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2. Abstract

In this report, static flexural behaviour of slender beams and thin plates made of only linear
elastic isotropic material as well as beams and plates made of linear elastic isotropic material
with layer of hyper-elastic material of Neo-Hookean type is presented. Rectangular beam is
having simply-supported boundary conditions on both ends; square plate is simply-supported on
all four edges. Both beam and plate are under the action of uniformly distributed transverse load.
Maximum transverse deflections in above mentioned cases are obtained using three-dimensional
finite element simulations in Abaqus. These values are compared with corresponding results
available in the literature where ever present.
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3. Introduction

Beams and plates deform under the action of transverse loading. Shear deformation effects are
one of the prominent physical phenomena which govern mechanical behaviour of beams and
plates. Theoretical formulations exist for predicting deformation behaviour of beams and plates
made of linear elastic isotropic material and hence generally 3D finite element simulation is not
required for these cases. However, when such structures have material other than linear elastic
isotropic material deformation behaviour is very difficult to obtain theoretically. 3D finite
element simulation is the most suitable choice in this case.

In this report, static flexural behaviour of slender beams and thin plates made of only linear
elastic isotropic material as well as beams and plates made of linear elastic isotropic material
with layer of hyper-elastic material of Neo-Hookean type is presented. Rectangular beam is
having simply-supported boundary conditions on both ends; square plate is simply-supported on
all four edges. Both beam and plate are under the action of uniformly distributed transverse load.
Maximum transverse deflections in above mentioned cases are obtained using three-dimensional
finite element simulations in Abaqus. These values are compared with corresponding results
available in the literature where ever present. Effect of changing coefficients of Neo-Hookean
material on static flexure of such beams and plates is studied.
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4. Problem Statement

Example 1.1: Slender isotropic beam with beam thickness ratio 1/100 and transverse uniformly
distributed load 0.001 N/m with cross-sectional details as follows:

Im

Isotropic
material

Example 1.2: Slender bi-material beam with beam thickness ratio 1/100 and transverse uniformly
distributed load 0.001 N/m with cross-sectional details as follows:

1m
—>

Neo-Hookean
IO.S m

material

Isotropic

material 1 m

Example 1.2.1: Neo-Hookean material properties C1o0=10 MPa, D1=0.
Example 1.2.2: Neo-Hookean material properties C10=50 MPa, D1=0.
Example 1.2.3: Neo-Hookean material properties C10=100 MPa, D1=0.

Example 2.1: Thin isotropic plate with plate thickness ratio 1/100 and transverse uniformly
distributed load 0.001 N/m? with cross-sectional details as follows:

100 m

A

»
L
I Isotropic material I I 1m

Example 2.2 Thin bi-materal plate with plate thickness ratio 1/100 and transverse uniformly
distributed load 0.001 N/m? with cross-sectional details as follows:

100 m

Neo-Hookean material
2m

A
v

Isotropic material
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Example 2.2.1: Neo-Hookean material properties C10=10 MPa, D1=0.
Example 2.2.2: Neo-Hookean material properties C10=50 MPa, D1=0.
Example 2.2.3: Neo-Hookean material properties C10=100 MPa, D1=0.
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5. Geometry for examples under consideration

Example 1.1

Example 1.2
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Example 2.1

Example 2.2
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6. Material Properties

| UDL - Motepad
File Edit Format View Help

2557582 ,2557583,2557584

2557598 ,25575599, 25576688

*surface, type=ELEMENT, name=Surf-1
_Surf-1 53, 53

*End Assembly

*

** MATERIALS

ke

*Material, name=5Steel
*Elastic

2.1e+11, 8.3

e

sl

*k

For examples 1.1 and 2.1

A Eie B9/ KB

25575609,2557578,2557571,2557572,2557573,2557574,2557575,2557576,2557577, 2557578, 2557579, 2557588,2557581, ~

2557585,2557586,2557587, 2557588, 2557589, 2557598, 2557591, 2557592, 2557593, 2557594, 2557595, 2557596, 25575497, I

O s

3]

7| BMB1 - Notepad

File Edit Format View Help
149998, 149995, 15668688

*surface, type=ELEMENT, name=Surf-1
_Surf-1_55, 55

*End Assembly

* %

*# MATERIALS

£

*Material, name=Rubber
*Hyperelastic, neo hooke
1e+87,0.

