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MENU: SELECT

MESH GENERATION
HODES ADD REHM
ELEMS ADD REHM
PT A RENM
A REHM
REM
REM
BETWEEN POINT
¥ QUAD (4)
¥ LINE
¥ QUAD

STEM
ANGULAR GRID

CLEAR GEOM
AUTOMESH
CHECK
DUPLICATE

END LIST (#)
MAIN

D0mO

This menu contains commands for selecting model entities
and for creating sets of entities.

This menu is located on the bottom right-hand side of the
Mentat windows e.g. MESH GENERATION.

VIEW
MODEL

MeZ ) saftwore




MENU: SELECT

MEZ sottwore

GEOMETRIC

STRUCTURAL
NEW
NAME
TYPE

BEAM SECTIOHNS

This menu is located on the bottom right-
S hand side of the Mentat windows e.qg.
GEOMETRIC PROPERTIES MENU etc...

SETTINGS

ID GEOMETRIES

T
LECT
RETURN

Ei_ll-lli-EI II |‘ 04/04/2019



Select entities
e.g. nodes, elements, points, curves, ...

SELECT MEZ ) sottwore

NODES

ELEMENTS

This command adds nodes (or elements, or edges, or

faces, ... ) to the list of selected nodes (or elements, or

edges, or faces, ...).

Once nodes (or elements, or edges, or faces, ... ) are

— selected, they might be stored in a set with a prescribed
i named.

% SELECT HoD T The selection can be performed adopting a peculiar
—— ‘ METHOD and/or a SELECT MODE. These aspects will be

presented in the following.

IELE M INVISIELE
)E INVISIELE BO
NODE PATH STORE ORDERED

IDENTIFY SETS IDENTIFY

SELECT
RETURN MATN UNDO SAVE DRAW
FILES PLOT

IN
oUT

SHORTCUTS
SETTINGS

FILL
VIEW

RESET VIEW
= DYN. MODEL

HELP

04/04/2019




Select entities: METHOD

e.g. nodes, elements, points, curves, ...

SELECT METHOD

+ SINGLE
BOX

SINGLE: this method allows the user to select entities

singly by specifying their IDs or by manual selection == nn IT
(mouse). This method is the default method. CURVE DIST SR REAU L

PATH: this method allows the user to select connected
nodes or points along a path from the first entity
specified to the last. You may specify only the beginning
and end of the path, or choose entities at various
location along the path.

BOX: this method allows the user to select items within
a specified region in space therefore a volume
assessed by coordinates. All items that fall within the
specified box (global coordinate system) become
selected.

r|':1II.II-I|[EI III | ‘ 04/04/2019 7



Select entities: MODE

e.g. nodes, elements, points, curves, ...

SELECT MODE
+ AND EXCEPT
INVERT INTERSECT

RETURN MAIN

E‘i_l“l[EI Illl‘ 04/04/2019

AND: adopting this mode, additionally selected entities are
added with those already in the selected list, thus adding them
to the list. This mode is the default mode.

EXCEPT: by this mode, additionally selected entities are
removed from the list of selected entities.

INVERT: in this mode, additionally selected entities are added
to the list of selected entities if they do NOT belong to it and
are removed if they do already belong to it.

INTERSECT: in this mode, additionally selected entities are

intersected with the current list of selected entities to form the
new list.

- | suggest you to do some exercises!!!!



Select entities: STORE

e g nOdes Once nodes (or elements, or

edges, or faces, ... ) are
selected, they might be
8 Marc Mentat 2013.1.0 (64bit) (OpenGLy: model3.mud stored in a set with a
SELECT prescribed named.
g;Zi;NT C
"EDGES C 3 STORE NODES IN SET STORE

STORE NODES IN EXISTING SET

Type the set named
e.g. crucial_nodes
Press ENTER
OK
ALL: SELECT

SELECT BY NODES: CLR
FILTER ¥ NONE IDENTIFY SETS

METHOD ¥ SINGLE
SELECT MODE

This command turns on the
identification of set identifiers
of all sets in the model by
colours.

END LIST (#)

HAIN UNDO S DRAW FILL

UTILS FILES PLOT VIEW

ial_nodes

F il @ N &y ) A 1851

Ei.ll-lli-EI II " 04/04/2019 g




Select entities: IDENTIFY SETS

e.g. nodes

SELECT
NODES

crucial_modes

none

SELECT S SELECT BY

FILTER
METHO

RENAME REMOV

VISIBILITY
|:> IDENTIFY
A VISIB. |OUTL.
5 i IS. |SURF

END LIST (#)
MATN

04/04/2019

IDENTIFY SETS

This command turns on the
identification of set
identifiers of all sets in the
model by colours

e.g. the nodes of this
quadrilateral elements are
store in a set called
crucial_nodes identified by
the rose colour.

SHORTCUTS
SETTINGES

ZOOH

IN
ouUT
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Thin-walled profile in torsion
Opened vs closed cross-section

Ei_ll-lli-EI II |‘ 04/04/2019

GOAL.:

Open the reference model named
torsione rev0l nolabile.mud this profile is
characterized by a lateral crack (open-cross section).

