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Chapter 1 

Introduction 

As requested by several codes of practice, the structural verifications of a scaffold are compulsory beyond a certain 

height. In this manual, analysis and verifications conducted with NextFEM Designer are showed and validated. 

In the second paragraph, the program validation will be presented against some cases having easy analytical 

solution. 

In the third paragraph, relationships used for steel member checking will be presented, with reference to scaffolds 

and decks. 

Such manual applies to the linear (static and dynamic) analyses only carried out with NextFEM Designer and with its 

predefined solver (OOFEM). 

 

Design codes 

The following references have been used: 

1. EN 1993-1-1: Eurocode 3 - Design of steel structures - Part 1-1: General rules and rules for buildings 

2. EN 12811-1: Temporary works equipment - Part 1: Scaffolds - Performance requirements and general 

design. 
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Chapter 2 

Analysis validation 

In the following paragraph, a validation for structural analysis conducted with NextFEM Designer will be presented. 

Types of analysis 

Static analysis 

The analysis performed is a structural static analysis. The solution of linear system of equations in the form Ax=b, 

produced by the Finite Elements Method, is obtained with linear systems solvers. 

Load combinations are consistent with the ones proposed by Eurocode 3, and are written in the following form: 

G1G1 + G2G2 + Q1Qk1 + Q202Qk2 + Q303Qk3 + … 
 

Partial safety factors: 

- G1 : for self-weight loads, set as default to 1.5 

- G2 : for permanent loads, set as default to 1.5 

- Qi : for variable loading, set as default to 1.5 

Combination factors: 

- 0i : as default to 0.7 for variable loading 

- 0i : as default to 0.6 for wind loads 

- 0i : as default to 0.5 for snow loads (on the base of the height of the building site, < 1000m s.l.m.) 

Such ULS (Ultimate Limit State) combinations are automatically generated by the program through the command 

 

Origin and features of the program 

The program is composed by 2 parts: 

- Pre- and post-processor, NextFEM Designer (the program seen by the user), which handles input phase and 

results visualization, and also load combinations generation and verifications. This program is licensed to 

final user with the included license, that can be obtained with the command . 

NextFEM Designer is made by NextFEM, except for the packages listed in  

- The default solver, OOFEM, is employed to perform the Finite Elements calculations. Other types of solvers 

can be set and used in the program, by they are not supported for this validation. OOFEM is licensed under 

LGPL conditions, reported in  and included in the software package. This solver is developed by 

Prof. Borek Patzak (University of Prague) and by the oofem.org community. 

Realiability of the program 
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This validation, 

Designer. In the following, a reduced version with a particular focus on frame structures is reported. 

Tutorial One 

This tutorial will show how to model a 5 metres long fixed-ended beam, loaded with concentrated loads of 10kN in 

directions x, y and  z in the middle of its span. The results from NextFEM Designer (Frame forces and displacement) 

are compared with hand calculations. 

 WARNING: Both flexural and shear deformations are considered. To enable this option, click on 

Tools>Option>Solver and check the Include shear deformations in beam elements tick under the 

OOFEM preferences box 

 

The following sequence of operations are needed to create the model: 

1. Set the Units: N for force and mm for length. 
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2. Define the Material properties: 

o Name: Concrete; 

o E=30000 N/mm2; 

o Nu=0.3 

o Fk=25 N/mm 

o Weight=2.5e-5 N/mm3; 

o Mass=2.55e-9 N/mm2/g 

 

3. Define the Section properties: 

o b=300 mm (z direction); 

o h=500mm (y direction); 
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4. Define the Loads cases: Only one load case called Qk1 is considered 

 

5. Insert the Geometric properties using Node by Coordinates: 

o L=5000 mm; 

o Distance from fixed end to loads=2500 mm; 

 

6. Insert the beams using the Beam command. 
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7. Assign the boundary conditions using the Restraints command: fix all DoFs for nodes 1 and 3. 

 

8. Assign the material using the Assign>Material command at the beams by selecting them and then 

click on Assign to selected elements 

 

9. Assign the section using the Assign>Section command at the beams by selecting them and then 

click on Assign 

 

10. Assign the point load to the node number 2. 

o Px=10000 N; 

o Py=10000 N; 

o Pz=-10000 N. 
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11. Run the analysis. 

