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Introduction

Storage silos have been present all over the world for more than
a century.

They are present in transport chains from the beginning of the
chain, as well as in intermediate stages and obviously, at the
end of the process. In all of these stages, silos are used as
storage devices.

In this case study we are going to modelize the behaviour when
an earthquake occurs.
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Data

Bulk:

Silo:
— Diameter: 2,4 m
— Height: 8,0 m

Hopper:
— Diameter: 2,4 m
— Discharge hole:
Top:
— Height: 0,15 m

— Material: Concrete
— Density: 16 KN/m3

0,20 m

Materials:
— Steel S 275 JR
— Steel S 355 JR

Steel section:
— 2 UPN 120 (Pilars)

— Circular 8 mm (Braces)

Ground :
— Aceleration: 0,25g
— Type B

..
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CivilFEM powered by Marc

With CivilFEM powered by Marc we can perform a complete
analysis of the silo.

All design stages are performed with CivilFEM powered by Marc,
from geometry definiton to the solving step.

It is also possible to make a seismic analysis according to
Eurocode 8 EN 1998-1: 2004.
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Geometry S

First of all, for convenience B oo [ oy wose
shake we should change the | &5 [ (& o

. W Cylindrical | 3|
coordinate system from Global Cartesian Cylindrical Spherical %t
Cartesian to Cylindrical Pl vanate system?
Coordinates and place the origin eroperties 7 X
at (0,0,0) Cylindrical

Name Cylindrical

. _ Origin (0,0,0) m,°, m
1. Click on Enviroment tab. 7 Vector (0, 0, 1) NoUnits, °, N...
2. Enter the parameter values. X Vector (1,0, 0) NoUnits, %, N...

. Activate

3. Check the Activate box.
4. Click on OK.

W Ok ) Okand new x Cancel '
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Points

In order to create the points, tvronment | Geometry | Model  Med

follow these steps: ! i
v AN ARNQ
_ Paint Line  Axis Polyline 5pline Bezier Arc q
1. Click on Geometry tab. i | T uvE  cure
2. Click on Point tab. g oo - _
: . : F = Oncure 1X
3. Click on Point again. 5 v :
4. Enter the name and MERE Pl
coordinates. Coordinates (0,0,0) m, ", m
5. Click on OK.

Remember that we are in the l o/ Ok f)Okandnew X Cancel '
Cylindrical system: (X, 0, 2)

2
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Lines

To create the lines: Envlrnnﬁent | Geometry | Model :

' |4 NHNﬂ
1. ClICk on Geometry tab F'nlnt Line Pu-us F'culjillne Spline Bezier
2. Click on Line tab. Points Curves
3. Check the Referenced box. — X
4. Enter the line name. ine

Name Curve
5. Select the points that define Pointl =

the line. Point?
6. Click on OK.
&/ Ok S Okand new x Cancel

%NGECIBER, SA. o
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AXiS

. — —— -

To create the Axis: e MW

« /SN AL
1. Click on Geometry tab. e TR e e |
2. Click on Axis tab. o ==
3. Enter the axis Name. Axis

Name Curve
4. Enter the coordinates of the Origin 01 -

Direction Vector Direction (1,0,0) m, ", m
5. Click on OK.
o/ Ok . Okandnew € Cancel

Create four axis:

Silo body, hopper body, top
body and a symmetry axis.
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SIMMETRY AXIS

HHOOPER AXIS
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Circles

1. C“Ck On Geometry tab ﬂ En\rirnnmej Geometry ‘ Model  Mesh  Lloads  Solve
2. Click on Circumference or » /S NMANQ O 4 :
. Foint | Lline Axis Polyline Spline Bezier Arc |Circumference)| Triangle Q)
Elipse tab |
. ¥ T quwe curve v | orEllipse~
3 CI' k C' P P P Points Curves = O Circunf, (CR)
: ick on Circum. (P, P, P). Proprtie FX14/ 0 oo ppR
4. Enter the axis Name. Oramt 1) O cromcop
] Name Curve © Hlipse[Cne
5. Enter Start vertex, End pOInt Point1 1l o Himelcen
and coordinates of the Pont3
center. oz
6. Click on OK.
' at Ok g0 Ok and new x Cancel ’

Check the Direction box.
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Arcs