It is loaded on the free extremity by an imposed
rotation.

Starting from this model, we will compare the response
of the open section profile with the homologous closed

profile calculating their torsional stiffness.
torsione rev0l nolabile open vs close.mud

Y

L.

12



MESH GENERATION

Duplicate

GENERATION

ADD REM
ADD REM
ADD REM
ADD REH
REM
C REHM SHOW
JETWEEN NODE BETWEEN POINT
ELEMENT CL ¥ QUAD (4)
CURVE TYPE ¥ LINE
URFACE

MAIN MENU
MESH GENERATION
DUPLICATE

SOLID TYPE

? GEOM

CONVERT
ELEMENT
INTE

SELECT
RETURN MAIN UNDO SAVE | DRAW FILL RESET VIEW TE+ TY+ TZ+ R¥+ R¥+ 'z Z0C IN SHORTCUTS
UTILS FILES PLOT VIEW = DYN. MODEL TX TY- TZ- RE- RY- ¢ ouUT SETTINGS

HELP

04/04/2019




Duplicate
Combined

DUPLICATE RESET

TRANSLATIONS
DUPLICATE 10000
CENTROID COMBINED: DUPLICATE
el i F ALL_EXIST
SCALE FACTORS . ¥ # —_
1 ; ] : ‘
ROTATION ANGLES (DEGREES)
=
FROM
® POINTS
M SOLIDS
A{
QL‘X
1
RETURN LES UNDO SAY | DRAW FILL RESET VIEW TE+ |T¥+ |TZ+ |RE+ |RY¥+ |RZ+ [ZOOM |IN SHORTCUTS
UTILS - |FILES - |PLOT VIEW = DYN. MODEL TR- |T9- |TZz- JRE- |RY- JRz- | 2O% OUT | SETTINGS  HELP

The reference model will be completely duplicated (e.g. nodes, elements, BCs, links) , it will be located at a
distance of 100 mm from the origin (0,0,0) along X-direction referring to the global coordinate system of the
model.

E‘i_l“l[EI II " 04/04/2019 14




Sweep

The left-hand side model is the profile with the open cross-section, SWEEP NODES - CLOSE LATERAL CRACK
the tolerance (t) must be:

|
|
namEd OPENED : at least upper then the crack size;

The right-hand side model is the profile with the open cross-section, | lower than the elements size; '
namEd CLOSED : ;hiiijicIiZI Z.ioie:a;czgvalde equal to 0.2
Therefore, the lateral crack of the right-hand side model will be |

removed by the SWEEP NODES function as shown here. Ssgt_SWEEP_WlHﬂnCE

Finally, the model is ready to be calculated (SUBMIT). :

*sweep nodes
all selected
*gelect clear
SVEEP | =

LR s | CHECK THE COMMAND PROMPT
| Deleting 3 duplicate nodes!

| Deleting 0 collapsed elements!

SWEEP

MODE ¥ MERGE

e '
HEdpz | SUBMIT MODEL
REMOVE UNUSED f‘] P : heck ~ob
. e
HODES POINTS Pl sheex_je
/ P *update job
VISIBELE INVISIELE A 4F *submit job 1
ALL FREE NDS ALL FREE HDS A *monitor job
ALL FREE PNTS ALL FREE PNTS PR *save model
= '
VANCED PROJECTION SETTINGS
¥ e

ZLX
SELECT 1
RETURN URDO DRAU FILL RESET VIEW TE+ TV+ TZ+ RE+ RY+ RZ+ Z‘;‘E‘H IN SHORTCUTS
UTILS 3 PLOT VIEW = DYN. MODEL TE- TY- TZ- RI- RY- RZ- BOX ouT SETTINGS | HELP
CHILI Ill‘ 04/04/2019 15




Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Open the results file. Check if the deformation of the models is coherent with you expected!!!

Inc: 0
Time: 0.000e+000

REV X

SKIP TO INC SKIP INCS
DEFORMED SHAPE SETTINGS
STYLE | ¥ DEFORMED

SCALAR PLOT

+ OFF

CONTOUR CENT

HORE

SELECT
RETURN MAIN SAVE DRAW
UTILS FILES PLOT

EII!I-Ili-EI II " 04/04/2019

OPENED
= CLOSED

%\_ys« \ls@

=

Se

NERNCRN

—k “\# \'% \-x \\k \%«

)

RESET VIEW Ti+ T+ TZ+ RE+ RY+ RZ+ ZOOM
= DYN. MODEL TE- TY- TZ- RY- RY- RZ- ‘

IN
ouT

SHORTCUTS
SETTINGS | HELP
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Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Check the warping of the profile cross-section at their free extremity!! The simplest way is
monitoring the displacement of the section along the Z direction (Displacement Z).

OPENED PROFILE: the maximum (minimum) Z-displacement is equal to 4.483 mm (-4.483 mm);
CLOSED PROFILE: the maximum (minimum) Z-displacement is equal to 0.57 mm (-0.57 mm).

