700

0

 

 

Scia Engineer Results 
 

Results for CS1 - HE1000X393 ï S235 
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Results for CS2 - RHSCF300/100/12.5 ï S275 

 

 
 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 4: Effective Cross-Section Area 
 

Project file: EN_Benchmark04.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

In this benchmark, the effective cross-section is calculated for a rolled section 

with class 4 web. The cross-section is of type IPE 600, fabricated from S355 and 

loaded by uniform compression. 

 

The classification is done according to EN 1993-1-1, the calculation of the 

effective cross-section area is done according to EN 1993-1-5. 

 

Reference Results 
 

The results are checked by a manual calculation. 

 

S355   = 0,81 

 

IPE 600  H =  600 mm 

  B =  220 mm 

  tf = 19 mm 

  tw = 12 mm 

  r = 24 mm 

  A = 15600 mm² 

 

Classification for outstand flanges 

 

24
2

12

2

220

22
r

twB
c 80 mm 

 

 
19

80

tf

c
4,21 

 

Limit for class 1: 9 = 7,32 

 

 4,21 < 7,32 

 

 The flanges are classified as class 1 
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Classification for internal compression parts 

 

24219260022 rtfHc 514 mm 

 

 
12

514

tw

c
42,83 

 

Limit for class 3: 42 = 34,17 

 

 42,83 > 34,17 

 

 The web is classified as class 4 

 

 

Calculation of effective area 

 

  

 
 

 

  
 

 

 
 

 
 

 

 b c = 514 mm 

 

  = 1,0 

 

 k  = 4,0 
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481,04,28

12
514

p 0,9369 

 

 
29369,0

13055,09369,0
0,8228 

 

5148228,0effb 422,83 mm 

 

be1 = be2 = 211,46 mm 

 

220

12

19

211

24

 
 

Aeff = 220 x 19 x 2 + 211,46 x 12 x 2 + 2 x 24x 12 = 14011,16 mm² 

 

 

With M0 =1,00 the compression capacity will be: 

 

kN
fyA

NRd
M

eff
96,4973

00,1

35516,14011

0
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Scia Engineer Results 
 

 
 

 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 5: Designerôs Guide Ex. 5.1 
 

Project file: EN_Benchmark05.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 5.1: Cross-section classification under 

combined bending and compression of Designerôs Guide to EN 1993-1-1 

Eurocode 3, The Steel Construction Institute, 2005. 

 

A member is to be designed to carry combined bending and axial load. In the 

presence of a major axis bending moment and an axial force of 300 kN, the cross-

section classification is determined of a 406 x 178 x 54 UB in grade S275 steel. 

 

Reference Results 
 

The reference gives following results: 

 

Classification under pure compression 

Flanges c/tf 6,86 

 Class 1 limit 8,32 

 Flanges Class 1 

Web c/tw 46,81 

 Class 3 limit 38,8 

 Web Class 4 

 

 

Classification under combined loading 

Flanges c/tf 6,86 

 Class 1 limit 8,32 

 Flanges Class 1 

Web c/tw 46,81 

 Class 2 limit 52,33 

 Web Class 2 
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Scia Engineer Results 
 

Classification under pure compression 

 

 
 

Classification under combined loading 

 

 
 

Comments 
 

The results correspond to the benchmark results.  
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Benchmark 6: Designerôs Guide Ex. 6.2 
 

Project file: EN_Benchmark06.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.2: Cross-section resistance in compression 

of Designerôs Guide to EN 1993-1-1 Eurocode 3, The Steel Construction Institute, 

2005. 

 

A 254 x 254 x 73 UC is to be used as a short compression member. The resistance 

of the cross-section in compression is calculated assuming grade S355 steel. 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 7,77 

 Class 2 limit 8,14 

 Flanges Class 2 

Web c/tw 23,29 

 Class 1 limit 26,85 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 3305 kN 
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Scia Engineer Results 
 

 
 

 
 

 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 7: Designerôs Guide Ex. 6.4 
 

Project file: EN_Benchmark07.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.4: Shear resistance of Designerôs Guide to 

EN 1993-1-1 Eurocode 3, The Steel Construction Institute, 2005. 

 

The shear resistance is determined of a 229 x 89 rolled channel section in grade 

S275 steel loaded parallel to the web. 

 

Reference Results 
 

The reference gives following results: 

 

Shear resistance 

Av 2092 mm² 

Vpl,Rd 332 kN 

Shear buckling does not need to be considered 

 

 

Scia Engineer Results 
 

 
 

Comments 
 

The results correspond to the benchmark results. 

 

 



Benchmark 8: Designerôs Guide Ex. 6.5 

21 

Benchmark 8: Designerôs Guide Ex. 6.5 
 

Project file: EN_Benchmark08.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.5: Cross-section resistance under combined 

bending and shear of Designerôs Guide to EN 1993-1-1 Eurocode 3, The Steel 

Construction Institute, 2005. 

 

A short span (1,4m), simply supported, laterally restrained beam is to be designed 

to carry a central point load of 1050 kN. A 406 x 178 x 74 UB in grade S275 steel 

is assessed for its suitability for this application. 

 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 4,68 

 Class 1 limit 8,32 

 Flanges Class 1 

Web c/tw 37,94 

 Class 1 limit 66,56 

 Web Class 1 

 

 

Bending resistance 

Mc,y,Rd 412 kNm 

 

 

Shear resistance 

Av 4184 mm² 

Vpl,Rd 689,2 kN 

Shear buckling does not need to be considered 
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Resistance to combined bending and shear 

My,V,Rd 386,8 kNm 

 

 

Scia Engineer Results 
 

 
 

 

 
 

 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 9: Designerôs Guide Ex. 6.6 
 

Project file: EN_Benchmark09.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.6: Cross-section resistance under combined 

bending and compression of Designerôs Guide to EN 1993-1-1 Eurocode 3, The 

Steel Construction Institute, 2005. 

 

A member is to be designed to carry a combined major axis bending moment and 

an axial force. In this example, a cross-section check is performed to determine 

the maximum bending moment that can be carried by a 457 x 191 x 98 UB in 

grade S235 steel in the presence of an axial force of 1400 kN. 

 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 4,11 

 Class 1 limit 9,0 

 Flanges Class 1 

Web c/tw 35,75 

 Class 2 limit 38,0 

 Web Class 2 

 

 

Compression resistance 

Npl,Rd 2937,5 kN 

 

 

Bending resistance 

Mpl,y,Rd 524,5 kNm 
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Resistance to combined bending and axial force 

MN,y,Rd 342,2 kNm 

 

 

 

Scia Engineer Results 
 

 
 

 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 10: Designerôs Guide Ex. 6.7 
 

Project file: EN_Benchmark10.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.7: Buckling resistance of a compression 

member of Designerôs Guide to EN 1993-1-1 Eurocode 3, The Steel Construction 

Institute, 2005. 