 

-  

o Displacement in x direction: Node 2=0.002778mm 

 

o Displacement in y direction: Node 2=0.2016mm 
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o Displacement in z direction: Node 2=-0.00781 mm 

 

o Moment Diagram: Values from Results>Extract Data 

▪ Mzz 
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▪ Myy 

 

o Shear Diagram: 

 

▪ Vy 
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▪ Vz 

 

 

 

o Normal forces Diagram:  
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o Internal displacements in y direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 0.00778 
1250 0.1008 
2218 0.1938 
2500 0.2016 
2500 0.2016 

2781.8 0.1938 
3750 0.1008 
4718 0.00778 
5000 0 

 

o Internal displacements in z direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 -0.003424 
1250 -0.03906 
2218 -0.07469 
2500 -0.07811 
2500 -0.07811 

2781.8 -0.07469 
3750 -0.03906 
4718 -0.003424 
5000 0 

 

- Hand Calculations: 

o Section properties 
2

3
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3
4

150000

3125 6
12

1125 6
12

=  =

= =

= =

y

z

A b h mm

bh
J e mm

hb
J e mm

 



15 
 
 

o Moment diagram: 

▪ Mzz 

max 6250000
8

zP lM Nmm= = ; min 6250000
8

zP lM Nmm= − = −  

▪ Myy 

max 6250000
8

yP l
M Nmm= = ; 

min 6250000
8

yP l
M Nmm= − = −  

o Shear Diagram: 

▪ Vy 

max 5000
2

zPV N= = ; 
min 5000

2

zPV N= − = −  

▪ Vz 

max 5000
2

yP
V N= = ; 

min 5000
2

yP
V N= − = −  

o Axial force Diagram: 

max 5000
2

xPN N= = ; min 5000
2

xPN N= − = −  

o Displacement in x direction: Node2 

max

2,

( / 2)
0.00278x

N l
u mm

EA
= =  

o Displacement in y direction: Node 2 

3

2,

1
0.201568

192 4

y y

y

z

P l P l
u mm

EJ GA
= + =  

o Displacement in z direction: Node 2 

3

2,

1
0.07811

192 4

z z

z

y

P l P l
u mm

EJ GA
= + = −

 

o Displacement in y direction: internal point at the coordinate x 

2

x,

3
2

1 2

24 2

y
y

y

z

P x l x
P x

u
EJ GA



 
− 

 
= + for 0 / 2x L   

( ) ( )
2

x,

2
1 2

24 2

y
y

y

z

L
P L x x

P L x
u

EJ GA


 
− −  − 

= +  for / 2L x L   

Position [mm] Displacement [mm] 

0 0 
281.8 0.00778 
1250 0.1008 
2218 0.1938 
2500 0.2016 
2500 0.2016 

2781.8 0.1938 
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3750 0.1008 
4718 0.00779 
5000 0 

 

o Displacement in z direction: internal point at the coordinate x 

2

x,

3
2

1 2

24 2

z

z

z

y

P x l x
P x

u
EJ GA



 
− 

 
= +  for 0 / 2x L   

( )
( )

2

x,z

2
1 2

24 2

z
z

y

L
P L x x

P L x
u

EJ GA


 
− −  − 

= +  for / 2L x L   

Position [mm] Displacement [mm] 

0 0 
281.8 -0.003425 
1250 -0.03906 
2218 -0.07468 
2500 -0.07811 
2500 -0.07811 

2781.8 -0.07469 
3750 -0.03906 
4718 -0.003429 
5000 0 

 

 

Tutorial Two 

The second tutorial consists in a cantilever beam loaded with points load in directions y and z. The output results of 

NextFEM Designer (Frame forces and displacement) are compared with hand calculations. 

Case a 

 Only flexural deformations are considered. 

- Units: N for forces and mm for lengths. 

- Material Properties: 

o Name: Concrete; 

o E=30000 N/mm2; 

o Nu=0.3 

o Fk=25 N/mm 

o Weight=2.5e-5 N/mm3; 

o Mass=2.55e-9 N/mm2/g 

- Section properties: 

o B=300 mm (z direction); 

o H=500mm (y direction); 

- Geometric properties: 

o L=2500 mm; 

- Loads: 

o Py=5000 N; 

o Pz=-10000 N. 
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-  

o Displacement in x direction: Node 2=0.00mm 

 

o Displacement in y direction: Node 2=0.7716mm 
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o Displacement in z direction: Node 2=-0.5556mm 

 

o Moment Diagram: Values from Results>Extract Data 

▪ Mzz 
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▪ Myy 

 

o Shear Diagram: 

▪ Vy 
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▪ Vz 

 

o Internal displacement in y direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 0.01415 
1250 0.2411 
2218 0.6417 
2500 0.7716 

