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Chapter 1
Introduction

In this manual, analysis and verifications conducted with NextFEM Designer are showed and validated.
In the second paragraph, the program validation will peesented against some cases having easy analytical solution.
In the third paragraph, relationships used feteel member checking will be presented.

Such manual applies to the linear (static and dynamic) analyses only carried outNe#tFEM Designand with its
default solver OOFEM

Supported design codes

The following references have been used:

=

EN 19931-1: Eurocode 3 Design of steel structuresPart 1. General rules and rules for buildings

Italian Ministry of Infrastructures, D.M.7-D1-2018 (in the following, NTC208) and Annex no. 617,
02/02/2009

EN 19991-1 (Eurocode 9)

EN 19921-1 (Eurocode 2)

EN 19951-1 (Eurocode 5)

EN 19931-3 (Eurocode 3 cold-formed design)

N

o ok~ w



Chapter 2
Analysis validation

In the following paragraph, a validation fastructural analysis conducted witNextFEM Designeill be presented
Types of analysis
Static analysis

The analysis performed is a structural static analysis. The solution of linear system of equationsfamnthAx=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:

1@ + G + 931@k1 + ngo @z + gQ30 Qs + €

Partial safety factors

- Og1:for selfweight loads set asdefaultto 1.5
- Og2:for permanent loadsset asdefaultto 1.5

- Opi:for variable loadingset asdefaultto 1.5
Combination factors

- VYoi:asdefaultto 0.7for variable loading
- VYoi:asdefaultto 0.6for wind loads

- VYoi:asdefaultto 0.5for snow loadgon the base of the height of the building sife< 1000mabove sea levél

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 information

Origin and features of the program
Theprogramis composed by 2 parts

- Pre and postprocessor, 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, thatao be obtained with the command’/About.../Product license.
NextFEM Designisrmade by NextFEM, except for the packages listetfAbout....

- The default solverOQOFEMis employed to perform the Finite Elements calculations. Other types of solvers
can be setand used in the program, by they are not supported for this validati@OFENMs licensed under
LGPL conditions, reported i?¥About... and included in the software package. This solver is developed by
Prof. Borek Patzak (University of Prague) and bydbfem.orgcommunity.



Reliability of the program

This validationjncluding 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 structisre=ported.

Tutorial One

This tutorial will show how to model a 5 metres long fixemhded 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

7Tools>Option>Solver and check the /nclude shear deformations in beam elements tick under the

OOFEM preference$ox

W Options and preferences

Visualization | Selver

Default solver
®) Integrated  OOFEM v2.3+
() OpenSees
Path to OpenSees exe
() CaleuliX

Path to cox.exe

QOFEM preferences
Include shear deformation in beam elements (experimental)
|:| Reduced integration for 4-node shells

Library name for UELs: file dil

ADAPTIC preferences

[ Read nodal velocities and accelerations from NUM files

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

1. Setthe UnitsN for force andmm for length.

OK

- o

Cancel



Set model units
Units
lengh  mm V]
e
ss
Stress MPa ]
Temperure
| oK || Cancel

2. Define the Material properties:

O O O o oo

Name: Concrete;
E=30000 N/mrd;
Nu=0.3

Fk=25 N/mm
Weight=2.5e5 N/mm?;
Mass=2.5569 N/mm?/g

11538.461.. 0.3 |25

Weight
density

Mass
density

3. Define the Sectiorproperties:

0]
0]

b=300 mm (z direction);
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 cal&dlis considered

Manage linear static loadcases

Nome (AT

el

Delete

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

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

6. Insert the beams using thd8eamcommand.




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

7. Assign the boundary conditions using thRestrainteommand: fix all DoFs for nodes 1 and 3.

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

8. Assign the material using th&ssign>Materiatommand at the beams by selecting them and then
click onAssign to selected eleme

