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POLITECNICO DI TORINO

MASTER COURSE IN CIVIL ENGINEERING

Course of STRUCTURAL MECHANICS 11, YEAR 2017/2018

LLusas notes

How to analyse a structure in Lusas step by step

Professor: Cornetti Pietro
Author: Loredana Mihaela Chiforeanu

In this report you can find:

- exercises solved in class
- explanations step by step
- images of each part and final results

- examples of exam exercises

My other notes of Master courses:

- Theory of Structural Mechanics Il + Exam 2018, prof. P.Cornetti / Sapora, year 2017/18

- Theory and design of reinforced and prestressed concrete structures, prof. A.P. Fantilli, year 2017/2018

- Theory of Hydrology, prof. S. Tamea, year 2017/2018

- Exercises of Hydrology, prof. S. Tamea, year 2017/2018

- Exercises of Construction of Roads, Railways and Airports, prof. E. Santagata / Dalmazzo/ Riviera, year 2017/18
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¢ Intro: calculation of solicitations’ diagrams in a given thin beam (“trave sottile”)

The solution of the problem is an approximation because a closed form solution doesn’t exist.
Since the 60’s of the last century, the finite element method is the most used.
This method consists in discretization and interpolation:

- discretize the structure to simplify it introducing a finite number of nodes and a finite number of
elements: from infinite degrees of freedom we pass to a finite number of degrees of freedom: this is done
through a mesh;

- the calculation is made on the nodes, in terms of displacements, so we find the nodal displacements. Then
from displacements we calculate stresses and other quantities;

- we pass from partial differential equations to ordinary differential equations, having a much easier
solution.

Izz is the moment of inertia in the vertical plane around x axis and along z axis.
Mz is a linear bending moment and Ty is its first derivative (shear constant).
The distribution of txy is quadratic.

In Lusas we can import a file from Autocad.

e How to draw in Lusas:
e Start from 2 points and a line in between:

1) Introduce coordinates of points (new point)
(pay attention to units that you choose from the beggining!)

2) Select the 2 points and click line

3) Mesh the geometry: attributes, mesh line , thin beam, 2D, interpolation order: quadratic,
number of divisions: 10 (10 cm long each finite element, in total there are 11 nodes), name:
thin beam

Line Mesh B4

Structural

@ Element description Use default spacing

Structural element type
|Thin beam - | @) Number of divisions

Number of dimensions

10

|2 dimensional A |
Interpolation order
| Quadratic - | Spacing...
Element name Element length
iR 0,0
Mame LMsh1 thin beam - B
| oK || Cancel || Apply || Help |
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Structural Supports |E|
Free Fixed Spring stiffness
x @ @ el
Translation in 7 ® @ :
z @
X @
Rotation about ¥ @
z @
Hinge rotation @
Pare pressure @

Spring stiffness distribution
(@ Stiffness

Stiffness junit length

Stiffnessfunit area

Name Suplcantlever end - = (new)

[ OK. ][Cancel][npply][Help]

7) Loads: attributes, loading, concentrated, next, y: -400 (because the force is downwards but y
axis is upwards), apply, finish

Concentrated

e

G Value
Concentrated load in X Dir
Concentrated load in Y Dir -400
Concentrated load in Z Dir
Moment about X ads
Moment about Y ads
Moment about Z ands
Moment about hinge nodes
Pore pressure

Name Cnci F=-400N v = (new)

[ < Back ] lext = [ Finigh ][ Cancel ][ Apply ][ Help ]

8) After defining the properties we have to select the beam and assign them to it: left click, assign;
(the three cubes color).

e by et et =y

Ela Isotropic (1)
- & 1:Isol steel
=423 Supports (1)
- .&. 1:5upl cantilever end
=3 Loading (1)
-3 Structural (1)
- 1:Cncl F=-400 N

I The supports must be assigned to the points (not to line in this case)
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e Calculation of stress in a given rectangular cross section

e All assigned attributes are taken away from the thin beam (but the attributes remain in the
memory): Attributes, deassign, from all.

e Create a new Thick beam (“trave spessa”): attributes, mesh, line, thick beam, 2 dimensional, linear
interpolation, number of subdivisions 10, apply, ok.

I If you increase the number of elements, there is a value after which the solution doesn’t change visibly,
in fact the results will differ only for negligible centesimal numbers.

e Assign all properties to the thick beam: right click, assign to all.
Now all the cube-triangles near the thick beam (in the attributes window) are colored.
e Change the line attribute: attributes, line, 2D thick beam.

Il ”Prima di assegnare il tipo vincolo nodale e la forza concentrata bisogna selezionare il nodo sul quale si
vuole agire, altrimenti cio verra applicato a tutti gli 11 nodi” — Before defining the constraints and applying
concentrated forces, you have to select the node , otherwise they will be applied automatically on all the
11 nodes of the structure.

e [To not visualize the deformed structure: right click, deformed mesh (it must be deselected).]

e Create cross section: Utilities, sections property calculator, rectangular, solid, add to local library
(the Excel file will be saved in the current folder and it can be used only there (server library is for
all folders), apply, ok.

Rectangular Solid Section Property Calculator &3
Dimensional data Calculated properties
D 0,04 A 1,263
B 0,03 x| 0,18E6

Iyy | 90,0E9

Ixy 0,0

J 0,194385E-6

Asy | 1,0E-3

Name RSSD=0,045=0,03 Asx | 1,0E-3
e e —
o) Coma ) o) o)

e Assign the section created to the thick beam: Geometric line, right click on thick beam, definition
from library, user sections, (you can choose the rotation of the angle: rotation about centroid 0°).
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Section Details
Visualise Cross Section
100
52 51 = 100%
z
y o
&
= 52 s1
@ <
53 5S4
" =1
Properties |F|bre locations | Cross section = ¥
Standard properties Additional properties  [V] Plastic properties
Value
Name RSS D=0,04 B=0,03ory
Type 1 L
Cross sectional area A = = o o3 o
Second moment of area about y axis lyy 90.0E-9 =2
Second moment of area about z axs lzz 0.16E6 '
Product moment of area yz 0.0
Torsional constant J 0.194385E-6
Effective shear area in y direction Asy 1,0E-3
Effective shear area in z direction Asz 1,0E-3
Eccentricity in y direction ey 0.0
Imax Imax 0.16E6 =
== i G nEG 2 ~1
[0 . 0,02 ) 0,0 ) 0,02 ) X
2.< ] [ Cancel ] [ Help Create annotation ] [ Close ] [ Help

e How to see different diagrams:

you can see the different diagrams and values of stress, reactions (M,N,T) by changing the
properties: layers, right click on diagram, entity: ...., component: .... .

