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BEAMS

BEAMS

The Beam interface (i5F ) is intended for the modeling of slender structures
(beams) that can be fully described by cross-section properties, such as area and
moments of inertia. The Beam interface defines stresses and strains using
Hermitian elements and Euler-Bernoulli theory. Beam elements are used to model
frame structures, both planar and three-dimensional. It is also suitable for
modeling reinforcements of solid and shell structures. The Beam interface includes
a library for rectangular, box, circular, pipe, H-profile, U-profile, and T-profile
beam sections. Additional features include damping, thermal expansion, and initial
stresses and strains. The preset studies for this physics interface are almost the same
as for the Solid Mechanics interface, with two exceptions—it does not include the
Linear Buckling or Prestressed study types.
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EXAMPLE 7.1 (PP.471)

Yy, V(X)

« Geometry
« L=10ft
Pg = 4.5 kips

El'=c¢onst MB =50 kips-in

e A-36 steel

PB hd
M [ ]
BT) . . Material Properties
—)—x

« E =29 x10° ksi
« Element Properties

Y

A

* Wide-flange beam
« W10x30
Analytical solution « =170 in%

kips: kilo pounds

ksi: kilo pounds per square inch

L

1| 2 13 .
S, =—| M, (—j +P, (—ﬂ —0.0730+0.5258 = 0.5988 in
2 3

B 2
M, (L)+P, (%H = 0.00122 +0.00657 = 0.00779 rad
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WIDE-FLANGE BEAM

D.1. Properties of Steel Wide-Flange (W) Shapes (U.S. Customary Units)