Assign Section

Selected section:
1. Rect, v Assign

9. Assign the section using thAssign>Sectionommand at the beams by selecting them and then
click onAssign

Assign Section

Selected section:
1. Rect, v Assign

10. Assign the point load to the node number 2.
0 Px=10000 N;
o Py=10000 N;
o Pz=10000 N.

W AssignPointload - ©
Load value 110000.000 =
Direction Ox 0Oy @®z

RX RY (O RZ
Load case k1 w
Remove Apply Close

11. Run the analysis.
10



Load case: Gk1

-1, 000e+004

1.000E+004
1.000e+004

5.000E+003
0.000E+000
-5.000E+0032

-1.000E+004

NextFEM Designer’s Results:
o0 Displacement in x direction: Node 2=0.002778mm

Node Displacements
Component: x

2.778E-003
2.083E-003
1.289E-002

E.944E-004

l C.000E+D00

v\]/x

o Displacement in y direction: Node 2=0.2016mm

11



Node Displacements

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

0.000E+000

Z
Y\l/}{
o0 Displacement in z direction: Node 26.00781 mm

Node Displacements
Component: z

0,000E+000
-1 353E-002
-2 80EE-002
-5.858E-002

-T211E-D02

z
Y\l/}{

0 Moment Diagram: Values frorResults>Extract Data
A Mzz

12



(0]

Frama loroces
Componant: Mzz

E.250E+006

3125E+00E

O.000E+D00

-3 A25E+00E

-6.250E+008

A  Myy

Frame lorces
Component: Myy

£6.260E+006

3.125E+006
0.000E+000
-3.126E+006

-6.250E+008

v\]/x

Shear Diagram:

A Vy

4 B41E+008

6.250E+006

13

4 S41E+008

-6.250E+008

Ad1E+008

+006
€.260E+006



5.000E+003

. 2 SO0E+003

0.000E+000

5.000E+003

-2.S00E+003

. -5.000E+0032

O00E+003

-5.000E+003

A Vz
5.000E+003

. 2.500E+003

0.000E+000

"y 5000E+003

-2.500E+003

. -5.000E+003

Normal forces Diagram:

14



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 in y direction: values froResults>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 froResults>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

HandCalculations:
o0 Section properties
A=b ® 150000mmM
3
J :ﬁ 312%6mm
Y12

3
3, =" 4 1o66mnd
12



o Moment diagram:

A Mzz
Pl . Pl
M, =—% =6250000Nmm; M, = é =6250000Nmm
A Myy
Pl Pl
Mmaxz?y %6250000Nmm; M ;. = —g =6250000NmIT
0 Shear Diagram:
A vy
Vo :% H000N; V,,, = —= =5600N
A vz
P P
Vmaxzzy HO00ON ; V., = —2y =5000N
0 Axial force Diagram:
R R
Nmaxzz HB000N; N,;, = > =5000N

o Displacement in x direction: Node2

N, (/2
uzvxz% .00278nm

o Displacement iny direction: Nodg

1 RP P
Uyy = ——— 6201568nm
192EJ,  4GA

o Displacement in z direction: Node 2

1 PP P
_1pRF Pl

u,, = =0.0781mm
“192EJ,  4GA

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

a3 )
1 Pyngil-ZX 0 px
U, =— +C forO¢C x ¢L/2
v 24 EJ 2GA

5 L o
P,(L- x)z(%'@xk2 6 p

u, =+ e B o Lr2ex o
24 EJ, 2GA
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

16



4718 0.00779
5000 0

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

PxS3| 2% 8
_1 8’5 = Px
u,=— +C forOC X ¢L/2
c 24 EJ, 2GA
Pl x5 b
1 ¢ 2 = PZ(L' X)
u,=— +C for L/2¢ x ¢L
c 24 EJ, 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.

Case a

1% 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.%-5 N/mm,

0 Mass=2.58-9 N/mn¥/g
- Section properties:

o B=300 mm (z direction);

o0 H=500mm (y direction);
- Geometric properties:

o L=2500 mm;

- Loads:
o Py=5000 N;
o Pz=10000 N.