 

A circular hollow section member is used as an internal column in a multi-storey 

building. The column has pinned boundary conditions at each end, and the inter-

storey height is 4m. The critical combination of actions results in a design axial 

force of 1630 kN. The suitability of a hot rolled 244,5 x 10 CHS in grade S275 

steel is assessed for this application. 

 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Tube d/t 24,5 

 Class 1 limit 42,7 

 Tube Class 1 

 

 

Compression resistance 

Nc,Rd 2026,8 kN 

 

Member Buckling resistance in compression 

Ncr 6571 kN 

red  0,56 

curve a 

 0,21 

 0,91 

Nb,Rd 1836,5 kN 
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Scia Engineer Results 
 

 
 

 
 

 

 
 

 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 11: Designerôs Guide Ex. 6.8 
 

Project file: EN_Benchmark11.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.8: Lateral Torsional Buckling resistance of 

Designerôs Guide to EN 1993-1-1 Eurocode 3, The Steel Construction Institute, 

2005. 

 

A simply supported primary beam is required to span 10,8m and to support two 

secondary beams. The secondary beams are connected through fin plates to the 

web of the primary beam, and full lateral restraint may be assumed at these points. 

A 762 x 267 x 173 UB section is considered in grade S275 steel. 

 

For Lateral Torsional Buckling the general case is used. 

 
 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 5,08 

 Class 1 limit 8,32 

 Flanges Class 1 

Web c/tw 48,0 

 Class 1 limit 66,6 

 Web Class 1 
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Bending resistance 

Mc,y,Rd 1704 kNm 

 

 

Shear resistance 

Av 9813 mm² 

Vpl,Rd 1959 kN 

Shear buckling does not need to be considered 

 

 

Resistance to combined bending and shear 

My,V,Rd 1704 kNm 

 

 

Lateral torsional buckling: segment BC 

C1 1,052 

Mcr 5699 kNm 

red LT 0,55 

LT 0,34 

LT 0,86 

Mb,Rd 1469 kNm 

 

 

Lateral torsional buckling: segment CD 

C1 1,879 

Mcr 4311 kNm 

red LT 0,63 

LT 0,34 

LT 0,82 

Mb,Rd 1402 kNm 
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Scia Engineer Results 
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LTB for segment BC: 

 

 
 

 

 

LTB for segment CD: 
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Comments 
 

- The results correspond to the benchmark results. 

 

- The benchmark gives a wrong moment diagram. In Scia Engineer the loading has 

been adapted to obtain the same diagram since the values of the end moments 

influence the calculation of the C1 factor. 

 

- A small difference in the values for Mcr  is caused by a different Iw  section 

property: Reference Iw = 9390 x 10^9 mm^6  Scia Engineer Iw = 9551,7 x 

10^9 mm^6.  
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Benchmark 12: Designerôs Guide Ex. 6.9 
 

Project file: EN_Benchmark12.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.9: Member resistance under combined 

major axis bending and axial compression of Designerôs Guide to EN 1993-1-1 

Eurocode 3, The Steel Construction Institute, 2005. 

 

A rectangular hollow section member is to be used as a primary floor beam of a 

7,2 m span in a multi-storey building. Two design point loads of 58 kN are 

applied to the primary beam from secondary beams. The secondary beams are 

connected through fin plates to the webs of the primary beam, and full lateral and 

torsional restraint may be assumed at these points. The primary beam is also 

subjected to a design axial force of 90 kN. 

The suitability of a hot rolled 200 x 100 x 16 RHS in grade S355 steel is assessed 

for this application. 

 

For Lateral Torsional Buckling the general case is used. 

The interaction factors kij for combined bending and compression are determined 

using alternative method 1 (Annex A). 
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Reference Results 
 

The reference gives following results: 

 

Classification (under pure compression) 

Web c/tw 9,50 

 Class 1 limit  26,85 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 2946,5 kN 

 

 

Shear resistance 

Av 5533,3 mm² 

Vpl,Rd 1134 kN 

Shear buckling does not need to be considered 

 

 

Bending resistance 

Mc,y,Rd 174,3 kNm 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 174,3 kNm 

 

 

Member Buckling resistance in compression 

Ncr,y 1470 kN Ncr,z 4127 kN 

red ,y 1,42 red ,z 0,84 

y 0,21 z 0,21 

y 0,41 z 0,77 

Nb,y,Rd 1209 kN Nb,z,Rd 2266 kN 
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Member Buckling resistance in bending: segment BC 

C1 1,0 

Mcr 3157 kNm 

red LT 0,23 

LT 0,76 

LT 0,97 

Mb,Rd 169,5 kNm 

 

 

Verification according to Method 1 

red ,0 0,23 

Cmy,0 1,01 

aLT 0,189 

bLT 0 

dLT 0 

Cmy 1,01 

CmLT 1,00 

y 0,96 

z 0,99 

wy 1,33 

wz 1,27 

npl 0,03 

Cyy 0,98 

Czy 0,95 

kyy 1,06 

kzy 0,69 

eq. (6.61) 0,94 

eq. (6.62) 0,61 
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Scia Engineer Results 
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Comments 
 

- The results correspond to the benchmark results. 

 

- In Scia Engineer an RRW section was used to obtain the same Wpl . 

 

 

- There is a slight difference in Mcr  due to the fact the reference ignores the 

warping contribution. 
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- According to EN 1993-1-1 art. 6.3.2.1(4) the effect of lateral-torsional buckling 

may be ignored (LT  = 1,00) in case: 

  

   with   = 0,40 by default 

 

0,23 < 0,40 => LT  = 1,00 

 

The reference does not take this into account and thus has LT  = 0,97. 

 

- The critical check is at 2,4m. To obtain the shear check and classification for pure 

compression, member data are used for checking the position at 0m. 
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Benchmark 13: Designerôs Guide Ex. 6.10 
 

Project file: EN_Benchmark13.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 6.10: Member resistance under combined bi-

axial bending and axial compression of Designerôs Guide to EN 1993-1-1 

Eurocode 3, The Steel Construction Institute, 2005. 