 

o Internal displacement in z direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 -0.01019 
1250 -0.1736 
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2218 -0.4620 
2500 -0.5556 

 

- Hand Calculations: 

o Moment diagram: 

▪ Mzz 

max 25000000zM P l Nmm= = ; 

▪ Myy 

max 12500000yM P l Nmm= =  

o Shear Diagram: 

▪ Vy 

max 10000zV P N= = ;  

▪ Vz 

max 5000yV P N= = ;  

o Axial force Diagram: 

max 0N N= ;  

o Displacement in x direction: Node 2 

2, 0xu =  

o Displacement in y direction: Node 2 

3

2,

1
0.77160

3

y

y

z

P l
u mm

EJ
= =  

o Displacement in z direction: Node 2 

3

2,

1
0.0.5556

3

z

z

y

P l
u mm

EJ
= = −  

o Displacement in y direction: point at coordinate x 

( )2

x,

31

6

y

y

z

P x l x
u

EJ

−
=  

Coordinate x [mm] Displacement [mm] 

0 0 
281.8 0.01415 
1250 0.2411 
2218 0.6416 
2500 0.7716 

 

o Displacement in z direction: point at coordinate x 

( )2

x,

31

6

z

z

y

P x l x
u

EJ

−
=  
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Coordinate x [mm] Displacement [mm] 

0 0 
281.8 -0.01019 
1250 -0.1736 
2218 -0.4620 
2500 -0.5556 

 

Case b 

 Both flexural and shear deformations are considered. To enable this option, click on 

Tools>Option>Solver and check the Include shear deformations in beam elements tick under the 

OOFEM preferences box 

- Units: N for forces and mm for lengths. 

- Material Properties: 

o Name: Concrete; 

o E=30000 N/mm2; 

o Nu=0.3 

o Fk=25 N/mm 

o Weight=2.5e-5 N/mm3; 

o Mass=2.55e-9 N/mm2/g 

- Section properties: 

o B=300 mm (z direction); 

o H=500mm (y direction); 

- Geometric properties: 

o L=2500 mm; 

- Loads: 

o Py=5000 N; 

o Pz=-10000 N. 

 

 

- NextFEM  

o Displacement in x direction: Node 2=0.00mm 
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o Displacement in y direction: Node 2=0.7803mm 

 

 

o Displacement in z direction: Node 2=-0.5729mm 
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o Moment Diagram: Values from Results>Extract Data 

▪ Mzz 

 

▪ Myy 
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o Shear Diagram: 

▪ Vy 

 

▪ Vz 
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o Internal displacement in y direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 0.01513 
1250 0.2455 
2218 0.6494 
2500 0.7803 

 

o Internal displacement in z direction: values from Results>Extract data 

Position [mm] Displacement [mm] 

0 0 
281.8 -0.01214 
1250 -0.1823 
2218 -0.4774 
2500 -0.5729 

 

- Hand Calculations: 

o Moment diagram: 

▪ Mzz 

max 25000000zM P l Nmm= = ; 

▪ Myy 

max 12500000yM P l Nmm= =  

o Shear Diagram: 

▪ Vy 

max 10000zV P N= = ;  

▪ Vz 
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max 5000yV P N= = ;  

o Axial force Diagram: 

max 0N N= ;  

o Displacement in x direction: Node 2 

2, 0xu mm=  

o Displacement in y direction: Node 2 

3

2,

1
0.7803

3

y y

y

z

P l P l
u mm

EJ GA
= + =  

o Displacement in y direction: point at coordinate x 

( )2

x,

31

6

y y

y

z

P x l x P x
u

EJ GA


−
= +  

Coordinate x [mm] Displacement [mm] 

0 0 
281.8 0.01513 
1250 0.2455 
2218 0.6493 
2500 0.7803 

 

o Displacement in z direction: Node 2 

3

2,

1
0.5729

3

z z

z

y

P l P l
u mm

EJ GA
= + = −  

o displacement in z direction: point at coordinate x 

( )2

x,

31

6

z z

z

y

P x l x P x
u

EJ GA


−
= +  

Coordinate x [mm] Displacement [mm] 

0 0 
281.8 -0.01214 
1250 -0.1823 
2218 -0.4773 
2500 -0.5729 

 

 

 

Tutorial Three 

The third tutorial consists in a cantilever beam loaded with points load in direction y with modelled by shell 

elements (Mindlin-Reissner theory). The output results of NextFEM Designer (Frame forces and displacement) are 

compared with hand calculations. 
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 Only flexural deformations are considered. 