O O O O

17



Load case: Qk1

1,000e+004
5.000E+002

|| 1250E+003 5.0002+003
-2 SODE+00E
£ ZE0E+003

. =1.000E+004

Yq/x
NextFEM Designer's results:

o0 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 Displacement iny direction: Node 2=0.7716mm

18



7. 716E-001

I 5.787E-001

3.858E-001

1.923E-001

l 0.000E+000

v\l/x

o0 Displacement in z direction: Node 26.5556mm

0.000E+000

I -1.289E-001

-2 772E-004

-4 1EFE-004

l -6 AEEE-004

z

Y\J/x

0 Moment Diagram: Valuebom Results>Extract Data
A Mzz

19



Framea foroes
Componant: Mzz

5.528E-009

0,000 E+000 v

-E.250E+008

-1 250E+007

-1 875E+007

-2 500E+007

z
v\l/x

A Myy

Frame foroes
Component: Myy

1.260E+007 9.779E-009

9.375E+008
£.250E+008
3.125E+006

0.000E+000

0 Shear Diagram:
A vy

20



0.000E+000

- -2.600E+0032

-5.000E+003

-7.500E+003

. -1.000E+004

-1.000E+004

¥ VX
A vz
0.000E+000

- -1.250E+003

-5.000E+003

-2 800E+002

-3 7S0E+003

. -5.000E+003

v\l/x

o Internal displacement in y direction: values froResults>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 froResu/ts>Extract data

Position [mm] Displacement [mm]
0 0
281.8 -0.01019
1250 -0.1736
2218 -0.4620

21



2500 -0.5556

Hand Calculations:
o Moment diagram:
A Mzz

M, =Pl =25000000imm;

A Myy
Mo = P,I 12500000imm

0 Shear Diagram:

A vy
V.. =P =0000N;
A vz

Voo = B, 5000N;
0 Axial force Diagram:

Nmax =0N ;

o Displacement in x direction: Node 2

u2,x = O

o Displacement iny direction: Node 2

PI®
u,, 150 =.77160nm
Y 3EJ

z

o Displacement in z direction: Node 2

_1pP
l"IZ,Z -
3EJ

y

= 0.0.5556nm

o Displacement in y direction: point at coordinate x

1P (3l- x)
u s —
Y6 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

P, (3I- x)
EJ

y

1
u._ ==
6

X,z

Coordinate x [mm] Displacement [mm]

0 0
22



281.8 -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 preferencedox
- Units: N for forces and mm for lengths.
- Material Properies:

o Name: Concrete;
E=30000 N/mrs;
Nu=0.3
Fk=25 N/mm
Weight=2.%-5 N/mm?;

0 Mass=2.58-9 N/mn¥/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=5000 N;

o Pz=10000 N.

Load case: @k

5.000E+002
5.000e+003
1.250E+0032

-2 S00E+003

-E 250E+002

. -1.000E+004

Y\'I/x

- NextFEM Designer’s results:
o Displacement in x direction: Node 2=0.00mm

23



0.000E+000

. 0.000E+000

0.000E+000

0.000E+000

. 0.000E+000

YW)(

o Displacement iny direction: Node 2=0.7803mm

7.E03E-001

. 5.8562ZE-001

3.801E-001

1.951E-001

. 0.000E+000

Y\’I/x

o Displacement in z direction: Node 268.5729mm

24



0]

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

-5.729E-001

Moment Diagram: Values fror®esults>Extract Data
A Mzz

Frame lorces
Component: Mzz

5 538E-003
0,000 E+000 M frird
-E.250E+006
-1.250E+007

-1.875E+007

-2 500E+007

Y\Zl/x
A Myy

Frame forces
Component: Myy

1.260E+007 9.779E-008
1.403E+008

9.375E+006

€.250E+006

3.125E+0068

0.000E+000

25



0 Shear Diagram:
A vy

0.000E+000

. -2.500E+003

-5.000E+003

-7.500E+003

. -1.000E+004

-1.000E+004

0.000E+000

|| -1.2508+002

-2.500E+003

-5.000E+003

-3.7S0E+003

. -5.000E+003

o Internal displacement in y direction: values froResults>Extract data

Position [mm] Displacement [mm]
0 0
281.8 0.01513
1250 0.2455
2218 0.6494
2500 0.7803

o0 Internal displacement in z direction: values froResults>Extract data

26



Position [mm] Displacement [mm]

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

- Hand Calculations:
o Moment diagram:
A Mzz

M, =Pl =25000000Nmm;
A Myy
M o =PI 22500000imm
0 Shear Diagram:
A vy
V. . =P Z0000N;

A Vz
Vax = B, 5000N;

0 Axial force Diagram:

N, =ON;

o Displacement in x direction: Node 2
u,, =0mm

X

o Displacement iny direction: Node 2

1R° P
==—2— 44— &7803nm
YT3EJ,  GA

o Displacement iny direction: point at coordinate x

! ZEPyXZ(SI-x) Bx
Y6 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

1P PJ
=——— 4Cc—=

u,, =0.5729nm
“ 3B, GA
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o displacement in z direction: point at coordinate x

_1PX(31-X)  Px
uXZ -2 =1 -'C_
? 6  EJ GA
Coordinate Ymm] 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). Theutput results of NextFEM Designer (Frame forces and displacement) are compared
with hand calculations.