 

An H section member of length 4,2m is to be designed as a ground floor column 

in a multi-storey building. The frame is moment resisting in-plane and pinned out-

of-plane, with diagonal bracing provided in both directions. The column is 

subjected to major-axis bending due to horizontal forces and minor axis bending 

due to eccentric loading from the floor beams. From the structural analysis, the 

design effects are shown in following figure. The suitability of a hot rolled 305 x 

305 x 240 H section in grade S275 steel is assessed for this application. 

 

 
 

For Lateral Torsional Buckling the general case is used. 

The interaction factors kij for combined bending and compression are determined 

using alternative method 2 (Annex B). 

 

 

 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 3,51 

 Class 1 limit 8,32 

 Flanges Class 1 
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Web c/tw 10,73 

 Class 1 limit 30,51 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 8415 kN 

 

 

Bending resistance 

Mc,y,Rd 1168 kNm 

Mc,z,Rd 536,5 kNm 

 

 

Shear resistance 

Av,z 8605,82 mm² 

Vpl,z,Rd 1366,36 kN 

Av,y 24227 mm² 

Vpl,y,Rd 3847 kN 

Shear buckling does not need to be considered 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 773,8 kNm 

Mz,NV,Rd 503,9 kNm 

 2 

 2,04 

 

 

Member Buckling resistance in compression 

Ncr,y 153943 kN Ncr,z 23863 kN 

red ,y 0,23 red ,z 0,59 

y 0,34 z 0,49 

y 0,99 z 0,79 

Nb,y,Rd 8314 kN Nb,z,Rd 6640 kN 
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Member Buckling resistance in bending 

C1 2,752 

Mcr 17114 kNm 

red LT 0,26 

LT 0,21 

LT 0,99 

Mb,Rd 1152 kNm 

 

 

Verification according to Method 2 

Cmy 0,40 

Cmz 0,60 

CmLT 0,40 

kyy 0,41 

kzz 0,78 

kyz 0,47 

kzy 0,79 

eq. (6.61) 0,66 

eq. (6.62) 0,97 

 

 

Scia Engineer Results 
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Comments 
 

- The reference applies a wrong formula for Av,z in the shear resistance check. The 

results shown above for Av,z and Vpl,z,Rd are those corrected by manual 

calculation. 

 

- There is a slight difference in Mcr  due to a different C1 factor. Reference C1 = 

2,752  Scia Engineer C1 = 2,70. 

 

In Scia Engineer the C1 factor for end-moment loading is calculated according to 

the approximate formula (F.3) of informative annex F of ENV 1993-1-1:1992. 

This formula is limited to 2,70.  

 

- According to EN 1993-1-1 art. 6.3.2.1(4) the effect of lateral-torsional buckling 

may be ignored (LT  = 1,00) in case: 

  

   with   = 0,40 by default 

 

0,26 < 0,40 => LT  = 1,00 

 

The reference does not take this into account and thus has LT  = 0,99. 

 

- To determine the interaction factors k ij  using alternative method 2 (Annex B) a 

distinction is made between members not susceptible to torsional deformations 

(Table B.1) and members susceptible to torsional deformations (Table B.2). 

 

The reference concludes that the member is susceptible to torsional deformations 

and uses Table B.2 leading to a kzy value of 0,79. 

 

However, due to the previous point, since LT  = 1,00 the member is considered 

within Scia Engineer as being non-susceptible to LT-buckling and thus Table B.1 

is applied leading to a kzy value of 0,6 kyy = 0,6 * 0,406 = 0,2436 
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Benchmark 14: Designerôs Guide Ex. 13.1 
 

Project file: EN_Benchmark14.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 13.1: Calculation of section properties for 

local buckling of Designerôs Guide to EN 1993-1-1 Eurocode 3, The Steel 

Construction Institute, 2005. 

 

The effective area and the horizontal shift in neutral axis due to local buckling are 

calculated for a 200 x 65 x 1,6 lipped channel in zinc-coated steel with a nominal 

yield strength of 280 N/mm². The section is subjected to pure compression. 

 

The properties are calculated from the idealized section given in the reference. 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Effective section properties 

Aeff 341,5 mm² 

eN 8,66 mm 
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Scia Engineer Results 
 

 

 
 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 15: Designerôs Guide Ex. 13.3 
 

Project file: EN_Benchmark15.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Example 13.3: Member resistance in compression 

(checking flexural, torsional and torsional-flexural buckling) of Designerôs Guide 

to EN 1993-1-1 Eurocode 3, The Steel Construction Institute, 2005. 

 

The member resistance of a 100 x 50 x 3 plain channel section column subjected 

to compression is calculated. The column length is 1,5m, with pinned end 

conditions, so the effective length is assumed equal to the system length. The steel 

has yield strength 280 N/mm². 

 

Reference Results 
 

The reference gives following results: 

 

Member resistance in compression 

A 555 mm² 

Ncr,y 787 kN 

Ncr,z 127 kN 

Ncr,T 121 kN 

 Sigma,cr,T 218 N/mm² 

Ncr,TF 114 kN 

 Sigma,cr,TF 205 N/mm² 

red  1,16 

 0,49 

 0,45 

Nb,Rd 69,17 kN 
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Scia Engineer Results 
 

 
 

 
 

 

Comments 
 

- The results correspond to the benchmark results. 

 

- The reference calculates a wrong formula for Nb,Rd. The result shown above for 

Nb,Rd is that corrected by manual calculation. 
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Benchmark 16: Nachweispraxis Beispiel 1 
 

Project file: EN_Benchmark16.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Beispiel 1: Schnittgrössenberechnung und 

Spannungsberechnung bei zweiachsiger Biegung mit Torsion of Nachweispraxis 

Biegeknicken und Biegedrillknicken, Ernst & Sohn, 2002. 

 

A member with forked end supports is loaded in axial compression, bi-axial 

bending and torsion. The member concerns an IPE 200 of steel grade S235. A 

direct stress check is performed according to EN 1993-1-3 in the middle of the 

member which includes the direct stress due to warping.  

 

  
Reference Results 
 

The reference gives following results: 

 

I

M
y

Iz

Mz
z

Iy

My

A

N
 

 

 

2
3,18)9,47(

12990

78,624
)5(

142

270
)10(

1940

1170

5,28

6,12

cm

kN
 

 

2
84,18204,2307,9531,6042,4

mm

N
 

 

With M0 =1,00 the Stress check according to EN 1993-1-3 formula (6.11a) is: 

 

0

,

M

Edtot

fya
 

 

 
00,1

235
84,182   Unity check: 0,78 
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Scia Engineer Results 
 

 
 

 

Comments 
 

The results correspond to the benchmark results. 
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Benchmark 17: ECCS N°119 Worked Example 1 
 

Project file: EN_Benchmark17_1.esa   &   EN_Benchmark17_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Worked Example 1 of ECCS N°119 Rules for Member 

Stability in EN 1993-1-1, Background documentation and design guidelines, 

ECCS,  2006. 