- Units: N for forces and mm for lengths. 

- Material Properties: 

o Name: Concrete; 

o E=30000 N/mm2; 

o Nu=0.3 

o Fk=25 N/mm 

o Weight=2.5e-5 N/mm3; 

o Mass=2.55e-9 N/mm2/g 

- Section properties: 

o B=300 mm (y direction); Planar section; 

- Geometric properties: 

o L=5000 mm; 

- Loads: 

o Py=5000 N; 

o Pz=10000 N; 

- Mesh size: 250x250 mm 

 

-  

o Displacement in x direction: Node 2=0.00mm 
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o Displacement in y direction: Node 2=0.6250 mm 

 

o Displacement in z direction: Node 2=-0.5062mm 
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- Comparison with hand Calculations (see tutorial two): 

o Displacement in y direction 

▪ Hand Calculation: 0.77160mm 

▪ NextFEM designer: 0.6250mm 

▪ Percent difference 19% 

o Displacement in z direction: 

▪ Hand Calculation: -0.5556mm 

▪ NextFEM designer: -0.5062mm 

▪ Percent difference: 9% 

Note that the difference is due to the choice of the mesh size. 

Tutorial Four 

The fourth tutorial consists in a cantilever beam loaded with distributed loads in directions x, y and z. The output of 

NextFEM Designer (Frame forces and displacement) is compared with hand calculations. 

 

 Only flexural deformations are considered. 
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- Units: N for forces and mm for lengths. 

- Material Properties: 

o Name: Concrete; 

o E=30000 N/mm2; 

o Nu=0.3 

o Fk=25 N/mm 

o Weight=2.5e-5 N/mm3; 

o Mass=2.55e-9 N/mm2/g 

- Section properties: 

o B=300 mm (y direction); 

o H=500mm (z direction); 

- Geometric properties: 

o L=5000 mm; 

- Loads properties: 

o qy=1 N/mm; 

o qz=-1 N/mm; 

o qx=-1 N/mm. 

 

-  

o Displacement in x direction: Node 6=-0.00278mm  

 

o Displacement in y direction: Node 6=2.315mm 



32 
 
 

 

o Displacement in z direction: Node 6=-0.8333mm 

 

o Moment Diagram: Values from Results>Extract Data 

▪ Mzz max: node 1: 125000000000 Nmm 

 

▪ Myy max: node 1: 125000000000 Nmm 
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o Shear Diagram: 

▪ Vy 

 

▪ Vz 

 

- Hand Calculations: 

o Moment diagram: 

▪ Mzz 
2

max 125000000000
2

zq lM Nmm= = ; 
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▪ Myy 

2

max 125000000000
2

yq l
M Nmm= = ; 

o Shear Diagram: 

▪ Vy 

max 5000zV q l N= = ;  

▪ Vz 

max 5000yV q l N= = ;  

o Axial force diagram: 

max 5000xN q l N= = ;  

o Max Displacement in x direction: Node 6 

2

6, 0.00278
2

x

x

q l
u mm

EA
= =  

o Max Displacement in y direction: Node 6 

4

6 2.315
8

y

y

y

q l
u mm

EJ
= =  

o Max Displacement in z direction: Node 6 

4

6, 0.8333
8

z

z

z

q l
u mm

EJ
= = −  

Tutorial Five 

The fifth tutorial consists in a modal analysis of a 3D wooden frame-building .  The output of NextFEM Designer 

(modes of vibration) is compared with the output of SAP2000®. 
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 Only flexural deformations are considered. 

- Units: kN for forces and m for lengths. 

- Material Properties: 

o Name: GL24H; 

o E=9.40e+6 kN/m2; 

o Nu=0.3 

o Weight=3.8 kN/m3; 

o Mass=0 kN/m3/g 

- Section properties: 

o B=300 mm (y direction); 

o H=500 mm (z direction); 

- Geometric properties: 

o Lx=3 m; 

o Ly=4m; 

o Lz=2m; 

- Mass properties: at every nodes of the 1st storey 

o my=2.5 kN/g; 

o mz=-2.5 kN/g; 

o mx=-2.5 kN/g 

 

-  

o First mode: 

 

o Second mode: 
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o Third mode: 

 

- SAP2000® results: 

o First mode: 
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o Second mode: 

 

o Third mode: 

 

 The test model,  calculated with two different programs, shows the same results. 
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Tutorial Six 

The sixth tutorial consists in a buckling analysis of a simply supported concrete column. The output of NextFEM 

Designer (i.e. the eigenvalues representing the load multipliers) is compared with the results computed by the 

Eulerian instability theory. The column is meshed into 5 elements of equal length. 