Properties

o

[

Entity |stress - Thick 2D Beam -

Component [Sx{Fx, Mz) v]

QK ][ Cancel ]’ Apply ] ’ Help

- Change font, colors, dimensions: right click on the elements in the main window, font.

Diagram Mz and reaction Fy:

e UAYAVIAY p.0
AV}

11
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-activate/deactivate the flashing and change vista to see in 3D and turn to the 2D

- deassign from selection the mesh, click on end conditions...: start of line: fixed; end of line: rotation
around z:pinned (end conditions... is available only for thick beams)

-material, isotropic
-support ,one is pinned and one is fixed (node 1 and node 3)

-loading, internal beam point, next, global load direction, load position about beam axis, distance type
parametric, so you can write L/2=0.5; PX,PY are components: Py=-1000, name, apply, finish

RUN!!!

m\ 1

13
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- Deformed mesh:

- Moment Mz diagram:

_;_r.f.f.r.r_r_r.r.r.f..f_r_r.r.r.rff_a_aafaaaaafaaaaarr_rrry;{“-
-
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- - -
Beam on elastic foundation - Winkler

s

——=x |
$35353335353333338535333 H >z
B=H
I / I
! |
Data:
I=10m
B=H=04m (4=0.16m* L =213E-3m"
P=1E5N

E=30E9 Pa, v=0.18 (concrete)

K =4E7 Pa (soil stiffness) => Spring stiffness distribution in LUSAS: use “Stiffness/unit length’
Extreme cases:

1¥" case: K=4E10 Pa

2% case: K =4E3 Pa

e How to draw and assign the soil:
- Draw aline and assign mesh

Line Mesh 3
Structural

(@) Element description (2 Use default spading

Structural element type
[Thin beam - ] (@ Number of divisions

Number of dimensions

[2 dimensional - ] 100
Interpolation order
[Quadraﬁc ']
() Element name () Element length
BM3 0.0
End conditions...
Mame thin beam 100 subd - : [6)]

Cancel Apply

- Assign geometry and material

17
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- Assign the loads

Internal Beam Point =l

Load direction Load position Distance type

@ Global (@ About beam axis (@ Parametric

() Element local () About nodal line () Actual

Di PX PY PZ MX MY MZ
1 0.2 0.0 -100,0E3 0.0 0.0 0.0 0.0
2 0.2 0.0 -100,0E3 0.0 0.0 0.0 0.0
3
Mame P =-1ESN - =@

Deformed mesh:

Iy
j] X 1 r r $
GEE-3 , BE5E-3
Moment diagram Mz:
i 3
L g0 e T T T O
,09E3 40,09E3
Shear Fy:
* il i
Lt % — Aglzk & :__!IIIIIIII...III----——— e e N s .r'.l.!!lllllln-__

ig
iiiii e

19
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Geometric Line

Usage
2D Thin Beam '] [EU Sections Y]
Definiton HE Shapes EN53-62) -
@) From Library
Rotation about centroid z [HE 120A ']
() Enter Properties p— =
z
Value
Cross sectional area (A) 2,53389E-3
Second moment of area about z s (lzz) B.06177EE
Eccentricity in y direction (gy) 0.0

Visualise. ..

] [ Tapering ==

Mame LGeol

Section details...

- = (new)

[ o

][Cancel][npply H Help ]

-Attrib, materials, isotropic,...

-Attrib, supports,...

Structural Supports

Free Fixed Spring stiffness
¥
Translation in L
Z
X
Rotation about Y
Z
Hinge rotation
Pore pressure @

Spring stiffness distribution
(@ stiffness
Stiffness/funit length

Stiffness/unit area

Mame pinned support - [#)]

[ o

][Cancel][ Apply ][ Help ]

Structural Supports

Free Fixed
X © @

Translation in Y

Rotation about Y

Hinge rotation
Pore pressure @

Spring stiffness distribution
(@ Stiffness
Stiffness funit length

Stiffness/funitarea

Name  roller support

Spring stiffness

-

= (new)

[ o

) (o] () (o)

21
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Compression Fx:

'\.-\!\\
s
N
b
W
il
i
v
|
A
4 {
e X —.TL
Bending moment Mz:
—gEr T
\-‘__\‘ \

23
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Moment Mz:

25
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mra lgE Ees b-m-veue e

-create a surface: select 2 lines, geometry, lines, by joining

A Tl [2lns 2Bl veww & (@

-attributes, mesh, (with regular spacing), surface, thin plate:

Surface Mesh [=]
Structural
(@ Regular mesh
@) Element description Allow transition pattern
Structural element type Allow irregular mesh
LT
Element shape [ Element size 1,0
Quadrilateral i Local x divisions 10
Interpalation order
Local y divisions 10
i () Irregular mesh
Lt an Elementsize | 1,0
QF4
Name 10 by 10 subdivisions - = (new)
[ oK. ][Canr.e\ ][ Apply ][ Help ]
-attributes, geometry, surface:
Geometric Surface [=]
Value
Thickness |t 0,005
Eccentricity | ez
Mame thickness= Smm ~ =@
[ OK ][Cance\ ][ Apply ][ Help ]

27
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Global Distributed =]
() Total () Per unit length (@) Per unit area
Component Value
X Direction
' Direction
Z Direction -led
MName q=10KN/m~2 - = (new)
Next > [ Finish ] [ Cancel ] [ Apply ][ Help ]

RUN!!!

- deformed mesh: magnitude 100 mm, mesh: solid
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e How to draw % of plate:

Exploiting the symmetry of the problem, model one fourth of plate:

-Insert points: write the coordinates of the corners squared plate and we can find the 3 nodes of the arch

by sweeping 2 times the point (0,5; 0): geometry, line, by sweeping, rotate, 45°, ok.