Flange Web Elastic Properties
Plastic
14 Axis X -X Axis Y-V Modulus
f Y Area | Depth | Width | Thickness | Thickness 7.
A d by [/ t, I S, e I S, ry in?
l Designation* in’ in. in. |l{. in‘: in* in’ in. hi" in’ in.
l l W36x230 67.6 3590 16.470 1.260 0.760 15000 837 14.9 940 114 373 943
~N 7 X150 442 35.85 11.975 0.940 0.625 9040 504 143 270 45.1 247 581
T W33 %201 59.1 33.68 15.745 1.150 0.715 11500 684 14.0 749 95.2 3.56 772
X130 383 33.09 11.510 0.855 0.580 6710 406 13.2 218 379 239 467
d X X W30x173 50.8 30.44 14.985 1.065 0.655 8200 539 12.7 598 79.8 343 605
X 90 26.4 29.53 10.400 0.610 0.470 3620 245 1.7 115 22.1 209 283
W27 146 429 27.38 13.965 0.975 0.605 5630 411 11.4 443 63.5 321 461
— e tw X 84 248 26.71 9.960 0.640 0.460 2850 213 10.7 106 21.2 207 244
/| \ W24x 94 21.7 2431 9.065 0.875 0.515 2700 222 9.87 109 240 1.98 254
l l X 62 18.2 23.74 7.040 0.590 0.430 1550 131 9.23 345 9.80 1.38 153
W21 X101 29.8 21.36 12.290 0.800 0.500 2420 227 9.02 248 40.3 2.89 253
X 73 215 21.24 8.295 0.740 0.455 1600 151 8.64 70.6 17.0 1.81 172
Y X 50 14.7 20.83 6.530 0.535 0.380 984 945 8.18 249 7.64 1.30 110
WI8x 130 38.2 19.25 11.160 1.200 0.670 2460 256 8.03 278 499 270 291
X 76 223 18.21 11.035 0.680 0.425 1330 146 7.73 152 216 2.61 163
e b Wi8x 60 17.6 18.24 7.555 0.695 0.415 984 108 7.47 50.1 13.3 1.69 123
f X 50 14.7 17.99 7.495 0.570 0.355 800 88.9 7.38 40.1 10.7 1.65 101
WI16x 100 294 16,97 10.425 0.985 0.585 1490 175 7.10 186 35.7 2.51 198
X 67 19.7 16.33 10.235 0.665 0.395 954 117 6.96 119 232 246 130
X 50 14.7 16.26 7.070 0.630 0.380 659 81.0 6.68 372 10.5 1.59 92.0
X 40 11.8 16.01 6.995 0.505 0.305 518 64.7 6.63 28.9 8.25 1.57 729
W14 %176 518 15.22 15.650 1.310 0.830 2140 281 643 838 107 4.02 320
%120 353 14.48 14.670 0.940 0.590 1380 190 6.24 495 65.7 3.74 212
X 82 24.1 14.31 10.130 0.855 0.510 882 123 6.05 148 293 248 139
X 53 15.6 13.92 8.060 0.660 0.370 541 77.8 5.89 51.7 14.3 1.92 87.1
X 26 7.69 13.91 5.025 0.420 0.255 245 353 5.65 891 354 1.08 40.2
WI2Xx 152 44.7 13.71 12.480 1.400 0.870 1430 209 5.66 454 728 3.19 243
X 96 28.2 12.71 12.160 0.900 0.550 833 131 544 270 444 3.09 147
X 65 19.1 12.12 12.000 0.605 0.390 533 87.9 5.28 174 29.1 3.02 96.8
X 50 14.7 12.19 8.080 0.640 0.370 394 64.7 5.18 56.3 139 1.96 724
X 35 103 12.50 6.560 0.520 0.300 285 45.6 525 245 747 1.54 512
X 22 6.48 12.31 4.030 0.425 0.260 156 254 491 4.66 231 0.847 293
W10x 60 17.6 10.22 10.080 0.680 0.420 341 66.7 439 116 230 2.57 74.6
X 45 13.3 10.10 8.020 0.620 0.350 248 49.1 432 534 13.3 2.01 549
X 30 8.84 10.47 5.810 0.510 0.300 170 324 438 16.7 5.75 1.37 36.6
X 12 3.54 9.87 3.960 0210 0.190 53.8 10.9 3.90 2.18 1.10 0.785 12.6
W 8x 48 14.1 8.50 8.110 0.685 0.400 184 43.3 3.61 60.9 15.0 2.08 49.0
X 40 1.7 8.25 8.070 0.560 0.360 146 355 353 49.1 122 2.04 39.8
X 35 10.3 8.12 8.020 0.495 0.310 127 31.2 3.51 426 10.6 2.03 347
X 21 6.16 8.28 5.270 0.400 0.250 753 18.2 349 9.77 3N 1.26 204
X 15 4.44 8.11 4.015 0.315 0.245 48.0 11.8 329 341 1.70 0.876 13.6
W 6x 25 7.34 6.38 6.080 0.455 0.320 534 16.7 2.70 17.1 5.61 1.52 189
X 20 5.87 6.20 6.020 0.365 0.260 41.1 13.4 2.66 133 441 1.50 149
X 16 4.74 6.28 4.030 0.405 0.260 321 10.2 2.60 443 220 0.966 11.7
X 15 443 599 5.990 0.260 0.230 29.1 9.72 2.56 9.32 3.11 1.46 10.8

*W(nominal depth in inches) X (weight in pounds per foot)




DIMENSION SELECTION

Home Definitions Geometry Materials Physics Mesh Study Results [ 7]

Select Space Dimension
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PHYSICS SELECTION

Sch Structural Mechanics 2|
(D Recently Used Beam %Sjl'

X AC/DC

)} Acoustics

<% Chemical Species Transport = E.l

1L Electrochemistry d

== Fluid Flow Stu y = 1
Heat Transfer

i Optics

&) Plasma

{4 Radio Frequency

55 Semicenductor

4 =43 Structural Mechanics

E=3 Solid Mechanics (selid)

npo g

‘

2 Multibody Dynami bd)
53 Thermal Stress
= Thermoelasticity (te)
£ Joule Heating and Thermal Expansion
,5-, Piezoelectric Devices
2 Electromechanics (emi)
8 Poroslasticity (pora)
<% Fatigue (ftg)
3L Beam Cross Section (bes)
Au Mathematics

Added physics interfaces:

° Space Dimension Study

Help e Cancel &1 Done

652 MB | 863 MB
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STUDY TYPE SELECTION

i M EH
Home Definitions Geometry Materials Physics Mesh Study Results Statlonary L