'\ Only flexural deformations are considered.

- Units: N for forces and mm for lengths.
- Material Properties:
o Name: Concrete;
E=30000 N/mrd;
Nu=0.3
Fk=25N/mm
Weight=2.%-5 N/mmn?,
0 Mass=2.58-9 N/mn¥/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 O O O
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-5.000e+003

Load casa: Qk1

& 000e+003

2.500E+003
+
E.250E+002 2.500e+003
-1.250E+0032
2.500=+003
-3 AZSE+DOZ

. -5.000E+003

A l )
r\V
NextFEM Designer’s Results:
o Displacement in x direction: Nod2=0.00mm
T 445E-002
2.707E-002

0.000E+000

-3.V0TE-002

. -T4A5E-002

v \V}{

o Displacement in y direction: Node 2=0.6250 mm
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E.260E-001
4 B22E-001
2.125E-001
1.562E-001

0.000E-+000

v\l/x

o Displacement in z direction: Node 26.5062mm

0.000E-+D00

-1 .2EEE-001

-2.531E-001

-2.797E-001

-5.062E-001

z

Y\J/x

Comparison with hand Calculations (see tutorial two):
o Displacement in y direction
A Hand Calculation: 0.77160mm
A NextFEM designer: 0.6250mm
A Percent diference 19%
o0 Displacement in z direction:
A Hand Calculation:0.5556mm
A NextFEM designer0.5062mm
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A 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 loadeith distributed loads in directions X, y and z. The output of
NextFEM Designer (Frame forces and displacement) is compared with hand calculations.

¥ \l/x

'\ 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.%-5 N/mmn?,

0 Mass=2.58-9 N/mn¥/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 qgy=1N/mm;

0 (gz=-1 N/mm;
0o gx=-1 N/mm.
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-1.000e+000

Load case: Gk1 +1 000a+000

1.000E+000

5.000E-001

‘0.000E+000

-6 000E-001

+1 000E+000

NextFEMDesigner's Results:
o Displacement in x direction: Node 66.00278mm

Node Displace ments
Component: x

0.000E+000
-E 844E-004
-1.383E-003

-2.083E-003

. -2.778E-003

o Displacement in y direction: Node 6=2.315mm

Node Dizplacements
Comporant: y

2.315E+000
1. F3IEE+000
1. ASTE+000

4. 78TE-001

. 0.000E+000

o Displacement in z direction: Node 66.8333mm
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Node Dispiacements
Componant: z

\

0.000E+000
-2.083E001
-4 167€-001
6.250€E-001

-8.333E-001

0 Moment Diagram: Values fronResults>Extract Data
A Mzz max: node 1: 125000000000 Nmm

Frame forces
Component: Mzz

8.333E+004
-3.043E+006
-6 1EEE+006
-9.294 E+006

-1.242E+007

A Myymax: node 1: 125000000000 Nmm

Frame forces
Campanant: My

1.24ZE+007
9.294 E+008
E.162E+008
3.043E+008

-8.333E+004

0 Shear Diagram:

A Vy
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Frama foroes
Component: vy

0.000E+000

I -1.250E+0032

-2.500E+002

-3.7TS0E+003

-5.000E+003

A 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:

A Mzz
q,1” .
Mg = =2 225000000008mmy;
A Myy
q,l?
M jax = T 425000000008mMm";

0 Shear Diagram:

A vy
V... =q,| =5000N ;
A Vz

Voax =G, 1 5000N ;
0 Axial force diagram:

Ny = 0,/ =5000N ;

0 Max Displacement in x direction: Node 6

|2
U, =X 2.00278nm
* " 2EA
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o0 Max Displacement in y direction: Node 6

|4
Ug = =2.315mm
7 8EJ,

o0 Max Displacement in z direction: Node 6

4
u, =% - 0.83330m
=

z

Tutorial Five

The fifth tuorial consists in a modal analysis of a 3D wooden frabulding . The output of NextFEM Designer
(modes of vibration) is compared with the output of SAP2000®.

v\]/x

'\ Only flexural deformations are considered.