R

Enter Coordinates |
Grid style
3 columns
X Y £

1 05 1] 0

2 45 1] 0

3 45 45 o
4 0 45 0 £l

Local coordinate

[Glubal coordinates

Set as active local coordinate

[ (]9 ] [ Cancel ] [ Help

Sweep
() Translate @ Rotate () Mirror () 5eale
Angle About axis Origin of axis
) X ¥ z
45 e 0,0 0,0 0,0
() Y-axis
(+ve angles @ Z-axis
anti-clockwise ) )
about the axis) (! Specified
Sweep type
@ Minor arc () Major arc () Straight
Order of geometry to create
@) Line Surface Volume
Transformations generated from memory selection
Mo transformations generated Use
Mame 457 * = (new)
[ 0K l [ Cancel l [ Save ] [ Help

-Connect all points by a line in a counter-clockwise direction: select 2 nodes, new line

31
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... And the 9 subdivisions mesh to:

)

-Geometry ,surface line, (create a triangle on the right and one on the left)

-Attributes, mesh, surface, plane stress :

Surface Mesh

Structural

=]

@ Reqular mesh

(@) Element description Allow transition pattern
Structural element type Allow irregular mesh
[Plane siress - ] Automatic
Element shape Element size 1,0
[Quadrilateral '] Local x divisions | 4
Interpolation order
. Local y divisions | 4

[Quadrahc v]

) () Irreqular mesh

) Blement name Element size 1,0

QPMB
Mame SMsh3 - = (new)
[ oK ] [ Cancel ] [ Apply ] [ Help ]

33
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-Attributes, geometric, surface

Geometric Surface

Value
Thickness |t 0.01
| Eccentriciy [ ez i

MName thickness = 0,01m - = (new)

[ 0K ][Cancel][ Apply H Help ]

-Assign it:

R

15 4 1507 2843

e

-Attributes , materials ,isotropic

Isotropic @
[ Plastic [ creep 7| Damage [~ shrinkage [ viscous [] Two phase
Elastic
D Dynamic properties Value
‘Young's medulus 28e9
Thermal expansion
B P Poissorts raio 02
Mass density

Mame Isol

- = (new)

[ oK ][Canoel][auply ][ Help ]

35
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Difterent loading conditions:

ZIIIITLIIILLY)

ZIITTILITILL
EXRX2111RRAT,

\IXTEITTEITEE

YIVIVIITIFIIVY

____®____

ZITITIIITILL

TITITITITIAY

Face |E|
Comp Value
x Direction
y Direction -1000
z Direction
MName face 1p =-1000M/m~2 - =@
MNext > [ Finish ] [ Cancel ] [ Apply ][ Help ]

RUN!!!

e Right click, contours, entity plane stress, $X

Properties

5

Contour Results |Cnntour Display | Contour Range I Seed Cnluursl

Entity [Stress - Plane Stress v]
Component [sx v]
Display [Aueraged nodal v]

\ mr-Armer
vWOoOd-Armer.

Display on slice(s)
Draw in slice local direction

9]
i

Close

112222111111

37
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4 LUSAS Academic (Bridge Phus) - [LUSAS Viewn plane wth circular hole.lory Window 1]
[ File Edit View Geomemy Amributes Analyses Utiities Bridge Composite Window  Help

DFHE|& =B x|2-2-|@jc-/~O-a@- Bnmta |[S-FL- | +aee- k- xvowy(giaers
O E A G B SLIN ST DL EIN £ . ED 0. 85 . . 10 - T I T 0. . 38 Tep . er
1= 23 plane with craudar hole_lory.

5[] plane with cradar hale_lory Window 1 Analysis: Analysis 1
e Loadease: 11 cadease 1
preewitd Results fle: plane with circular hole_lory~Analysis 1.mys
niity. Skess -Plane Stress
Contours - 5 tstes - Pane st Compenent SY (Unils. Nim?)
Annotation 964,477
Valoes : 5Y (Stress - Plane Sress) 803,731
Wy View propestes 542,985
-482,239
-321.492
160,746
0.0
160,746
321,492

Maximum 462,79 at node 86
Minimum -983,926 at node 1

[l Pe——

[oehrmators... | [xearzmes |

[ Window summary | Detais. .

v

e How to change RS from Cartesian to cylindrical:
It changes Radial distances \ Angles \ Z vertical.

-Attributes, local coordinates, cylindrical,ok (!!!also used for rotations of 45°)

Local Coordinate @

Coordinates type
(7 Cartesian @ Cylindrical (71 Spherical (71 Surface

@ Rotate Scale (7 Matrix
Cylinder axis Angle Origin
(7 X-axis —u,n x 0,0
(7 Y-axis
@ 7-axis y 00
O General | z 0,0

Local coordinate generated from selection

[Nu Local Coordinate attributes created from selection v] [ ze ]

Mame cylindical coord - E (]

ok ][ concel | [ aopy |[ rep |

-Assign to all after selecting.

-Contours ,stress-plane, stress

39
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e For SX:

B LUSAS Academic (Bridge Pus) - Graphl ST2 =
File Edit View Utilities Window Help
lDed |= DR X|2-2-|Slo-s-0-2-|BnraA|S-Tir-|vhaa-|k-K-Foavy|s [BpdE
o B4 LUSAS View: plane with circular hole_lory Window 1 (=20
143 plane mith orautar hole_ory. e o 1 ) £ 00 T e T, £ 5 30 5E £ T B 50 TE )
-3 unies (2
5 3 Transformaton (1)
& 53 Rotaton (1) K
ATy H
-3 Grah wuzard (1) flusas 1510 November 30, 2017
Eb tiGrapht
ot ticocrdnates 0.246.0)
250~ 1osdense 1(2) f Grapht
g
i
¥ g
=
&
B
&
Coordnates (02,4 6,0) to (0.2,0 3 0)(1)
—#— 5. 1 Loadcase 1(2) / Coordinates (0.2.4 6 0)10.(0.2,0 3 0)(1)
a QoL [C:\Users\5216085\Desktopplane with circular hole_lory mdl Units: NmkgsC | - - - -
B
— i o T
done
cutung section through elesents
1 no, af values 14 range 0.0 to 4.0419 (distance)
Datasst 2 . o of valuss 14 Fange 55432 to 2.030é1e3 (résults) a
~ done
‘ - ] "
For Help, press FL Units: Nmkgs.C %02 ¥:03  ZNA  Selected: None
.
e ForSY:
B LUSAS Academic (Bridge Pl - Sy ST2 =
File Edit View Utilities Window Help
D |# |z | 2B x|2-2-|&lo-/-0-2-|BnmrA|S-FTi-|+ad-|k-E-Favy|s [BpE
B4 LUSAS View: plane with circular hole_lory Window 1 (=20
2 w0 I L T R T S /] T CCR

13 plane with cratar hole_lory
2]

P st
o YCoerdeates .4,47.0)
L a5t~ tioadcses 109

=L

1)

[USAS 1510

‘Nowernber 30, 2017

SY - 1 Loadcase 1(4)

— o
& a

IC Wisers)S216085\Desktoplplane with circular hole_lory.mdl

——#— 5V - 1Loadcase 1(4) / Coordinates (0.1.4.7,0)to (0.1,0.3,03)

Units: N.m kg.s.C.