. a Enviré:r%ment genmetr].r l ul".-h:udel f';;'l-ESh Lcuratrj-;‘
1. Click on Geometry tab. e !
| Y . /SN e Nl o
2_ CIle On Arc tab_ Pcuvint Line  Axis Polyline E::EIri\r: %Szr:.:r J‘-'«:l: Ci‘;rqurlrllif;sr:rlce :
3. Enter the axis Name. = e B
. Arc Arc P,P,
4. Enter Start vertex, End point Name Curve =
and coordinates of the S -
Center Center
. Direction (]
5. Click on OK.
Check the Direction box. |/ 0k B okandnem I Cancel '

. «
%NGECIBER, SA. mronee



2
w
L
>
O

zNGECIBER, S.A.



Generatrix

Now create three generatrices
for the revolution surfaces that
will form the body of the silo,
hopper and top body.

The procedure is the same as
the procedure for defining lines.

2
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Surfaces
In CivilFEM with Marc we have different ways to create surfaces.

Clicking on the Geometry tab, different tools for the creation of
surfaces are shown

A b o My 31 g

Triangle Quadrilateral Circle or Polyline Ruled EBES5pline Bezier Primitives Surface
e Ellipse = surface = surface surface w on surface

Surfaces

8 @ ®
Extrusion Revolve Boolean

w

‘ Operations

2
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Surfaces

For defining the silo, hopper and
top body, follow these steps:

Click on Geometry tab.
Click on Revolve tab.
Check the Reference box.

Enter name, axis, angle of
revolution and the generatrix,
In this order.

5. Click on OK.

s wn -

-
%NGEC/BER, SA.

ﬁ @ Referenced )

Extrusion Revalve Boolean

- -

Operations Options ‘#

Properties =
Revolve
MName Hopper
Axis HOOPER AXIS
Angle 360 °
Geometric entity GEN HOOPER

o/ Ok 7 Okand new x Cancel

@



Surfaces

I0OPER AXIS
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Surfaces

Futhermore, we need to | | = =¥ 2
create two auxiliary |
surfaces to apply the wind
load.

This surfaces will be
defined by two half- GEN SILO|L
cylinders  created by i
revolution of two lines

rotated 180°.

INGECIBER, s.A.



Surfaces

In order to define the stiffeners
follow these steps:

1. Click on Geometry tab.

2. Click on Polyline Surface
tab.

3. Select By curves.

4. Select surface boundaries.
5. Click on OK.
%NGECIBER, S.A.

A @ d

Triangle Quadrilateral Circle
~ Ellipse = |surface =

Regular polygon

Surface
n

Ey closed paolyline

Properties
By curves
Name Surface
Curve C8 (1)
= Boundary
C5
c2
Cl1
C8 (1)

H B H

| o/ Ok o) Okand new x Cancel

@
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Materials

We have to create materials for
the silo.

Click on Model tab.
Click on Steel tab.
Select Eurocode 3.
Select Fe 430 for silo.
Click on OK and new.

Select Fe 510 for braces and
stiffeners.

7. Click on OK.

o Ohs Wb~

2
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' Environment

Geometry [_Mndel | Mesh [

JPIPPP @
Steel | Concrete Reinf. Prest Rock  Soil Glr.lmeril:‘L
steel  steel
Materials i
Properties nx Mo
Steel -
Code or Standa... Eurocode 3
Name Fe360 [~]
Fe360
Fe510
FeE275
FeE355

‘ o/ Ok ) Okand new x Cancel

@



Sections

To create the pilar sections,
follow these steps:

1. Click on Model tab.

Click on Steel from library
tab.

Select Fe 430.

In shape select Box.
Code European 2 UPN
Name 2 UPN 120
Click on OK.

N

N o O koW

2
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|1 x f? Y —

Steel from Steel by  Steel Iby ‘C rete  Cable
library  plates dimensions

Cross se ctions

Froperties

Steel from library

Material Fed30

Shape Box

Code or Standa... Europn 2 UPN
MName 2 UPN 120

o/ Ok ) Okand new x Cancel




Sections

To create the brace sections,
follow these steps:

1. Click on Model tab.

Click on Steel from library
tab.

Select Fe 430.

In shape select Box.
Code European 2 UPN
Name 2 UPN 120
Click on OK.

N

N o O koW

2
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X1 X ®80.

