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Part 24: IPE Beams with a trapezoidal line and
surface load

This new part of the handbook of FEM-System MEANS V12 from the website
www.fem-infos.com shows how a

beam structure (see Part 06) with a

) uniform, triangular and trapezoidal line load
and having a tetrahedral, hexahedral and pentahedral structure with

°® uniform, triangular and trapezoidal line load
) uniform, triangular and trapezoidal surface load can calculated.

Surface Load ST /

Line Load



http://www.fem-infos.com
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Exact results according to the beam theory

With the BEAM-Calculator https://calcresource.com/statics-cantilever-beam.html
the exact results are calculated according to the beam theory:

Material Datas:

[IH-Profil v B
: i —
H 240 | mm h 98 | mm | ! |
20 R I
120 |mm b 62 |mm o|-—- B __
Wst. [Stahi v E* [210000 |N/mm? Y t') .
b ® 4 W., * 3 I'E i I
; cm s« cm -

Partial trapezoidal line load:

Partial trapezoidal load

w; = -30 KN/ W, s
wz= -50 kN/m A ; B
a= 500 mm N " b
b= 200 mm < £ >
L=2000 mm
Results:

Reactions:

Rp= -52 kN v

My = 62.6167 kNm v

Bending Moment:

M,= 62.6167 khNm  w
Deflection:
d,= -8.19797 mm v

Bending Stress
og= M, /W, = 204.68 N/mm?*


https://calcresource.com/statics-cantilever-beam.html
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Tetrahedron model with a trapezoidal surface load

A suitable IPE-240 carrier for the FEM calculation can be downloaded in STEP
format from the free 3D library www.grabcad.com:

JANUgi Y LLLL, ST

|anuary 12th, 2019

January 12th, 2019

January 12th, 2019

IPE profile with design t... ﬂ

’ IPE-180_step step |anuary 12th, 2019
/ IPE-80_.step step |anuary 12th, 2019
' IPE-550_.step step January 12th, 2019
’ IPE-240_.step step January 12th, 2019
/ IPE-120_step step |anuary 12th, 2019

To do this, select “New” and load the “IPE-240.step” STEP file to create a
tetrahedral mesh with the GMSH 3D Mesh Generator.

st WEW PROJECT - O b

() 3D Mesh Generator NETGEN (STEP, IGES, STL)
(® 3D Mesh Generator GMSH (STEF)

() 2D/30 Beam Model with Line-Modus

() 3D Shel Model with a Container Mesh Genenerator
() 2D Plane Model with a Bearing Mesh Generator

i) 2D axialsym. Model with a Screw Mesh Generator

'NEW PROJECT


Part 08 - Axisymmetric-Analysis with MEANS V12.pdf
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In GMSH, select the "3D" menu and the menu 2x "Refine by splitting" to generate a
FEM Mesh with 46 272 TET4 elements and 9 975 nodes.

A Gmesh - filestp - O X

File Tools Window Help

Bl Modules
Geomatry
[ Mesh
Define
1D
2D
3D
Optimize 30
Optimize 30 (Netgen)
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 2D
Experimental
Reverse
Delste
Inspect
Save
Solver

-

S0XYZ& 118 H A LI Done refining mesh (Wall 0.078027s. CPU 0.046875s) - 2 Warnings - Click to show messages [ ... Volume mesh: worst distortion = -3.83695 (avg = 0.655749, 36 elements v

Select the menu "File" and "Export" and export the Mesh in Abaqus INP format back
into the same directory of the STEP file so that it can be automatically imported and
displayed in MEANS V12.

Mesh - Abagus INP (*.inp)
A Export Mesh - LSDYNA KEY (*.key)
Mesh - CELUM (*.celum)
T Mesh - CGNS (Experimental) (*.cgns)
Mesh - Diffpack 3D (*.diff)
Mesh - |-deas Universal (*.unv)
Mesh - Iridum (*.ir3)
dino Mesh - MED (*.med)
Mesh - INRIA Medit (*.mesh)
Exzenterl \esh - CEA Triangulation (*.mail)
Mesh - Matlab (*.m)
Mesh - Mastran Bulk Data File (*.bdf)
FEM-215) Mesh - Plot3D Structured Mesh (*.p3d)
Mesh - STL Surface (*.stl)
FEM-Berd pesh - VRML Surface (*wrl)
form Mesh - VTK (*.vtk)
Mesh - Tochnog (*.dat)
gladkows pesh - PLY2 Surface (*.ply2)
Mesh - SU2 (*.su2)
Mesh - GAMBIT Meutral File (*.neu)
hoemske Post-processing - Gmsh POS (*.pos)
Post-processing - X3D (X3D0] (x3d)
Post-processing - MED (*.rmed)
kugelven| Post-processing - Generic TXT (“xt)
Post-processing - Mesh Statistics (*.pos)
kurbel | post-processing - Adapted data (*.pvtu)
Image - Encapsulated PostScript (*.eps)
Image - GIF (*.gif}
] Image - JPEG (*jpg)
Dateiname: Image - LaTeX (*.tex) v