AR EERRE RIS

don
e e (e
Datasst 7 . no, of values 12 range 0.0 to 4.01016 (distance)
no, of values 12 yange -0.979014 to 373.077 (results)

Pateset @ |
=

k1™

For Help, press FL

Units: Nmkg.s C x01 %03 Selected: None
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v ¢ v L ZE S Yl r 5y
> e *
¢ ' [ T g T4
L i S
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-
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v vy
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e How to draw and apply attributes:
- Do points (0;0), (0.5;0),(1;0) then create 2 line then sweep 3 times the line: by rotating by 30°:

- Geometry, surface, by sweeping ,

Sweep
() Translate @ Rotate () Mirror () 5cale
Angle About axis Origin of axis
] % ¥ z
30 O Xeads 0,0 0,0 0,0
() Y-axis
(+ve angles @ -
anti-dockwise - Z—a)ﬂls
about the axis) () Spedified
Sweep type
@ Minor arc () Major arc () Straight
Order of geometry to create
() Line @) Surface Solid of revelution

Transformations generated from memory selection

Mo transformations generated Usi

m

Name rotate 30° - = (new)

-

[ CK ] [ Cancel ] [ Save ] [ Help ]

We have created 2 surfaces by sweeping 2 lines.

- Now select the 2 new lines and click : Geometry, surface, by sweeping , and select the created “rotate
300”.

43
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Properties @
Geometry
Points
Lines |:| Line directions |:| Line axes
Combined lines [T combined line directions
Surfaces Surface axes [ surface normals
Valumes [ valume axes
[T outline only [] orientations only if selected
Hidden parts [T Dotted
Wireframe [ 5olid Maximurm shade 60,0 |9
|:| Facets
Facets only if selected  Colour by [D""'"" calour '] set...

The mesh is not symmetric (no problem).

-attributes, geometric,surface, assign thickness

Geometric Surface

Value
Thickness |t 5.0E-3
Eccentricity | ez 0.0

Mame t=5mm

Close Cancel Apply

-attributes, material,isotropic,

45
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Structural Supports @
Free Fixed Spring stiffness
X @
Translation in Y @ © L= I—
z @ ® [
X ® @ [
Rotation about Y @ ® ©
z @
Hinge rotation @ © L=l I——
Pore pressure [C] ®

Spring stiffness distribution
@) Stiffness
Stiffness/funit length

Stiffness/unit area

MName symm constr along x direction ~ = (new)

[ OK ][Cance\][ Apply H Help I

Structural Supports @
Free Fixed Spring stiffness
X @ (5] [
Translation in Y @ ® @
z @ ® [
X @ ® [
Rotation about ¥ ® @ ©
z @ ® [
Hinge rotation @ ® ©
Pore pressure @ ®

Spring stiffmess distribution
(@) Stiffness
Stiffness/unit length

Stiffness/unit area

Mame Symm constr along y axis + = (new)

[ ok

) () (o] (o]
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e Deformed mesh:
e Mr component:
Properties =] Properties (=]

Centour Results |Cor|tour Display I Contour Range | Seed Coloursl

Entity ’Forceﬂlﬂoment - Thin Plate v]
Component ’Mr v]
Display ’Averaged nodal ']
Local Coon
Wood-Armer...

Display on slice(s)
Draw in slice local direction

value Results | Values Display

Show values of selection [T peform
Symbols Maxima
Values Minima 0,0 o, Failure details. ..

o Font I
@) Significant figures ont angle

- 51 =
() Decmal places = Choose font... 45,0

=

Pen # 19 = |—|[ Choose pen... ]‘

o

OK ] [ Cancel ] [ Apply ] [ Help

Close C

ncel Apply

o

49
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i - | & - B - e NN v ()] 19 b

s st
Aeren Fn Ciredr plte in banding-Arnalyss 1.m
s st € e o Eniy e
G Tanstam short Local Cori-Lenit®
e Component $E (Ui fm)

S
et l 16835566
S B
= ik
B Saatiee

e How to draw diagrams:
- Utilities, graph through 2D, grid = 0.05

Graph Through 2D

(@) By cursor
Snap to grid

|:| Generate new annotation line

Grid size 0,05

By selected line

Ok ][ Cancel ][ Help

Display Graph

Dizplay
Title Graph&_von mises stress_top
¥ radius m
¥ SEN/m~2
Show grid Shaw symbols
Corner labels Auto-update

Indude existing graphs
[Graph1
[[Graphz
[1Graph3
[Graph4

i P Y

lam | »

1

Mame Graphg

¥ scale
@ Automatic () Manual
min | 0,0 max | 1,0

[ Use logarithmic scale
Scale factor 1,0

¥ scale
@ Automatic () Manual
min | 0,0 max | 1,0

[ Use logarithmic scale
Scale factor 1,0

Save in treeview Display now

< Indietro ][ Fine

o

] [ Annulla ] [

x & | k= B
Z B ' LUSAS View: Circular plate i bending Window 1 =30 i]
B Graphe ML) —eE
SR Ew-E
o = JLUSAS 15.10c7 December 14, 2017
Clamged cwcular plate under uniformly distnbuted load
- A
: J)
s -
s D2 Y S O T O O O O O O 0 O O 5~ o
oaccase 146
PP SN0 S 0 00 SO0 O N O S-S0 000 0 O OO S0 00 S A GO SO0 O S S S0 O 0 0 00 S OO0 0 S0 0 O
E T
M E
N z 20

TNl IC:Wsers\S216085\DesktopiCircular pists in bending mdl

—&— 1 - TLoadcase 12)/ Coordinates {0.0,0) to {1,0,0%1)

Units: N.m kg.s.C

- to see the diagrams, click on utilities (in the right panel-yellow key).
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Cylindrical tank under hydrostatic pressure

Y

T
5

‘4
|-|

A 4

Vertical section

R=3m. h=1m. thickness=4E-4m
Steel with: E=2.1E11 Pa. v=0.3

Water: y=9.81E3 N/m’

1. Model one fourth of tank using “Thin Shell” elements (2D).

2. Model the tank by a line using “Axisymmeitric Thin Shell” elements.

Eccee

This i

Then we can use the thin shell elements or the axis-symmetric(symmetry around vertical axis)

e How to draw the tank:
- New point: (0,0,3);(1,0,3) and connect by a line.