Steel from Steel by  Stee Ihy ncree Cabl
library plates dimensions

Froperties

Cable
Name Braces
Material Fe510

QOuter diameter 0.06 m

J Ok . Okand new x Cancel



Sections =

To create the brace sections,
follow these steps:

1. Click on Model tab.

Click on Steel from library
tab.

Select Fe 430.

In shape select Box.
Code European 2 UPN
Name 2 UPN 120
Click on OK.

N

N o O koW

2
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[xix @ ] 8 ./
Steel from Steel by  Stee Cum:ret Cable | Generic
library plates dimensions
Properties =
Cable
amE R oroces
Material Fe510
QOuter diameter 0.06 m

l o/ Ok ) Okand new x Cancel




Structural elements

Once we have defined all the geometry entities,
materials and sections, we have to create the
structural elements.

1. Click on Mesh tab.
2. Choose between Beam, Truss or Shell.

Choose Beam for pilars, Truss for braces and Shell for
bodies of the silo, hooper and top.

Enwronment Geometry Model | Mesh l Loads

ﬂ/@@@w &R Y

Beam Truss Shell Solid Cable Mass Insertion Spring Pre-mesh

w

Model Utils ' ¢

Structural Element

2
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Structural elements
Beams:

1. Click on Beam.
2. Select the Section.

3. Choose the Geometry to
convert to structural
element.

4. In Properties > Mesh
controls select Uniform as
Type and Length as Control

5. In Parameters enter as
lenght 0,25 m.

2
%NGECIBER, SA.

BPLRY B

Beam | Truss Shell 5olid Cable Mass Ins.

Structural Element ‘

Properties nx [
Beam -
MName PILAR 11
Cross Section|  PILARS
Cross Section ) PILARS
Geometry P11 -

Coordinate system
Structural steel code properties
= Mesh controls
Type Uniform
Control Length -
= Parameters
Length 0.25 m
Mesh info.

CivilFEM




Structural elements

Now we can clone the | X & @a ®) §|mm
structural element and its Delcte Copy |[Glonel| Zoom  Color | [Jaxes
properties instead of creating s Vi
Properties = Clone ]
a” beams One by One Clone @ Clone the structural element to
Aux. Geo e e
one selected
1. Click on the structural SIMMETRY AXI... [
element TOP AXIS -
] SILO AXIS (=
2. Clik on Clone. SIMMETRY AXIS [ |
. HOOPER AXIS [ r
3. Select the geometry entities b11 C
4. Clik on OK. X3
¥R 3
¥H 4
XL 4
XR 4
GEN SILO R O

CivilFEM

2
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Structural elements

Truss:

1. Click on Truss.
2. Select the Section.

3. Choose the Geometry to
convert in structural element.

4. In Properties > Mesh controls
select Uniform as Type and
Number as Control.

5. In Parameters enter 0,25 m
as Number

6. Clone for all braces.

2
%NGECIBER, SA.

3P0 5

| Beam  Truss Shell Solid Cable Mass I
Structural Element ‘
:Fruperties o x
Truss
Name XH1
Cross Section |  BRACES
Cross Section)]  BRACES
Geometry XH1
B
XH1
Mame ¥H1
Material Fe510
Geometry ¥H1
Type Truss
Cross Section|  BRACES
Cross Section)  BREACES

Type
Control

Mesh info.

Coordinate system

= Mesh controls

Uniform

Number

2 [Parameters

Number

1

@



Structural elements
Shell:

s wn =~

7.

Click on Shell.
Select the Material.
Enter Thinckness value

In Properties > Mesh controls
select Number of divisions as
Control.

Select Quandrangle as
Element Type .

Define Divisions on U and V
directions as 160 and 150
respectively.

Clone for all braces.

2
%NGECIBER, SA.

Structural Element

APe®r 5|

Beam Truss @ Shell | Solid Cable Mass It

Properties
Shell
Name
Material
Thickness

Geometry

SILO

Fed30
0.01 m

SILO

E Mesh controls
Control
= Parameters
Element Type
Algorithm
U Direction

Divisions U direction

Divisions V direction

Bias Factor U
Bias Factor V

Tolerance merge

Local mesh controls

Mesh info.

Mumber diw.

Quadrangle
Overlay quad.
(1, 0,0)

160

150

0]

0]

0.001 m

@



Structural elements

For Top and Hopper shells, the
procedure is the same: change
the value of the V Division
direction to 15 and Direction U to
150.