 

 Only flexural deformations are considered. 

- Units: kN for forces and m for lengths. 

- Material Properties: 

o Name: C25/30; 

o E=3.15e+6 kN/m2; 

o =0.2 

o Weight =25 kN/m3; 

o Mass =2.5 kN/m3/g 

- Section properties: 

o B=100 mm (z); 

o H=200 mm (y); 

- Geometric properties: 

o Ltot=3.0 m; 

- Loads: 

o Qz=-1 kN; 

 

- results: 

o First mode: 
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o Second mode: 

 

o Third mode: 
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o Fourth mode: 

 

o Fifth mode: 
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- Manual calculation: 

o The critical load is computed as come
( )

2

2
/

cr

EJ
P

l n
=   with 1,2,3,...n = , and the inertia J 

of the direction of inflection. 

o Section inertia: 

3 6 41
16.7 10

12
yyJ hb mm= =    

3 6 41
66.7 10

12
zzJ bh mm= =   

o Theoretical results: 

Bending around yy Bending around zz 

( )

( )

2

2

2

2

2

2

575 , 575

2301 , 2301
/ 2

5178 , 5178
/ 3

yy

yy

yy

EJ
kN

l

EJ
kN

l

EJ
kN

l

 

 

 

= =

= =

= =

 

( )

2

2

2

2

2301 , 2301

9206 , 9206
/ 2

zz

zz

EJ
kN

l

EJ
kN

l

 

 

= =

= =

 

 

results are in agreement with the theoretical results. 

  



42 
 
 

Chapter 3 

Verifications for steel scaffolds 

In this chapter, all the verifications performed by NextFEM Designer for steel beams/trusses are described. Such 

verification are focused on scaffolds as per EN 12811-1. 

 

Symbols 

­ A: Area 

­ Jz: Moment of inertia around x-axis 

­ Jy: Moment of inertia around y-axis 

­ Jmin: Minimum moment of inertia  

­ Jt: Torsional Inertia 

­ D: Diameter of circular cross sections 

­ Di: Inner diameter of pipe cross sections 

­ te: Thickness of pipe cross sections 

­ b: Base for any other cross sections 

­ h: Height for any other cross sections 

­ tw: web thickness 

­ tf1: thickness of bottom flange 

­ tf2: thickness of upper flange 

­ t: thickness for planar sections 

­ N: Axial force 

­ Vy: Shear force along y direction 

­ Vz: Shear force along z direction 

­ Mt: Twisting moment 

­ Myy: Moment around y local axis 

­ Mzz: Moment around z local axis 

­ Em: material Young modulus 

­ Gm: material shear modulus 

­ NIm  

­ fk: material characteristic strength 

­ WelZ: section modulus for Z axis 

­ WelY: section modulus for Y axis 

­ WplZ: plastic section modulus for Z axis 

­ WplY: plastic section modulus for Y axis 

­ iz: radius of inertia for Z axis 

­ iy: radius of inertia for Y axis 

­ imin: minimum radius of inertia 

­ SecType: 1=beam, 2=planar, 0=unknown 

­ SecBeamType: 0=unknown, 1=rectangular, 2=circular, 3=Cshape, 4=Tshape, 5=DoubleTshape, 6=Lspahe, 

7=box, 8=pipe 
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­ dx: axial relative displacement along beam axis 

­ dy: transversal deflection in local direction y 

­ dz: transversal deflection in local direction z. 

Verification listing 

Verifications performed by NextFEM Designer for steel beams/trusses are described afterwards. Each of them is 
expresses in terms of usage ratios of the checked section/element: 
 

d d

kd

M

E E

RR




= =  

 

with dE  design force 

dR  is the design strength, equal to k

M

R


 

kR  is the material characteristic strength 

M  is the partial safety factor the material. 

 

 WARNING: all the verifications listed do not support Class 4 transversal sections. 
 
 
Estimation of section class 

Conservatively, each section class is estimated as the maximum section class amongst the ones related to each part 
of the section, considered as fully in compression. 
 