 

 

This first worked example deals with the basic case of in-plane behaviour. The 

beam-column is subjected to compression and triangular major axis bending 

moment. The member is so restrained that both lateral and lateral torsional 

displacements are prevented. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

  

 

Reference Results 
 

The reference gives following results: 

 

 

Classification  

Flanges c/tf 4,1 

 Class 1 limit 9,0 

 Flanges Class 1 

Web c/tw 28,39 

 Class 1 limit 33,00 

 Web Class 1 
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Compression resistance 

Nc,Rd 669 kN 

 

 

Bending resistance 

Mc,y,Rd 51,8  kNm 

 

 

Shear resistance 

Av,z 1400 mm² 

Vpl,z,Rd 190 kN 

Shear buckling does not need to be considered 

 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 44,7 kNm 

 

 

Member Buckling resistance in compression 

Ncr,y 3287 kN 

red ,y 0,451 

y 0,21 

y 0,939 

 

 

Verification according to Method 1 

Cmy,0 0,782 

bLT 0 

Cmy 0,782 

y 0,996 

wy 1,135 

Cyy 1,061 

eq. (6.61) 0,985 
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Verification according to Method 2 

Cmy 0,6 

kyy 0,65 

eq. (6.61) 0,874 

 

 

 

Scia Engineer Results 
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Verification according to Method 1 
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Verification according to Method 2 

 

 
 

Comments 
 

- The results correspond to the benchmark results. 

 

- The reference calculates a wrong value for c in the classification of the web. The 

result shown above for c is that corrected by manual calculation. 

 

- The reference calculates a wrong value for Av,z in the shear resistance check. The 

result shown above for Av,z is that corrected by manual calculation. 
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Benchmark 18: ECCS N°119 Worked Example 2 
 

Project file: EN_Benchmark18_1.esa   &   EN_Benchmark18_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Worked Example 2 of ECCS N°119 Rules for Member 

Stability in EN 1993-1-1, Background documentation and design guidelines, 

ECCS,  2006. 

 

 

This second worked example deals with spatial behaviour. The beam-column is 

subjected to compression, transverse forces and major axis end moments. the 

transverse load is assumed to act at the shear centre. Lateral torsional buckling is 

not prevented, and may therefore occur. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 4,6 

 Class 1 limit 9,0 

 Flanges Class 1 

Web c/tw 41,8 

 Class 2 limit 43,00 

 Web Class 2 
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Compression resistance 

Nc,Rd 2714 kN 

 

 

Bending resistance 

Mc,y,Rd 516 kNm 

 

 

Shear resistance 

Av,z 5990 mm² 

Vpl,z,Rd 819 kN 

Shear buckling does not need to be considered 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 468 kNm 

 

 

Member Buckling resistance in compression 

Ncr,y 81549 kN Ncr,z 3624 kN 

red ,y 0,182 red ,z 0,865 

y 0,21 z 0,34 

y 1,00 z 0,683 

 

 

Member Buckling resistance in bending (General) 

C1 2,15 

Mcr 2179 kNm 

red LT 0,486 

LT 0,34 

LT 0,89 

kc 0,653 

f 0,861 

LT,mod 1,00 
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Member Buckling resistance in bending (Rolled) 

red LT 0,473 

LT 0,49 

LT 0,959 

kc 0,653 

f 0,864 

LT,mod 1,00 

 

 

 

Verification according to Method 1 

y 1,00 

wy 1,138 

z 0,918 

wz 1,5 

Cmy,0 0,789 

Mcr0 1014 kNm 

red 0 0,713 

aLT 0,998 

bLT 0 

dLT 0 

Cmy 0,919 

Cyy 1,003 

Czy 0,893 

eq. (6.61) 0,936 

eq. (6.62) 0,777 
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 Verification according to Method 2 

Cmy 0,495 

Cm,LT 0,495 

kyy 0,492 

kzy 0,847 

eq. (6.61) 0,628 

eq. (6.62) 1,006 

 

Scia Engineer Results 
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Verification according to Method 1 
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Verification according to Method 2 

 

 
 

 
 

Comments 
 

- The reference calculates a wrong value for Av,z in the shear resistance check. The 

result shown above for Av,z is that corrected by manual calculation. 

 

- Since it concerns a case of combined loading, the FriLo LTB solver is used to 

calculate the exact Mcr  through an eigenvalue solution. The reference uses an 

approximate graphic for determining C1 (and thus Mcr ). 

Reference Mcr  = 2179 kNm  Scia Engineer Mcr  = 2310,41 kNm. 
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- According to EN 1993-1-1 art. 6.3.2.1(4) the effect of lateral-torsional buckling 

may be ignored (LT  = 1,00) in case: 

  

   with   = 0,40 by default 

 

350 / 2310,41 = 0,1515 < 0,16 => LT  = 1,00 

 

The reference does not take this into account and thus has LT  = 0,89. 

 

- In the determination of Cmy,0 for method 1 the reference assumes the moment 

diagram to be linear which is not the case. The reference thus uses the linear 

approximation where Scia Engineer uses the correct general method for 

calculating Cmy,0. The reference is thus not consistent: for C1 the combined 

loading is taken into account, but for Cmy,0 not. 

 

- In the verification according to method 1, the reference uses the óGeneral Caseô 
for LTB. However, the reference also applies the reduction factor f to calculate 

LT,mod in this case. In EN 1993-1-1 this reduction is only specified for the 

óRolled sections and equivalent welded sections Caseô and not for the óGeneral 

Caseô. 

Due to the differences in the LTB reduction factor and in the Cmy,0 factor, the 

eventual verification formulaôs have differences. 

 

- In the verification according to method 2, the reference uses the óRolled sections 

and equivalent welded sections Caseô for LTB. For determination of kc, the 

reference uses specific tables according to BS 5950. In Scia Engineer the default 

table according to EN 1993-1-1 is used. 

Reference kc = 0,653  Scia Engineer kc = 0,91 

 

- To determine the interaction factors k ij  using alternative method 2 (Annex B) a 

distinction is made between members not susceptible to torsional deformations 

(Table B.1) and members susceptible to torsional deformations (Table B.2). 

 

The reference concludes that the member is susceptible to torsional deformations 

and uses Table B.2 leading to a kzy value of 0,847. 