POSTPROCESSING RESULTS Inc: 0 WEZ ) saftwore
Time: 0.000e+000
FILE
C:“users‘manto~documents™: VM _ - L S E
MONTTOR 4.483=+000
REVIND PREV
- - = 3.586e+000
SKIP TO IHC
DEFORMED SHAPE SETTINGS 2.690e+000
STYLE ¥ DEFORMED 1 79324000
. e+
SCALAR PLOT 8.966e-001
0.000e+000
—-8.966e-001
-1.793e+000
SCALAR Displacement Z
—2.690e+000
SAMPLE POINTS PATH
HISTO 0T CK PLO -3.586e+000
—-4.483e+000
jobl
Displacement Z 1
RETURN SAVE DR&W FILL RESET VIEW Ti+ |TY¥+ |TZ+ |Ri+ |RY¥+ |RZ+ { IH SHORTCUTS
UTILS FILES PLOT VIEW = DYN. MODEL T{- |T¥- TZ- Ri- |RY- RZ- OUT  SETTINGS  HELP

EII!I-Ili.EI II" 04/042019  Moving from a opened to a closed section, the warping decreases significantly. 17



Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Check the warping of the profile cross-section at their free extremity!! The simplest way is
monitoring the displacement of the section along the Z direction (Displacement Z).

Some regions evidence a null deformation along the Z direction; therefore; along this segments,
the warping does not occur.

SCALAR PLOT SETTINGS TV —
Time: 0.000e+000

meZ ) sottwore

+ HANUAL AUTOMATIC

-0.01 —4.48305 1.000e-002
0.01 4.48305
SET LIMITS COPY LIMITS 8.000e-003

g4

Setting

¥ LETELS = 6.0002-003 ’ Ve : MANUAL
HARMONIC ANALYSIS | | 4101
4.0002-003 i !
. | 0.01
CUTTING PLANES ¢ o0eoes ' ‘ (plottlng by coloured

POINT 0.000e+000

. bands the displacement
o ~2.0002-003 ' Z values close to zero,
e 4 0000003 : the border transition,

between + and -
displacement values. is
found).

—6.000e-003

S COORDINATE SYSTEM -8.000e-003

APPLY LOCAL ADAPTIVITY TIES .000e-002
m LEGEND LABEL CONTOURS

SELECT
RETURN MAIN SAVE DRAW
UTILS FILES PLOT

Displacement Z
TE+ | T¥+ | TZ+
TE- TY- TZ-

IN
oUT

SHORTCUTS
SETTINGS

FILL
VIEW

RESET VIEW
=DYN. MODEL

HELP

E‘II.Il-Ili-EI II | ‘ O;/O4/201 9 18




Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Check if the rotation along the Z axis (Rotation Z) of the models is coherent with you
expected!!! The models do not rotate at the skew symmetry plane (Z=0), and the maximum
rotation is equal to 0.04 radians, and it is located at the free extremity of the model.

Inc: 0 MEZ ) softwore
Time: 0.000e+000

4.000e-002 OPEN ED

MONITOR SCh
REVIND | PREV NEXT LAS
= — = = 3.600e-002
SKIP TO INC SKIP INCS
DEFORMED SHAPE SETTINGS 3.200e-002
STYLE |¥ DEFORMED 5 B00e_002
. e-
SCALAR PLOT 2.400=-002
OFF + CONTOUR BANDS
2.000e-002
CONTOUR CENT
UL 1.600e-002
S EAM VALUES 1.200e-002
- S Rotation Z
8.000e-003
SAMPLE POINTS PATH PLOT
HISTORY PLOT 0 4.000e-003
DESIGN PLOT S
2.061e-016
MORE
jobl
SELECT Rotation Z 1
RETURN MAIN SAVE DRAW FILL RESET VIEW TE+ |TY+ |TZ+ |RE+ | RY¥+ |RZ+ |ZOOM |IN SHORTCUTS
UTILS S~ |PLOT VIEW = DYN. MODEL ol vl Ev el v e v OUT | SETTINGS | HELP

Ei.ll-lli-EI II | ‘ 04/04/2019 19




Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Collect the values of Reaction Moment Z to compare the stiffness of the two profiles
accounting the influence of the lateral crack.

Inc: 0

. Mzi)surluurz
Time: 0.000e+000
CLOSED
80,167
9v31 1691328
1.390e+007 74 3t khcece—011 =631 701 .00 121
L1 < 665314k 78 30 g
-7 .0752+002 , | :
SKIF INCS =" I R P 1= -
i bros1=-010 ;/TSTSD;E'ESDSH 2| hooa ssa | |7
DEFORMED SHAPE ETTES , : = 5‘,5)7 i “| 4704.385
SETTINGS . ] 1857e~011) LA 036e-010
STYLE | ¥ DEFORMED | froeze | |” ' . o
i paase-no | a)rgaa;ﬁﬁsnsu A" Loos 265 MG
b e— M T /
2 /5-536396-01 % i
S| 705 84 |7 ,
4] 136872501 *ﬁéglfé : : 4
22381 9 gl iV e AN R REL
/| wibaiar M’A”“E‘”” |4 456082—011
, I)T?us.zs /| | 704 655 P ,1_39025#;_
lo2131e-011
= B){ESSUBE—UII 7| 4706265 P 207 462
1. 740740011 LA 139030011
‘ /| 705,004 |, ‘g/ )
z sp16a0011| | 4708 655 p .
3. e @),/4 .25757e—011 {rvm aa4 i
, L-704 385
y |4569e-010 7f
. 136122e-011
01261 c91 328 "{ )
b8 Ll 72-011 , a0l 1t
: 6914
305332012
‘ .
) Z =X
jobl
SELECT Reaction Moment Z 1

