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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 particular 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. EN1993-1-1: 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.



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=Db,
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:

Ye1-G1 + Y62:G2 + Y01-Qk1 + Yo2-Wo2: Qe + Y3 WosQus + ...

Partial safety factors:

- Vo1 for self-weight loads, set as default to 1.5
- 7Yo2:for permanent loads, set as default to 1.5

- Yoi: for variable loading, set as default to 1.5

Combination factors:

- Yoi:as default to 0.7 for variable loading
- Woi: as default to 0.6 for wind loads

- Woi: 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
Assign/Load combinations.../Generate combos. Please refer to the program users’ manual for further informations.

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 ?/About.../Product license.
NextFEM Designer is made by NextFEM, except for the packages listed in ?/About....

- 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 ?/About... 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



This validation, including the hand calculation presented, is reported at Chapter 5 of the users’ manual of NextFEM
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 /nclude shear deformations in beam elements tick under the

OOFEM preferencesbox

] Options and preferences

Visualization | Solver

Default solver
@ Integrated  QOFEM v2.3+
() OpenSees
Path to OpenSees exe
() CalouliX

Path to coxexe

OOFEM preferences
Include shear deformation in beam elements (experimental)
[ Reduced integration for 4node shells

Library name for UELs: file dll

ADAPTIC preferences

[[] Read nodal velocities and accelerations from NUM files

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

1. Setthe Units: N for force and mm for length.

OK

- o

Cancel



Set model units n

Units
)
e
s
Stress MFa v
Tenperture

2. Define the Material properties:
Name: Concrete;

E=30000 N/mm?

Nu=0.3

Fk=25 N/mm
Weight=2.5e-5 N/mm?,
Mass=2.55e-9 N/mm?/g

o O O O O O

Weight Mass
density density

congrete | 1D 30000 11538.461.. 03 25

3. Define the Section properties:
o b=300 mm (z direction);
o h=500mm (y direction);



) Sections = =

500 | | ' ' ' ' -
400 + E
300 + .
200 ¢ .
Sespopettes | | Edt || Rename | Remove selected 00 1 _
Add section
Planar section: name
Add planar o 1 ]
thickness a section
0 100 200 300 400 500
Beam secton: | V][ aa ] | Assign to selected elements | . OK | Cancel |

4. Define the Loads cases: Only one load case called Qk1 is considered

Manage linear static loadcases

Name A

e

Delete

5. Insert the Geometric properties using Node by Coordinates:
o L=5000 mm;
o Distance from fixed end to loads=2500 mm;

Insert node by coordinates: Insert node by coordinates: Insert node by coordinates:

6. Insert the beams using the Beam command.




7.

10.

w Select Nodes... “
Waiting for 2 nodes to build an element of type Line
1 of 2 nodes selected
‘
ﬁl
Create the element automatically
Apply Close

Assign the boundary conditions using the Restraints command: fix all DoFs for nodes 1 and 3.

BCs - 5
Check to block DoFs
x s
¥ ¥
z =
Apply Close

Assign the material using the Assign>Material command at the beams by selecting them and then
click on Assign to selected elements

Assign Section

Selected section:
1. Rect, v Assign

Assign the section using the Assign>Section command at the beams by selecting them and then
click on Assign

Assign Section

Selected section:
1. Rect, W Aasign

Assign the point load to the node number 2.

o Px=10000 N;

o Py=10000 N;

o Pz=-10000 N.

@ AssignPointload - ©
Load value H0000.000 =
Direction Ox Oy @z
RX RY () RZ
Load case Gk W
Remove Apply Close




11. Run the analysis.

Losd cnse: Gk

-1.000e-+004

1.000E+004
1.000e+004

5.000E+003
0.000E+000
-5 .000E+003

-1.000E+004

NextFEM Designer’s Results:
o Displacementin x direction: Node 2=0.002778mm

Node Displacements
Component: x

2. 7T8E-003
2.083E-003
1.289E-002

E.944E-004

l C.000E+D00

v\]/x

o Displacementiny direction: Node 2=0.2016mm

10



Node Displacements

Companent: v
2016E-001
1.512E-001
1.002E-001
A.039E-002

0.000E+000

Z
Y\l/}{
o Displacementin z direction: Node 2=-0.00781 mm

Node Displacements
Comporent: 2

0.000E+000
-1.952E-002
-3.80EE-002
-5.858E-002

-T21ME-D02

z
Y\l/}{

o Moment Diagram: Values from Results>Extract Data
= Mzz

11



O

Frama loroces
Componant: Mzz

E.250E+006

3125E+00E

O.000E+D00

-3 A25E+00E

-6.250E+008

*\i/“
[ Myy

Frame lorces
Component: Myy

£6.260E+006

3.125E+006

0.000E+000
-3.125E+006

-6.250E+008

Shear Diagram:

[ ] Vy

-6.250E+008

Ad1E+008

4 B41E+008

+006
6.250E+006

4 B41E+008

6.250E+006

12



5.000E+003

. 2.500E+003

0.000E+000

5.000E+003

-2.S00E+003

. -5.000E+0032

O00E+003

-5.000E+003

5.000E+003

. 2.500E+003

0.000E+000

"y 5000E+003

-2.500E+003

. -5.000E+003

Normal forces Diagram:;

13



5.000E+003

2.500E+003

0.000E+000 ’ RGO00E+I0Z

-2 800E+003

. -5.000E+003

0. .000E+003

Y\Vx
o Internal displacements iny 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
2818 -0.003424
1250 -0.03906
2218 -0.07469
2500 -0.07811
2500 -0.07811
27818 -0.07469
3750 -0.03906
4718 -0.003424
5000 0

Hand Calculations:
o Section properties
A =b-h =150000mm?
3
J. = bh” _ 3125e6mm*
12

y

3
3 =0 1195e6mm
12

z

14



o Moment diagram:
= Mzz

M = %I =6250000Nmm; M, = —%I =—6250000Nmm

n Myy

PI Pl
My ==~ = 6250000NmmM ; M, =~~~ = ~6250000Nmm

max

o Shear Diagram:

u Vy
Vo = 2 Z5000N; V,, =~ = = ~5000N
2 2
= Vz
P P
Ve = ?y =5000N ; V,,, = —?y =-5000N
o Axial force Diagram:
P P
N = ?X =5000N; N = —?X =-5000N

o Displacementin x direction: Node2

N (172
u,, = % —0.00278mm

o Displacementiny direction: Node 2

1 PP PI
Uy, =— + y——=0.201568mm
Y192 B, 4GA

o Displacementin z direction: Node 2

1 PI° Pl
_ 1R PRl

u,, = 4 =-0.07811mm
© 192 B, 4GA

o Displacementiny direction: internal point at the coordinate x

1 Pyxz(l—ij P x
Uy =— +y—2—for0<x<L/2
v 24 EJ 2GA

z

) Py(L—X)Z(ZX—;j P (L-x)