Enter Coordinates @
Grid style
3 columns
X Y Z |
1 - 7 N
A 1 a 3

Local coordinate

[G\oba\ coordinates ']

Set as active local coordinate

[ OK I [ Cancel ] [ Help ]
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B LUSAS Academic (Bridge Plus) - [LUSAS View: cylindrical tank under hydrostatic pressure Window 1] [=@]=]
B File Edit View Geometry Affributes Analyses Utilities Bridge Composite Window Help [=]=]x]
D@l e = BE x 9-2-&lo- /-0O-9~ in b a [Tl [o]h e - [k [E- %o
. . 1.0 . 05 . 00 . 05 15
& (B & - t ! :
(=23 cylindrical tank under hydrostatic pressure| ¥
-3 utilties (1)
(=3 Transformation (1) m
(=423 Rotation (1} o
¥ Lirot 90°x axis
o
ki
=3
Y
o
Ki
o
ki
o)
ki
‘ i v
Nev Foint 1 defined -
New Point 2 defined
New Line 1 defined
New Surface 1 defined m
Ho mesh related changes since the model was last neshed
< i | v
For Help, press F1 Units: N,m kg,5,C X:-1,3591 ¥:-01103 Z:N/A  Selected: Linel

B LUSAS Academic (Bridge Plus) - [LUSAS View: cylindrical tank under hydrostatic pressure Window1]
B File Edit View Geometry Attributes Analyses Utilties Bridge Composite  Window Help

-8 ik a i#-

0% o0 [

=43 cylincncal tank Under hycrostatic pressure
=3 Utiities (1)
(=423 Transformation (1)
43 Rotation (1)
Lirot 90° x axis :3
z
! ‘\L&’ X

« m r

‘he nodel was last meshed

« [ I ] 3

For Help, press FL Units: N,m,kg.s,C XNA  WN/A ZNA Selected: Linel
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- Assign to the short side the uniform transition and to the circular (long) side the uniform spacing:

Bl LUSAS Academic (Bridge Plus) - [LUSAS View: cylindrical tank under hydrostatic pressure Window 1] ===
Eé File Edit View Geometry Attributes Analyses Utilities Bridge Composite Window Help E@E‘
INEE & = B2 x| o~ S o~/ -O-@~ [ -[F]s]- | & B - [h]-[K]> e x| &
EX) 0.5 0,0 05 1,0 15
8 6 & & & B - ¢ ! ! !
(=423 cylindrical tank under hydrostatic pressure, 4
(=423 Attributes (2) |
=43 Mesh (2) o
-3 Line (2) =
& 1:LMsh1 15 subdiv uniform
& 2:LMsh2 14 uniform
E
<
=
)
o
o
I
&
o
&
« . ] v
the model was last meshed -
subdiv uniform trans" assigned to 2 items
miform" assigned to 2 items m
« [ m ] v
For Help, press F1 Units: N,m,kg,s,C X-11726  V:-08016 Z: N/A Selected: LMsh2 14 uniform

- Attrib,mesh, surface,thin shell (Kirchoff theory) = no shear deformation:

Surface Mesh @
Structural

(@) Element description

(@) Regular mesh
Allow transition pattern

Structural element type Allow irregular mesh

[Thin shell - ] Automatic

Element shape Element size 1,0
[Quadrilateral '] Local x divisions | %

Interpolation order

= Local y divisions | %
[Llnear - ]

() Irregular mesh

[@]=! t
lEiEntizu= Element size 1,0

Qs14

Name  thin shell - = (new)

[ OK ][Canoel][ Apply ][ Help ]
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6 LUSAS Acadernic (Bidge Phus) - LUSAS Views: cyfinbica ok uncler yelrosatic presure Window1

Fie ay Atibutes  Anatys  Bodge te window Help
jo=a BEx Q- ~/-0-8- 3 Is-0l- v ae-
: T =N D = T T T
g 6H & & [~ (B i . - ¥ ! . *
= o cpinhical ark under ot (resaure .
7]
& 11Meh 1 15 subdv unor
& 24402 141wt
& ttade3m &
=

- attributes, supports,...

Bl LUSAS Academic (Bridge Plus) - [LUSAS View: cylindrical tank under hydrostatic pressure Window 1]
Bl File Edit View Geometry Attributes Analyses Utilities Bridge Composite Window Help
NSH & = &8 x| 2- G o~/ ~O-~- 3
20 1,5 -1.0 05
g 16 & & 2 |8 T : : :
2423 cylindrical tank under hydrostatic pressure|
143 Attributes (6)
(=423 Mesh (3)
i -2 Line (2) o
i i 1:LMeh1 15 subdiv unifor| |
& 2:LMsh2 14 uniform
| B2 surface (1)
i . 3:thin shel
2423 Geometric (1) =
B4R Surface (1) !
H o Lit=de3 m
(=423 Material (1)
B3 Isatropic (1)
H “o Listeel o
=3 Supports (1) '
& fixed
o
o
o
=
|
&
=1
>
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Structural Supports @
Free Fixed
I'-‘I
anslati )
otation ab
Hinge rotation
eeeeeeeee
Spring stiffness distribution
(@) stiffness
Stiffnessfunit length
Stiffnessfunit area
Lift-off ==
Name Symmetry - = (new)
[ O ][ Cancel ] [ Apply ] [ Help ]

- Assign the loads: !!!pay attention to which line:

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione
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Local Distributed

Distribution type

(7 Line

(=]

@ Area

Component

Value

x Direction

y Direction

1.0"triangular load kY

z Direction

Mame Dstl

+ = (new)

Mext = [ Finish ][ Cancel ][ Apply ][ Help ]

Local Distributed

Distribution type

i) Line

(=]

@ Area

Component

Value

x Direction

y Direction

1,0rtriangular load

z Direction

Mame Pressure

Mext = [ Finish ][Cancel ][ Apply ][ Help ]

- = (new)
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=

&

% LUSAS Academic (Bridge Plus) - [LUSAS View: cylindrical tank under hydrostatic pressure Window 1] EI@
B4 File Edit View Geometry Attributes Analyses Utilities Bridge Composite Window Help _ =]
DEFHE = = 2R x |9~ & ic~-/-0-8-|E A kG kG| @ B R
.-05 . .00 o5, .. o 20 25 . 2 30 - 35 . o
[E & [ [F B
“23 oylindrical tank under hydrostatic pressure f
F-423 Attributes (3)
3 Mesh (3)
=423 Line (2)
&b 1:LMsh1 15 subdiv uniform
&, 2:LMsh2 14 uniform =
=423 Surface (1)
L &, 3:thin shel
1423 Geometric (1)
423 Surface (1) d
o t=4e-3 m o
B3 Material (1)
=3 Isotropic (1)
o Listeel
£+ Supports (3) |
& Lifixed 5
&b 2symmetry x_y |
& Sisymmetry x_z
-2 Loading (1)
=423 Structural (1) d
& l:pressure 0,
=
o,
=)
o,
=)
o,
<
cl
i N |

f

z" assigned to Line "1" for loadcase
v" assigned to Line "4" for loadcase
:t as "aszigned to all”