2
%NGECIBER, SA.

1 Properties

e

TOP

Name

Material

Geometry

Thickness

Coordinate system

Offset

= Mesh controls

Control
s

Element Type
Algorithm
U Direction
Divisions U direction
Divisions V direction
Bias Factor U
Bias Factor V
Tolerance merge

Local mesh controls

Mesh info.

TOP

Fed30

TOP

0.01m

Global Cartesian
O0m

Number div.

Quadrangle
Overlay quad.
(1,0, 0)

15

150

]

]

0.001 m

CivilFEM



Mesh

Results View L
1. Click on Mesh tab Quae x| 8 @ X | YR 1o
- - F3Element type Linear ~| Mesh Clear | Check Clear chack | Merge 4+ Undeform
R mesh mesh  meshing nodes~ -
Mesh Check mesh Modify mesh

2. Click on Mesh again. 2

Once the model is meshed: @& @ >< OF:ocom
Mesh Clear | Check Clear check | | Merge | 3+ Undeform
mesh mesh  meshing nodes =
. Check mesh ruct. elem.
1. Click on Merge nodes tab. — t

2. Click on All nodes.
3. Enter 0.005 for Tolerance s

Froperties

All nodes

Tolerance 111 0005 -

CivilFEM

2
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Loads

In this stage we are going to create the loads that will be applied
to the silo.

The loads to consider are: self weight, concrete weight, wind
load (windward and leeward), and seismic load:

SW: Self weight

CW: Concrete Weight

W: Wind (Windward and Leeward)

SHP: Static horizontal pressure

DHP: Dynamic horizontal pressure (DHP=1,40-SPH)
S: Seismic load

..
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wWind load ?

E Environment Geometry hodel Mesh [ Loads I\‘

We create the wind load. o M | 3a g oo [ |
Load Acceleration Spectral Boundary Load aHne. cant
group - cond. group case Load case 1
. Loads Load cases .
1 . C“Ck On LoadS tab Properties x4 Model viev,
. Load group A
2. C“Ck on Load group tab MName Structural loads
3. Click on OK.
. — .
4. Click on Surface load tab. X% ¢ RLEFAG
5. Puta Name. Deice Copy | fort peit, e e SRS
6. Select the structural element s it
. P rti o =
where the load will be | ¢
_ urface load
app“ed . Group of loads Structural loads
7. Click on OK. Name WINWARD
Structural element  SILO -
Direction (1, 0, 0) NoUnits, °, N...

CivilFEM

2
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Loads

We now edit the load Properties:

1. Display Loads.
2. Select SILO AUX L as

Surface.

3. In orientation, select Parallel
to a vector.

4. In Direction enter

[1,2:cos(135), 1,2-sin(135), 0]
5. Check Projected box.

6. And finally enter the value of the
load, in this case 40 kp/m2.

2
%NGECIBER, SA.

_ Properties

e

WINDWARD

Name

Type

Convert to mass

= Loads

= WW

Name
Load type
Structural el...
Surface
Orientation
Coord. System
Direction
Projected
Gradient
Load

WINDWARD

Structural loads

1

WwW

Load per unit area
SILO

SILO AUX L
Parallel to a vector

Global Cartesian

=[1.2*cos([135), 1.2*sin(1

]
40 Kp/m?

@



Windward load

2
W
n
>
g

E

CivilFEM
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Leeward load

We define the Leeward load in {2 =
the same way, but in this case, ~ WINDWARD ‘
we have to select the other side Name WINDWARD
. Type Structural loads
Of the SIIO Convert to mass ]
E Loads
H WW
1 . D|Sp|ay LoadS Name W
2. Select SILO AUX R. as Loadtype _|load per unit area
Surface Str:Fctural el... SILO
Surtace SILO AUX L
. . Orientation Parallel to a vector
3. In orientation, select Parallel Coord. System | Global Cartesian
to a vector. Direction =[1.2*cos([135), 1.2*sin(1
: : jected 7
4. In Direction enter A :
[1,2-cos(135), 1,2-sin(135), 0] Load 40 Kp/m?