U, =— +y for L/2<x<L
24 EJ, 2GA
Position [mm] Displacement [mm]
0 0
2818 0.00778
1250 0.1008
2218 0.1938
2500 0.2016
2500 0.2016
27818 0.1938

15



3750 0.1008
4718 0.00779
5000 0

o Displacementin z direction: internal point at the coordinate x

3
Px’| 21-2
1 X (2 Xj P,x

2 for 0<x<L/2
T 24 EJ, 2GA

. Q(L—xf(zx—;j P (L)

u,=— +y for L/2<x<L
c 24 EJy 2GA
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.

Casea

!\ Only flexural deformations are considered.

- Units: N for forces and mm for lengths.
- Material Properties:

o Name: Concrete;
E=30000 N/mm?;
Nu=0.3
Fk=25 N/mm
Weight=2.5e-5 N/mm?,

o Mass=255e-9 N/mm?/g
- Section properties:

o B=300 mm (z direction);

o H=500mm (y direction);
- Geometric properties:

o O O O

o L=2500 mm;
- Loads:
o Py=5000N;

o Pz=-10000N.
16



Load case: Qk1

-1.000&+004
5.000E+003
5.000e+003
- 1.250E+003
-2 S00E+003
-B.2EG0E+002

. =1.000E+004

Yq/x
NextFEM Designer's results:
o Displacement in x direction: Node 2=0.00mm

0.000E+000

- 0.000E+000
0.000E+000

0.000E+000

. 0.000E+000

v\l/x

o Displacementiny direction: Node 2=0.7716mm

17



7. 716E-001

I 5.787E-001

3.858E-001

1.923E-001

l 0.000E+000

v\l/x

o Displacementin z direction: Node 2=-0.5556mm

0.000E+000

I -1.289E-001

-2 FT8E-004

-4 AGTE-001

l -5 556E-001

Z

v\l/x

o Moment Diagram: Values from Results>Extract Data
= Mzz

18



O

Framea foroes
Componant: Mzz

0,000 E+000
-E.250E+00E
-1.250E+007
-1.875E+007

-2 500E+007

¥ \l/x
= Myy

Frame foroes
Component: Myy

1.260E+007
9.375E+006
6.250E+006
3.125E+006

0.000E+000

Shear Diagram:

] Vy

19

5.528E-009
SE+00E

9.779E-009

1.409E+006



0.000E+000

. -2.500E+002

-5.000E+003

-7.500E+003

. -1.000E+004

-1.000E+004

0.000E+000

. -1.250E+003

-2 S00E+003

-5 000E+002

-3 7S0E+OOZ

. -5.000E+003

v\l/x

o Internal displacement iny direction: values from Results>Extract data

Position [mm] Displacement [mm]
0 0
2818 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
2818 -0.01019
1250 -0.1736

20



2218 -0.4620
2500 -0.5556

- Hand Calculations:
o Moment diagram:
= Mzz

M, = Pl = 25000000Nmm ;

[ ] Myy
M = P,| =12500000Nmm

o Shear Diagram:

L] Vy
V.. =P, =10000N ;
= Vz

Vix = P, =5000N ;
o Axial force Diagram:

N« =0N;

o Displacement in x direction: Node 2

u,, =0

o Displacementiny direction: Node 2

1P
== =0.77160mm
3 EJ

z

2,y

o Displacementin z direction: Node 2

1P

u,, =-0.0.5556mm
© 3ERJ

y

o Displacementin y direction: point at coordinate x

y 1 P,x*(3l-x)
6 EJ,
Coordinate x [mm] Displacement [mm]
0 0
281.8 0.01415
1250 0.2411
2218 0.6416
2500 0.7716

o Displacementin z direction: point at coordinate x

_1PX(3-x)
6 B,

21



Coordinate x [mm] Displacement [mm]

0 0
28138 -0.01019
1250 -0.1736
2218 -0.4620
2500 -0.5556

Caseb

®. Both flexural and shear deformations are considered. To enable this option, click on
Tools>Option>Solver and check the /nclude shear deformations in beam elements tick under the
OOFEM preferencesbox
- Units: N for forces and mm for lengths.
- Material Properties:
o Name: Concrete;
E=30000 N/mm?;
Nu=0.3
Fk=25 N/mm
Weight=2.5e-5 N/mm?,
o Mass=2.55e-9 N/mm?g
- Section properties:
o B=300 mm (z direction);
o H=500mm (y direction);
- Geometric properties:

0O O O O

o L=2500 mm;
- Loads:

o Py=5000 N;

o Pz=-10000 N.

Load case: Gk1

5.000E+003
5.000e+003
1. 250E+003

-2 500E+0032

6. 250E+002

. -1.000E+004

N

- NextFEM Designer's results;
o Displacementin x direction; Node 2=0.00mm

22



0.000E+000

. 0.000E+000

0.000E+000

0.000E+000

. 0.000E+000

YW)(

Displacement in y direction: Node 2=0.7803mm

T.E0ZE-001

. 5.8562ZE-001

3.801E-001

1.951E-001

. 0.000E+000

v\]/x

Displacement in z direction: Node 2=-0.5729mm

23



0.000E+000
-1.432E-001
-2.864E-001
-4.297E-001

-5.729E-001

Y\I/x

Moment Diagram: Values from Results>Extract Data
= Mzz

Frame lorces
Component: Mzz

5 538E-003
0.000E+000 S E+O0E
-E.250E+006
-1.250E+007

-1.875E+007

-2.500E+007

v\|/x

24



Frame lorces
Component: Myy

1.250E+007 9.779E-009
1.409E+006

9.375E+008

6 250E+008

3.125E+008 "6.250E+008

. 0.000E+000

1.109E+007

1.280E+007

o Shear Diagram:
[] Vy
noaoEson
-2 500E+003
-5.000E+003

-7.S00E+003 -1.000E+004

-1.000E+004

25



0.000E+000
-5 000 E+003

| -1.Z50E+003
-2.500E+003

-3.7A0E+003

. -5.000E+003

Y\l/x

o Internal displacementiny direction: values from Results>Extract data

Position [mm] Displacement [mm]
0 0
2818 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
2818 -0.01214
1250 -0.1823
2218 -0.4774
2500 -0.5729