 

However, since LT  = 1,00 the member is considered within Scia Engineer as 

being non-susceptible to LT-buckling and thus Table B.1 is applied leading to a 

kzy value of 0,6 kyy = 0,6 * 0,492 = 0,2952 
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Benchmark 19: ECCS N°119 Worked Example 3 
 

Project file: EN_ Benchmark19_1.esa   &   EN_Benchmark19_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Worked Example 3 of ECCS N°119 Rules for Member 

Stability in EN 1993-1-1, Background documentation and design guidelines, 

ECCS,  2006. 

 

 

This third worked example deals with spatial behaviour. The beam-column is 

subjected to compression and transverse forces causing major axis bending. 

Lateral torsional buckling is not a potential mode of failure because of the shape 

of the cross-section. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

 

Classification  

Web c/tw 14,0 

 Class 1 limit 33,00 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 1316 kN 
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Bending resistance 

Mc,y,Rd 82,7 kNm 

 

 

Shear resistance 

Av,z 3600 mm² 

Vpl,z,Rd 488 kN 

Shear buckling does not need to be considered 

 

 

Member Buckling resistance in compression 

Ncr,y 3600 kN Ncr,z 1161 kN 

red ,y 0,605 red ,z 1,065 

y 0,21 z 0,21 

y 0,888 z 0,62 

 

 

Verification according to Method 1 

y 0,969 

wy 1,266 

z 0,543 

wz 1,184 

Cmy,0 1,007 

bLT 0 

dLT 0 

Cmy 1,007 

Cyy 0,868 

Czy 0,524 

eq. (6.61) 0,946 

eq. (6.62) 1,131 
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Verification according to Method 2 

Cmy 0,95 

kyy 1,213 

kzy 0,728 

eq. (6.61) 0,904 

eq. (6.62) 1,112 

 

 

Scia Engineer Results 
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Verification according to Method 1 

 

 
 

 

 

 

 



Benchmark 19: ECCS N°119 Worked Example 3 

68 

Verification according to Method 2 

 

 
 

 

Comments 
 

- The results correspond to the benchmark results. 

 

- The reference uses an RHS200x100x10 which has different properties than the 

same section according to British Standard, Stahlbau Zentrum Schweiz or Voest-

Alpine Krems. In Scia Engineer the section according to British Standard has 

been used. Due to differences in the cross-section properties, small differences in 

the classification and verification occur. 
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Benchmark 20: ECCS N°119 Worked Example 4 
 

Project file: EN_Benchmark20_1.esa   &   EN_Benchmark20_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Worked Example 4 of ECCS N°119 Rules for Member 

Stability in EN 1993-1-1, Background documentation and design guidelines, 

ECCS,  2006. 

 

 

This fourth worked example deals with spatial behaviour. The beam-column is 

subjected to compression and biaxial bending. Lateral torsional buckling is not a 

potential mode of failure because of the shape of the cross-section. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Classification  

Web c/tw 14,0 

 Class 1 limit 33,00 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 1316 kN 



Benchmark 20: ECCS N°119 Worked Example 4 

70 

Bending resistance 

Mc,y,Rd 82,7 kNm 

Mc,z,Rd 49,8 kNm 

 

 

Shear resistance 

Av,z 3600 mm² 

Vpl,z,Rd 488 kN 

Av,y 2000 mm² 

Vpl,y,Rd 271 kN 

Shear buckling does not need to be considered 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 82,7 kNm 

Mz,NV,Rd 44,9 kNm 

 1,763 

 1,763 

 

 

Member Buckling resistance in compression 

Ncr,y 3600 kN Ncr,z 1161 kN 

red ,y 0,605 red ,z 1,065 

y 0,21 z 0,21 

y 0,888 z 0,620 

 

 

Verification according to Method 1 

y 0,990 

wy 1,266 

z 0,883 

wz 1,184 

Cmy,0 0,998 

Cmy 0,998 
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Cmz,0 0,759 

Cmz 0,759 

bLT 0 

dLT 0 

Cyy 0,954 

Cyz 0,919 

Czy 0,827 

Czz 1,012 

eq. (6.61) 0,923 

eq. (6.62) 0,988 

 

 

Verification according to Method 2 

Cmy 0,933 

Cmz 0,6 

kyy 1,030 

kyz 0,466 

kzy 0,618 

kzz 0,777 

eq. (6.61) 0,817 

eq. (6.62) 0,903 

 

 

Scia Engineer Results 
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Verification according to Method 1 
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Verification according to Method 2 

 

 
 

 

Comments 
 

- The results correspond to the benchmark results. 

 

- The reference uses an RHS200x100x10 which has different properties than the 

same section according to British Standard, Stahlbau Zentrum Schweiz or Voest-

Alpine Krems. In Scia Engineer the section according to British Standard has 

been used. Due to differences in the cross-section properties, small differences in 

the classification and verification occur. 

 

- A small difference in shear resistance occurs due to the fact that the reference uses 

a formula to calculate the shear area which is different than the formula given in 

EN 1993-1-1. 
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Benchmark 21: ECCS N°119 Worked Example 5 
 

Project file: EN_Benchmark21_1.esa   &   EN_Benchmark21_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns Worked Example 5 of ECCS N°119 Rules for Member 

Stability in EN 1993-1-1, Background documentation and design guidelines, 

ECCS,  2006. 

 

This fifth worked example deals with spatial behaviour. The beam-column is 

subjected to compression and biaxial bending. The transverse loading is assumed 

to act through the shear center. Lateral torsional buckling is a potential mode of 

failure according to the shape of the cross-section. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 4,6 

 Class 1 limit 9 

 Flanges Class 1  

Web c/tw 41,8 

 Class 1 limit 45,6 

 Web Class 1 
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Compression resistance 

Nc,Rd 2715 kN 

 

 

Bending resistance 

Mc,y,Rd 516 kNm 

Mc,z,Rd 78,9 kNm 

 

 

Shear resistance 

Av,z 5990 mm² 

Vpl,z,Rd 814 kN 

Av,y 6718 mm² 

Vpl,y,Rd 912 kN 

Shear buckling does not need to be considered 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 516 kNm 

Mz,NV,Rd 78,9 kNm 

 2 

 1 

 

 

Member Buckling resistance in compression 

Ncr,y 71038 kN Ncr,z 3157 kN 

red ,y 0,195 red ,z 0,927 

y 0,21 z 0,34 

y 1,00 z 0,644 
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Member Buckling resistance in bending (General) 