RETURN E DRAN FILL RESET VIEU T+ | T¥+ |TZ+ | RE+ |RY+ |RZ+ IN SHORTCUTS
S =1 2] VIEY B DYN _ HOD X— ¥— y ¥ Y 7 — Ol = Gt

For the same rotation, the reaction moment increases moving from an opened to a closed section profile.
Therefore, the torsional stiffness will be increased significantly, too.

04/04/2019 20



1

2
3
4
5]
6
7
8

9
10

40
41
42
43
44
45
46
47
48

Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

Beam profile dimensions
heigth, at the midsurface

width, at the midsurface

wall thickness

fillet radius

section characteristic dimension i
modeled profile portion length (half the overall length) _dz
profile wall perimeter p

profile wall midurve enclosed area _BredtArea
Predicted torsional stiffness values

open thin walled section _Kt_otw
closed thin walled section, Bredt Formula Kt ctw
Predicted shear stress values

open thin walled section _tau_otw
closed thin walled section, Bredt Formula _tau_ctw

material properties
shear modulus (G12 in-plane shear modulus if orthol _G

imposed displacements
twist rate
torsional counter-rotation at the profile terminals

_dtheta_dz
_theta_z

measured reaction torque (of FE models), complete section
open thin walled section, free warping at both ends _Mt_otw_warp
closed thin walled section, free warping at both ends _Mt_ctw_warp

results

profile section torsional stiffness coefficient

open thin walled section, free warping at both ends _Kt_otw_warp
closed thin walled section, free warping at both ends _Kt_ctw_warp

result comparisen

|0tw, free warp, FE vs theoretical ratio |

ctw, free warp, FE vs theoretical ratio
free warp, FE, otw vs ctw ratio

OTW constrained terminals stiffening factor
CTW constrained terminals stiffening factor

E‘_I“l[EI II |‘ 04/04/2019

input cell

118 mm
38 mm

2 mm

0 mm
120 mm
40 mm
312 mm

4484 mm*"2

832 mm"4
515545,026 mm*4

53,8461538 MPa
773,865878 MPa

26923 ,0769 MPa

0,001 rad/mm
0,04 rad

22351,9 Nmm
1,39E+07 Nmm

830213429 mm"4
516378571 mm*4

ratio relative variation
0,99785268 -0,21%
1,00161682 0,16%
0,00160776 -99.84%
733,396266 73239 63%
1,21610502 21,61%

The stiffness of the profiles has been analytically calculated
adopting the Bredt approach for the closed section, and the
formulae for the open thin section under torsion.

The analytical results are compared to the FE results, under the
hypothesis of free warping of the structures.

Reference:

torsional stiffness evaluation paom2019 v001l.ods;
spreadsheet: section property dz 40

formula nigidezza tors. Sez. Sottil aperte
formula di Bredt

21



Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

"ROCESSING RESULTS Inc: 0
Time: 0.000e+000

— - OPENE

J434e+003 = MaAXx

MEZ ) Softwore

-

- = = — 1.300e+003
0 INC SKIP INCS

DEFORMED SHAPE SETTINGS 1.166e+003

STYLE ¥ DEFORMED

1.031e+003

8.974e+002

7.633e+002

6.292e+002

4.951e+002

S

3.610e+002

2.26%e+002

5. 2354001 = MIN

jobl
SELECT Max Equivalent Von Mises Stress Across Lavers 1
RETURN MA SAVE DRAW FILL RESET VIEW TE+ TYV+ TZ+ RE+ RY+ RZ+ M IN SHORTCUTS

UTILS FILES PLOT VIEW = DYN. MODEL TX- TY- TZ- = RY- RZ- QUT SETTINGS | HELP

The maximum equivalent Von Mise stress occuring across the layers (top, |
middle, bottom) is plotted, and the opened and the closed profiles achieve
the maximum stress value equal to 93 MPa and 1434 MPa, respectively.

Ei_ll-lli-EI II |‘ 04/04/2019




Thin-walled profile in torsion
Opened vs closde cross-section: RESULTS

From the analysis of the components of stress at the TOP
SURFACE, the stress that contributes significantly to the evaluation
of the equivalent von Mises stress is the shear stress (Comp. 12
of stress in preferred system). The further stresses are
negligible (= 101%).