Hand Calculations:
o Moment diagram:
= Mzz

M, = Pl = 25000000Nmm ;

[] Myy

M e = P, =12500000Nmm

o Shear Diagram:

[ Vy
V,,. =P, =10000N ;
= Vz

26



Vix =P, =5000N ;
o Axial force Diagram:;
N.,.x =0N;

o Displacementin x direction: Node 2

u,, =0mm

o Displacementiny direction: Node 2

1 Pyl3 P
U,, ===+ 7=~ =0.7803mm
Y T3E), “GA

o Displacementiny direction: point at coordinate x

! :lexz(SI—x)JrIE

6 EJ, GA
Coordinate x [mm] Displacement [mm]
0 0
2818 0.01513
1250 0.2455
2218 0.6493
2500 0.7803

o Displacementin z direction: Node 2

_1PF Pl

u = + =-0.5729mm
=31, GA

o displacementin z direction: point at coordinate x

1PX*(3-x)  Px
u,=————">+y—=—
* 6 EJ, GA
Coordinate x [mm] Displacement [mm]
0 0

2818 -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.

27



!\ Only flexural deformations are considered.

- Units: N for forces and mm for lengths.
- Material Properties;
o Name: Concrete;
E=30000 N/mm?
Nu=0.3
Fk=25 N/mm
Weight=2.5e-5 N/mm?,
o Mass=255e-9 N/mm?/g
- Section properties:
o B=300 mm (y direction); Planar section;
- Geometric properties;

O O O O

o L=5000 mm;
- Loads:

o Py=5000N;

o Pz=10000 N;

- Mesh size: 250x250 mm

Load case: Qk1

2 A00E+003
E.250E+002
-1.250E+0032

-3 125E+0032

l -6.000E+003

- NextFEM Designer’s Results:
o Displacementin x direction: Node 2=0.00mm

28

-5.000e+003

-5.000e+003

2.500e+003

2 800e+003



T.415E-002
2.707E-002
0.000E+000

-3.Y07E-002

. -7415E-002

™

z

v\|/}{

o Displacementiny direction: Node 2=0.6250 mm

E.280E-001
4 822E-001
2.125E-001

1.563E-001

. 0.000E+000

v\l/x

o Displacementin z direction: Node 2=-0.5062mm

29



0.000E-+D00
-1.266E-001
-2.531E-001

-2.797E-001

. -5.062E-001

z

Y\V}{

- Comparison with hand Calculations (see tutorial two):
o Displacementiny direction
= Hand Calculation: 0.77160mm
= NextFEM designer: 0.6250mm
= Percent difference 19%
o Displacementin 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.

Y\]/}{

' Only flexural deformations are considered.

30



Units: N for forces and mm for lengths.
Material Properties:

o Name: Concrete;
E=30000 N/mm?
Nu=0.3
Fk=25 N/mm
Weight=2.5e-5 N/mm?,

o Mass=2.55e-9 N/mm?/g
Section properties:

o B=300 mm (y direction);

o H=500mm (z direction);
Geometric properties:

O O O O

o L=5000 mm;
Loads properties:
o qy=1N/mm;

o gz=-1N/mm;
o gx=-1N/mm.

1.000E+000

5.000E-001 1.000e+000

0.000E+000

1.000e+000
-6 000E-001

e W00
L
a
..'.U]]EK]II DODe+000

1 D00« +000

NextFEM Designer’s Results:
o Displacementin x direction: Node 6=-0.00278mm

Node Displace ments
Component: x

0.000E+000

| E344E004 '

*
-1.389E-003
|
-2 083E-003 \
. -2.778E-003

o Displacementiny direction: Node 6=2.315mm

31



Node Displacements
Componant: y

2 S15E+000
1 7I6E+000 L
1 A57E+000

§.727E-004

. 0.000E+000

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

Node Dispiacements
Component z

0.000E+000
-2.083E-001
| -4.167E-001

| -6.250E:001 TN

l b
-8 333E-001

o Moment Diagram: Values from Results>Extract Data
= Mzz max: node 1: 125000000000 Nmm

Frame lorcas
Component: Mzz

8.232E+004
-3.043E+00E
-6 1EEE+006
-9.294 E+006

-1.242E+007

=  Myy max: node 1: 125000000000 Nmm

32



Frame forces
Component: Myy

1.24ZE+007

9.294 E+008

E.162E+008

3.043E+008

-5.333E+004

o Shear Diagram:
] Vy

Frama foroes
Camponant: Yy

0.000E+000

-1.250E+0032

-2 500E+003

-3.TS0E+003

-5.000E+003

= Vz

Frame foroes
Componant: Vz

0.000E+000

-1.250E+003

-2.500E+003

-3.750E+003

-5.000E+003

Hand Calculations:
o Moment diagram:

= Mzz
2

M ex = qzzl =125000000000Nmm ;

max
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[ Myy

2

|
M, = qu =125000000000Nmm;;
o Shear Diagram:
[ ] Vy
V... =q,l =5000N ;
= Vz

Viax = 9,1 =5000N ;
o Axial force diagram:

N, =0, =5000N ;

o Max Displacement in x direction: Node 6

6,x

q,l°
— % _0.00278mm
2EA

o Max Displacement iny direction: Node 6

|4
Ugy = 4 _ 2315mm
8EJ,

o Max Displacement in z direction: Node 6
|4

U, = —_08333mm
7 8EJ,

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 SAP20006.
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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/m?,

o Nu=03

o Weight=3.8 KN/m3;

o Mass=0kN/m3/g
- Section properties:

o B=300 mm (y direction);

o H=500 mm (z direction);
- Geometric properties;

o Lx=3m;
o Ly=4m;
o Lz=2m;
- Mass properties: at every nodes of the 1% storey
o my=25kN/qg;

o mz=-25kN/g;
o mx=-2.5kN/g

- NextFEM Designer’s Results:
o First mode:

Period:
1.481E-001=
Frequenci:
B.7S0E+000s

Mode Displacements
Camponant: xyz

2.423E-004
1.817E-004
1.211E-004

E.05TE-005

. 0.000E+000

v\"l/x

o Second mode:
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Feriod:
8.376E-00Zs
Frequency:
1194 E+001s

Node Displacements
Camponant: xyz

7.534E-005
5 E50E-005
3.TETE-ODS
1.883E-005

0.000E+000

z

va
o  Third mode:

Period:

T 7O4E-002=
Frequency:
1.283E+001=

Node Displacements
Component: xyz

4 913E-005
3.685E-005
2. 456E-005

1.228E-005

0.000E+000

z

v\l/x

SAP20000@ results:
o First mode:

Deformed Shape (ACASET) - Mode 1; T = 0.14748; f = 6.78072 n




o Second mode:

Deformed Shape (ACASE1) - Mode 2; T = 0.08356; f= 1196759 [HI

o Third mode:

Deformed Shape (ACASET) - Mode 3; T = 0.07711; f = 12.96806 n

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.