*Material, name=Steel
*Elastic

2.1e+11, 8.3

* %

£

For examples 1.2 and 2.2
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7. Type of Element

1l BMB1 - Notepad

File Edit Format Wiew Help

176174, @.leaae08al1, 1.35999998, 6.300088812
176175, @©.lcceceeal, 1.39999998, 6.2000800083
176176, @.lcaaee8a], 1.35999998, 6.leeaaa861

*Element, type=C3DS8RH

1, 4B62, 24257, 59294, 24895, 1; 13, 6113, 2828
2, 24257, 24258, 59205, 59204, 13, 14, 6114, 6113
3, 24253, 24259, 59296, 59295, 14, 15, 6115, 6114

For examples 1.1, 1.2, 2.1 and 2.2
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8. Mesh size
For examples 1.1, 1.2, 2.1 and 2.2; mesh size is 0.1

| BMB1 - Notepad - O X

File Edit Format View Help
115 e., 1.5, e. o
12, @, 1.5, 108.
13, T 1., ©.100000001
14, T, 1., ©.2800200803
15, E. . 1., ©.300000012
16, : A 1., ©.420000006
17, 1i; 1i; 8.5
18, L 1., ©.600000024
- 19, Tiy 1., ©.699999988
20, Fug 1., ©.500088012
1 Tos 1., ©.899999976
22, 0 5 1l
23, 3 1., 1.10000002
24, : S 1., 1.20080005
25, iz 1., 1.29999995
9 26, Fig 1., 1.39999993

& Aboqus/CAE 61142 [Niewports 1] = @ ®

o Comnint Fase Tooh Phgios el

e

10 0] D€ 6 K|~ 3, B ey S LTI A 1 2 3 4 AIBD

Ry 2daperity Procame
B Co-suscutions
X Optmizstion processes

5 simuia

The acdsl Model-1' has baen casted rs

[ fue Scdel EEED has oot
YIHG- Expty pert DANI-1 Thiz oocurred vhile zeading beyword optaons vathin pert definiticn

] BARNING, Far o= PR o= an enpty pert. A oew pert naasd PART-I-L will be crested fron the aesh date in part instence PART-1-1

The part “FAR ERs be Ton the nput 11le

GARNING: The following ey anstury are ot yal supportsd by the Soput (il

PREFRINT

The acdel “BEL‘ has besu inporied frch an iaput iile

fate soroll np te chedk for arror and werning messages v

I
H © Tprnereio maen

E.g., Examples 1.1 and 1.2
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9. Assigning Loads and Boundary conditions

In examples 1.1 and 1.2, beam is loaded by uniformly distributed transverse load (UDL). In examples
2.1 and 2.2, plate is loaded by uniformly distributed transverse load.

Beam is simply supported in both the ends. Plate is simply supported on all four edges.

(8] Fle Modd Viewpon Yew Losd BC PredefinedField lgsdCase Festye ook Plugins Help W7 i
LTEsd & FeALEBNEA LM LR 880 05 0 dpwe K- Bun B Bttt - U TR A1 2 3 4 AVBRER
Model  Results Modute: [5 Lo H mode:[Fower 5 seffoor
& ModeiDatsbse 1] = ¥ nE
4 Mot 4 o =
=P B2
il [l Parts (1) L
# 5 Materials @2) =
& Cafbrations ks B2
0 & Sections (2) =
F profiles £ Ay
4§ Assemby v
o Steps (2) |
i 5 Field Oulput Requests (1))~ T Ty
427 History Output Requests || 11 b s 2
b Time Points - Masme:  SURFFORCE-1

o ALE Adaptive Mesn Cons

Type  Pressure
R Inceracions
"

St UDL (Seatic, General)
Region: SURF-1 [y

R

i Contact Intiafizstions
1 Contact Stablzations
] Canstraints Magnitude: |D.001
{B Connector Sections

Distribution: | Uniform oM™

Amgitude | Ramg) H P
3 Cancel
Re
1L Optimization Tasks
[ Sketches
& Bimetal2 X
#u
4 Model-i
A Annotations
b
&£ Anoiyss : L]
B Jobs
R Adaptivity Drocesses v =
< 3 #= X Fill out the Edit Load dualog FS siauLia
SFREPRINT
o) |The nodel "Bimetal2’ has hesn isported from an input fils