POSTPROCESSING RESULTS Inc: 0
Time: 0.000e+000

-5.362e+001

-1.310e+002

0 INC SKIP INCS

DEFORMED SHAPE SETTINGS -2.085e+002

STY ¥ DEFORMED
STYLE DEFORMED 5 85904002

SCALAR PLOT = —3.633e+002

-4 .407e+002

-5.181e+002

-5.955e+002

SCALAR Comp 12 of St

—6.7292+002
SAMPLE POINTS PATH PLOT

HI PLOT T . -7 .504e+002
DE PLOT ‘

-8.278e+002

SELECT
RETURN MAIN SAV]
UTILS FILES PLOT

Ill‘ 04/04/2019 23

SHORTCUTS
SETTINGS | HELP

DRAW FILL RESET VIEW
VIEU 2 DYN. MODEL




Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

From the analysis of the components of stress at the MIDDLE
SURFACE, the stress that contributes significantly to the evaluation
of the equivalent von Mises stress is the shear stress (Comp. 12
of stress in preferred system). The further stresses are
negligible (= 101%).

OCESSING RESULTS Inc: 0

Time: 0.000e+000

OPEN DEFAULT

IN SHORTCUTS

MONITOR 2. 717=-008
REWIND | PREV 2 2994001
- e+
SKIP TO INC SKIP INCS
DEFORMED SHAPE SETTINGS -1.5482+002
STYLE | ¥ DEFORMED 5 32304002
SCALAR FLOT SETTINGS —3.095e+002
~3.8692+002
—4.643e+002
—5.417e+002
—6.1912+002
MPLE POINTS
—6.965e+002
-7 .739e+002 5 - B y
Max. -10~ MPa
Max. -773 MPa
jobl
SELECT ] Comp 12 of Stress in Preferred Sys Middle Layer 1
RETURN MAIN SAVE DRAW FILL RESET VIEW TX+ JTY+ |TZ+ RY+ |RZ+ M
UTILS ~|FILES = |PLOT VIEW mDYN. MODEL TX=  JTv=  [TZ- RY= JRz= |2

04/04/2019

ouT SETTINGS | HELP




Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

From the analysis of the components of stress at the BOTTOM
SURFACE, the stress that contributes significantly to the evaluation
of the equivalent von Mises stress is the shear stress (Comp. 12
of stress in preferred system). The further stresses are

negligible (= 101%).
POSTPROCESSING RESULTS
POST FILE

c:SusersimantoNdocuments™N20181¢

DEFAULT
HONITOR
PREV
* TO INC SKIP INCS

DEFORMED SHAPE SETTINGS

STYLE ¥ DEFORMED

Comp 12 of Stress in Prefe:

SAMPLE POINTS PATH PLOT
H RY PLOT
DESIGHN PLOT

MORE

SELECT
RETURN

Inc:

Time:

UTILS

1]

0.000e+000

.39%e+001

.346e+001

.00%9e+002

.783e+002

.557e+002

.331e+002

.105e+002

.880e+002

.654e+002

.428e+002

.202e+002

k4

Max. 53 MPa
Max. -720 MPa
jobl

- Comp 12 of Stress in Preferred Sys Bottom Laver 1

DRAW FILL RESET VIEW TE+ TY+ TZ+ RE+ RY+ RZ+ { IN SHORTCUTS
PLOT VIEW = DYN. MODEL TE- TY- TZ- R¥- RZ- ouUT SETTINGS | HELP
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Thin-walled profile in torsion
Opened vs closed cross-section: t,,

Hp) Twist rate: 0.001 rad/mm

OPENED CLOSED

-720

Membrane = -773 MPa
Flex-torsional -173 Flex-torsional = 6.86%

- : TOP
: BOTTOM
- - : MIDDLE

E‘E_Il-lli-EI II " 04/04/2019
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Thin-walled profile in torsion
Opened vs closed cross-section: RESULTS

In the closed and the opened cases, the stiffness (K;) evaluated by FE and by the
analytical solution are compared, and the relative error has been evaluated as follows:

Error % = (FE—Analytical)

* 100 = (ratio — 1) = 100.

Analytical

K._Analytical K._FE FE-Analytical Error %
[mm?] [mm?] ratio

Closed  515545,03 516378,57 1,00162

Opened 832,00 830,21 0,99785 -0,21

The comparison of the stiffness, between the closed and the opened FE models, evidences that:

(Opened—Closed)

0 =
Error % = Closed

* 100 = (ratio — 1) * 100 = —99,84%.

E‘L[“l[EI II " 04/04/2019



Agenda

MSC Marc Mentat: Select entities
 Method & Mode;

e Store;

 |dentify set.

Thin-walled profile in torsion

« Opened vs closed cross-section;
« Mesh convergence.

References
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Thin-walled profile in torsion
Mesh convergence

GOAL.:

Open the reference model named
torsione rev0l nolabile open vs close

.mud two profiles are present, characterized by an
opened and a closed section, respectively. They
are loaded on the free extremity by an imposed
rotation.

Starting from this model, we will compare the
influence of the mesh size on the evaluation of
torsional stiffness by FE.