Section type Parte Ratio Class 1 Class 2 Class 3 

Rectangular  /   always 

Double T, T, C web 0.9(h-tf1)/tw    

 flange 0.9(b/2-tw)/tf1    

Angular web hmax/te    

 flange (b+h)/(2te)    

Box web (h-2te)/te    

 flange (b-2te)/te    

Pipe  D/te 502 702 902 

Bar  /  always  
Generic   /     always 

 
 

with 
235

yf
 =  

The column name of the program output is reported between brackets (i.e. (EulerBuckling)) 
 
Tension/compression (Axial) 

In tension: 
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0

N
ykRd

M

N N

AfN




= =  

 
In compression (Eulerian buckling): 

min,

1

Nb
ykb Rd

M

N N

AfN






= =  

with min  calculated on the base of the following buckling coefficients, determined for rolled sections only: 

Section type y z LT 

Rectangular 0.49 0.49 0.76 

Double T, I da 0.21 a 0.76 da 0.21 a 0.76 da 0.34 a 0.49 

Angular, C, T 0.49 0.49 0.76 

Box 0.49 0.49 0.76 

Pipe 0.49 0.49 0.76 

Bar 0.49 0.49 0.76 

Generic - - - 
 
Shear (Shear) 

0 3

V
ykRd

M

V V

AfV




= =  

 
Bending with shear interaction (Bending) 

cos( ) cos( )
Mrid

PL yk N Rd N

M M

W f M


  
= =

   
  if the shear force does not exceed the 30% of plastic 

strength; 
 

,

Mrid

Rd red

M

M
 =   , with ( )( )2

, 1 min (2 1) ,1Rd red Rd VM M = − −   if the shear force exceeds the 50% of plastic 

strength, ,Rd red RdM M=  otherwise. 

 
 
Biaxial bending and axial load (TensBending_biax and BuckBending_biax) 

If the element is compressed: 

min

y z

cr cr

M MN
MNb

ridN ridNr r

 



= + +  with  

2

0

1
cr

N
ridN

M

r
 


= −   

 
If the element is in tension: 

y zMNb N M M   = + +  
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Torsional buckling (TorsionBuckling) 

 WARNING: this checks is not performed for pipe sections in a scaffolding. 

,

1

MTb
LT pl kb Rd

M

M M

A W fM






= =
 

 

For torsional buckling, the second-order twisting moment (Vlasov  contribution) is always neglected: 

2

0 0

1cr y T

T

EI
M EI GI

L L GI

 


 
=  +  

 
   con 0I =  

except for the following sections: 

­ double T, I:   
2

f(h t )

4
yI I

−
=  

­ C-shaped:   

2 3

f(h t ) 2 3

12 6

fb t F
I

F


−   +
= 

+
   with fh t

F
b

−
=  . 

In evaluating the critical resisting moment, the coefficient   is forced to the value 1.127 if the beam has null 

moments at both ends. In any case, it is limited to 1.285. 

Combined torsional buckling (TorsionBuck_comb) 

min

y z

cr cr

M MN
MNb

LT ridN ridNr r

 


 
= + +


 and 

min

y z

cr cr

M MN
MNb

ridN LT ridNr r

 


 
= + +


(for rotated sections) 

 
Stresses for tubular sections 

Only in case of pipe section, the following quantities are provided only for comparison purposes. 
 

, ,

yy zz
n

el y el z

M MN

A W W
 = − +  

( )

2 2

max 2 24 4

42

3

yzt
VR M R R r r

A R rR r




 +  +
= +

+−
 

2 2

max3id n  = +   

0

id
id

yk

M

f






=  

Deflection checks 

Deflection checks (Deflection) 
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2 2

100

y z

f

f f

L


+
=  

 WARNING: the code EN 12811-1 expects to check that the total deflection is less than 25mm. To satisfy such 

condition, the ratio f  is calculated as the maximum value between the : 

2 2

25

y zf f

mm

+
  

 

 WARNING: this check is not performed for columns or standards. 

Joint checks 

Verifications on  in the model are performed with: 
 

1 2

2 2

ps s B
Sj

sd pd Bd

FF F M

F F M


+
= + +  

with 

0

sk
sd

M

F
F


=   the joint strength, set by the user with Fsk 

0

pk

pd

M

F
F


=   the joint pull-apart strength, set by the user with Fpk 

0

Bk
Bd

M

M
M


=   the joint cruciform resisting moment, set by the user with MBx 

2 2

1 2s s y zF F V V+ = +  and pF N=   if N>0 (tension). 

Conservatively, the bending moment MB is calculated as: 2 2 2

B y z TM M M M= + + to represent both the 

flexure in clamps and the cruciform bending moment in right-angle couplers. 
To exclude a mechanism, set the corresponding strength to 0. 
 