'~

1% 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/m?
o v=02
o Weight =25 kN/m?,
o Mass=25kN/m?g
- Section properties:
o B=100mm (z);
o H=200 mm (y);
- Geometric properties:

o Ltot=3.0m;
- Loads:
o Qz=-1kN;

- NextFEM Designer's results:
o First mode:
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o

o

Second mode:

Third mode:

Lozad case: buck

Multiplier:
5.754E+002

Frame Displacements

Component: X2

T.7S5E-001
5.847E-001
3.898E-001

1.949E-001

. 0.000E+000

v\l/x

Load case: buck

Multiplier:
2.30ZE+003

Frame Displacements

Component: XYZ

7.7A5E-001
5.847E-001
3.895E-001

1.943E-001

. 0.000E+000

v\l/x
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o

o

Fourth mode:

Fifth mode:

Load case: buck

Multiplier:
2 309E+003 -

Frame Displacements
Componant: XY2

3.898E-001
2.924E-001

1.249E-001 \

9. F46E-002

. 0.000E+000

v\l/x

Load case: buck

Multiplier:
5.255E+003

Frame Displacements
Component: KYZ

Z8T1E-001
1.928E-001
1. 286E-001

& 422E-002

l 0.000E+000

v\l/x
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Load case: buck

fultiplier:
9.234E+002 “

Frame Displacemeants
Componant: KYE

3.898E-001
- f

2.824E-004
1.849E-001

9. 74EE-002 »

. 0.000E+Q0O0

Manual calculation:

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

o The critical load is computed as come P, = 7° 5

/n)
of the direction of inflection.
o Section inertia:
1 3 6 4
J,, =—hb*®=16.7-10°mm
12
1 3 6 4
J,, =—bh*=66.7-10°mm
12
o Theoretical results:
Bending around yy Bending around zz
EJ
7 |_2W =575kN, 1 =575
EJ 7’ EJZZZ =2301kN, A1 = 2301
77— = 2301kN, A = 2301 :EJ
(I /2) 7’ “ =9206kN, A =9206
, EJ, (172)
V.2 > = 5178kN, A =5178
(1/3)

NextFEM Designer’s results are in agreement with the theoretical results.
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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

- AArea

- 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: material Poisson’s ratio

- fk: material characteristic strength

- WelZ: section modulus for Z axis

- WelY: section modulus for Y axis

- WpIZ: 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:

_Ed Ed
7R, R
7w

with E, design force

. . R,
Rd is the design strength, equal to —
Im

R, is the material characteristic strength

¥Vw 1S 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
DoubleT,T,C web 0.9(h-tf1)/tw 33¢ 38¢ 42¢
flange  0.9(b/2-tw)/tf1 9¢ 10¢ 14¢
Angular web hmax/te 15¢
flange (b+h)/(2te) 11.5¢
Box web (h-2te)/te 9¢ 10g 14¢
flange (b-2te)/te 9¢ 10¢ 14¢
Pipe D/te 50¢? 70¢g? 90¢?
Bar / always
Generic / always

_ 235
with €= |—

f

y
The column name of the program output is reported between brackets (i.e. (EulerBuckling))

Tension/compression (Axial)

In tension:
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N N
Pn =

NRd B Afyk
Mo
In compression (Eulerian buckling):
N N
Pro = Nb,Rd B Xrmin Afyk
M1

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

Section type Oly o, ot
Rectangular 0.49 0.49 0.76
Double T, | da0.21a0.76 da0.21a0.76 da0.34a0.49
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)
\ V
IOV =
VRd Afyk

7/M0\/§

Bending with shear interaction (Bending)

M M
Pwrid = = if the shear force does not exceed the 30% of plastic

ap W - £, -cos(py)  Mgq-cOs(py)
strength;

M .
Purig = ——— With My o = Mg, (1— min ((va ~1)? ,1)) if the shear force exceeds the 50% of plastic
Rd,red

strength, Mo, g = Mg, otherwise.

Biaxial bending and axial load (TensBending_biax and BuckBending_biax)

If the element is compressed:

P A
Pwno = Py D P i Fian, =1— Py

min - Trion,  Trian,, Ymo

If the element is in tension:
Pune = Pn T Pu, + Pu,
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Torsional buckling (TorsionBuckling)

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

o = M M
MM brd  ALT A'Wpl -
7m1

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

2
Mcr=w£ El -Gl 1+(£J E'I conl, =0
T
except for the following sections:
2
~ doubleT, R D
@ 4 y
h—t.)?-b-t h—t
- C-shaped: Iw=( t) r 2P 43 with F = L
12 F+6

In evaluating the critical resisting moment, the coefficient i 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)

p p p p
Punp = P + % M gng Puns = Pn w2y M, (for rotated sections)

min -~ A “Than,  Trian,, Xmin - Tion,  Zor  Trian,,

Deflection checks
Deflection checks (Deflection)
2 2

~ JE+ T
pf L
100

' WARNING: the code EN 12811-1 expects to check that the total deflection is less than 25mm. To satisfy such
condition, the ratio o is calculated as the maximum value between the :

JI+ 1]

25mm

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

Joint checks
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Verifications on “joint elements” in the model are performed with:

_F51+F52+ FP + MB

Pi= "k TFE oMy,

pd

F
with F, = —_ the joint strength, set by the user with Fsk

VMo
I:pk .. .
de = —— thejoint pull-apart strength, set by the user with Fpk
Yvo
Mg . . : - :
Mg, =—= thejoint cruciform resisting moment, set by the user with MBx
7mo

F,+F,= Nyz +V22 and Fp =N if N>0 (tension).

Conservatively, the bending moment Mg is calculated as: M = \/M y2 +M 2 +M.? torepresent 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 “joint-nodes” in the model are performed in the same way but with:

F51+F32:4/\_/y2+N2 and F, =N

Conservatively, the bending moment M is calculated as: Mg = \/M y2 +M,%+M,? torepresent 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

Steel propetties

Steel code:

Partial safety factors:

Steel design strength:

Elastic modulus:

Poisson's ratio:

Shear modulus:

Steel weight density:

Section properties
d, = 483mm

3 7 |

_a;=; 4, - &) =3324% 107 "

[ d
_%J ZE": ~ 813510 Sai?

