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1. Introduction

This Tutorial Manual contains an overview of dealing with analyzing circular cylindrical shells
structures. It is also considered, circular cylindrical tank resting on layered soil as one unit taking
into account the soil-structure interaction effect. It describes the processes of modeling the
problems, carrying out the analyses, viewing and printing the results. It provides the user skills,
which he needs to use ELPLA. It also takes the user gradually through some simple examples.
Carrying out these examples will help the user to become familiar with the most important functions
of ELPLA for analyzing shell structures. Before attempting a real project with ELPLA,
it is recommended that the user tries to carry out the given problems.

This Tutorial Manual will not present the theoretical background of modeling the problems.
For more information concerning the methods of analysis, a complete reference for calculation
methods and numerical models is well documented in the books:

1- Analysis of Axisymmetric Structures and Tanks by the Program ELPLA,
Part I: Numerical models

2- Analysis of Axisymmetric Structures and Tanks by the Program ELPLA,
Part 11: Verification Examples

In addition, a complete reference for all menus and dialog boxes of the program is to be found in the
User’s Guide or in the online help system.

ELPLA General Features

ELPLA general features are common features that may be repeated under different menus

or command groups. They are listed in ELPLA user’s guide. Common features are similar

those of Windows CAD and Rendering programs. If you are familiar with Windows CAD
and Rendering programs, you can certainly get a head start from Tutorial Examples.

2. Starting ELPLA

After installing ELPLA, a new program group and program items will be created automatically for
ELPLA in the Windows-Start-Menu. In addition, a program icon will be created on the Windows
desktop. The usage of the program is typically such that first data files are created describing
a certain problem through the "Data" Tab. Then the project problem is analyzed by calculation
commands through "Solver" Tab. Finally, results can be presented as graphical drawings, graphs
and tables through "Result” Tab. Names and short descriptions of the function of the main program
Tabs are given in Table 1.
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Table 1 Names and descriptions of ELPLA Tabs

Tab name Description of the tab function

"Data"” Tab Editing project data

"Solver" Tab Analyzing the project problem

"Result” Tab Displaying data and results graphically,

listing project data and calculated results,
displaying results in diagrams at specified sections
and displaying boring logs graphically

"Setting™ Tab Setting options, formats, main data of ELPLA

"View" Tab Appearance or disappearance "Tree View" and "Status bar"

Start the ELPLA by double clicking on its icon on the Windows desktop. After starting ELPLA

for the first time, the window in Figure 1 appears.

i | 120 b e
[CRM oat=  sower  Resuits  Setting  View ©
m El @ @ Soll P | “{‘Spring Supports

I Limit Depth A Supports/ Boundary Conditions

Calculation Project FE-Net Netinz- Loads <
Method Identification | Data direction [l Boring Fietds 0 ites

Calculation Method FE-Net Soil

g F i E;]h Neighboring Foundations
7 Girders T Temperature Change

D Reinforcement

Foundation

'g Additional Settlements
Special Cases

Loads Supports

Figure1 Main window of ELPLA

In the following section, the user will find a brief description of some of the essential interface
commands. This section will help the user to be familiar with some of the commands,

which will be used in this Tutorial.
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3. Toolbar Buttons and Keyboard Shortcuts

Many of ELPLA commands can be accessed by clicking buttons on the toolbars, or by pressing
shortcut keys on the keyboard. When you select a menu, the available toolbar buttons and keyboard
shortcuts for that menu are shown next to their corresponding commands as shown in Figure 2.
You can also directly see what command is associated with a toolbar button by holding the mouse
cursor over the button. After a brief pause a legend (Screen Tip) will appear next to the cursor
showing the menu command associated with the button.

MHew Praoject...

N
7 Open Project...

£

| ' Save Project As...
File List...

Close Project

Export Building Components...

L=

Figure 2  Available toolbar buttons and keyboard shortcuts for the file menu
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Switching between individual tabs

The program's tabs appear at the top of the program window. The user can go to a specific tab
by clicking the name of that tab. The "Data" tab, which is used for entering the project data, appears
in the upper left corner of this window.