Dateityp: | Mesh - Abaqus INP (*.inp)

~ Ordner aushlenden | Abbrechen

Organisieren *

fachwerk]

glass_ex3

komm

Line Loa
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Boundary Conditions

The IPE is clamped fixed on the left side. Create it with the “Edit FEM project” tab
and “Boundary-Conditions” by selecting the left Surface 6 and confirming with
“Create” in the select box.

07 M -

Files View Mesh Generation | Edit FEM-Project FEM-Analysis Postprocessing Training

F 3. Surface Load 1. Boundary-Conditi L /
3. - : % (g
e —4 oundary-Condition [ - 3. Nogzl Coordinates

Loads [ Show Loads Boundary-Conditions ] Show Boundary-Conditions | flament-Groups | Material-Datas | Editor

Surface Medus is active - Surface= 6

B/ - o b4

Surface 6 DELETE
CLEAR
EDIT

Nodes Surfaces
Elements Edges

| cAMCEL | [ cREATE

Create a Range of Nodes for Surface Load

Select the “View” tab and the “Node-Modus” menu as well as the “Surface Nodes”
side menu and click on the upper Surface 3 to display all nodes.

a! = ] pe
Surface Modes  Lines
Number of Nodes = 24032
until:
i bodes
Create a3 Range of Nodes
Create a I;-iénge of Nodes |
lioee ks
SR e
Defete a Range of Nodes
Delete Range of Nodes
Edit 3 Range of Nodes

Coordinate-Factar

Node [Eom |

Y: 858

: o |
| [ Node numbering

[ Element numbering

[] Eement groups

Then create with menu "Create a Range of Nodes" with "Coordinates Range" and
additional with the option ,Create a Range of Range*
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8l Create a Range of Nodes == O et
Please dragging a model region or picking nodes!
Number of Nodes= 1494
[] Create a Range of a Rangs
Selection
{1 Draggin @ model region ("} Picking nodes (® Coordinate Pange
(O Suface Model

new range of nodes from Z = 499 mm to Z = 1805 mm inclusive a small tolerance
due to the unstructured nodes.

85 Create a Coordinate Range = O >
i i
fon i,

| CreateaRangeof Nodes

New Range of Nodes for the trapezoidal Surface Load
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Now select the "Edit FEM Project" tab and "Surface Load" to create a trapezoidal
Surface Load with the following values:

W1 surface Load = W1 LineLoad* b =30 N/mm /120 mm = 0.25 N/mm?
W2 surface Load = W 2 LineLoad ™ b =50 N/mm /120 mm = 0.42 N/mm?
with "unequal along Z-axis" and with the selection "all showing nodes"

- @iM -

Files View Mesh Generaticn Edit FEM-Project FEM-Analysis Postprocessing 1

F 3. Surface Load m D—+ 1. Boundary-Condition: ~ D

Loads | 1. |PointLoad Boundary-Conditions [ Show Boundary-Conditions | flament-Group
2. |Line Load current Node 11861 - X-Coord.= 63.15; ¥-Coord.= 110.6
3. |Surface Load
5. |Gravitation Load
4, |Centrifugal Load a8 Loads
6. | Temperature Load
7. |Nonuniform Loads Curent Loadcase: 5 +
8. Edit Load Case Mumber of Values: New
9. |Editor

Belastung W1: ®inMPa OorinN

|u|1gleich entlang *-Achse W2= -~ || 42 | W2

s sl

Deraas: (0 in X Direction () in Z Direction
() in Y Direction (@) vertical to Surface

Selection:

() Select Sufaces (") Dragging a model region

() Select Nodes (®) Select all showing nodes

(") Define a coordinate range () Select all showing sufaces

Calculate Value of Surface Load SLLalor: - =

Z Cancel Editar Create a Surface Load

The result is the following trapezoidal surface loading

e
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With "Show load values" in the Node Modus, the load values can be displayed and
checked:

Material Datas

Since the material steel is always preset with a modulus of elasticity of
210,000 N/mm?, no material data is required.