The element size under investigation is in the
range of [20, 10, 5, 2.5, 1.25] mm

The new models is called torsione rev0l nolabile open vs close convergence.mud

Ei_ll-lli-EI II |‘ 04/04/2019
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Thin-walled profile in torsion
Duplicate Combined

DUPLICATE

CENTROIL

0
ATIONS
0 -200

REPETITIONS

COMBINED
m HOIL
B CUR
mTIE

B RROD "¢

DUPLICATE

RETURN MAIN

X

oy

Ly

Wy

RESET VIEW TE+ TV+ TZ+

|
| DUPLICATE MODEL

| the opened and the closed profiles will be duplicated four times
| and with a distance of 200 mm defined along the ¥ direction
| from the reference models.
| left-hand side: closed section profiles
| right-hand side: opened section profiles

|
*set duplicate translations

*set duplicate translation y -200
*set_duplicate repetitions 4
*duplicate combined

all existing

|

IN
ouT SETTINGS | HELP

MODEL TX- TY- TZ- RE- RY- RZ-

Ell!l-lli-EI II " 04/04/2019

30



Thin-walled profile in torsion
Duplicate Combined

|

| Model 0: avg. slement size = 20 mm (reference mesh) --> y-coordinate ramge [ -589, +39]
| Model 1: avg. element size = 10 mm -—-> y-coordinate range [-259, -141]

| Model 2: avg. element size = 5 mm ——» y-coordinate range [-459, -341]

| Model 3: avg. element size = 2.5 mm --> y-coordinate range [-659, -541]

| Model 4: avg. element size = 1.25 mm --> y-coordinate range [-859, -741]

|

DUPLICATE e sattwore

CENTROID

- — : Model_0

E FAC

1
ROTATION ANGLES (DEGRE

EF ISLATIONS o FROM 0 MOde|_l —3 ::
REFETITIONS All the models are the same element
oo B I size (20 mm), the elements size that we
Model_2 — want to assess for the differente models
S #5 B 2 is shown above.
COMBINED .
m NODES }‘ j j ;
Model_3 B
— Model_4 +1 3 v
RESET - =4 4
=

SELECT

RETURN HAIN UNDO AVE | DRAW FILL RESET VIEW TX+ |TY¥+ |TZ+ |RE+ |RY+ | RZ+
UTILS 3 FLOT VIEW ®DYN. MODEL TX- |TY- |TZ- |R¥- |RY¥- |RZ-

IN SHORTCUTS
ouT SETTINGS | HELP
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Thin-walled profile in torsion
Subdivide

MESH GENERATION u:i)suruum
REM EDIT |SHOW Model 0 — ] -
Er ) ode — . -
A [emT - 4441 MAIN MENU
— 1] MESH GENERATION
e — f:f A
FE};ETHEEN B Model_l *:‘, s i ‘ SUBDIVIDE
:;!;; (4) iiq;i :{H-EH
v auad i The mesh refinement is
— Model_2 J s performed setting the
+ -4
S e number of element
e e ] divisions along the X,
Model_3 4 44 Y and Z axis of the
44 43 elements.
Model_4 I
4 -4 7
SYMMETRY *; 4 lt
SELECT 1
RETURN UNDO SAVE DRAW FILL RESET VIEU T+ TY+ TZ+ RE+ RY+ RZ+ Z ) IN SHORTCUTS
UTILS FILES PLOT VIEW = DYN. MODEL TX- TY- TZ- Ri- RY- RZI- . ouT SETTINGS | HELP
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Thin-walled profile in torsion
Subdivide

DIVISIONS
2
SUBDIVIDE 2
Model_0 2
- ELEMENTS
e A1l Select the elements of
: = Model_1, Model_2,
e Model_1 4% Model_3 and Model_4 using
o the METHOD and the
S Model 2 — 4 1 MODE that you prefer.
ELEMENTS TO HEX - 4t _:Zj, . SELEC

ADVANCED PROJECTION SETTINGS

2.1 Model 3

1
¥ INWARD

REFINE SKIN 2-D

REFINE SKIN 3-D Model 4

SELECT
RETURN MAIN UNDO

Ill‘ 04/04/2019
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Thin-walled profile in torsion
Subdivide

DIVISIONS

DIVISIONS

Model_0
ELEMENTS

Select the elements of

BIAS FACTORS

0o Model 1 Model 2, Modgl_S and
CURVES Model_4 using the
RESET REFINE METHOD and the MODE
ELEHENTS TO QUAD Model 2 that you prEfer.
ELEMENTS TO HEX B : SELEC
ADVANCED PROJECTION SETTINGS o
0.1 |V|Od9|_3 : : A‘
: —
; ¥ INWARD -f b i
REFINE SKIN 2-D '
REFINE SKIN 3-D Model 4 S ¢ v
— \ ¥

SELECT

RETURN UKRDO DRAW FILL RESET VIEW

UTILS ;ILEE PLOT VIEW
Ill‘ 04/04/2019



Thin-walled profile in torsion
Subdivide

DIVISIONS

DIVISIONS Mode| 0
- ELEMENTS

Select the elements of
Model_3 and Model_4 using
the METHOD and the

MODE that you prefer.