:moved as "assigned to all”

:t as "assigned to all"

"Loadcase 1"
"Loadcase 1"

i

For Help, press F1 Units: N,m,kg,s,C X N7A ¥: N/A Z: N/A Selected: pressure
RUN!!
Deformed mesh:
-3,0 25 -2,0 -1,5 -1,0 0,5 0,0
= .
5 E /& &8 [+ @ B
hdrical tank under hydrostatic pressure B
cylindrical tank under hydrostatic pressure Window)|
Mesh
Geometry |
Utlities o,
Deformed mesh ]
¥ view properties
K
)
o,
o
o
o
iy
K
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Enter Coordinates

=]

Line Mesh

(=]

Grid style Structural
3 columnsz _
(@) Element description () Use default spacing
X Y 7 Structural element type
Thin beam - (@ Number of divisions
1 1 0 0 L ber of dimens )
umber of dimensions
2 2 0 0 = o
[2 dimensional - ]
Interpolation order
[usdotc J
() Element name (Z) Element length
BEM3 0.0
Local coordinate End conditions...
[Glubal coordinates - l : =
MName 20 subdiv * [ (new)
Set as active local coordinate
Ok, ] [ Cancel l [ Hel ]
[ P [OK ][Cancel][Apply][Help]
Geometric Line @
Usage @
2D Thin Beam -
'I:_J‘aﬁnmon [[creep ["|pamage [T shrinkage [T viscous [7] Two phase
() From Library
Rotation about centroid |0 o
(@) Enter Properties 100+
D Dynamic properties Value
[T Thermal expansion :"P”g‘s‘sm;g“m 2.{1]8311
oisson’s ratio .
Mass density 7850 ®
v
Value
Cross sectional area (&) Je-4
Second moment of area about z ads (lzz) 833310
Eccentricity in y direction (ey) 0.0
Name Isol v = (new)
Mame 10 mm x 10 mm - : {new)
[ oK ][Canoe\][nppiy][HeIp] IOKHCanceIHAppIyHHe\p]
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111 N= nr of elements (coming from the beam subdivisions). We can ask up to (N-1) eigenvalues .
We divided into 20 but we ask 10 eigenvalues (only the first ones will be well described very well)

“Shift” means that the start frequency is shifted: ex. if “shift to be applied=30 Hz”, then it starts from 30 Hz.

Eigenvalue [ ]
Solution  |Frequency - Value
Mumber of eigenvalues 10

[7] tndude modal damping Set damping. .. SEREEE S e

Eigenvalues required | Minimum -
Range specified as

(@ Frequency Eigenvalue

Type of eigensolver | Default v]

Eigenvector normalisation Sturm sequence check for missing eigenvalues

) Unity (@) Mass () stiffness

J |

l OK ] [ Cancel Help ]

e Eigenvalue 1:

’[".BE =

ic (Bridge Plus) - [LUSA

g 158 & (8 & (B 5

3 cantiever beam sements
3 5 iyses

" LBgerwale 4 )
&7 vSgenvale 5
& LBgenvale s

e Eigenvalue 3:

i LUSAS Academic (ridge Pius) - [LUSAS Ve, cont
By e F Geometry - Altrbutes  Analyse
DR &

2 v (k] Elr e (@ jo e @

Bl g 0 5 T 5 Z o 3 i 73 e = e B e e 5 E T £

g 168 & & & (B
=P =
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e How to see the video of the movement:
- Utility, animation wizard, next, nr of frames 16, from -1 to 1 (complete cycle)

Animation Active Loadcasze @

Range

Deformation function ®0to1

it

Number of frames 16 @-1to 1

Deformation

(@) Specify magnitude
20 mm
() Spedify factor

| <Back | | mext> || Finish || cancel || apply || Help |

—
LUSAS Academic (Bridge Plus) - LUSASE (BN
File Edit View Window Help

(DS H|@ =2l x|2-x- o~ -0-8- A [S-F i |e@®-|k-K-khawirg @ @
B IE & & & |8 B LUSAS View: cantilever beam elements Window 1 [sll@)&]
& '3 cantiever beam dlements. B 0Fs. . . 18, . . 195, PR 2. . . g5 g . . 155 e . . 45 s . =5 . . 18 . . g5 .. 17 7% B .. g5 . 8. . 1% 7

S Animation: LUSAS) =l =l
[ < nniemation: Lursasa (= &[]

AFn ek aar [ FE 7 .

Scanning LUSAS Salver cutput file "C/“Users'5216085%Deskicp Associated Kodel Data'cantilever bean elements‘cantilever bean elements~Analysis 1.out” for srvors and warnings.
Solver version is 1-0 Hunber of lines=383 Hunber af er: uskes nings=0

[Results file: C o ed Model Datatcantil besn elenents‘cantilever bean elements~Analysis 1.mys; crested by Solver 15.1 1607.21432 (15.1-0); date 09,01.18; last modified; 15.1-0; date 09.01.18 (32 bit)
I“’""ﬁﬁm Units: NmkasC LG 0o TN S Eaeiuel
— —
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Dynamics: Plane stress elements 2D

Same beam as in the previous example with cross section 10 em x 10 cm.

For the solution. use quadrilateral plane stress elements. with quadratic interpolation and a
subdivision in 20 x 4 elements.

+ - o2
o, . . . . . s . . a
— - - - * - - - -
4 - - - - . . - - - » - - . - - " . - - - - - - - - - - -
-y - L] L] . L] L3 - L]
— L] . . [} [ . - A .
4
e x
NUMERICAL RESULTS:
- Mode shapes (and corresponding stress contours):
Mode 1
- =]
i | [ [_: L" 22 . L .l : L } : +
- . S W . - s = = — e . - - . -3+ 3
; DS B e S = B DB B e == N DEDE DR
- ¥ =% - T b *——% 5
4 b g, - I b e :_ - % T tw
— ————g— —F - * L g ¥ —e—p—g—§ * - » —p—a—og o £ o+ 4+
= SSESES DS DEDE Ba ks £= DS DE B B S = 1
—b—s = Tt 1 . 1 RS S
SR B SR B By g S DS D B as
- ) S _: ] - :— --_:
s St
bk
e Solution:
-New points and surface
Surface Mesh @
Structural
Enter Coordinates @ @ Regular mesh
Grid style (@) Element description [¥] Allow transition pattern
3 columns Structural element type Allow irre.gular mesh
’Plane stress - l [T Automatic
X Y rd Element shape [ Element size 1,0
L o 02 o lQuadriIateraI 'l Local x divisions 20
2 1 02 o Interpolation order
3 0 03 o ’ e l Local y divisions 4
8 03 0 Duadiale -
. () Irregular mesh
© Element name Element size 1,0
QPM3
Local coordinate
SMsh1l 20 x 4 subdivisi - =
[Global coordinates v] REIE X A sdhdlvisions =] few)
Set as active local coordinate
ook J[ cancel |[ e | [ ok | [cancel | [ apoly | [ rep |
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Eigenvector normalisation
(7 Unity @ Mass