Flease scroll up to check for error and varning messages
The nodel "J4* has been crested
The pert "PART-1-1" has been imported fron the input file

VARNING' The tollowing keyvords paraneters are not yet supported by the input file reader:
#FREPRTHT

The sodel "J4" has been imported from an imput file
Flesse seroll up to check for error and warning messages

H O Type here to search

E.g., Examples 1.1 and 1.2 with applied UDL

I11|Page



(3] Fle Model Viewpon View lead BC PredefinedField Lgad Case
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55 History Output Requests Region: SET-1 [y
4 Tione Points
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B Interaction Properties B i
i Contact Controls hin
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B Commector Sections

radians
racians
radians
Amplitude: | (Ramp} MR
Mote: The displacement value will be
i) Dip-BC-2 maintained in subsequent steps.
s Predefined Fields o P
Bl Remeshing Rules
1B Optimization Tasks
I Sketches
5 Bimetal2 ¥
#u
# Model-1
& Annoations 5 o
1§ Anaiysis
B Jobs
Vg sdeptiny Processes -
5 | [ X Fi outthe kdit Boundory Condition diaiog 75 simutia
WFREPRINT
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*PREPRINT
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Plesse scroll up to check for error snd varning messs:

O Type here 1o search a3

E.g., Examples 1.1 and 1.2 with applied simply supported boundary conditions

on one of the beam edge
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10.Results and Discussion

Screenshots presented below depict maximum deflection for simply supported beams (examples 1.1,
1.2.1, 1.2.2 and 1.2.3) and simply supported plates (examples 2.1, 2.2.1, 2.2.2 and 2.2.3) under the
action of UDL.

ot 1] - 8 x
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Examples 1.1 with maximum deflection of 7.524e-8 m
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STL Export plug-in iz not availablo in Abaqus/Viewer

Select Plot-jContour and select one of the thres contour plot selectioms to see the sffect of your plot options changss

E &

Salsct Plot—>Contour snd select one of the thres comtour plat sslections to see the effect of your plot options changss

Select Plot->Contour and select the thres contour plot smlectioms to ses the sffect of your plot options changes

Select Plot->Contour and select one of the thres contour plot sslections to see the sffect of your plot options changss

Select Plot->Contour and select one of the thres comtour plat ticns to see the sffect of your plot optioms change
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Examples 1.2.2 with maximum deflection of 7.477¢-8 m
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Examples 1.2.3 with maximum deflection of 7.440e-8 m
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Examples 2.2.2 with maximum deflection of 1.956e-8 m
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Examples 2.2.3 with maximum deflection of 1.902¢-8 m
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For examples 1.1, 1.2.1, 1.2.2 and 1.2.3

(

go.L*

)

Maximum non-dimensional beam transverse displacement
Wax E- 1

h/L Cio0 (MPa) Abaqus FEA Literature (Ref. [1])
0.01 - 0.013167 0.0132

0.01 10 0.013169 -

0.01 50 0.013085 -

0.01 100 0.013020 -

For examples 2.1, 2.2.1,2.2.2 and 2.2.3

Maximum non-dimensional plate transverse displacement

(Wmax D)

qo.L*

h/L Ci0 (MPa) Abaqus FEA Literature (Ref. [2])
0.01 - 0.004287 0.00406

0.01 10 0.005288 -

0.01 50 0.005167 -

0.01 100 0.005024 -
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11.Convergence Study

Convergence study is performed for example 1.1. The obtained optimum value of element size from this
study is then utilized for examples 1.2, 2.1 and 2.2.
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12. Conclusions

For examples 1.1 and 2.1 with beam and plate made of linear, elastic, homogenous isotropic

material; obtained values of maximum non-dimensional transverse displacements using 3D

FEA match with corresponding analytical results reported in the literature.

For examples 1.2 and 2.2 with beam and plate made of bi-material, obtained values of

maximum non-dimensional transverse displacement using 3D FEA match to some extent

with corresponding results obtained for examples 1.1 and 2.1. Reasons for the same are as

follows:

2.1 Layer of Neo-Hookean material added on isotropic material has lower value of Cio as
compared to Young’s modulus of isotropic material.

2.2 This leads to very small increase in stiffness of examples 1.2 and 2.2 as compared to
that of examples 1.1 and 2.1.
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