L o
’ Yy - -6 3
W ey = n = 364910 "m
-
5
SIS o 3 - -6 3
Wpiy = g\ de — &) =4871x 107 "m
L
i, = [— = 0016m
= A

Pipe 48.3<2.3mm

(360MPa) if S= 235 = 510-MPz
(430MPa) i S= 275
(510MPa) i = 353

(235MPa) if S=235 = 355MPa
(275MPa) if S= 275
(355MPa) if S= 335

b = 135 {hoits)
IMs_ult = 125 {siicting)

“Mwea ™ 133 (filiet welding)
"Mwy = 103 {class 1 weldings)

“Mw =12 (elass 2 weldings)

£,
fq = —— = 322.727-MPa
MO
E,, = 210000MP2
Uy =03
E
Gpy = ———— = 80769-MPa
."| 1+ I!m
on KB
p_ = 7830 —
Pm 3
m
L= 191m

per = 7-d, = 0.152m

L=k
L -6 3
Wy = : =369 %10 m
=
3
Wotz = Wpyy

Ly
i, = (<X = 0016
= | = m

i.:. = min| 'z"vl' = 0.016m

Gamma_M0O=1.1
Gamma_t1=1.1
Gamma_t2=1.25

WatlD=1

fl=3545999 951425535
Em=209525955 587165
MIm=0.300000009515104
Gm=80765994 0631552
MatType=1

k=510

o_m=103

Servicec=0

ServType=0

D=0.0453000043175936
Di=0.0437000037466112
te=0.00230000162766548
per=0.1517118702035666 7295744
A=0.000332143511207936

Jz=0.00000003500874525768
Jy=0.00000008300855580461568
Jt=0.0000001762659031374848
Jmin=0.0000000550086550461365
YWvielZ=0.00000364425357519504
WelY=0.00000364424988721152
WplZ=0.0000048708603346544
YWply=0.00000457 08603346244
iz=0.0162779612839936
iy=0.0162779545731072
imin=0.0162779545731072
SecType=1

SecBeam Type=5

SectiD=2



4 ) [ W)
Class = [1 i — <30¢” =1 gy = min| 125, B |
te L W ely )
otherwise
d
2 i — <70e°
t
. R -4 2 il
Shear areas: A\_} = : =216x 10 "m A, = 2-;
_ I d, i
Buckling datg | L0 = 191m < 90y, = 0.4 o, = 049 opp =076
e
Design forces: 4 othegiifination: ULST
N = —6.0608kN M, = 0.0011kN-m
Yy R M, = 0.0695KNm
¥y =IO M,, = 0.0208kN-m
5 - L. M,p = 0.0208KN-m
Myy = ~0.0815kNm M,y = ~0.02982KN-m
Deflections as per local axes:
dx = —0.000165m dy = 0.000215m dz = 0.001825m
Tension / compression
Npta = fy o = 107268k LI
el pPN=— =00
MO Npyg
Combined shear
A,
v, = VRq = .\_‘3 = 39.427-kN
’ NERIV)
Vi, -
py=—""=2181x10 "
VRd
Bending
g Wy .
Mgq = VY | iniva M, = (M0 + M, = 0073:4N-m
™Mo ’ -

Vpl03 = |"simplified check” o py 203 = "simplified check”

"complete check” otherwise

M

M,,
) = o004
PsimpIM Mg 4-cos| py)
Shear
AL
Veay = —3 Y = 394274N 4
7
B :
VRds = —- = 39.4274N N\ =4
i Pyg = - = 2004 x 10
MO Vs

Bending-shear interaction

Py = min_ll-p\‘_‘. = H_.]:| if Py > 05 =0

0 otherwise "|

e

ALV = mm.[ll-p\-z - 1}‘_1} if py,>05 =0

0 otherwise

fyre = may (1 - pygy, )6y, .0] = 355-MPa

SectClass=1

LO=1.91000014225408
Avz=0.00021145
Awy=0.00021145
dlphay=049
alphaz=04%9
alphalT=0.75

N=-6.0608
Vy=0.03395
Vz=-0.079
Wit=0.0011
Wiyy=0.0695
Mzz=0.0208

Wyl =0.0695

Wzl=0.0208

Wly)=-0.0815

Mzl=-0.02852

Myl =-0.85276541413843797668044 72354
mAzl)=-0. 696836425704 2026557 72667979

¢=-0.000165
thy=0.000215
z=0.001825

NRo=107.19175485920386545137841245
roM=0.02654195164652139739353350599
@A xiaF0.0565419516465213973935335099

WROyZ=39.39860905954210896480744515
roYyZ=0.0021828030808295912220727947
@5hear=0.0021828030808295912220727947

Wy=0.00000364424985721152

alphaPL=1.23
Mplk=1.6171356661752556052595517 184
Mpld=1.470123352889325462090865 15985
Mrdy=1.4701253326595234620508651955
MrdZ=1.470123332889323462090865 1985
WyzZ=0.0725039066352536

Mpl=1.484328534 2528
rohr=0.04951340501003657 16171254159
@Bending=0.04951340501003657 16171254 15¢

WRy=59.398612334859518835365305506
roYy=0.00086170875592246845872669116
WROzZ=59.3986123348595158835365305506
rotz=0.002005514 11322884 94673979674
roY'=0.00200551411322884 94675979674
@5hear=0.0020055141132288494657 3979674



YRy ——
Mpgy = MRd»T = 14726N'm

My
Mgy

PMyy = = 0.047

Simplified compressionhending check

YRz s
Mz = xaRd-T = 14724kNm

PMN ™ PN * PMyy * PMzz = 0118

Axial buckling
Lo
A = ™ eu09 Nz = — = 1535 M= 22w 117295
£ M L
1 2 1 a2
0y =3 1+ 0 Az = 02) + Nz | = 2005 X33 = 0303
~ 2 3
Pz+ ¥z ~ Xz
Nprdz = ——— = 32.5434N PNE; = 5 —— = 0186
M1 “*bRdz
L_O
Y axis: :

1 :“
\p}. = E[l - r\.',-()\ay -02)+ )‘aY ]
%
Py + ’p‘- =Ny

Xy AL,
e 19 325481N

™M1

Xy = = 0303

NpRdy =

Comhined axial buckling check

IN]

PNEz ™ — = 0.18621
.\de}-

bl
® En-A
Xenien = M0 X X) = 0.303 Ng = ——— = 500724N
3 x
2
N N
PNery = 1-— fN<0 =1121 PNez ™ |1- raz f NS0 =0879
2 e Mo
1 otherwise 1 otherwise
y _ PN M1 PMyy M1 PMz ML
MNb_sempl = S Ty C4.232
—semp Xmin TM0 PN‘cty IMO  PNerz "IMO
ELASTIC CHECK: for pipe sections o — =AUl fe _d_‘ = 21.85-mm
only 2 2
N My N
e My M= seams
A Wy W
2re- M, Ve P
S ey e TR
n-‘.re -n ! N '.re' - n"
Cig = id
! Pig = —— = 0.098
™0

Torsional stability check for general steel members

NOTE: second order torsional contribution is alw ays

neglected.