Select Study Stationary

4~ Preset Studies The Stationary study is used when field variables do not change over DO ne % él
|t Eigenfrequency Loe

[V Frequency Domain Examples: In electromagnetics, it is used to compute static electric or
M Frequency-Domain Madal magnetic fields, as well as direct currents. In heat transfer, it is used to

der Model compute the temperature field at thermal equilibrium. In solid
\

mechanics, it is used to compute deformations, stresses, and strains at
= Time Depen static equ@librium. In flu_id flow it is used to compute the steady flow and
[ Time-Depend\@)odal pressure fields. In _chermcal species transport, it is used to compute
~da Custom Studies ;tgad)r-state chemical composlt!on in 5tead)!r _flows. In c_h_en_wlcal reactions,
o | stud it is used to compute the chemical compasition at equilibrium of a
mpty Study reacting system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nenlinear response to a slowly varying load.

Added study:
E Stationary

Added physics interfaces:
St Beamn (beamn)

° Physics
Help 8 Cancel D\/ Done
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MATERIAL PROPERTY

Linear Elastic Material 2 &!
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CROSS SECTION

Cross Section Data =&
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POST-PROCESSING
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Expression & thz & HE

X} 2=+ 6.57e-3

Analytical solution
6.57e-3

21



LOADING CONDITION

Home | Defintions  Geomstry  Materials  Physics  Mesh  Study  Results PO| nt |Oad AE-I Io-l O'” A-I E D|i| E

A "H @ Component 1 (compl) - | oy = . &cBeam (beam) - | [ Build Mesh | = Compute | [l Stress (beam) - | [ Windows - %(_ 7|.
[ &> Add Component ~ = o $7 Add Physics AMesh1+ | ~Study1l - | {EAdd Plot Group ~ | CZ3Reset Desktop - |
pplication — '
Builder Deﬂnltmns Georgetr_\,r Matgnal; % Add Study |
Application Madel Physics Mesh Study Results Layout | 50 3 olgq
| e H 7
||OC,’: 3'._, der - L Settings Properties Gre pﬁcs :
-t 1l=-=tE = Point Load Q Q@@ v BN #@EE » |
4 % Untitledmph (root) . o O @- :
4 (%) Global Definitions Label:  Point Load 1 ! I I I I I I |
) Materals Point Selection 8 I
4 ) Component 1 fcompl) 5071 |
iy Deinitions Selection: | Manual - I
4 4 Geometry 1 507 oo
/ Bézier Polygon 1 (51 onm)| |2 3 |
Form Union (fi) B - a0 L
25 Materials Active EE\ %—, :
4 BT Beam hasm) & 3011 L
o ) ) - |
& Linear Elastic Material 1 |
&5 Cross Section Data 1 201 Lo
BiFree 1 |
&5 Initial Values 1 T ——— 101 Lo
£3 Fixed Constraint 1 verride anc tentribution |
£ Point Load 1 I Equation o - s ||
4 /A Mesh 1 : . " !
Alsize ~ Coordinate System Selection |
4 |4 Edge 1 = ) i 10 I
EE Distribution 1 Coordinate systern: | | |
4 "o Study 1 Global coordinate system - 20 |
E Step 1: Stationary i | :
4 [, solver Configurations ~ Force -30 |
4 [ solution 1 (s0/2) : |
#4 Compile Equations: Fp | User defined M -407] I
uvy Dependent Variables 0 X |
If; Stationary Solver 1 4563 y o
£ Job Configurations |
4 ([ Results + Moment ) rol
% Data Sets :
<[ Views M), 50e3 = T T T T T T T
3 Derived Values 0 20 40 g0 g0 100 120 :
B Tables
B stress (beam) Messages Progress Log Table :
& Moment (beam) v |
* \a
Shear Fi be — ————
E A.‘(;TFDDI'L(:(E}EEEF:;J Complete mesh consists of 1 boundary elements. < I
- Number of degrees of freedom solved for: 6. I
4 I 2D Plot Group 5 ) Solution time (Study 1): 1 5. 7 |
S | Number of degrees of freedom solved for: 6. I
] i C Solution time {Study 1): 1 . - :
|
|