5. Check Projected box.

6. And finally enter the value of the
% load, in this case 20 kp/m2. ﬂ'

Z
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Leeward load

"M

£
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Static horizontal pressure

This is also a surface load (opemes x|
applied inside of silo. Cl— "
MName HOR PRESSURE STATIC »
] Type Structural loads
1. Create the Superficial load. Convert to mass O
2. Display Properties. = STATIC
. Name STATIC
3. Select Silo as Structural Load type Load per unit area
element and Surface. Structis] clement 510
4_ Select Normal to the Surface Orientation Normal to the surface
. . Gradient
as Orlentatlon Location non slope $Curve (155)
5. Check Gradient box. Sopenmlle S m

6. Choose the upper auxiliar
curve of the silo in Location
non slope.

7. Enter -4464 Pa/m as Value.
%NGECIBER, S.A. Cuvnr:em
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Cement load

Once again, create a Surface &
|Oad and gO tO PrOpertieS ) Cement weight |
Name Cement weight ;
Type Structural loads [
onvert to mass [Vl
1. Check Convert to mass box. Coment to @ o
. Direction (0, 0, 1) NoUnits, °, No...
2. Display Loads. o )
3. Select Hopper as Surface. Clea
4. In Orientation, select Parallel Name Load on a surface
Load type Load per unit area
to a vector. Structural el... HOPPER
. . Surface HOPPER
5' DIreCtlon [O’ O -1] Orientation Parallel to a vector
6. Enter the Load’ 152 kPa Cuf:-nrd..Syrstem Global Cartesian
Direction [0, 0, -1]
Projected O
Gradient ]
Load 152000 Pa  16%9.5:kPa

%NGECIBER, SA. o



Cement load

i 2
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Seism

- : 1 ‘L -~—-— ina | Lna‘d L
To create the seismic load | o MA@ &
. Q Load Acceleration|Spectral| Boundary Load 0
according to Eurocode 8, follow group i |_se | ety

0 serresponse spectrum
these StepSZ Properties Eurocode & EN 1995-1:2004 [T * L
. e NCSE 2002 L
Click on Loads tab. SISMO EC8 )

. Name 5I5MO ECB
CIICk on SpeCtraI tab Type Spectral analysis

= |Respnnse 5per.:trum|

Click on Eurcocode 8. o =
Click on OK. Vertical Table

Material damping

o O hs Wb~

Display Properties. I:Ez Z:E:ctrum Elasticwpei
Select Elastic type 1 as Type Acceleration  2.4525 m/s*  0.25°9.51
of spectrum. e e Ty
7. Choose Type of soil B. ode exacton _utnber of motes
8. In Acceleration, enter Number of modes 10

Modal combination... CQC

0,259,81 ] Direction combinati... SR553
9. Number Of modes 1 O Prestressed o

2
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Boundary Conditions

It

boundary

to establish
the

IS essential
conditions In

model.

1.
2.

B

/.

Click on Loads tab.

Click on Boundary conditons
tab.

Click on OK.
Display Properties.

Select a Structural element:
Pilars.

Constrain all movements and
rotations.

Repeat for all pilars.

2
%NGECIBER, SA.

(%% 242 v &£ |

Delete Copy Point | Linear Surface Point Displacement Disg
displacement on line on
Edition Simple boundary cond. .
Properties 1
BC
Name BC

= |Bnundar',~' conditions

= Boundary condition on point

Name Boundary condition on point
Boundary cond. Ty... Boundary condition applie...
PILAR_41

Global Cartesian

Structural element

Coord. System

Constrain mowv. X
Constrain mowv. Y
Constrain mov. Z
Constrain rot. X
Constrain rot. Y
Constrain rot. Z
Point (1.2, -45,0) m, °, m

CivilFEM



Boundary Conditions

EilVviIFE

%NGECIBER, S.A.



Load cases J

The last step before solving is creating the load cases.
We will have 4 load cases:

Self weight + seismicload: SW + S

Full static + seismicload: SW+ CW +SHP + S

Discharge + seismicload: SW +CW +1,40-SHP + S
Wind: 1,35-:SW+1,35-CW+1,5SHP+1,5 W

-
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Load cases

Follow these steps:

© N

o O hs Wb~

Click on Loads tab.
Click on Load cases tab.
Click on OK.

Display Properties.

Click on Add load.

Choose Gravity as self
weight.

Factor: 1, 1.35, 1.50, etc.

Click on OK.
Repeat for all load cases.

