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Large Deformation Analysis of Beam-Plate in Bending

Hyonny Kim
September 28, 2004 N

In this tutorial, you’ll learn how to:
Create a 3D model using shell elements.

Conduct a geometrically nonlinear
analysis (using Nlgeom* option).

Plot different FEA output with respect to
each other (e.g., force vs.
displacement).

Beam Specifications
Dimensions: 10 x 1.0 x 0.1 in.
Material: Steel
Loading: P = 100 Ib (200 total)

* Note: the use of the Nlgeom option can result in a
considerable increase in computation cost. Use this option
only when it is necessary. When using NIgeom, it is
generally advised to first run your model with Nlgeom
turned off so as to “de-bug” any problems.
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Part, Property, and Assembly Modules

ABAQUS/CAE Version 6.2—001

File Model Canvas View Edit Add ﬂe\p|
NERE | ¢+ ¢QLRNE|EA | AT @[ W |
Start ABAQUS/CAE Module: | Part ¥ Model: |model-1 ¥ Part| |
Enter the Part Module Fl -
ol i
— under Create Part,:
» Enter a part name, e.g., beam Name: | Bean:
- Modeling Space
- 3D 30 2D Planar ) Adisymmetric
» Deformable ~Type opti
" Deformable
* Shell ) Discrete rigid MNone available
e Planar ) Analytical rigid
 Approximate Size 20 i
— draw 10 in. x 1 in. rectangle by ({:E"i EECTET.
: H H € evoluticn
specifying corner coordinates (0,0) ||| e fren
and (lo’l) Approximate size:
In the Property MOdUIe Continue...l Cancel |i corner for the remangIE——nrenterXJV:‘ |

Parl module loaded |:
|

Mame: Section-1

— specify steel: E = 30e6, v=0.3
— when Creating Section, select

Shell, click Continue then enter Type: Shell, Homogeneous
She” ThiCkﬂESS Value Of 01 Name:| gection-1] | Section Integration: ¢ During analysis ) Before analysis
i i Category =) [ Tvpe Shell thickness: | . 1
— assign the section to the beam 5ol | TS ol ihicness
(" Shell ||[Membrane Waterial: IMaterlal—l ﬂ
In the Assembly MOdUI@, |nstance ) Beam Section Poisson ratio: (" Use analysis default
the beam ) Cther ) Specify value: !

Temperature variation:  Linear by gradients

Continue...l Cancel | _)Piecewise linear over values
Options: Integration...l

0K | Cancell
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Step Module - Activate Nlgeom and Specify History Output

Viewport: 1 Model: Model-1  Step: Step-1

Go to the Step Module

Click Create Step
— select Static,General then Continue

~ under the Basic tab, be sure Time Period || T T LT T T

of 1 is set, and that Nlgeom is on Name:  H-Output-2
- Step: Step-1
Procedure: Static, General
Go to Menu Bar -> Tools -> Set -> Create  |[| %" Js=t rene | RS =
) ] — Output ffariables
— enter a name, e.g., RHS, click Continue & Selfct from list below  Preselected defaults ¢ Al Edit variables
_ piCk the I’ight hand Side edge Of the beam, IU'I,%,US,UR‘I,URZ,UHS,CF'I,CFZ,CFS,CM‘I,CMZ,CMS
it will turn red, click Done /;zre_sses -
raing
1 1 * /| ¥ I Displacement/velocity/acceletation
CIICk Create HIStO ry OUtDUt ,."I p ¥ U, Translations and rotations
H H p [, Translational and rotational velocities
- glve name (Use dEfaUIt)’ be sure Step_l IS [ WaRP, Warping amplitude for open section beams
Chosen’ Continue [ RBANG, &ngle in degrees hetween rebar and isoparam
[" REBROT, Change in angle in degrees between rebar anc_
— under the Domain’ Choose Set name, and » [ IR&, Inedia relief equivalent rigid body acceleration
. ¥ [7 Forces/Reactions
be sure that RHS IS Chosen p [ RF, Reaction forces and moments:
. - . » ¥ CF, Concentrated forces and moments
- fI’Om IlSt beIOW, aCtlvate- [™ CW, Warping load component for open section beams
cc H - 'T) p [T SF, Section fi d t
U, Translations and rotations QTS —
h T 0C tiirmrmie favmme amdl mamsete dis de cbadie r\i-'-\l'-\ilis-'-\fv
““CF, Concentrated forces and J | Fil
moments”’ " Dutput for rehar * This operation defines
. Qutput at shell, beam, and layered section paints: history output I.O be included
— click OK & Use defaults C Specity | in the *.ODB file when the
analysis is run. This
Save output at ¢ The last increment & Every [T increments information will be used to
plot applied load versus
il ﬂl displacement at this location.
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Load & Mesh Module, Submit Job

MName: BC-1
. Type: Displacement/Rotation
—|  Editload Step:  gtep-1 (static, General)
In the Load MOdUle Mame: Load-1 Region: (Ficked)
Type: Concentrated force . :
— apply Concentrated Force to the St e (e, GenerEn] C8YS: (Globst) Ed. |
right hand corners of the beam. Region: (icksd) Dlsrulon]uni forn L]
« enter a value of 100 in the CF3 box Mote: Force will be applied per node. z 8; -
5 : 0
forces act in 3-direction ert -
( . ) CF2: W U3 o
— setall sixd.o.f. atthe left hand ez [1o0 ¥ Rl [0 radians
edge to be zero Amplitude: | (Ramp) v W URZ: | radians
—  view the beam in isometric view | Pl ol e RS o |redans
. — | Amplitude: I {Ramp ) ﬂ
[ ABAQUS/CA ST Cancel|
through the Views Toolbox BC Fiold Feau=oms — —
= | ance |
HNE BEA
In the MeSh Module = T\;ioel\t;‘tgx ¥| Step _ Viewport: 1 Model: Model-1  Step: Step-1

— seta Mesh Seed Size of 1.0*

— specify the use of quadratic, 6DOF
per node shell elements, S8R

— mesh the beam

In the Job Module

— submit the job, click on Results or
go to the Visualization Module
when the analysis has completed
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Advanced Post-Processing — Load vs. Deflection

ABAQUS/CAE Version 6.2—-001 — Model Database: fhome/roger/d/hyon ny/FEA/SSS/nIbeam.c.