- Units: kN for forces and m for lengths.
- Material Properties:

0 Name: GL24H;

0 E=9.4086 kN/n¥;

o Nu=0.3

0 Weight=3.8 kN/nj;

0 Mass=0 kN/r¥g
- Section properties:

o B=300 mm (y direction);

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

0 Lx=3m;
0 Ly=4m;
0 Lz=2m;

- Mass properties: at every nodes of thé& gtorey
o my=2.5kN/g;
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0 mz=-2.5kN/g;
o mx=-2.5 kN/g

NextFEM Designer’s Results:
o First mode:

Period:
1.481E-001=
Frequency:
E.7S0E+000=

Hode Displacements
Comporant: sxyz

2 4Z3E-004
1.817E-004
1.211E-004

E.DSTE-005

0.000E+000

z

v\l/x

o Second mode:

Feriod:
8.37EE-O02=
Fraquency:
1.194E+001s

Node Displacements
Componant: sxyz

7.534E-005
5 ESOE-005
3.TETE-ODS

1.883E-005

. 0.000E+000

z

v\l/x

o0 Third mode:
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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

SAP2000® results:
o First mode:

Deformed Shape (ACASET) - Mode 1; T = 0.14748; f= 678072 [E

o0 Second mode:

0 Third mode:
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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 afimply supportedconcrete column. The output of NextFEM
Designer {.e. theeigenvalues representing the load multipliers) is compared with the results computed by the
Eulerian instabilittheory. The column is meshed into 5 elements of equal length.

L

'\ 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/my
o n=0.2
0 Weight =25 kN/nj;
o0 Mass =2.5 kN/riig
- Sectionproperties:
o B=100 mm (2);
o H=200 mm (y);
- Geometric properties:

0 Ltot=3.0m;
- Loads:
0 Qz=1KkN;

- NextFEM Designer’s results:
o First mode:
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(0]

(0]

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

Camponant: XYE

T.795E-001
5.847E-001
3.895E-001

1.943E-001

. 0.000E+000

v\l/x

40




(0]

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

tultiplier:
5.200E+0032

Frame Displacements
Component: KYZ

2571E-001
1.928E-001
1. 286E-001

& 422E-002

. 0.00DE+D00

v\l/x
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Load case: buck

fultiplier:
9.234E+002

Frame Displacemeants
Componaent: XYZ

. 3.898E-001

2.824E-004
1.849E-001

9. 74EE-002

. 0.000E+Q0O0

N

Manual calculation:

0 The critical load is computed as conf&, =p

of the direction of inflection.
0 Section inertia:

yy

J =ih|o3 46.7 10 mnt
12

J, =1 b 6.7 10 mnt
12

o Theoretical results:

2

EJ
(1/n)*

Bending around yy

Bending around zz

EJ
p° — X =57%N, / =575

| 2

EJ

p? 0 /2y;2 =230kN, / =230
p? (52;2 =517&N, / =517t

pz% =230kN, / =2301

p?Ed2_—9206N , / =920!

(172)°

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

with n=1,2,3,.., and the inertial




Chapter 3
Verifications for steel members

In this chapter, all the verifications performed INextFEM Designfar steel beams/trusses ardescribed.
Symbols

A: Area

Jz. Moment of inertia around »axis

Jy: Moment of inertia around yaxis

Jmin: Minimum moment of inertia

Jt: Torsional Inertia

D: Diameter of circular cross sections

Di: Inner diameter of pipe cross sections
te: Thickness of pipeross 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: sectionmodulus 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=plang 0=unknown
SecBeamType 0=unknown, 1=rectangular, 2=circular, 3=Cshape, 4=Tshape, 5=DoubleTshape, 6=Lspahe, 7=box,
8=pipe

dx: axial relative displacement along beam axis
dy: transversal deflection in local direction y
dz: transversal deflection in locairection z.
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Verification listing

Verifications performed bNextFEM Designfenr steel beams/trusses are described afterwarBiach of them is
expresses in terms of usage ratios of the checked section/element

E &
R, R
G

=

with E, design force

R

R, is the design strength, equal te—~
9u

R, is the material characteristic strength

gy is the partial safety factor the matial.
' WARNINGall the verifications listed do not support Class 4 transversal sections.