C1 1,2 

Mcr 1079 kNm 

red LT 0,691 

LT 0,34 

LT 0,789 

kc 0,907 

f 0,955 

LT,mod 0,826 

  

 

 

Member Buckling resistance in bending (Rolled) 

red LT 0,697 

LT 0,49 

LT 0,827 

kc 0,907 

f 0,954 

LT,mod 0,867 

 

 

 

Verification according to Method 1 

y 1,00 

wy 1,138 

z 0,937 

wz 1,5 

Cmy,0 0,999 

Cmy 1,00 

Cmz,0 0,771 

Cmz 0,771 

Mcr0 899 kNm 
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red 0 0,757 

aLT 0,998 

bLT 0,043 

cLT 0,468 

dLT 0,347 

eLT 0,719 

Cyy 0,981 

Cyz 0,863 

Czy 0,843 

Czz 1,014 

eq. (6.61) 0,964 

eq. (6.62) 0,870 

 

 

Verification according to Method 2 

Cmy 0,925 

Cm,LT 0,925 

Cmz 0,6 

kyy 0,924 

kyz 0,489 

kzy 0,961 

kzz 0,815 

eq. (6.61) 0,752 

eq. (6.62) 0,974 
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Scia Engineer Results 
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Verification according to Method 1 
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Verification according to Method 2 
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Comments 
 

- The results correspond to the benchmark results. 

 

- There are some small round-off differences between the cross-section properties. 

In Scia Engineer the cross-section according to the Arcelor catalogue has been 

used. 

 

- The reference calculates a wrong value for the shear area in the shear resistance 

check. The result shown above for the shear area is that corrected by manual 

calculation. 

 

- Since it concerns a case of combined loading, the FriLo LTB solver is used to 

calculate the exact Mcr through an eigenvalue solution. 

 

- In the verification according to method 1, the reference uses the óGeneral Caseô 
for LTB. However, the reference also applies the reduction factor f to calculate 

LT,mod in this case. In EN 1993-1-1 this reduction is only specified for the 

óRolled sections and equivalent welded sections Caseô and not for the óGeneral 

Caseô. 

Due to the differences in the LTB reduction factor, the eventual verification 

formulaôs have differences. 

 

- In the verification according to method 1, both the reference and Scia Engineer 

use the modified formula for calculation of Czz.as given in correction sheet EN 

1993-1-1:2005/AC:2009.
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Benchmark 22: ECCS N°119 Members in building frames 
 

Project file: EN_Benchmark22_1.esa   &   EN_Benchmark22_2.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example Members in building frames of ECCS 

N°119 Rules for Member Stability in EN 1993-1-1, Background documentation 

and design guidelines, ECCS,  2006. 

 

In this example, a three bay ï three storey building is analysed. The building is 

loaded by permanent loads, different cases of imposed loads and wind loading. A 

2
nd

 order analysis is carried out taking into account sway imperfections. The 

verification is done for one of the inner columns. 

 

The interaction factors kij for combined bending and compression are determined 

using both alternative method 1 (Annex A) and alternative method 2 (Annex B). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Sway imperfection 

m 0,791 

h 2/3 

 0,00264 
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Buckling ratio for in -plane buckling 

ly / Lc 0,777 

 

 

Classification  

Flanges c/tf 5,77 

 Class 1 limit 9,0 

 Flanges Class 1 

Web c/tw 17,7 

 Class 1 limit 33,00 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 2782 kN 

 

 

Bending resistance 

Mc,y,Rd 302 kNm 

 

 

Shear resistance 

Av,z 3755 mm² 

Vpl,z,Rd 509,5 kN 

Shear buckling does not need to be considered 

 

 

 

Resistance to combined bending, shear and axial force 

My,NV,Rd 232,5 kNm 

 

 

Member Buckling resistance in compression 

red ,y 0,258 red ,z 0,566 

y 0,34 z 0,49 

y 0,979 z 0,805 
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Member Buckling resistance in bending (General) 

C1 1,77 

Mcr 2488 kNm 

red LT 0,348 

LT 0,21 

LT 0,966 

kc 0,752 

f 0,927 

LT,mod 1,00 

 

 

 

Member Buckling resistance in bending (Rolled) 

red LT 0,339 

LT 0,34 

LT 1,00 

kc 0,752 

f 0,929 

LT,mod 1,00 

 

 

 

Verification according to Method 1 

y 1,00 

z 0,978 

wy 1,118 

wz 1,5 

Cmy,0 0,787 

Cmy 0,895 

Mcr0 1406 kNm 

red 0 0,463 

aLT 0,992 

bLT 0 
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dLT 0 

Cyy 1,037 

Czy 0,998 

eq. (6.61) 0,588 

eq. (6.62) 0,534 

 

 

Verification according to Method 2 

Cmy 0,6 

CmLT 0,6 

kyy 0,612 

kzy 0,936 

eq. (6.61) 0,508 

eq. (6.62) 0,674 
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Scia Engineer Results 
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Verification according to Method 1 
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Verification according to Method 2 
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Comments 
 

- The results correspond to the benchmark results. 

 

- The reference assumes that, during 2
nd

 Order analysis, the bending moment 

remains linear. An exact 2
nd

 order analysis by Scia Engineer shows that this is not 

the case. As a result, different calculation methods will be used for C1 and 

Cmy,0. In order to perform the verification using the same moment diagram, the 

moment diagram from the reference was inputted in Scia Engineer through the 

use of non-calculated internal forces. 

 

- In Scia Engineer the C1 factor for LTB is calculated according to the formula for 

end moment loading given in ENV 1993-1-1:1992. This formula results in a value 

of 1,88 in case of a triangular moment diagram. The reference uses a similar 

formula which results in a value of 1,77. 

This slight difference in C1 results in a difference in Mcr . 

Reference Mcr  = 2488kNm  Scia Engineer Mcr  = 2645 kNm 

 

- In the verification according to Method 1, the reference uses the óGeneral Caseô 

for LTB. However, the reference also applies the reduction factor f to calculate 

LT,mod in this case. In EN 1993-1-1 this reduction is only specified for the 

óRolled sections and equivalent welded sections Caseô and not for the óGeneral 

Caseô. 

 

- To determine the interaction factors k ij  using alternative method 2 (Annex B) a 

distinction is made between members not susceptible to torsional deformations 

(Table B.1) and members susceptible to torsional deformations (Table B.2). 

 

The reference concludes that the member is susceptible to torsional deformations 

and uses Table B.2 leading to a kzy value of 0,936. 