2
%NGECIBER, SA.

| %X B o 32 X M
| Delete Copy Add Add boundary Remove Remowve |
Load cond. Load boundary cond.
Edition Load case
Properties x|
Add Load
Group of loads Gravity
Factor 1
Properties B ox
a2
SELF WEIGHT_SISMO
MName SELF WEIGHT_SISMO
Calendar time 28 day
Calculation time 3s
E
= 1* Gravity
Group of loads  Gravity
Factor 1
= 1*S8ISMO EC8
Group of loads  SISMO EC8
Factor 1
Boundary conditions
Solution control

CivilFEM



Load cases

o o — =

E 1 * HOPPER LOAD
Group of loads HOPPER LOAD
Factor 1
E 1 * Cement weight
Group of loads Cement weight
Factor 1
Boundary conditions

Solution control

HOPPER LOAD
Factor 1
= 1.4 * HOR PRESSURE STATIC
Group of loads HOR PRESSURE STATIC
Factor 1.4
= 1*SISMO EC8
Group of loads  SISMO EC8
Factor 1
E 1* Cement weight

Group of loads

Group of loads Cement weight
Factor 1
Boundary conditions

Solution control

1.4

Factor 1.5
= 1.5 * WINDWARD
Group of loads WINDWARD
Factor 1.5
Boundary conditions

Solution control

Properties nox " Properties X
B
FULL STATIC_SEISM Wind |
Name FULL STATIC_SEISM Name Wind |
Calendar ti 28 d
alencartime i Calendar time 28 day
Calculation time 2s Properties T x Calculats . 5
alculation time s
5
. B =
= 1 * Gravity DISCHARGE_SISMO
Group of loads ~ Gravity Name DISCHARGE_SISMO = 1.35* Cement weight
Eactor 1 Calendar time 28 day Group of loads Cement weight
E 1 * SISMO EC8 Calculation time 1s Factor 1.35
Group of loads  SISMO ECS8 B = 1.35 * Gravity
Factor 1 = 1% Gravity Group of loads Gravity
- .
E 1 * HOR PRESSURE STATIC Group of loads  Gravity Factor 1.35
Group of loads HOR PRESSURE STATIC Factor 1
= 1.5 * LEEWARD
Factor 1 = 1* HOPPER LOAD
Group of loads LEEWARD

22,

“/INGECIBER, s.a.
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Solving

Finally, we have to solve the
model.

Environment Geometry Model Mesh Loadsr Solve "h
1. Click Solve tab. S =2 P “
. Configure = Qutput Start  Stop
2. Click on Start tab. o
ptions | Results Solve

%NGECIBER, SA. mronee



Results

Once results have been
obtained, we can load them
into CivilFEM:

1. Click on Results tab.
2. Click on Load file.

3. Choose the file path and
select the file.

4. Click on Open.

2
%NGECIBER, SA.

Environment

Geometry Model Mesh Loads

[ Load file

I

File: DISCHARGE_SISMO(SRS5).rd Result:

Result type: Mode results

WUni'ts m

Results

H-component of displacement

-

-

Hscale 104.502
T Max. 013161
L Min, 115744e10 B3 Palette

5olve l Results Wiew -

:
et anse [

Plot

@ Abrir

@vl b silo

- [
final tfg » >[4 [ Buscarsiiofinattty P

Organizar = Mueva carpeta = ~ O @
—lir Favoritos Mombre . Fecha de modifica.
& Descargas L ~temp 18/09/2015 9:32
B Escritorio .. Marc_Run 17/09/2015 12:05
‘i Sitios recientes || DISCHARGE_SISMO(SRSS).rcf 18/09/2015 9:53
' Autodesk 360 |_| Envelope.rcf 17/09,/201512:19

= || FULL STATIC_SISMO(SRSS).rcf 17/09/201512:16
) Bibliotecas | | SELF WEIGHT_SISMO(SRSS).rcf 17/09/2015 12:16
[Z| Documentos [] sw.rcf 17/09/2015 12:16
[ Imédgenes | Wind.rcf 17/09/201512:16
Ji Misica
Subversion
B videos
1% Equipe
a Disco local (C:)  _ < I | D
Nombre:  SELF WEIGHT_SISMO(SRSS).rcf - [Rsuhs file (*.rcf) v]
I Abrir |vl ’ Cancelar ]
- —

«

CivilFEM



Envelope

We can review the result files one by one or create an
Envelope that includes all results of all load cases. We can
choose if we want maximum or minimum values.