BIAS FACTORS

Model_1

[ [cowes

RESET REFINE

ELEMENTS TO QUAD

Model_2 ¥ SELEC
ELEMENTS TO HEX X \
ADVANCED PROJECTION SETTINGS :; 1
0.1 Model 3 — 44 -

! — .

iy
.
WA

C ¥ INWARD =i
REFINE SKIN 2-D

REFINE SKIN 3-D Model 4 - ¥ -~
B '/, . ¥

= - =

=i

SELECT

RETURN UNDO S DRAV FILL RESET VIEW
UTILS FILES FLOT VIEW

Ill‘ 04/04/2019 35




Thin-walled profile in torsion
Subdivide

DIVISIONS
2
2
Model_0 2
] { £ - ELEMENTS
BIAS FACTORS : i Select the elements of
: Model 1 ?__?'j: | Model 4 using the
‘ e METHOD and the MODE
RESET REFINE A that yOU prEfer.
ELEMENTS TO QUAD Mode|_2 7-5’ 1_ SELEC
S TO HEX q';\f ,;:
‘ = Model 3 E

REFINE S

REFINE S : I\/Iode|_4

SELECT
RETURN

04/04/2019 36




Thin-walled profile in torsion
Subdivide

| l J

Model 0O Model 1 Model_2 Model_3 Model 4
20 mm 10 mm 5mm 2.5 mm 1.25 mm

Detailed view of the models

Eill.II-IlI-EI Illl‘ 04/04/2019 37




Thin-walled profile in torsion
Sweep

|
| SWEEP HODES - DUPLICATE DUE TO THE ELEMENTS SUBDIVIDE;

| WITHCUT REMOVING THE LATERAL CRLCE OF THE OPENED SECTICH (left-hand =side models)
| the tolerance (t) must be:

| lower then the crack size (0.1);

| lower than the minimum elements size (1.253);

| therefore t « 0.1

| I consider a tolerance wvalue egual te 0.035

I
*set sweep tolerance
0.05

*sweep nodes

all existing

*zelect clear

CHECE THE COMMAND PROMPT
Deleting 42191 duplicate nodes!
Deleting 0 collapsed elements!

Ell!l-lli-EI II " 04/04/2019
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Thin-walled profile in torsion
Update Links (RBEZ2) and BCs

Detailed view of the Model_2: RBEZ2 tied nodes Detailed view of the Model_2: BCs skew-symm

rbe2_4

rbe2 8

The refinement of the mesh by subdividing the elements required that both the tied nodes of the
RBE2, and the nodes involved in the skew-symmetry BCs must be updated.

Ei_ll-lli-EI Illl‘ 02/05/2019 39




Thin-walled profile in torsion

Update Links (RBE2) and BCs

02/05/2019

Model_0

Model_1

Model_2

Model 3

Model_4

rbe2_1 rbe2 2

rbe : E__b'é'z"'7
ez 6 a2 10

Make visibile the labels of
the RBE2 on the screen, as
follows:

PLOT

RBE2: SETTING
LABELS
REGEN

RESET VIEW
FILL

40



Thin-walled profile in torsion
Update Links (RBEZ2) and BCs

As an example, the
upload procedure
adopted for the tied
nodes of rbe2 4 is:

S - | 2 MAIN

TIED NODES . ; | RBE2’'S

wr AT | | EDIT
rbe2 4

REM RBEZ2

VN
ed_81 Y
\ o\

rhe
\

\

y \\
1 bt %
\

SELECT
RETURN MATIN 0 T
VIEW

E1II'II-I|[EI Ill‘ 02/05/2019 41
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Thin-walled profile in torsion

Update Links (RBEZ2) and BCs

RBE
NEW

FREV N EDIT PICK

RETAINED (REFERENCE)
NODE

TIED NODES

DOF

DEACTIVA
REM RBE2

=]

RETURN VIEW

SELECT

VIEW MODEL

E‘_I“l[EI Ill‘ 02/05/2019

As an example, the
upload procedure
adopted for the tied
nodes of rbe2_4 is:

TIED NODES: ADD
Select the tied nodes
of the RBE2_4 using
the METHOD and
the MODE that you
prefer.

SELEC

42



Thin-walled profile in torsion
Update Links (RBEZ2) and BCs The number of fied

nodes is function of the
mesh refinement.

As an example, the tied
|:> — ’_ ' nodes of RBE2 4 are
—F , g Errptr sy 367

FY "REV NEXT EDIT PICK

RETAINED (REFERENCE)
NODE 6

If you adopt the BOX
METHOD, keep in mind

- - al to remove the retained
TR R LR NSRS Wi\ /Wg node of RBE2. The
= | /'  retained node should
not be included in the
tied nodes, it generates
an internal  conflict
based on the kinematic
definition applied to the

TIED NC

SELECT

RETURN UNDO v DRAU
FLOT

FILL
VIEW

RESET
= DYN

VIEW
MODEL

E1II'II-I|[EI Ill‘ 02/05/2019 43
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Thin-walled profile in torsion

Update Links (RBEZ2) and BCs

rbe2 4

Ei_ll-lli-EI Ill‘ 02/05/2019

rbe2 8

k.

R R B
NN

Bobob bk

RN NN

BB B ks R
NN RN

Keep in mind also to
update the skew-
symmetry BCs.

After the update of RBE2
and BCs, the Models 2
becomes as shown here.
Similarly, this procedure
must be accomplished for
any models.