In the Vlsuallzatlon MOdUIQ, you File Model Canvas Yiew Result Plot gniate Report  Options  Tools ﬂelp|
should get the following RS ¢ ¢QARNE | BA #PTOH | @ W

Module: | visualization | ODB: | y/FEA/SEE /nlbean. odb ¥

displacement profile

| | Viewport: 1 ODB: fhomefrogerfdmhyonny/FEAfSSEMIbeam.odh

Note that when Nlgeom is turned _| _|
on, the displacement scale factor

during post-processing is set to a ﬁ|ﬂ|

value of 1.0, so the displacements
shown on the screen are NOT S
exaggerated.

andard &6.2-1 Wed Nowv 06 17:10

Time = 1.000

Plot Mocdle: Defortned shape  ODE Frame: ﬂ ﬂl ll ﬂ Deformed Shape Plot Options...l

| !
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Gathering History Output e

Point loads: CFl at Node 22 in NSET RHE
Point loads: CFl1 at Node 52 in NSET RHS
Point loads: CFZ at Node 11 in NSET RHS
Point loads: CFZ at Node 22 in NSET RHE

. in NSET RHS

click the Create XY Data button

- Source

& in NSET RHS
22 in NSET RHE

- - - istary o ST c Ho in NBET RHS
Select ODB hlstory Output, Contlnue ODB history output Doint moments: CMI at Node 11 in NSET RHS

) 0ODB field output

In the list that follows, select all three || Zere™ ™

L ASCIIfile = Hstoyoupuw |
of the following so that they are  Keyboard Variies | Siepsiimes|
. . _JPath - Output Variahles
highlighted (hold CTRL key): Name ftr | T
. Conﬁnueul Cancel Spatial displacement: UZ at Nede 22 in NSET RHS
— Point Loads: CF3 at Node 11 W
Spatial displacement: U3 at Node 22 in NSET RHS
_ Point Loads. CF3 at Node 22 Spatial displacement: U3 at Node 52 in NSET RHS

Static dissipation (stabilization): ALLSD for Whole Model
Strain energy: ALLSE for Whole Model

— Spatial displacement: U3 at Node 11 Toral faseel TEL ae wede 11 im ez mms
Notes: = :
H H l Plot Dismiss
1. you may have to resize the window to lSwers Pl s
be able to read the entire line CF3 N: 11 NSET RHS
- e CEF3 M 2
2. use SHIFT and CTRL keys while you o3 me 11

click to select multiple items

— click the Plot button, and you’ll see the
forces and displacements plotted
versus a “Time” axis — this time axis is
nondimensional, and is actually a scale
factor of the loading (or prescribed
displacement) such that at time of 1.0,
the full load has been applied

— click the Save As button and click OK

to use default names, click Dismiss 0.00
0.00 0.20 .40 0.680
Time
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Plot Load Versus Dlsplacemen at Beam Tip

Operate on XY Data

Emer an expression by typing and selecting X% Data and Operators below.

i CliCk the Create XY Data button Examb?'ﬁ(:”:i:i”‘t’91059"(};':;Eiaf_a;"Z'::}{”j;E;ai_az-";l") “ 25+ "HYData-5"
o select Operate on XY data, T f
Continue |.3| (Rvpata- | / [ el
i DO the fO”OWIﬂg ) ODB field output Hame Descriptiunl | __ At
. [ Operate on X datal ¥4 Data-1 Point loads: JoF3 at Made 11 in NSET RHS | - integer
1. type In at the prompt: ASCI il KvData-2 Paint Ioads:[CF3 at Nade 22 in NSET RHS F - float
. jKeyboal::i L1 Spatial displacement: U3 at Mode 11 in MSET RHS 0 -
combine( M :
2. C“Ck XYData'3 (U3 at NOde 11) Continue...| Cancel | ;
in the XY Data list Iy )
- acosia)
3. typeinacomma: , append((X,X,..)
. asin(a)
4. click XYData-1 (CF3 at Node 11) | AT
in the XY Data list T— comoie(i.1) -
5. type ina pIUS SymbOI: + save As.. | Plot Expression | Clear Expression | cancel |

6. click XYData-2 (CF3 at Node 22)
in the XY Data list

7. type a close parenthesis: )

8. click Plot Expression at the
bottom of the window _ :
option turned of (in the Step Module) and

Note: Combine is one of many Operators that are observing the results. You should find that the
available in the list on the right side of the 0.00 load vs. displacement behaves linearly, and in
window. You can click or type any of these 0.00 2.00 4.00 6.00 B fact will be very closely predicted by the
commands in. U3 at Node 11 in NSET RHS formula & =PL¥3El

Observe that the plot of load vs. displacement
is nonlinear. This is due to the breakdown of
linear beam theory for very large
displacements; recall the beam length is only
10 in., displacement is nearly 8.0 in.

Try re-running the analysis with the Nlgeom