Mouse Cursor Modes

ELPLA has two modes of mouse cursor operation in "Data™ window: View mode and Edit mode.
The program can only be in one mode at a time. By default, the program is in view mode
and the mouse cursor is an arrow. For edit mode, the cursor will change from an arrow to a cross
hair indicating the mode in which is being operated. Press "Esc" key to exit the edit mode and return
to the view mode.

Node Selection

In edit mode, nodes are selected by clicking on each node individually or selecting a group of nodes.
A group of nodes can be selected by holding the left mouse button down at the corner of the region.
Then, dragging the mouse until a rectangle encompasses the desired group of nodes. When the left
mouse button is released, all nodes in the rectangle are selected.

Undo and Redo Commands

ELPLA allows you to go back up to 12 steps at a time when defining project process. Therefore,
it is possible to undo a series of actions previously performed. If you go too far in the undo process,
you may redo those actions. You can undo/ redo most drawing, editing and assignment operations.
To undo/ redo a certain action, choose the "Undo/ Redo" command from "Edit" menu.

Snap Tools

The snap tools are essentially a fast and accurate way to draw and edit objects. Snap tools find
the closest snap location to your pointer as you move it over your model. The snap tools can be
turned on and off as you draw, so you can snap to different locations for every point. More than one
snap tool can also be set at the same time giving you a choice of snap locations. The snap options
are set by the data located in the "Plot Parameters” dialog box under the "Options” menu
in "Setting" Tab.

Defining Data

Most of ELPLA data can be defined either graphically or numerically (in tables). In this tutorial,
the user will learn how to carry out the data using one method depending on the specified example.
By completing the all examples, the user will learn to define most of the data both graphically
and numerically.
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Project identification

The user can define three lines of texts to identify a project and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered.

Reinforcement data

The design code parameters such as partial safety factors for concrete strength, steel strength
and internal stresses are defined by choosing the "Design code parameters” command from
the "Main data" menu in "Setting" Tab.

Reinforcement data such as design code, concrete grade, steel grade and concrete covers are defined
by choosing the "Reinforcement” command from “Slab” menu in "Data" Tab. Design code
parameters are standard data for all projects, while reinforcement data may be varied from project to
another.

Edit List Box
Some ELPLA data are defined by list box dialog as shown in Figure 3. In this list box the "Insert",

"Copy" and "Delete” commands are applied for the selected row. To define or modify a value in this
table, type that value in the corresponding cell, then press "Enter" key.

il .
Point Loads ESEER
Column R "
Mo, Load  X-position Y-position  Column
T }'ypes P X y label [ = l
[ 2 W ] m] cz
’ Cancel ]
L | _ 500.0 |5.42 9.50 C1
) 1 500.0 |3.25 4.95 cz ’ Insert ]
3 1 500.0 | 7.00 0.50 C3
4 1 500.0 |8.02 9,50 c4 ’ Lopy ]
g 1 500.0 |11.12 9.50 C5 ’ | ]
Delete
& 1 500.0 | 11.14 0.50 C& —
7 1 500.0 | 15.00 2.00 c7 ’ New |
3 1 500.0 | 15.00 8.00 C8
q 1 500.0 |0.75 0,50 C9 [ Send to Excel ]
10 1 500.0 | 16.25 4.98 C10
i1 1 500.0 |3.84 0.50 c11 ’ SN ]
1 500.0 |8.00 5.00 ciz
12 ’ Help ]
L]
=

Figure 3  List box used by ELPLA
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Analysis progress

During the analysis of problems, all computations and analysis progression according to the defined
method are progressively reported. As shown in Figure 4, the analysis progress menu reports the
various phases of calculations. In addition, the status bar of "Solver" Tab displays information about
the progress of calculation as the program analyzes problems.

Determining flexibility coefficients of thesoil

Assembling the flexibility matrbd

Time remaining = 00:00:07

I =68 from 399 steps

- | Cancel

Figure 4 Analysis progress menu
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4. Description of the examples

This Tutorial contains 13 examples. These examples are presented in order to illustrate how to use
ELPLA for analyzing axisymmetric structures and tanks. For each example discussed in this
Tutorial, data files and some computed files are included in ELPLA software package. The file
names and contents of the examples are given as follows. Besides, a key figure of each problem is
shown that contains the main data concerning the structure shape and loads. Examples can be run
again by ELPLA to examine the details of the analysis or to see how the problem was defined or
computed and to display, print or plot the results.