937 MEB | 1009 MB

22
Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved



Home

Flot Plot

POST-PROCESSING

Definitions
W surface

Cw

rrow Surface

In -
Flot

Maodel Builder

-

= . =t
S EICIET

4 T Ccomponent 1 (compl)
= Definitions

" Bézier Polygon 1 1)
Form Union ()
2= Materials
4 L Beamn (basm)
£S5 Linear Elastic Material 1
&5 Cross Section Data 1
£ Free 1
5 Initial Walues 1
£=3 Fixed Constraint 1
£=3 Point Load 1
4 & Mesh 1

Edge 1
i pistribution 1
A~ Study 1
]Z_ Step 1: Stationary
4 [Tre Solver Configurations
4 [ solution 1 (se/1)
¢ Compile Equations: €
uww Dependent Variables
|7 stationary Solver 1
=5 1ob Configurations
4 B Results

B Tables
M Stress (bearm)
B Moment (beam)
w Shear Force (beam)
IS Axial Force (bearm)
4 [l 2D Flot Group 5

Line 1
Export
Reports
n »

A f| surface with Height <) Contour

Materials Physics Ivie:

[T Arrow Line

3= Streamline  [&] Mesh
Add Plot
Settings | Properties

Line
Plot

Label: Line 1

w Data
Data set: From parent

- Expression + -

e, Particle Trajectories -

sh Study

ore
Plots +

Expression:
beam.disp

Unit:

= Description:
Total displacement

Parameters

= " Mame Value Unit

beam.refpntx | O m
beam.refpnty | O m
beam.refpntz | O m
| m

Title
Range

= Coloring and Style

Line type: Line
Coloring: Coler table
Color table: Rainbow

Color legend

— | [ Reverse color table

[C] Symmetrize color range

m

Desc
Refer =
Refer 1l

Refer: =
5

=g Deformation
[l Height Expression

2D Plot Group 5

*Filter =1 Evaluate m
- First Point for Cut Line =
2D Animation
" Second Point for Cut Line Image -

Attributes Select

Results

Lrapnics i
Q a @ O &=
Line: Total displacement

80 - & 06

.5

L L L L L L L vo
0 20 40 60 80 100 120

Messages Progress Log Table

Y,

S Ly e

Complete mesh censists of 1 boundary elements.
Mumber of degrees of freedem sclved for: 6. | |
solutien time (Study 1): 1 s. [=
Mumber of degrees of freedom solved for: 6.
Solution time (Studv 1121 5

917 MB | 993 MB

=0.0730+0.5258 =[0.599]in

=0.00122 +0.00657 = 0.00779 rad

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

beam.disp & 22l
Z|CH H2l= 0.599

Analytical solution
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CAE

Expression & thz & HE
Z[CH Z == 7.79e-3 rad

Analytical solution
7.79e-3 rad
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SYSTEM EQUATION BY HAND
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COMPARISON
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SR

 Beam model: 2D

v Textbook of “Solid Mechanics”

 Beam model: 3D

 Assignment
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CAE

CANTILEVERED HANDLE

)

The cantilevered bar is made from mild steel

50 mm and is statically loaded. At cross section A,
ﬁ « Determine the location of the critical stress.

4 B . « Determine the principal stresses and the
E NG maximum shear stress.

. 300 mm « Determine the angle of twist in bar OC.

2 @m dig \J” _ « Determine the vertical deflection at the tip.
3-mmR K
50 mmi~_
24-mm dia. | E =207 GPa o, = 298.8 MPa

<’
i G =79.3 GPa o, =-40.9 MPa

/ 38-mm dia " Fy@D —1000N 7., =169.8MPa

Bmmdie 6. = 0.0367 rad
300 mm
' Yy =24.005mm

The shear and normal stresses can be determined as functions of x and y directly from these functions,
as well as such parameters as the principal stress. Since o, is zero everywhere, the principal stress is

Tx or\? 9
=5+ (F) + 7
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DIMENSION SELECTION
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PHYSICS SELECTION
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&) Plasma
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‘