 

However, since LT  = 1,00 the member is considered within Scia Engineer as 

being non-susceptible to LT-buckling and thus Table B.1 is applied leading to a 

kzy value of 0,6 kyy = 0,6 * 0,611 = 0,367 
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Benchmark 23: Access Steel Document SX002a-EN-EU 
 

Project file: EN_Benchmark23.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example SX002a-EN-EU Buckling resistance of a 

pinned column with intermediate restraints of Access Steel, http://www.access-

steel.com/, 2005. 

 

This worked example concerns the procedure to determine the buckling resistance 

of a pinned column with intermediate restraints. 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Member Buckling resistance in compression 

Ncr,y 1964,5 kN Ncr,z 6206,0 kN 

red ,y 1,019 red ,z 0,573 

y 0,34 z 0,49 

y 0,585 z 0,801 

Nb,Rd 1193 kN 

http://www.access-steel.com/
http://www.access-steel.com/
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Scia Engineer Results 
 

 
 

Comments 
 

- The results correspond to the benchmark results. 

 

- There are some small round-off differences between the cross-section properties. 

In Scia Engineer the cross-section according to the Arbed catalogue has been 

used. 
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Benchmark 24: Access Steel Document SX001a-EN-EU 
 

Project file: EN_Benchmark24.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example SX001a-EN-EU Simply supported laterally 

unrestrained beam of Access Steel, http://www.access-steel.com/, 2004. 

 

This example gives the details for the verification of a simple non-composite 

beam under uniform loading. The beam is laterally restrained at the supports only. 

 

The loading is acting at the top flange (destabilizing). For Lateral Torsional 

Buckling the óRolled Sections or Equivalent Weldedô case is used. 

 

 
 

Reference Results 
 

The reference gives following results: 

 

Classification  

Flanges c/tf 5,07 

 Class 1 limit 9,0 

 Flanges Class 1 

Web c/tw 36,1 

 Class 1 limit 72,00 

 Web Class 1 

 

 

Bending resistance 

Mc,y,Rd 189,01 kNm 

 

 

http://www.access-steel.com/
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Shear resistance 

Av,z 3080 mm² 

Vpl,z,Rd 417,9 kN 

Shear buckling does not need to be considered 

 

 

Member Buckling resistance in bending (Rolled) 

C1 1,127 

C2 0,454 

Mcr 113,9 kNm 

red LT 1,288 

LT 0,49 

LT 0,48 

kc 0,94 

f 0,984 

LT,mod 0,488 

Mb,Rd 92,24 kNm 

 

 

 

Scia Engineer Results 
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Comments 
 

The results correspond to the benchmark results. 
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Benchmark 25: Access Steel Document SX007a-EN-EU 
 

Project file: EN_Benchmark25.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example SX007a-EN-EU Simply supported beam 

with lateral restraint at load application point of Access Steel, http://www.access-

steel.com/, 2005. 

 

This worked example deals with a simply supported beam with lateral restraints at 

supports and at load application point. 

 

For Lateral Torsional Buckling the óRolled Sections or Equivalent Weldedô case 

is used. 

 

 
 

Reference Results 
 

The reference gives following results: 

 

 

Classification  

Flanges c/tf 4,63 

 Class 1 limit 7,29 

 Flanges Class 1 

Web c/tw 52,45 

 Class 1 limit 58,32 

 Web Class 1 

 

 

Bending resistance 

Mc,y,Rd 1115 kNm 

 

 

http://www.access-steel.com/
http://www.access-steel.com/
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Shear resistance 

Av,z 7011,5 mm² 

Vpl,z,Rd 1437 kN 

Shear buckling does not need to be considered 

 

 

Member Buckling resistance in bending (Rolled) 

C1 1,77 

Mcr 1590 kNm 

red LT 0,837 

LT 0,49 

LT 0,74 

kc 0,752 

f 0,876 

LT,mod 0,845 

Mb,Rd 942,22 kNm 

 

Scia Engineer Results 
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Comments 
 

- The results correspond to the benchmark results. 

 

- The reference assumes a linear bending moment diagram which is not the case 

since the beam is loaded by both point loads and a line load. As a result, a 

difference is obtained in the C1 and kc factors. 

In Scia Engineer the actual moment diagram is used instead of a linear 

approximation. This difference in C1 and kc results in a slight difference in 

LT,mod. Reference LT,mod = 0,845  Scia Engineer LT,mod = 0,81 
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Benchmark 26: Access Steel Document SX030a-EN-EU 
 

Project file: EN_Benchmark26.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example SX030a-EN-EU Elastic design of a single 

bay portal frame made of fabricated profiles of Access Steel, http://www.access-

steel.com/, 2006. 

 

A single bay portal frame made of welded profiles is designed according to EN 

1993-1-1. This worked example includes the elastic analysis of the frame using 

the 1
st
 Order theory, and all the verifications of the members based on the 

effective properties of the cross-sections (class4). 

 

For Lateral Torsional Buckling the óGeneralô case is used. The interaction factors 

kij for combined bending and compression are determined using alternative 

method 1 (Annex A). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

 

Buckling amplification factor  

cr 29,98 

http://www.access-steel.com/
http://www.access-steel.com/
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Sway imperfection 

m 0,866 

h 0,74 

 0,0032 

 

 

Column Verification 

 

Classification  

Flanges c/tf 9,8 

 Class 3 limit 11,3 

 Flanges Class 3 

Web c/tw 131,9 

 Class 3 limit 92,3 

 Web Class 4 

 

 

Effective cross-section properties 

Aeff 7586 mm² 

Iy,eff 1215420000 mm
4
 

Weff,y 2867400 mm³ 

 

 

Shear Buckling 

Eta1 0,721 

k  5,34 

E 10,7 N/mm² 

cr 57,14 N/mm² 

red W 1,894 

W 0,438 

Vbw,Rd 430,9 kN 

Eta 3 0,26 
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Member Buckling resistance in compression 

Ncr,y 71920 kN Ncr,z 7199 kN 

red ,y 0,1935 red ,z 0,6116 

y 0,34 z 0,49 

y 1,00 z 0,778 

Nby,Rd 2693 kN Nbz,Rd 2095 kN 

 

 

Member Buckling resistance in bending (General) 

C1 1,31 

Mcr 3873 kNm 

red LT 0,5127 

LT 0,76 

LT 0,7705 

Mb,Rd 784,3 kNm 

  

  

Verification according to Method 1 

y 1,0 

z 0,995 

Cmy,0 0,79 

Mcr0 2957 kNm 

red 0 0,587 

aLT 1,00 

Cmy 0,951 

CmLT 1,00 

kyy 0,953 

kzy 0,948 

eq. (6.61) 0,877 

eq. (6.62) 0,890 
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Rafter Verification 