Click on Results tab.

Click on Envelope tab.

Cilck on Select results file.

Choose the path of the files and select all results files.
Click on Open.

Click on the Green check.

Finally, load the envelope file like in the previous slide.

NOo a0~
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nvelope
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Envelope

=

Select results file

A

DISCHARGE_SISMO(SRSS).rcf
FULL STATIC_SISMQ(5RSS).rcf
SELF WEIGHT_SISMQ(SRS5).rcf
SWrct

Wind.rcf

Movements
Stresses and Strains
Axial Force

Bending Moment
Torsional Moment
Shear Force
Reactions

Rest of Results

Title

Maximum

Maximum

Maximum

Maximum

Maximum

Maximum

Maximum

Maximum

COCICEJEC I e

Ernvelope

4]

Results file Wind.rcf loaded.

2
%NGECIBER, SA.
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X component displacement

X-component of displacement [m]

|'0.005535
0.004744
0.004349
0.003953
0.003558
0.003163
0.002767
0.002372
0.001977

CivilFEM

0.001581
0.001186

0.0007907
0.0003953
0

Envelope
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Y component displacement

Y-component of displacement [m]

.005535
.004745
.004349
.003954
.003558
.003163
.002768
.002372
.001977
.001582
.001186
.0007908
.0003954

CivilFEM
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Envelope

CivilFEM
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Z component displacement

Z-component of displacement [m]

.0008648
.0007412
.0006795
.0006177
.0005559
.0004942
.0004324
.0003706
.0003088
.0002471
.0001853
.0001235
.177e-005

CivilFEM

]

COCOCOO0OOCOOOOOOO

Envelope

CivilFEM
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X stress component (1)

X component of stress [MPa]

115.2
_98.69
90.42
82.14
73.86
65.58
57.3

49.03
40.75
32.47

CivilFEM

24.19

15.91
7.636
-0.6424

Envelope

“/INGECIBER, sa. RSN



X stress component (ll)

X component of stress [MPa]
11552

98.69
90.42

CivilFEM

(573

Envelope

< /INGECIBER, s.a. RS M



Von Mises equivalent stress (l)

von Mises equivalent stress [MPa]
_151.9
130.2
119.3
108.5
97 .64
86.79
75.94
65.09
54.25

43 .4
32.55

27
10.85
0.005198

CivilFEM

Envelope

CivilFEM
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Von Mises equivalent stress (ll)

von Mises equivalent stress [MPa]

CivilFEM

Envelope

e

CivilFEM
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Check

Once a file result is loaded, we

can check the structure against | B BeEs S L 2|
a standard. In the Results tab: ‘;;Q;zﬁ beams ~ shells~ shells + diagram~ :f?;rﬁgt Elﬁi'r'ﬂ? l
Concrete eg

1. Click on Check beams. e o
2 In Properties select the Checking/design ... SELF WEIGHT_SISMO...
Loading that we want to fu:m TE“{EM%E
check. Shear
In this case we need to check Tengion
Bending, Compression buckling
and Bending, axial and shear e e
force combined. An envelope g::wdr;;?;o;kﬁ:;k'ins
will be made afterwards. Bending and compression|

%NGECIBER, SA. ﬁ



Bending Check

Total criterion

.1942
.1664
.1526

CivilFEM

NMOOCOOCOOOOOOCOOO
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sEm
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Check Bending
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Bending buckling check

Total criterion

0.4902
|lo.4201
3851
.3501
3151
. 2801
2451
2101
1751
.1401
.1051
.07004
.03503
.989e-005

CiviiIFEM

HOOOCOOOOOOOO

Check bend buck
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Bending + Axial + Shear check

Total criterion

0.1379
0.1182
0.1084
0.09852
0.08867
0.07882
0.06897
“ 0.05911
0.04926
0.03941

0.02956
0.0197
0.009852

1.157e-010

CiviiIFEM

:l;ihﬁtbx

Bending Axial Shear
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Conclussions

As we can see In the results, all displacements caused by the
seismic load are admissible. In the same way, the generated
stresses are lower than the Von Mises comparative stress.

On the other hand, all the loads have a total criterion value

lower tan 1,0. This means that the structure is correctly
designed.
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