Estimation of section class

Conservativelyeach section class is estimated as the maximum section class amongst the ones related to each part
of the sectionconsidered as fully in compression.

Section type Parte Ratio Classl Clas® Class 3
Rectangular / always
Double TT,C web 0.9(htf1)/tw 33e 38e 4 2e
flange 0.9(b/2-tw)/tf1 9e 10e l4e
Angular web hmadte 15e
flange (b+h)/(2te) 11.5
Box web (h-2te)/te 9e 10e l4e
flange (b-2te)/te 9e 10e l4e
Pipe D/te 50¢? 70€? 90€?
Bar / always
Generic / always

_ 235
with €= f_

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

TensiocompressiorfAxial)

In tension:

;NN

§ NRd Afyk
Guo

In compression (Eulerian buckling):
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min® Yyk
G
with C,;, calculated on the base of the following buckling coefficients, determined folled sections only:
Section type ay a; act
Rectangular 0.49 0.49 0.76
Double T, da0.21a0.7¢ da0.21 a 0.7¢ da 0.34 a 0.4¢
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)
Vv Vv
/’V - —
Vrd Afyk

Guo/3

Bendingwith shear interactio(Bending)

M M
! wid = = = = = ——  if the shear forcaloes not exceed the 30% of plastic
ap, QV ) coshr) Mg, cosOy .
strength;
M .
Fyig =——— »with Mgy e =M Rd(1 -mln( (2r,, 1f ,ZI)) if the shear force exceeds the 50% of plastic

Rd, red
strength, Moy o = M g4 otherwise.

Biaxial bending and axial loa8uciBending_biaxand TensBending_bipax

If the element is compressed:

Mo =—— +— R with Frian,, =1
Cmin rridNCr rridNCr gM 0

If the element is tensioned:
Fune = Kt L Tty

Torsioral buckling(TorsionBuckling)

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



LM M
Mo M CLTA(yva p

G

b,Rd

For torsional buckling, the secondrder twisting moment (Vlasots contribution) is always neglected:

2

MC,:y% El, G, [1 %ng—'I:o conl, =0
except for the following sections:
- doubleT, I IW:%Iy
- GCshaped: w= (h- b 3_22@ b OE,I;F:GB with F =h_—tf

In evaluating the critical resisting moment, the coefficiept 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)

I'n r'V'y Y I'n rMy Y .
AV — =+—=—and [\, = + +—2 (for rotated sections)
, Q. r. c. T, ¢ O,
len 9’ ridN,, ridN, min ridN, ridN,

Deflection checks
Deflection check®eflection)
2 2
.o / f,+ 1,

" defLimit

! WARNINGdefLimitis defined in the initial mask for steel checking, separately for beams and columns. By
default, values are set to 1/250 for beante{TR and 1/300 for columnsdefCOL

# Steel checking as per Eurocode 3

Maximum beam deformation
defTR 14250

Maximum column deformation
defCOL 14300
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Checking from pushover analysis

Non-linear static analysis (pushover) needs alggl check (performed in ADRS plane by the méastiract Dataand
local verifications, carrie@ut for each element, for brittle (shear) and ductile (flexure) mechanism.

Firstly, for steel structures, it is necessary to globally check the struetittethe commandN2 Methodrom inside
Extract Datavindow, at the itemBase shear X/Y VS Top displ3thi¢e the performance point has been determined,
and hence the displacement demand is known, the closest point of the curve will be used. In such point, local
checking will be performed for brittle and ductile mechanisms, directly on data supplied by hinges.

To conduct the verifications, inside the Verification mask, select in order:

- The pushover load case

- “land Jonly” as active stations

- The checking setSteel Hinge EC3”

- The reference Limit State. Liafety is default

- Optionally, increase the accuracy of table results, to highlighen the lowest Demand/Capacity ratios.
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