Arpo=1 N0 =02

PsiCL=-0.897196452549140159938968945
Eps=0813616525737984
flim=0.0250000030302208

Wyz=0.085999405236224
Fsk=15.0000004759552
Fpk=30.0000009519104
MBx=0.800000003014656

lambda1=76.409143437973796214953476096
lambdaAdirnz=1.5356351854015641080277912517

phiz=2.00631830708224
chiz=0.3032604869953414317755489643

NbRdz=532.5070237808089958305345864999
roNE2z=0.1864468141107701649076616236

lambdaAdimy=1.5356355284954397451138061191
phiy=2.00631948148736
chiy=0.3032602787003787379926746472
NbRdy=32.507001452984841086965965466
roNEy=0.1864469421740025026657545038

roNe=0.1864469421740025026657545038
@EulerBuckling=0.1864469421740025026657545038

chimin=0.3032602787003787379926746472
redNcry=0.878785473806336

redNcrz=0.878785608024064
roMNb_semplificata=0.2458936831647663570537406675
@BuckBending_biax=0.2458936831647663570537406675

Jw=0
Sn=-31606.232302629741956156611185
re=0.0241500021587968



o qm

by =
; 5 YoM,
Mpay = |by i [Myg] < [My| =0853 L
- =0
—l otherwise ks
hy,
"
YLy = 175~ 1L0SMpa o + 03 Mps " = 1073 4.2 31
: . 4230
My = 28.643.kN-m
)‘LT)' 2
L 2 "
Py =0 w.|:| + oM 1y = Mro) + AT ATy }= 0548
kq«' = |1 # 1['_\.=1 =004
othermise
1
i, <lafp,2-1
133 - 0.334),, by by
094 otherwise
fy = 1-03{1- kc},}-_l = 2{\y- 0.31‘1 = 0,988 4253
I 1 1 1 —
x“—y = 1, > ¥ - 2‘.|= 97 4251
lL M1y fiy fylerry+ J LTy ~ PLTMLTy /|
X T Wt for
Mppgy = Xty VoY _ 1 sseitem 4250
- ™ML e
Pl
PMbRAy ™ n = 0.04531 4.2.49
¥ Mppgy
M,y
U, = ik —1434 My, = [, # My < My| =068
_—1 otherwise
by
Py = 175 = 1.05Mpy, + 0-5'-“89122 = 1164 4231
C4.2.30

= 31.067-KN-m

5

PLT: = °-—"[1 + o012~ M10) * AT MLT: } =041

k= |1 £1p,=1 =094

cZ

otherwise

1
£, < 1A, 21
133 - 033ah, 7 %

094 otherwise

-

-
fip = 1- 051 - k)| 1- (N 7, - 08) W = 0939 4.2.53

1=0.0218500018733056
Taul ax=663 302266545336

Sid=31618.9217652736
rolD=0.0878741371854708722442710053
@& _SigmalD=0.097974137185470872244271005

betalT=1

lambdalT0=0.2
psiv'=-1.172655124950658642036 1108475
MBAY=085276564159653817237540519192

psiTy=1.07275876302548

MErY=28.622274734914192558226957340

lambdal Ty=0.24579304087 04

philTy=0.54760682029056

kov'=0.94

fhy=0.98842854 2442496

chiLTy=0.9756526208655689509338037528

MbRdy=1533686296045602 1156265142187

roFTy=0.0452910292743466185644 15259

psiZ=-1.43590570135441755713986665158

MBAZ=0.69653642570429265577 2667979

psiTz=1.16399594793104

McrZ=31.05656 10636236962003506483595



1 1

4.2.51

4.2.50

4.2.49

PAIbRA = M2 PAfhRdz: PAIbRAy| = 0.043

Myy = | My f [Myg] > [Myg| = ~0.0824Nm
M, ; otherwise
Mpy = My [Myg| > [Myy] =-0074Nm
-M,; otherwise
Mygqgq = max([06Myy - 04 Mpy |, [04-Mpy|) = 00278 kNm 4235
e PN M1 MyEqEd 1 PMz M1 o
NFTy = AT TR T T T C4.2.36
7 Xmin M0 MbRdy PNery  PNem MO
My, = [My My > M| =-0031Nw
M‘IJ otherwise
Mg, = My if [My| > [My] = -00204Nm
-M,; otherwise
M;Eqeq = max( [0.6My, - 04-Mpg,| . |0.4-Mp,|) = 0.00957kNm C4.2.35
p PN M1 PMyy ™M1 MiEged 1 o
NFT e —T e apr— c— = LI3]
® Xmin M0  PNery M0 MbRdz PNem 4.2.36
Slendemess limit S = —— = 0586
200 i
Deflections
S [ dot diot |
diop = dy + dz” = 1.838-mm Pdef = Max Lm Vg = = 0.096
LJmm
100 .ll
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lampoaLl Z= 0. ddodb Tuasdd

phiLTz=0.24 1304040861696

keZ=0.94

fiz=0.959085421249024

chiLTz=0.9826395572317515134462442436

MbROz=1.5446694 7625445 16176728628554
roFT2z=0.0134528136958361892255342507

@TorsionBuckling=0.0452910292743466185644

Way'=-0.0814552358846464

Miy'=-0.06546223093 186596

MyeqEd=0032582094353085836

roMFTy=0.2243103707 1163585 1930219598723

WaZ=-0.0295207025445184

MbZ=-0.020730150685696

MzeqEd=0.01192828113780736
roMFTz=0.24099223463615074 76401934453
roMFT=0.24099225463615074 76401954453