The models are ready to
be computed.
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Thin-walled profile in torsion
Mesh Convergence: RESULTS

The stiffness (K,) evaluated by FE and by the analytical solution are compared, and the relative
error has been evaluated as follows:

Kt ratio = X-0pened
- = Kt_Closed '
Element size | _Mt_ow_warp _Mt_cw_warp _Kt_ow_warp _Kt_cw_warp Kt rati
ratio
[mm] [Nmm] [Nmm] [mm?] [mm?] - -
Analytical* / / / 832,0 515545,0 0,00161
Model 0 20,00 22351,9 1,39025E+07 830,2 516378,6 0,00161
Model 1 10,00 22309,4 1,39024E+07 828,6 516374,9 0,00160
Model 2 5,00 22234,7 1,39024E+07 825,9 516374,9 0,00160
Model_3 2,50 22129,0 1,39023E+07 821,9 516371,1 0,00159
Model 4 1,25 22038,4 1,39022E+07 818,6 516367,4 0,00159

* exact solution for profile with infinitesimal thickness (t > 0)

The influence of the mesh size on the torsional stiffness evalution for closed section is negligible, and it
Is of limited relevance for the opened section.

Ei_ll-lli-EI Illl‘ 02/05/2019

Error_Kt_ow_| Error_Kt_cw_
warp [%] warp [%]
0 0, .
mggg:—g 1‘213 (;0 g’ggii;’ Relative error evaluated for the FE
Nodel 2 0’890/2 0’00140/2 models refering to the Model_4.
Model 3 0,41% 0,0007%
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Agenda

MSC Marc Mentat: Select entities
 Method & Mode;

e Store;

 |dentify set.

Thin-walled profile in torsion

« Opened vs closed cross-section;

« Mesh convergence: Critical aspects
References

HH[E] II" 02/05//2019
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Mesh convergence

Critical Aspects: Case A

‘ ]D 30
28 N

A VA 26 \\

. Q 24 Pt N
| 22 AN
A C A ~ “/‘i\’“ ' \\\\
1 | >sl _g_l <IN A
A | 18 w@-—

w Sez. A-A | 16 P
'W ' 14 *‘“P’“‘

] 1.2 p‘
' P . . 0. 01 02 03 04 05 06 07 08 09 1.

d/w

d/w = 0.25; a,= 2,42 (theory),

Ei_ll-lli-EI Illl‘ 02/05/2019



Mesh Convergence

Critical As

Ei_ll-lli-EI Ill‘ 02/05/2019

pects: Case A

2.000=+000
1.800e+000

1.600e+000

1.400e+000

1.200e+000

1.000e+000

g.000e-001

6.000e-001

4.000e-001

2.000e-001

0.000e+000

o
X
2,5 —o—Tria3 5mm

—o—Tria3 2mm

2,0 —e—Tria3 1Imm

0,0

X [mm]
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Mesh Convergence
Critical Aspects: Case B

Pressure Vessel MESH 1: 90 Elementi, 112 Nodi
R.. =10 mm

int
Rest = 20 mm
p;= 5 MPa

Lar‘]é SOIUtigrll\;IP O, |Rint =~ Pix
Orlr=ri =" a 2 2
O¢c| ;=gri = 8.33 MPa Ré + Rix

O-C |Rint: pint R2 B R2
int
s | [ .

est
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Mesh Convergence
Critical Aspects: Case B

MESH 1: 90 Elementi, 112 Nodi

MESH 2: 180 Elementi,208 Nodi

MESH 3: 360 Elementi, 400 Nodi

i

-
==
—1
==
—

==
.
o=
=3
-
==
==
=3
=
=3
==
==
==
—

=3
=3

==

WAAAAMAAAARALAALAAAAAAAL )

UL SN RN T

MESH 5: 1440 Elementi, 1552 Nodi

MESH 6: 2880 Elementi, 3088 Nodi

E‘_I“l[EI‘ II" 02/05/2019
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Mesh Convergence
Critical Aspects: Case B

Asymptotic
curve of the
FE results
with  respect
to the
analytical
solution.

E‘g_ll-ll[EI II" 02/05/2019

Andamento G

L ]

*

T T T T T T T T T T T T T T T T
0 180 360 3540 720 900 1080 1260 1440 1620 1800 1980 2160 2340 2520 2700 2880
N°¢ Elementi

Andamento G

180 360 540 720 900 1080 1260 1440 1620 1800 1980 2160 2340 2520 2700 2880

3.0
*
4.0
*
¢ *
5.0 L2 +
6.0
N? Elementi
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Mesh Convergence
Critical aspects: singularity occurrence

F
So
A P P
by | Ly
. [T
Y Vi Rigid
Infinite VP punch
olastic O, i
plate W
NN G ‘ ‘ ‘ C'
Pressure
m distribution

Elastic half-space

N

i
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Agenda

MSC Marc Mentat: Select entities
 Method & Mode;

e Store;

 |dentify set.

Thin-walled profile in torsion
« Open vs close cross-section;
* Mesh convergence.
References

E‘ll"ll-ll-l_El II H 04/04/2019-02/05/2019
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