 

 

Classification  

Flanges c/tf 9,4 

 Class 3 limit 11,3 

 Flanges Class 3 

Web c/tw 131,9 

 Class 3 limit 93,9 

 Web Class 4 

 

 

Effective cross-section properties 

Aeff 7346 mm² 

Iy,eff 1175820000 mm
4
 

Weff,y 2772100 mm³ 

 

 

Shear Buckling 

Eta1 0,729 

k  5,34 

E 10,7 N/mm² 

cr 57,14 N/mm² 

red W 1,894 

W 0,438 

Vbw,Rd 430,9 kN 

Eta 3 0,349 

 

 

Determination of buckling length around yy-axis 

cr 76,43 

Ncr,y 9546 kN 

Lcr,y 16180 mm 
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Member Buckling resistance in compression 

Ncr,y 9546 kN Ncr,z 6370 kN 

red ,y 0,5228 red ,z 0,6398 

y 0,34 z 0,49 

y 0,874 z 0,7619 

Nby,Rd 2279 kN Nbz,Rd 1987 kN 

 

 

Member Buckling resistance in bending (General) 

C1 1,39 

Mcr 3640 kNm 

red LT 0,52 

LT 0,76 

LT 0,7653 

Mb,Rd 753,1 kNm 

  

  

Verification according to Method 1 

y 0,9983 

z 0,9953 

Cmy,0 0,9927 

Mcr0 2619 kNm 

red 0 0,613 

aLT 1,00 

Cmy 0,9985 

CmLT 1,014 

kyy 1,024 

kzy 1,021 

eq. (6.61) 0,967 

eq. (6.62) 0,972 
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Scia Engineer Results 
 

 
 

 
 

 

 

 

Column Verification 
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Rafter Verification 
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Buckling shape for determination of Ncr,y: 
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Comments 
 

- The results correspond to the benchmark results. 

 

- There is a slight difference in the classification slenderness due to the weld throat 

which is not accounted for in Scia Engineer. 

 

- For calculating the in-plane buckling resistance of the rafter, the reference 

assumes the frame to be restrained against horizontal displacement. Scia Engineer 

takes into account the actual frame without this assumption. 

 

- In the calculation of Cmy,0 the reference approximates the rafter as one straight 

member of 30m. Scia Engineer uses the actual geometry of the rafter. 
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Benchmark 27: Access Steel Document SX029a-EN-EU 
 

Project file: EN_Benchmark27.esa 

 

Scia Engineer Version 10.0.86 

 

Introduction 
 

This benchmark concerns the example SX029a-EN-EU Elastic design of a single 

bay portal frame of Access Steel, http://www.access-steel.com/, 2006. 

 

A single bay portal frame made of rolled profiles is designed according to EN 

1993-1-1. This worked example includes the elastic analysis of the frame using 

the 1
st
 Order theory, and all the verifications of the members under ULS 

combinations. 

 

For Lateral Torsional Buckling the óRolled sections and equivalent welded 

sectionsô case is used. The interaction factors kij for combined bending and 

compression are determined using alternative method 1 (Annex A). 

 

 
 

Reference Results 
 

The reference gives following results: 

 

 

Buckling amplification factor  

cr 14,57 

http://www.access-steel.com/


Benchmark 27: Access Steel Document SX029a-EN-EU 

115 

 

 

Sway imperfection 

m 0,866 

h 0,74 

 0,0032 

 

 

Column Verification 

 

 

Classification  

Flanges c/tf 4,21 

 Class 1 limit  8,28 

 Flanges Class 1 

Web c/tw 42,83 

 Class 1 limit  59,49 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 4290 kN 

 

 

Bending resistance 

Mc,y,Rd 965,8 kNm 

 

 

Shear resistance 

Av,z 8380 mm² 

Vpl,z,Rd 1330 kN 

Shear buckling does not need to be considered 
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Member Buckling resistance in compression 

Ncr,y 53190 kN Ncr,z 1956 kN 

red ,y 0,284 red ,z 1,481 

y 0,21 z 0,34 

y 0,9813 z 0,3495 

 

 

Member Buckling resistance in bending (Rolled) 

C1 1,77 

Mcr 1351 kNm 

red LT 0,8455 

LT 0,49 

LT 0,7352 

kc 0,7519 

f 0,8765 

LT,mod 0,8388 

  

  

Verification according to Method 1 

y 0,9999 

z 0,9447 

wy 1,144 

wz 1,5 

Mcr0 763,3 kNm 

red 0 1,125 

aLT 0,9982 

Cmy,0 0,7896 

Cmy 0,9641 

CmLT 1,00 

npl 0,03765 

Cyy 0,9849 

Czy 0,9318 
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kyy 0,9818 

kzy 0,5138 

eq. (6.61) 0,9534 

eq. (6.62) 0,5867 

 

 

 

Rafter Verification 

 

 

Classification  

Flanges c/tf 4,62 

 Class 1 limit 8,28 

 Flanges Class 1 

Web c/tw 41,76 

 Class 1 limit 58,38 

 Web Class 1 

 

 

Compression resistance 

Nc,Rd 3176 kN 

 

 

Bending resistance 

Mc,y,Rd 603,4 kNm 

 

 

Shear resistance 

Av,z 5985 mm² 

Vpl,z,Rd 950,3 kN 

Shear buckling does not need to be considered 
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Member Buckling resistance in compression 

Ncr,y 5082 kN Ncr,z 1233 kN 

red ,y 0,7906 red ,z 1,605 

y 0,21 z 0,34 

y 0,8011 z 0,3063 

 

 

Member Buckling resistance in bending (Rolled) 

C1 2,75 

Mcr 1159 kNm 

red LT 0,7215 

LT 0,49 

LT 0,8125 

kc 0,91 

f 0,9556 

LT,mod 0,8503 

  

  

Verification according to Method 1 

y 0,9946 

z 0,9208 

wy 1,138 

wz 1,5 

Mcr0 421,5 kNm 

red 0 1,196 

aLT 0,9981 

Cmy,0 0,9803 

Cmy 0,996 

CmLT 1,072 

npl 0,0428 

Cyy 0,9774 

Czy 0,9011 



Benchmark 27: Access Steel Document SX029a-EN-EU 

119 

kyy 1,116 

kzy 0,5859 

eq. (6.61) 0,8131 

eq. (6.62) 0,5385 

 

 

 

Scia Engineer Results 
 

 
 

 
 

 

Column Verification 
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Rafter Verification 
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