FEM Analysis

First save the FEM model under any name on the hard disk, select the “FEM
Analysis” tab and calculate a static analysis with the Quick Solver.

g5l Quick-Soher - O X
Normal Precision {®) show and solve with C3D4 {4-node linear tetrahedral elements)
. () show C3D4 and solve intem with a refining mesh of 8x C2D4

() convert C304 -> C3D10 and show and solve with C3010

Path for INP-Solver: |C:'-.Program Files\FEM-System_MEANS_Y12'Debug 'ljnpsolver‘-inpsol\rerﬁdb'rt.E| Browser _-.

Path for INP Files: | Cprojekte’\Line Loadipe240'tetd flaschenlast.INP |

Select Solver
(® InCore-Solver () Out-of-Core-Solver

| Start FEM-Solver with INP-Interfface |

:S-é&i'ng [ [ i:iellp+llr.rfuos fianceln
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Postprocessing

R
After the FEM Analysis, the results can be evaluated using the icon
with register ,Postprocessing®.

g5 Postprocessing & O X
Results:
Load Case: |1 w

(@) Contour of Displacement G -
() Nodal Stress Contour () Reaction Forces
(") Blement Stress Contour () Contour of Forces
Accuracy:

Edit Accuracy: | Displacement Factor

' | Edit Calaurs for Legend

1 3 4 Pick, Search, Save Values

Select Result Component:

|Displacement iny direction w

Start Postprocessing

Max. Displacement in y direction = -7.88 mm (exactly =-8.19 mm )

Max. v.Mises-Stresses = 206 N/mm? (exactly = 204 N/mm?)

LOAD CASE= 1, Contour of Stress von Mises Stress

00592 27910 57.858 87.806 17.75 14770 17765, 20970 ‘

Search and Setting
Savein ASCIl Fle
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Pentahedral model with a trapezoidal line load

To get a pentahedron model, simply extruded the tetrahedron front surface in
Z-direction.

Create a 2D Mesh from the front surface

In Surface Modus, select menu “Mesh from Surface Model”. In the first step, select
the profile surface 9. In the second step you create the triangular mesh with 96
nodes and 100 TRI3S elements with a node check and the option “Delete nodes
which are not connected to an element”. With the third step the z-axis can be set
from 2000 to zero and the x-axis can be swapped with the y-axis

a5

85! Create a Mesh from Surface Model - [m] X |
Suface MNodes Lines
@® 20 Plane Bemerts O Avial. Sym. Hemerts Dl Satrces 1
(O 20 Plate Elements (O 30 Shell Bements - Surace 1
Surface 2
- Suface 3
Element Typ TRI3S Surface 4
— - Suface §
T : G
: Moddes: - [20000 | el
E-Moduius: 210000 1 e
Poisson Value: 3
- Suface 10
Density 7.8E06

Step 1: Select Surface

Step 2: Create Mesh

Step 3: Transform XY Plane
Hidden-Line erzeugen

Tutorial Cancel Create a Suface Model

Sort and Hide Surfaces

Hide some Sufaces

85 Please wait... - [m] * Show only Sufaces
Create Cuts with EGs
withaut Check:
Structure model has 24033 nodal points and 100 elements and 1 element groups Show all Surfaces
Mesh from Surface Model
with Check:

Structure model has 96 nodal points and 100 elements and 1 element groups
Quit Surface-Modus

Tolerance

Delete nodes which are not connected to an elemert

Cancel only Hidden-Line Check nodal points

Extrusion

Select register "Mesh Generation" and menu "QUAD-Meshes, Refine, Delete...”

as well as in the next dialog box the register "Extrusion” and create the pentahedron
mesh with a number of nodes in the Z direction = 81 and a Z object height = 2000
mm.



Part 24: IPE Beams with a trapezoidal line and surface load 77

@i -
Files Wiew Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
3D Mesh Generators : Check Mode Numbering FEMM Mesh Bearing Generator
;i QUAD-Meshes, Refine, Delete... % :
Local Refinement Jacobi-Determinante Vessel Generator  Screw Generator
3D Mesh Generation = 2D Mesh Generation = Manipulate Meshes P} Check Meshes [F} Special Mesh Generators F}
4 e Quad Meshing / Refine / Converter / Extrusion = [m] ped

Quads Refine Converer Exrusion Rotation Delete Tum

{For Extrusion you need a 2D mesh with Z=0)

Density in Z direction=
Blevation in Z direction=

N/

DXF LUNDO Create a 3D Mesh Cancel

ST

Select the menu "Create 3D Mesh" to create the pentahedron model with 8240
PENG elements and 8019 nodes..
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Boundary Conditions

The IPE is clamped fixed on the left side, the BCs are created with register ,Edit
FEM-Projects” and menu Boundary Conditions” by clicking on to Surface 6.