Example 1  Analysis of a circular loaded area resting on different soil layers

File Soil profile under the circular loaded area

Circular loaded area
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EEEEEEEEREERER

NN > ST
Fine sand: ; . - e
Es=8000 [kN/m?]
ys=17.5 [kN/ m?]

2.0[m]

B
@ .
<

|

I

| |||

| I I
| | | |

Soft clay: ‘1
my=2x10* [m#kN] - -— - =
Ye1 =8 [kN/ m®] _

(]

|

2.0 [m]

|

\“\‘\
|

[
| |
Loyl
‘H‘H
\\‘\“
Lo

[
Pheohe
|

|
|

I
H“‘f

‘H “'H

\‘\\\

[ [

[

i
o

|

[ I
I I
oot
ey

|

Normally consolidated clay: —— — 4.0 [m]
C.=0.0425 [-] -
£,=0.85 [-] -
Ye2 =8.69 [KN/ md] -
¥ V | \ |

Impervious layer (Rock)

I
I
|
[ |
P R R
[ R |
Py ety
‘,\‘\‘H\‘H
[
[ R R T B
Py
P e L
[ 4‘\
| |
f“f’\
oy

An example of a loaded area resting on different soil layers is selected to illustrate some features of
ELPLA for analyzing shell elements using circular and annular elements

10
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Example 2 Analysis of an annular plate resting on Winkler's medium

File Annular plate subjected to a uniform load

Annular plate

N

i

An example of an annular plate resting on Winkler's medium is selected, to illustrate some features
of ELPLA for analyzing shell elements using circular and annular elements

11
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Example 3 Analysis of a tank with a fixed base

File Cylindrical circular tank

Tank with fixed base

t=0.25 [m]

N =
:4‘ - 7 2

%‘ Ec ;2><10 [l_(N/ m<] E
=\ Ve 0.15 [-]

N — 3 I
‘/:- YW - 10 [kN/ m ] 1
M

=\ *
"

’¢_ | Po = 50 [kN/ m2]

S

S/
a=7[m] a=7[m] |
-

T N

An example of an axi-symmetrically circular cylindrical tank with a fixed base is selected to
illustrate some features of ELPLA for analyzing shell elements
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Example 4  Analysis of a reservoir wall with a variable wall thickness

File Reservoir wall

Reservoir wall

selected to illustrate some features of ELPLA for analyzing shell elements
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An example of a cylindrical shell with a variable wall thickness using the finite difference method is

13
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Example 5  Analysis of a tank covered with a spherical dome

File Tank covered with a spherical dome roof

Tank with covered roof
| tr=0.15 [m]

“ -

E |
~ |
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Ty i
A !
| R =30.1[m]
|
E |
) |
— '
" | B =3x107 [kN/ m?]
T | ve =016 []
| e =25  [kN/m?]
|
| |

L a=15[m]

tw = 0.25 [m]

4
P —r—xr—¥r —*r T —xr —¥r v —vvx—/

!

An example of an axi-symmetrically circular cylindrical tank covered with a spherical dome roof is

selected illustrate some features of ELPLA for analyzing shell elements

14
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Example 6  Analysis of a tank resting on Winkler's medium

File Circular cylindrical tank resting on isolated springs

Tank on Winkler's medium

| —  Ec =2x107 [kN/ m?]
| = \ Ve =0.20 [-]
; Iu_jl \ Ye =25 [kN/ m3]

) I — 3
le L7 d =13 [m]—"" 10 [kN7m] |
i ‘ T .—————— 2 =6.5[M] —m=

5 S T T e T A O T 5

ks = 100 000 [KN/ m?]

t=0.175 [m] —] j=a—

An example of an axi-symmetrically circular cylindrical tank resting on elastic foundation

using Winkler’s model is selected to illustrate some features of ELPLA for analyzing shell elements

15
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Example 7 Analysis of a tank with a conical base resting on Winkler's medium

File Circular cylindrical tank on isolated springs
Conical Tank
| a=75 [m] I
t=0.5[m] | ‘
__I !
"
% 1
% |
% = | Ec =2x10"[kN/m?]
7 = _
7 = Cove =020 [
é / : | v =25 i
% T w10 [kN/m]
% | | N
/"éfl%%}/,’,';//llm _ 0.85[m]} )

L
Ui, T 7/ //;;,/ 1
,,/%,,,,/M,,/,’,'z’/,/;;;;%’/l,';”/ T ygf;;;ﬁ///ﬁ/m/fyﬁ””//l/

/IIIIIA!IIIIA//

/IIIIIIIA 11/

< =100 000 [kN/ m?]