@TorsionBuck_comb=0.24099223463615

@ SlendLimit=0.5866830914399989198567738327

defl=0.00153748582703104

roDef=0.0962034392763205512623843953



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

- AArea

- 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: material Poisson’s ratio

- fk: material characteristic strength

- WelZ: section modulus for Z axis

- WelY: section modulus for Y axis

- WpIZ: 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:

_Ed _ Ed
7R, R
7w

with E, design force

. . R,
Rd is the design strength, equal to —
Im

R, is the material characteristic strength

¥Vw 1S 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
DoubleT,T,C web 0.9(h-tf1)/tw B1 p2 B3
flange 0.9(b/2-tw)/tf1 B1 B2 B3
Angular web hmax/te B3
flange (b+h)/(2te) B3
Box web (h-2te)/te B1 p2 B3
flange (b-2te)/te B1 B2 B3
Pipe 3VD/te Bl B2 B3
Bar / always
Generic / always

The values B1, B2, B3 are computed automatically by considering the ratios /¢ reported on the following table and
multiplied by the parameter ¢ defined as follows:
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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 fOHAZ form the Alloy
material library. In the case a custom material is used, please add the line “fOHAZ=xxx" in the textbox inside the
Verification mask, with fOHAZ in MPa.

Internal part Outstand part
Durabilit
u;z‘slsl ¥ B1/e B2/e B3/¢ B1/e B2/e B3/¢
A 11 16 22 3 4.5 6
w/o welds
B 13 16.5 18 3.5 4.5 5
. A 9 13 18 2.5 4 5
with welds
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, fO (or fOHAZ) is written as fyk.

Tension/compression (Axial)

In tension:
~ N N
P NRd Afyk
Mo
In compression:
P = N N
N Nb,Rd lminAfyk
Ym1

with y., 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)
gy Y
VRd Afyk
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Bending with shear interaction (Bending)

M M
Pwrid = = if the shear force does not exceed the 30% of plastic
ap W -, -cos(py)  Mgq-cos(py)
strength;
Puria = With Mgy g = Mgy (1— min ((va -1)° ,1)) if the shear force exceeds the 50% of plastic

Rd,red
strength, Mo, g = Mg, otherwise.

Biaxial bending and axial load (BuckBending_biax and TensBending_biax)

If the element is compressed:

P A2
Punp = Pn o My P, with gy zl_pN

min - Trion,  Trian,, Ymo

If the element is in tension:

Pune = Pn T Pu, + Pu,

Torsional buckling (TorsionBuckling)

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

o = M M
MTD M b,Rd ZLT A.Wp| : fk
Vw1

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

2
Mcr=l//% El -G, 1+(&j E:w con | =0
T
except for the following sections:
2
- doubleT,! | =MI
2] 4 y
h—t.)?-b-t h—t
- C-shaped: |m:( ) f.2F+3 with F = L
12 F+6

In evaluating the critical resisting moment, the coefficient i 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)

Pwm P
P Y 4+ M: __(for rotated sections)

no Thian, ot Triang,

P Pw pMZ
Punp = ——+ —+ and Py =

min VAR r-rich, rridNcr Xmi

Deflection checks
Deflection checks (Deflection)
2 2

~ JE + T
pf L
100

' WARNING: the code EN 12811-1 expects to check that the total deflection is less than 25mm. To satisfy such
condition, the ratio o is calculated as the maximum value between the :

JEF+

25mm

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

Verifications on “joint elements” in the model are performed with:

p__Fsl+Fs?_+ FP + MB
¥ 2F, Fou  2Myg,

F
with F, = —%_ the joint strength, set by the user with Fsk
Imo

F
F =—% the joint pull-apart strength, set by the user with Fpk
Mo

M
Mg, = —B% the joint cruciform resisting moment, set by the user with MBx

Imo

F,+F,= Nyz +V,? and F, =N if N>0 (tension).

Conservatively, the bending moment M is calculated as: Mg = \/M y2 +M,%+M,? torepresent 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 “joint-nodes” in the model are performed in the same way but with:

F51+F52:«Ny2+N2 and F, =N
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Conservatively, the bending moment Mg is calculated as: M = \/M y2 +M 2 +M.? torepresent 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

Data for alloy

Classification from EN 755-2

Partial safety factors:

vo = 1
Amp = L
M2 = 1.25
Design strength for t<5: f, := 250MPa fy = 290MPa
Elastic modulus:
Ey, == 70000MPa
Poisson's ratio:
oisson's ratio: Vg = 03
Shear modulus: Ep
Gy 1= = =26923-MPa
2-(I + um)
Density: kg
= 2700—
Pm 3
m
Section properties Pipe 48.3x2.3mm
te = 2.3mm dg = 48.3mm dji=dg =21, =43.7-mm
b 2 - 2
A= 3-((1,; = di‘) =3324% 10" m?
4
4 4
d d;
™ e 1 -8 4
=2l (@] ssmertat s,
-7 4
=20, =
Ipi=2 ]yy 1.763x 10 "m
Iyy -6 3 lzz -6 3
Wepy = == =3.649x 10 "-m’ Welz = —— =3.649x 10 "m’
Y7 4 Bl
o2 =2
2 2

Class:= |1 if B, <13 =2

otherwise
2 if B <165

otherwise
3if Be <18

4 otherwise
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: A —4 2 A
Shear areas: Avy:: 2-; =2116%x 10 'm A= 2;
Buckling data: L0 := 2.5m o, =02 oy =02 o= 06
Forces Combination: SLU1
N := 0.05378kN M; = 0.04kN-m

Vy = ~000466kN My, = 0.07221kN-m

Vz = O06I10KN M, = 0.01081kN-m

M ~0.0722kN-m

v M, = 0.01081kN-m

My.T = 0.07337kN-m M, = —0.0195kN-m

dx = =8.97329330651 1 36E-06-m dy := 0.00329626123501568-m dz := 0.000794948316168192-m

Compression / tension 6.17,6.20 - EC9
A
N o= [y —— = 75.541.kN IN| 4
pld o =—=T119x% 10
) PN
MO Npld
Combined shear 6.26-EC9
Ayt
2 2 vy'o
Vg, = ’vy +V,” =0.069kN VRg= e =27.765kN
2IMO
Vv,
Py = P _s40ax 1077
VRd
Bending
W1
1 1,
Mpg = 20 03w M, = M 2+ M,  =0073kN-m
Rd vz vy ZZ
“IMo
Vpl03 := | "simplified check” if py =03  ="simplified check"