Create a Range of Nodes for Line Load

In order to generate a trapezoidal line load, a range of nodes must first be defined in
the Node-Modus with "Create a Node of Range" "and ,,Coordinate Range":

0! Create a Range of Nodes = O >
Please dragging a model region or picking nodes!
Mumber of Modes= L] | New
Create @ Range of 3 Range ! _IjE_:I_L_:_
Selection
() Draggin a model region () Picking nodes (®) Coordinate Range

() Surface Model

Cancel ._ | Createa Range of Nodes

85 Create a Coordinate Range = | =

from X: 31 until X: (3.2

ey
I:J I

from ¥ 1 urtil ¥ | 110.6

urtil £ H00 from £: |1800

Create a Range of Nodes |
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You should see the following node range with 53 nodes from 500 mm to 1800 mm:

Create a trapezoidal line load

Select the "Edit FEM Project" tab and the "Line load" menu and select the drop-

down menu "Trapezoidal load positive" in the dialog box to generate a line load with
L1 =-30 N/mm and L2 = -50 N/mm at the node range.

' L 2 I O I

Files View Mesh Generation I Edit FEM-Project | FEM-Analysis

[ F | —
2. LineLoad ® |>—+ T Bt Cananan D /
ine Loa | oundary-Condition | u | =

Loads Show Loads | Boundary-Conditions 1] Show Boundary-Conditions

Postprocessing Training

Element-Groups | Material-Datas | Editor
current Node 34 - ¥-Coord.= -56.85; ¥-Coord.= 110.6; Z-Coord.= 0

s Create a Line Load

Line Load with a Range of Nodes  Pairt Load -> Line Load = Hitfe

Loadcases:

New Loadcase
L1 L2 v e

Distributed Load

Triangular Load positive

Triangular Load negative Direction (®) in Y-Direction (O in Z-Direction .
Trapezoidal Load positive ot

Mumber of Nodes from a Range of Nodes with Node-Modus:

Create a Line Load

Line Load for Arcs and Circles Cancel |
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Then you should see the following node load with 53 load nodes:

With "Show load values" in the Node Modus, the load values can be displayed and
checked:

B - O X

Suface  Modss  Lines
Number of Nodes = 8015
urttil:

| Show Nodes |

Create 3 Range of Nodes
| Create a Range of Nodes |

| Surface Nodes |

| Edge Modes Surface |

Deiete 3 Range of Nodes
| Delete Range of Nodes |

Edit @ Range of Nodes
| Coordinate-Factor |

[ Mede numbering

[] Element numbering
[ Element groups

[~] Show Load Values EI

MNode-Size:




Part 24: IPE Beams with a trapezoidal line and surface load 81

Material Datas

Select register ,Edit FEM-Project® and ,Material Datas” to enter the material datas
for Steel with an E-Modulus of 210 000 N/mm? and a Poisson-Value = 0.3.

85 Edit Material Datas = O >

Name Material Diatas

(3 Youngs modulus
Poisson Ratio o]

Density 7.600007ED6
Heat Coefficient

Element Group: | 1 Element PEME < >
(@) Isotrop (O Anisotrop
[ Materal Data Base |

| Copy Material Data |

FEM Analysis

First save the FEM model under any name on the hard disk, select the “FEM
Analysis” tab and carry out a static analysis with the Quick-Solver.

R CQuick-5Solver

Nomal Precision (@) C308 {8-node linear isoparametric element)
' | show C2D4 and solve intem with a refining mesh of 8x C30D4

() C3020 (20-node quadric isoparametric element)

Path faor INP-Salver; |C:‘\F‘mg1?:|m HIes\FEM-System_MEﬂlNS_‘u"‘lZ\Debug‘\.inpsolver".inpsolverﬁdbit.E| Browser

Path for INP Files: | C: projekte’\Line Load\ipe240hextrude INP |

Select Sol
R e S

| Start FEM-Salver with INP-Interface |

| Seting | | Hep+ifos | | Cancel |
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Postprocessing

. 4
After the FEM Analysis, the results can be evaluated using the icon ﬁ
with register ,Postprocessing®.

Max. Displacements in Y Direction = - 8.14 mm (exactly =-8.19 mm )

Y
11632 """VVVVVV

23271 e L

34910 1 T e
4548
58187 =S ]

Max. v.Mises-Stresses = 200.4 N/mm? (exactly = 204 N/mm?)

Sum of Reaction Forces = 52000.05 N (exactly = 52 kN)

MEAMS V12

Summe Y-Auflagerkrafte = 52000.05 N