Stiffness

Fﬁ o @ =
IDEH| & [ - - ‘ #-[FlL)- [slae - d-E-vweyv s iae
s m4 aem FFE W E oW wow m W W W W W W T
3 cantievar beam - plane stress
ket :
2 mesh () -
A Surface (1)
& LML 20 x 4 subdvisons
-3 Geometric (1) 1
=53 surface (1) o
& tt=i0em =
- .
&3 Isotropic (1) 1
& it cane s .
it F— -
& {
4
s Eoww X
e
s iz iplisn: o A ifuafioes vl al AN
paseciatisiinialaincissspianinces e Cukinesl vy ol U :
Fn-Helﬁ. press FL Units: wa( X 01168 V:-002084 T NA SE‘EC!GU‘S\JEl‘dl vestical line
Eigenvalue | 3 |
Solution |Freguency - Value
MNumber of eigenvalues 11
. Shift to be applied
[ tndude modal damping Set damping... PP
Eigenvalues required | Minimum -
Range specified as
(@) Frequency Eigenvalue

Type of eigensolver | Default v]

Sturm sequence chedk for missing eigenvalues

|

[ (8]4 ] [ Cancel Help ]
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Eigen 1

- cant I (oo =
File Edit Vew Geomewy Amributes Analyses Utites Bridge Composite Window Help
IDFH (& =B x|o-=-&lo-/-0-8- nba | $-[fli-[Has-|-E-wwuwsibes
O El& & (& B 5 LUSAS View: cantileves beam - plane stress Windows 1 cl@la)
43 cantever baam - lane stress o1 T R T L [ R T, . Ok L. eaE . s . 0ss. . L 0E. .. 0EE .. 7. . . 0T, [T T T P
50 canfeverbeam - lane svess indon 1 @ - L = 2
mesh
s Analysis Analysis 1
s dcase 1 Loadcase 1, Eigenvalue 1
e Results fle: canlilever beam - plane stress-Analysis 1.mys
Defarmed mesh Eigenvalue: 272,142E3

tural fequen:
Tor norn- 02576

Arvotston
Contours £ (iress -Plane Ses)
Ry v propeies

Maximun B.77
Minimur -8,77.

[CwWindow summary | Detals..

v ses Detsis..,

Toadcase 1 eigenvector 4 results file 0 =

dazeabling results
eigeavector 1 results file 0 dl

For Help, press FL Units: Nomkg s C J:010704 _ V: 01074 2 NiA___ Selected: Contours : S (Siress - Plane Sress)

Utilities, animation wizard,

—
LUSAS Academic (Bridge Plus) - LUSASLL (BN
File Edit View Window Help
D Q|e| =z B x|2-=-|& |Jo- -0-8- A |S-FTh-|oha-|k-E-Fawy|gs [BpE
O E & (& [F B B4 LUSAS View: cantileves beam - plane stress Window 1 ol®=
53 cantiever beam - plane stress o 1 o0 g o T, O o ) T3, X3 o 0 T [ s o o, [ oE 0 T o ]
& ) cantiever baam - plane stess window 1 =1
Mesh = G Animation: LUSASIL
Geametry
Attes .
o ! )
Deformed resh
Amnotstion
Contours : SX (Sress -Plane Stress)
Ry Ve properties gl

A0 m n o D ([T E T ——————

L.,

Loadcase 1 eigeavectar 4 results file 0 =

Asseabling results ..
Ioadesse 1 eigenvectar 1 results file 0 a
done

Immh E Units: NmkasC LATHES 00 TN Salcid Contour S4 e Plae St L
— —
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B4 LUSAS Academic (Bridge Phus) - Senza ttolo RS
File Gdt View Urits Window Grd Help
= B
g 165 (& [& [+ fiew: cantileves beam - plane stress Window 1 o [@s
3 cantiever beam -pane stess o A% o GRS A F S 3 o = TE (5 e iE T3 o o [ (5 O3 (TR
4 ttes (1)
3 protResuls wzaed (1) B
& 1eRwn
- Analysis: Analysis 1
Loadcase: 1 Loadcase 1, Eigenvalue 4
g Results fle: canilever beam - plane siress-Analysis 1.mys
& Eigenvalue: 7.9945E6
Natural feq =
el ¥ o9l B Lwsas view prtes 20
Enlity Stre:
= Component =
Fesults File = CAUsersiSZ16085\D: Model D beam - plane. beam - plane stress Analysis T.mys ID= 0 Eigenvalues
J192! | MODE EIGENVALUE _FREQUENCY  ERROR NORM
S| 1 e wsozes 0.257985E09
B i 2 DS796B7E+D7  495.154  0.188323E-10
K 3 0BGITSIESDS 129470  0.173738E11
5881 4 DE739ASESDE 131237 0198927E-11
5663 5 022465IE+09 236548  0.496264E-12
89,45 6 0.522917E+09  3639.46 0.800206E-12
.1192; 7 0594717E+09 306128 0.308183E-11
B 0.892401E+09 5013.76 0.212492E-11
" Maximum 1 9 0IGATOIEHID  6459.04  0.148277E-07
2| Wmmom-l| o 09peZiEM0 646923 GASEAREDT
11 0.251430E+10 790047  0.315257E-06
E
| Modeinfo_), 1:.6adcase 1, Eigenvalie 4 |
K

Toadcase 1 eigenvectar 4 results file 0

Asseabling Tesults

Tradesse 1 eigenvector 4 results file 0
done

For e e 1

Units: N,n'\w C

X023061 V035147 Z NA
—

Selected: None
——
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e How to draw the solid:

- Start from the previous cantilever beam and sweep it:

@ Line

Mame

Sweep

(@ Translate (") Rotate

Translation
0,0
0,0
0,1

Sweep type

Minar arc Major arc

Order of geometry to create
Surface

Transformations generated from memary selection

Mo transformations generated

() Mirrar () Scale

@) Straight

Volume

Use

Yolume Mesh

Structural

(@) Element description

Structural element type

[Stress

Element shape

[Hexahedral

Interpolation order

[Quadraﬁc

() Element name
Hx20

Mame VYMshi 15 x2 x 2 subdiv

(@ Regular mesh
Allow transition pattern
Allow irregular mesh
|:| Automatic

Local x divisions 15
Local y divisions 2
Local z divisions 2

Irreqular mesh
Element size 1,0

- : (new)

| ok

][Cancel ][ Apply ][ Help

81

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 104



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 85 di 104

Structural Supports |E|
Free Fixed Spring stiffness
x © @ O
Translation in Y @ |
z @ |
X @ |
Rotation about Y @ |
z @ |
Hinge rotation @ |
Pore pressure @ (&) |
Spring stiffness distribution
@) Stiffness
Stiffness/unit length
Stiffness/unit area
Mame Suplfixed translations + = (new)
[ OK. ][Canoel ][ Apply ][ Help ]

t

Geometry Attributes Analyses Utites Bridge Composite Window Help

IEﬁ LUSAS Academic (Bridge Plus) - [LUSAS View: cantilever beam 30 Window 1] =

/08~ 3 I®- Tl = me-h-E-veww s lae

g 1E & @ ]+ 8
‘) cantiever beam T
2 Artroutes (3)
2 Mesh (1)
3 volume (1)
& LiMht 15x2x 2 bk
=23 Material (1)

=1 Supports (1)
& 151 fred bandatins

Neshing acdel
Meshing completed
Total elements created - 60 HXZ0

Material Attribute "[sol the same” set ss “sssigned to all
Support Attribute “Supl fised translations” assigned to Surface "3° for loadcase "Loadcase 1°
ot pres Uries Ninios C AN Selectad Supl fred vansaton:
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Dynamics: Free vibrations of frames

Il For vibration (in dynamics) we need at least half plate (not only one quarter as we did before) so we
don’t lose the anti-symmetric modes.

(Same structure proposed for running a static analysis in LAIB 2017_10_28)

-
q
EEER "
M
. FI =
Py +
H
> -
P; .
PL’ w
H
VAT 77777
L 1 L 5|
¢ [+ |
L=5m H=3m
Pr=10KkN P>=20 kN M= 10KkNm g =10 KN/m

Concrete: E=2910"N/m*> v=02 o =2500kgm’

First floor columns: bxh = 50x50 cm® (4 =0.25 m* J-- = 5.20833 107 m%)
Second floor columns: bxh = 40x40 cm® (4 =0.16 m”: I= = 2.1333 10 m%)
Third floor columns: bxh = 30x30 cm? (4 = 0.09 m?*: I= = 0.6750 103 m*)
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Dynamics: Plane frame shear type

N v DN N o N s N
H
o s W N NN
H
H
s [ e 77
L » L v L N
I~ Ll ol Ll Ll |

Columns and beams have rectangular cross-section (width b, depth h).

L=5m H=3m

E=2910"Nm> v=02 p =2500kgm’

First floor columns: bxh = 50x50 cm” (4 = 0.25 m”; I-- = 5.20833 107 m%)
Second floor columns: bxh = 40x40 cm” (4 =0.16 m’: I-=2.1333 10° m?*)
Third floor columns: bxh = 30x30 cm® (4 = 0.09 m’; I==0.6750 10> m%)

Beams: bxh = 30270 cm’ (4 =0.21 m*; == 8.5750 10 °m™)

Beams are much stiffer than the columns: El(beam) > El(column).
In an ideal shear type frame, the El(beam) goes to infinity.

e How to draw the frame:
- Insert the points and connect by lines:

- Assign mesh : 10 subdivisions to each line

87

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 89 di 104



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 91 di 104

-Insert material:

Isotropic 1
[ Plastic [ creep [ pamage [ shrinkage [ viscous [] Two phase
Elastic
|:| Dynamic properties Value
[T Thermal expansion :::‘;Zi:;;ﬂ:lus 2352‘”]
Mass density 2500
Mame material - : {new)
[ OK. ]ICanoeI ][ Apply ][ Help ]
- Assign cantilever support:
Structural Supports 2
Free Fixed Spring stiffmess
X @
Translation in Y ® @
z @
X @
Rotation about Y ® @
2z @
Hinge rotation (@
Pore pressure @

Spring stiffness distribution
(@) Stiffness

Stiffnessfunit length

Stiffness funit area

Mame cantiever

-

= (new)

[ 0K ][Cancel][auply ][ Help ]

- No load is applied, but only the loadcasel with 3 eigenvalues: N = 3 eigenvalues = nr of floors.

[if nr of floors is 2 then N=2]

RUN
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ECAE
el
[®)-FlL = me- [k]-E vy 8inze
i = 3 0 i 5 5 T 5 £ e e T [FE i [F {13
— S— E— —
(D) Liosdcsse 1
(£ Spors
= - — E— — +
.
= — _ — — — 4
;
] | \ |
- e’ N ) 47 4-?' )
tiane | (specty ]
Scanning LUSAS Solver output file "Ci\Ussrs\S216085\Desktopshesociated Hodel Data“plans shesz typs francsplons shear tvpe ErensAnslysis 1.out” for errors and warnings
e g T m SRt Eme i o preee)
Results file: C:\Uscrs\S21605\Desktop\Associated Hodel Datavplane shear type franc\plane shear type framc™Analysis 1 mya: crested by Solver 15.1.1607.21432 (15 1-0): date 11.01.18: last modified: 15,1-0: date 11.01.18 (32 bit)

| T Units N C X030 V0TS ZNA L Selected Baeniiucd

- See the values: utilities, print result wizard, next, none, ok

N | Eigenvalue | Natural frequency | Error

1 | 1597.25 6.36073 0.129864E-10

2 | 8719.54 14.8616 0.447221E-11

3 | 33523.0 29.1401 0.143019E-05
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Displacement unit of measure? [m]

THIN BEAM:

Max displacement (resultant) = 88,0899

Max displ (Dx) = -62,2881

Max displ (Dy) = -62,2898

Maximum moment (Mz) in abs value = 57,76 * 1073 in the fixed extreme of the vertical beam:

49,99E3

A

&
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e Deformed mesh:

e Diagram of moments My:

Analysis: Analysis 1

Loadcase: 1:Loadcase 1

Results fle: Exam_ex2_squared plate pinned halfload
Entity. Force/Moment - Thin Plate

Component: MY (Units: N.m/m})

2.41792E3
2'11568E3
181344E3
15112E3
S 1720896E 3
-906,718
604,479

-302,239
0,0

Maximum 20,2198 at node 1
Minimum -2,69994E 3 at node 160
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