2 Multibody Dynami bd)
53 Thermal Stress
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£ Joule Heating and Thermal Expansion
,5-, Piezoelectric Devices
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<% Fatigue (ftg)
3L Beam Cross Section (bes)
Au Mathematics

Added physics interfaces:

° Space Dimension Study
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652 MB | 863 MB
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STUDY TYPE SELECTION

i M EH
Home Definitions Geometry Materials Physics Mesh Study Results Statlonary L

Select Study Stationary

4~ Preset Studies The Stationary study is used when field variables do not change over DO ne % él
|t Eigenfrequency Loe

[V Frequency Domain Examples: In electromagnetics, it is used to compute static electric or
M Frequency-Domain Madal magnetic fields, as well as direct currents. In heat transfer, it is used to

der Model compute the temperature field at thermal equilibrium. In solid
\

mechanics, it is used to compute deformations, stresses, and strains at
= Time Depen static equ@librium. In flu_id flow it is used to compute the steady flow and
[ Time-Depend\@)odal pressure fields. In _chermcal species transport, it is used to compute
~da Custom Studies ;tgad)r-state chemical composlt!on in 5tead)!r _flows. In c_h_en_wlcal reactions,
o | stud it is used to compute the chemical compasition at equilibrium of a
mpty Study reacting system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nenlinear response to a slowly varying load.

Added study:
E Stationary

Added physics interfaces:
St Beamn (beamn)

° Physics
Help 8 Cancel D\/ Done
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Nl Stress (beam) ‘ " » 0
W& Morment Y (beam)
W& Moment Z (beam) Title
Wi Shear Force ¥ (beam) Log Messages
N Shear Force Z (besm) — BB REHE - D
Wi Axial Force (beam)
Wi Torsion Moment (beam) PERmET
Wi Beam Orientation (beam) = Arc length =

4 " 1D Plot Group 9
[ Line Graph 1

Coloring and Style

1
0.02

Progress

1 1 1
0.14 016 018

Arc length

1 1 1 1
0.04 0.06 0.08 0.1 0.12 0.2

Table

993 MB | 1056 MB
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beam.ttmax &
510|
—/ L—

PNESIVIPN Tmax = 110.5
MPa

[Ct2kA] principal stress &
Al LHorEH

298.9 MPa
-40.9 MPa
= 169.9 MPa
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T

max
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POST-PROCESSING

A Home  Definitons  Geometry  Materisls  Physies  Mesh  Study  Results | 1D Plot Group §
. z 5) Color Expression
EBAhNEE b BTN | & O G W
Plot  Plot Line Point Global Table Histogram Particle Ray Nyrfuwst Far ~ Octave  Mesh 1D Animation
In- | Graph Graph Graph Plot  Field Band Plot Image -
Plot Add Plot Attributes Export
Model Builder Settings | Properties 1 GY'EDFICS
- So v . aQaqlE UED ae
! Bézier | | [ Plot
F;:[UP;BHQD,?"; {62 LT Line Graph: Rotation field. x component (rad) o
{ s
it Materials Label:  Line Graph 1 = . . :
4 Beam (besm) 0.038L | ,
15 Linear Elastic Material 1 v Data
4 3 Cross Section Data 1 = 5
From parent v |3
{59 Section Orientation 1 pikt E -
Fifreet 0.0359 4
& Iniial Values 1 8l
‘ E’,,C 10ss Section Datz 2 Selection: | Manual v
10 Setion Orientation 1 0036 |
4 (B Cross Section Data 3 e 2 %
3 Section Orientation 1 B Nl
Fixed Constraint 1 Active B £ 003611 |
Point Load 1 & 2
4 A Mesh 1 ; g
Alsz g
4 [Aledge 1 E 0.0362 - i
E Distribution 1 ©
47 Study 1 ~ y-Axis Data +r % 2
17 Step 1: Stationary - sl |
4 ['ra Solver Configurations B
4 [ solution 1 fsolt) thx ;
55 Compile Equations: Stationary | e
ur Dependent Variables 1 1 < 641 8
4 [7 Stationary Solver 1 rad M
Direct [ Description
 Advanced 10,0365 1
s Fully Coupled 1 Rot: component
2 Job Configurations Parameters
4 E Results
& Data Sets "Name  vae  Unit Descr -0.0366 1
L Views beam.refpnts 0 m  Refere «
4 Derived Values beam.refpnty 0 m o Referel
B2 Tables beam refptz 0 m |Referel~ 0.0367 WL 1 L L L 1 1 I I I 1
NI Stress (beam) ‘ n b 0 0.005 0.01 0.015 0.02 0,025 0.03 0,035 0.04 0.045 0.05
T Moment ¥ (beam) Arc length
& Moment Z (beam) [ Tite
1 Shear Force Y (beam) . Log Messages Progress Table
- o Fo
Vi Shear Force 7 (beam) A L n g.
W Axial Force (beam) P
T Torsion Moment (beam)
i Beam Crientation (beam) = | Arclength ==