An example of a circular cylindrical tank with a conical base resting on elastic foundation using
Winkler’s model is selected to illustrate some features of ELPLA for analyzing circular cylindrical
shell elements

16
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Example 8  Analysis of a tank resting on half space soil medium

File Circular cylindrical tank resting on an isotropic elastic soil medium
Tank resting on half space soil medium
| t=0.36 [m]
| — =i~
7 7
% | Ec  =1.4x107[kN/ m?] é
- T %
% B rVe =0.0 [-] %
é o |y =981 [KN/mT é
N | /
Z I d =18 [m] ‘
é | a=9[m] é
é é
g /

Isotropic elastic soil medium
E = 20000 [kN/ m?]
Vs =04 [-]

An example of a circular cylindrical tank resting on an isotropic elastic half space soil medium is
selected to illustrate some features of ELPLA for analyzing shell elements

17
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Example 9  Analysis of a tank with a different base thickness resting on half space soil medium

File Circular cylindrical tank resting on an isotropic elastic soil medium

Tank with different base thickness

tw =0.2 [m]

[kN/ m?]
[-]

[kN/ m?]
[kN/ m?]

An example of a circular cylindrical storage tank resting on an isotropic elastic half space soil
medium is selected to and illustrate some features of ELPLA for analyzing circular cylindrical shell

elements

Isotropic elastic soil medium
= 20000 [KN/ m?]
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Example 10  Analysis of a cylindrical water container with a conical base

File Cylindrical water container

Water container

Ec  =3x10" [KN/ m?]
Ve = 017 [-]
w =10 [kN/md]

9.0 [m]

.

| 3.0 [m]i

An example of a cylindrical water container with a conical base is selected to illustrate some
features of ELPLA for analyzing circular cylindrical shell elements

19
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Example 11  Analysis of a chimney with a hyperbolic shell wall

File Geometry of the chimney

Hyperbolic chimney

51.92 [m]
- .
|
I
T 024[m
|
!
_ 2R, :: 36 [m]
ST T
f !
T | —
£, Ec = 3><io7 [KN/ m?]
Q Ve =0.17 [-]
1] yw =10 [kN/ md]
I .
|
g
11y | \
T 7777
- .
2R, = 72 [m]

An example of an axi-symmetrically chimney with hyperbolic shell wall under a uniform external
pressure is selected to illustrate some features of ELPLA for analyzing shell elements

20
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Example 12  Analysis of an irregular container resting on a layered soil

File Irregular container

Container on layered soil

Ec  =2x10" [kN/m?]

14 [m]

Ve =0.20 ['] |
Ye =25  [kN/m?] T
Yw =9.81 [kN/m?]
Rm =7.00 [m]
/ i
a=5[m]

selected to illustrate some features of ELPLA for analyzing shell elements

An example of an axi-symmetrically container with irregular shape resting on a layered soil is

21
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Example 13  Analysis of a circular silo for storing bulk materials

File Geometry of the silo
Silo
A
P r=2[m]
fa——|
)
Conical roof
3[m]
D pt=0.28[m H=14 [m]
D pt=0.25[m o
= |Cylindrical shell
3[m] Conical hopper
V o
== 25

An example of a circular concrete silo is selected to illustrate some features of ELPLA for analyzing

circular silos for storing bulk materials

22
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Analysis of a circular loaded area
resting on different soil layers
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Example 1

1 Description of the problem

An example of a loaded area resting on different soil layers is selected to illustrate some features
of ELPLA for analyzing shell elements using circular and annular elements.

2 Geometry and properties

A circular loaded area of a radius a=5 [m] acting on three different soil layers as shown
in Figure 1.1.

=100 [KN/m?]