"COMPLETE check"” otherwise

M
Yz
PsemplM = - =007
P Mpgeos(on)
Shear strength
Avy‘fn
V) = =27.765-kN —4
Rd; =
¥ ﬁ"’f\{ﬁ =1.678x 10
A, 1
VZ 0
VRdz = Vo e Py = ~2489% 107"
M-V interaction 628-EC9
. 2.
PMyy = |mi (Z‘PVy_ )7 ir pyy>05 =0
0 atherwise oy = max{ (1= pypyy) 1o 0] = 250-MPa
) 2.
PMY2 = mm[{lp\h— 1) ,1] if py,>05 =0
0 otherwise [ ma){(l - pMVZ)'fu'n] = 250-MPa
foRy f
Mgy = MRd-Of—R) = LO37-kN-m Mgz = MM% = 1L037-kN'm
o O
My M|
)y ¥4
My = =0.07 PMzz = =001
W My Mgz



Combined axial-bending strength

PMN = PN T PMyy + Ppzz = 0081

Eulerian buckling 6.3.1-EC9

= 153.527

Xp = minf ————.1 | =0.109
, 2
Pr TP~ Nz
k=1 w, =1 wy:]
Ko, A, I 3
NpRgz = ———— = 8.225kN PNE; = 5 =6:539x 10
M1 bRdz
Lo
Y axis: i
* Ay = —— =292 A= B isasy
M Iz
KXy Wy A N
NpRay = " = 8265KN PNEy = N _ g 00651
M © Npray
Combined Euler buckling and bending
Wz‘Em-A
Xmin = min{XyX;) = 0.109 Ny i= ——— = 9.742.kN
)\z'
"ol a2
PN A2y PNMazZ
PNery = -— ifN20 =1 PNerz= |1 ———— if N0 =1
" MO Mo
1 otherwise 1 otherwise
PN M1 PMyy M1 PMzz IMI
PMNb_sempl = T = o087
Xmin T™M0  PNery TMO  PNerz “IMO
. de 4
ELASTIC CHECK only for pipes re = ? =24.15mm  r1i:= E =21.85-mm
M -
PR e B B VI
A Wely Welz
2.re-M, 4.V 2 a2
Toax = '4 + —3_:“ le +2'e i+ ) = 5.896-MPa
Tr-(re - } - [re + i
2 2,
Tig =Ty + 3Ty = 25.084-MPa oy
Pig = =0.11
)l f“
Mo
Torsional buckling
Warning: Viasov's contribution is aways neglected.
- M.
ALTo = 04 = e LR
vl
Mppy = |-y if [My| <|My| =098
0 Iy =0
— otherwise W
by

2
Py = |n1n(|.75 ~ 105 Mppy + 03 Mgy sts) =1.007



=0.94
otherwise
1
— if <lna z-1
1.33 - 033, by Uy
094 otherwise
. 2
fiy=1-05(1 - kcy)-[l = 2(A\p1y - 08) ] =0979
) 1 1
XLTy = min| 1, S 3 > =1
Aty fy fy (‘?LTy +%LTy oty )
X[ Tv W
Mde = M =1.107-kN-m
y
“IM1
My
I e I
PMbRdy = v =0.06523
MbRdy
M
= 484
My
Mpagz = |-, if [My| < |My| =0.554
il otherwise

Z

2
P, = min(l.TS - 1.05Mpy, + O.S-MBA;.I‘ZES) =126

gy ™

Mg = Lo Emlyy Gl

2E 1
| 2 2 g se8kNm
L) Goir

ALTz =

2
LT = 0.5-[1 + o (A2~ MT0) + AT2 } =0.564

ke, = |1 if b, =1 =094
otherwise
1
—_— if <l 2-1
133 = 0330, Yz R

0.94 otherwise

fi=1-05(1- kcz)—[l = 2(Nrg - 0.8)2} =0.981

1 1

X = min| |, f
LTz N Z.f ; ( B N 2
LTz "tz L7\ PLTz *$LTz ~ALTz

XLz Woiz o
MpRdz = ————— = L.I0TkN'm
“IMI1

M|
MpRd

PMbRAz = =0.00977

z



=0.94
otherwise
1
— if <lna z-1
1.33 - 033, by Uy
094 otherwise
. 2
fiy=1-05(1 - kcy)-[l = 2(A\p1y - 08) ] =0979
) 1 1
XLTy = min| 1, S 3 > =1
Aty fy fy (‘?LTy +%LTy oty )
X[ Tv W
Mde = M =1.107-kN-m
y
“IM1
My
I e I
PMbRdy = v =0.06523
MbRdy
M
= 484
My
Mpagz = |-, if [My| < |My| =0.554
il otherwise

Z

2
P, = min(l.TS - 1.05Mpy, + O.S-MBA;.I‘ZES) =126

gy ™

Mg = Lo Emlyy Gl

2E 1
| 2 2 g se8kNm
L) Goir

ALTz =

2
LT = 0.5-[1 + o (A2~ MT0) + AT2 } =0.564

ke, = |1 if b, =1 =094
otherwise
1
—_— if <l 2-1
133 = 0330, Yz R

0.94 otherwise

fi=1-05(1- kcz)—[l = 2(Nrg - 0.8)2} =0.981

1 1

X = min| |, f
LTz N Z.f ; ( B N 2
LTz "tz L7\ PLTz *$LTz ~ALTz

XLz Woiz o
MpRdz = ————— = L.I0TkN'm
“IMI1

M|
MpRd

PMbRAz = =0.00977

z



Mayi= | -Myp if [My| > [My|  =0073kN-m

M v otherwise

Mg, =

yi= [Myy it [My] > [Myg| = 0072kNm

7My] otherwise

MyEqEd = max(|0.6 My - 04 Mgy |, [0.4-Mp,| ) = 0.02888-kN-m

PNFTy = o

PN M1 Myggra 1 PMzz “IM1
N ML T yEqRd s 2 0 0043
Xmin M0 MbRdy PNery  PNerz MO

Mp,= [ Myp if My > My =-0.02kN-m

M,y otherwise

Mp, = M,y if [My| > |My| =-0011kN-m

—-M,| otherwise

M, EqEd = max(|0.6:M 5, = 0.4 Mp, |, |0.4Mp,| | = 000738 kN-m

PN ML . PMyy M1 . MygqEd 1

PNFTz = —— —— =0083
Xmin MO PNery MO MbRdz PNerz
Slendemess limit S = __w 0.768
200-min(i, . iy)
Deflections L:=L0
d d,
ot “rot
d, = =3.391-mm ¢ = max| ——,——
tot Pdef L 25mm
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