Verifications on -  are performed in the same way but with: 

2 2

1 2s s yF F V N+ = +  and  p zF V=  

Conservatively, the bending moment MB is calculated as: 2 2 2

B y z TM M M M= + + to represent both the 

flexure in clamps and the cruciform bending moment in right-angle couplers. 
To exclude a mechanism, set the corresponding strength to 0. 
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Appendix 1  Checking example 
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Chapter 4 

Verifications for aluminium scaffolds 

In this chapter, all the verifications performed by NextFEM Designer for aluminium beams/trusses are described. 

Such verification is performed on scaffolds as per EN 12811-1 and contains references to EN 1999-1-1 (Eurocode 9). 

 

Symbols 

­ A: Area 

­ Jz: Moment of inertia around x-axis 

­ Jy: Moment of inertia around y-axis 

­ Jmin: Minimum moment of inertia  

­ Jt: Torsional Inertia 

­ D: Diameter of circular cross sections 

­ Di: Inner diameter of pipe cross sections 

­ te: Thickness of pipe cross sections 

­ b: Base for any other cross sections 

­ h: Height for any other cross sections 

­ tw: web thickness 

­ tf1: thickness of bottom flange 

­ tf2: thickness of upper flange 

­ t: thickness for planar sections 

­ N: Axial force 

­ Vy: Shear force along y direction 

­ Vz: Shear force along z direction 

­ Mt: Twisting moment 

­ Myy: Moment around y local axis 

­ Mzz: Moment around z local axis 

­ Em: material Young modulus 

­ Gm: material shear modulus 

­ NIm  

­ fk: material characteristic strength 

­ WelZ: section modulus for Z axis 

­ WelY: section modulus for Y axis 

­ WplZ: plastic section modulus for Z axis 

­ WplY: plastic section modulus for Y axis 

­ iz: radius of inertia for Z axis 

­ iy: radius of inertia for Y axis 

­ imin: minimum radius of inertia 

­ SecType: 1=beam, 2=planar, 0=unknown 

­ SecBeamType: 0=unknown, 1=rectangular, 2=circular, 3=Cshape, 4=Tshape, 5=DoubleTshape, 6=Lspahe, 

7=box, 8=pipe 
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­ dx: axial relative displacement along beam axis 

­ dy: transversal deflection in local direction y 

­ dz: transversal deflection in local direction z. 

Verification listing 

Verifications performed by NextFEM Designer for aluminium beams/trusses are described afterwards. Each of them is 
expresses in terms of usage ratios of the checked section/element: 
 

d d

kd

M

E E

RR




= =  

 

with dE  design force 

dR  is the design strength, equal to k

M

R


 

kR  is the material characteristic strength 

M  is the partial safety factor the material. 

 

 WARNING: all the verifications listed do not support Class 4 transversal sections. 

 WARNING: Inside the program, the material library Alloy lists the most spread aluminium alloys. Pay attention to 
the material names, which may include some limitations for particular section shapes: 
 
SH - Sheet (EN 485) 
ST - Strip (EN 485) 
PL - Plate (EN 485) 
ET - Extruded Tube (EN 755) 
EP - Extruded Profiles (EN 755) 
ER/B - Extruded Rod and Bar (EN 755) 
DT - Drawn Tube (EN 754) 
FO - Forgings (EN 586) 
 
Estimation of section class 

Conservatively, each section class is estimated as the maximum section class amongst the ones related to each part 
of the section, considered as fully in compression (te signifies section thickness). 
 

Section type Part Ratio Class 1 Class 2 Class 3 

Rectangular  /   always 

Double T, T, C web 0.9(h-tf1)/tw    

 flange 0.9(b/2-tw)/tf1    

Angular web hmax/te    

 flange (b+h)/(2te)    

Box web (h-2te)/te    

 flange (b-2te)/te    

Pipe  3 /D te      

Bar  /  always  
Generic   /     always 

 

The values    are computed automatically by considering the ratios  reported on the following table and 

multiplied by the parameter  defined as follows: 
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0

250

f
 =  

 
For the flanges in a section, the coefficients for the outstand parts are used; for webs and sides of a section, the 
coefficients for the internal parts are employed. 
The design codes provide different coefficients for welded and non-welded sections. Coefficients for non-welded 
sections are taken by default, but it is possible to enforce the variable welded=1 before to start the checking, to force 
the procedure to assume all the sections as welded. To force the checking for welded material ONLY at beam ends, 
set the variable weldedEnds=1. 
 