4 " 1D Plot Group 9
[ Line Graph 1

Coloring and Style

994 MB | 1098 M8
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3 2X 2
Expression

0.0367 rad
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Model
.i <<> Pi Parameters

POST-PROCESSING

a= Variables =

Component Add

1~ Component -
Model Definiticns

siE Matenials -
4 [5F Beam (beam)
3 Linear Elastic Material 1
4 {3 Cross Section Data 1
B3 section Orientation 1
Bifreel
3 Initial Values 1
4 [B Cross Section Data 2
B3 section Orientation
4 [B Cross Section Data 3
B3 section Orientation
1 Fixed Constraint 1
&% Point Load 1
4/ Mesh 1
Size
Edge 1
E pistribution 1
4 "ot Study 1
]r__j Step 1: Stationary
4 [Tr. Solver Configurations
4 [+ solution 1
5% Compile Equations: St
uw¥ Dependent Variables
|7 stationary Solver 1
24 Job Configurations

4 §3 Derived Values
22 Point Evaluation 1

B Table 1 L

4 | Stress (beam)
Mlinel
i Moment ¥ (beam)
i Moment Z (beam)
& Shear Force v (beam)

BE Chnnr Caren 7 thaaeey

m ] »

Definitions Geometry

fix) Functions -

Materials Physics Mesh Study Results

=-.i [EImport . 't Beam ~ [ Build Mesh = Compute

.I.d cpLivelink - = % Add Physics | A Mesh1l ~ | ~Studyl ~

Bui -

Al Materials ~% Add Study

Geometry Physics Mesh Study
Settings =~ Properties
Point Evaluation v byl E
= Evaluate ~ E Ba @
Label: Point Evaluation 1 B
w Data
Data set: | Study 1/Solution : ~ | E|
Selection

Selection: | Manual v |

onp)| |4
E‘|§| -
Active [
‘.
« Expression + - &~
Expression:
w
onie.
m -

[C] Description:

Displacement field, z component
Parameters

" Name Value Descripti

beam.refpntx |0 Reference

beam.refpnty |0 Reference

beam.refpntz |0 Reference
4 | ] | »

+ Data Series Operation

—

030

Messages Progress

Log Table 1
BEEE -

Displacement field, z component (m), Point: 4
0.024006

151GB|16GE

~1D Plot Group 9 ~
& Add Plot Group -

Results

)

~01

L

[ Model Libraries =

5 More Windows -

Windows

B ®@5K

Anal.
298.8
-40.9
169.8

o, (MPa)
c, (MPa)
Tax(MPa)
0 (rad)

Yp (Mm)
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|
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\@ 4 Point MEH =
o | W OI:IEI
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
|
|

Derived ValuesOf A
Point Evaluation 444

FEM
298.9
-40.9
169.9

0.0367 0.0367
24.005 24.006
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25-mm dia

o
: 3 Loads
> o ;
2 o . Fy=-800N
- F,=F,=0N

[Obtain both analytical and numerical solutions]

The cantilevered handle is made from mild steel that has been welded at the joints.

« Determine the location of the critical stress.

« Determine the principal stresses and the maximum shear stress.

« Determine the vertical deflection at the tip. (Use superposition for the analytical
solution.)

[solutions]

o, =113.7MPa, o, =-9.4MPa, 7, =61.6MPa, y, =-2.55mm
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