 WARNING: for the welded section checking, the verification procedure uses the value of f0HAZ form the Alloy 

Verification mask, with f0HAZ in MPa. 
 

    Internal part Outstand part 

  
Durability 

class 
1/ / / 1/ / / 

w/o welds 
A 11 16 22 3 4.5 6 

B 13 16.5 18 3.5 4.5 5 

with welds 
A 9 13 18 2.5 4 5 

B 10 13.5 15 3 3.5 4 
 
 
The column name of the program output is reported between brackets (i.e. (EulerBuckling)). In the following 
formula, f0 (or f0HAZ) is written as fyk. 
 
Tension/compression (Axial) 

In tension: 

0

N
ykRd

M

N N

AfN




= =  

In compression: 

min,

1

Nb
ykb Rd

M

N N

AfN






= =  

with min  calculated on the base of the buckling coefficients, determined from Table 6.5 in Eurocode 9. The k 

parameter is always taken as 1. 

 
 
Shear (Shear) 

0 3

V
ykRd

M

V V

AfV




= =  
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Bending with shear interaction (Bending) 

cos( ) cos( )
Mrid

PL yk N Rd N

M M

W f M


  
= =

   
  if the shear force does not exceed the 30% of plastic 

strength; 
 

,

Mrid

Rd red

M

M
 =   , with ( )( )2

, 1 min (2 1) ,1Rd red Rd VM M = − −   if the shear force exceeds the 50% of plastic 

strength, ,Rd red RdM M=  otherwise. 

 
 
Biaxial bending and axial load (BuckBending_biax and TensBending_biax) 

If the element is compressed: 

min

y z

cr cr

M MN
MNb

ridN ridNr r

 



= + +  with  

2

0

1
cr

N
ridN

M

r
 


= −   

 
If the element is in tension: 

y zMNb N M M   = + +  

 
Torsional buckling (TorsionBuckling) 

 WARNING: this checks is not performed for pipe sections in a scaffolding. 

,

1

MTb
LT pl kb Rd

M

M M

A W fM






= =
 

 

For torsional buckling, the second-order  

2

0 0

1cr y T

T

EI
M EI GI

L L GI

 


 
=  +  

 
   con 0I =  

except for the following sections: 

­ double T, I:   
2

f(h t )

4
yI I

−
=  

­ C-shaped:   

2 3

f(h t ) 2 3

12 6

fb t F
I

F


−   +
= 

+
   with fh t

F
b

−
=  . 

In evaluating the critical resisting moment, the coefficient   is forced to the value 1.127 if the beam has null 

moments at both ends. In any case, it is limited to 1.285. The values for the proper instability curves are taken from 

6.3.2.2 of Eurocode 9. 
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Combined torsional buckling (TorsionBuck_comb) 

min

y z

cr cr

M MN
MNb

LT ridN ridNr r

 


 
= + +


 and 

min

y z

cr cr

M MN
MNb

ridN LT ridNr r

 


 
= + +


(for rotated sections) 

 

 

Deflection checks 

Deflection checks (Deflection) 

2 2

100

y z

f

f f

L


+
=  

 WARNING: the code EN 12811-1 expects to check that the total deflection is less than 25mm. To satisfy such 

condition, the ratio f  is calculated as the maximum value between the : 

2 2

25

y zf f

mm

+
  

 

 WARNING: this check is not performed for columns or standards. 

Joint checks 

Verifications on  in the model are performed with: 
 

1 2

2 2

ps s B
Sj

sd pd Bd

FF F M

F F M


+
= + +  

with 

0

sk
sd

M

F
F


=   the joint strength, set by the user with Fsk 

0

pk

pd

M

F
F


=   the joint pull-apart strength, set by the user with Fpk 

0

Bk
Bd

M

M
M


=   the joint cruciform resisting moment, set by the user with MBx 

2 2

1 2s s y zF F V V+ = +  and pF N=   if N>0 (tension). 

Conservatively, the bending moment MB is calculated as: 2 2 2

B y z TM M M M= + + to represent both the 

flexure in clamps and the cruciform bending moment in right-angle couplers. 
To exclude a mechanism, set the corresponding strength to 0. 
 

Verifications on -  are performed in the same way but with: 

2 2

1 2s s yF F V N+ = +  and p zF V=    
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Conservatively, the bending moment MB is calculated as: 2 2 2

B y z TM M M M= + + to represent both the 

flexure in clamps and the cruciform bending moment in right-angle couplers. 
To exclude a mechanism, set the corresponding strength to 0. 
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Appendix 2  Checking example 
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