N

Fine sand: o R
E<=8000 [kN/m?] SR e T 2.0 [m]
ys=17.5 [kN/m?] Lol
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my=2x10"* [m?kN] — -~ -—- — - "~

- - 2.0[m]
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i
I
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I ‘
|
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C.=0.0425 [-] -
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Figure 1.1  Soil profile under the circular loaded area
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3 Creating the project

In this section, the user will learn how to create a project for analyzing a circular loaded area resting
on different soil layers. The project will be processed gradually to show the possibilities
and abilities of the program. To enter the data of the example, follow the instructions and
steps in the next paragraphs.

3.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 1.2. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 1.2).

Calculation Method x
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundatian piled raft many slab foundaions shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shellf 3D-curved shell;

() Shell with an opening base
(") Shell with afloorslab
(@) Shell with araft foundation

Help Load... Save As... Cancel Mext =

Figure 1.2 "Analysis Type" Form

As the analysis type is a circular loaded area problem, select "Analysis of rotational shell” button,
and check "Shell with a raft foundation” option, then click "Next" button to go to the next Form.
After clicking "Next" button, the "Calculation Methods™ Form appears, Figure 1.3.

-1.4-
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To define the calculation method:

Select the calculation method "9-Flexible Foundation”
Select the subsoil model as "Layered soil model"
Click "Next" button to go to the next Form

Calculation Method x

Calculation Method:

() 1-Linear Contact Pressure (Conventional Method)

(") 2/3- Constantf Variable Modulus of Subgrade Readion

() 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

(®) 9-Flexible Foundation

Subsoil model:

() Half Space model
(®) Layered soil model

Help Load... Save As... Cancel < Back Mext =

Figure 1.3 "Calculation Methods" Form

The last Form in the wizard is the "Options” Form, Figure 1.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Since no option will be considered in the analysis, click the "Save™ button.

-1.5-
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Calculation Method e
E.{gn::-“ e o
T In ceo
= I
O 1T Ce O
[] Select &1l
Help Load... Cancel < Back Save

Figure 1.4 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 1.5. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "Circular loaded area ".
ELPLA will use automatically this file name in all reading and writing processes.

-1.6-
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Save As >
« o < ELPLA12.2 Projects » Tutorial » Example w 0 O Search Example 1
Organize - Mew folder == = e
~ Mame Date modified Type Size

Mo items match your search,

W
File name: | Circular loaded area| o
Save as type: | Isolated slab foundation-files (*.PO1) ~

» Hide Folders Cancel

Figure 1.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [Circular
loaded area] will be displayed instead of the word [Untitled] in the ELPLA title bar.

-1.7-
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3.2 Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project ldentification"” command from the “Data” Tab.
The dialog box in Figure 1.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a circular loaded area resting on different soil layers"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks™ in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |.-5.na|1,-'sis of a dreular loaded area resting on different soil layers |

Date  |15/11/2021 [~

Project |.ﬁ.xisymmetri-: Structures and Tanks] |

Save Cancel Help Load... Save As...

Figure 1.6 "Project Identification™ dialog box

-1.8-
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3.3 FE-Net data

For the given problem, the shell has a circular shape with a radius of a=5 [m] and is divided
into 10 segments. ELPLA has different procedures for defining the FE-Net.

To define the FE-Net for this shell, choose "FE-Net Data" command from the “Data” Tab.
"Analysis of rotational shell" wizard appears as shown in Figure 1.7. This wizard will guide you
through the steps required to generate a FE-Net. The first Form of the wizard is the "Shell type"
Form, which contains a group of templates of different shapes of shells. These net templates are
used to generate standard nets.

s @ I

Analysis of rotational shell

Shell type:

Cylindrical shel Conical shell Spherical shell Hyperbolicshel
ol e < £
i i
i i "
[ i ‘
i I
[ i i I
Elliptical shell Cycloidal shell Parabolicshell Irregular shell
Cylindrical shell;
WG
Radius Ru [m] I:I
Number of segments Ns  [-1 |10
Help Cancel EE Next = Fi

Figure 1.7 "Analysis of rotational shell" wizard with "Shell type" Form
To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 0 in the "Height" edit box, as the example is a circular plate
Type 5 in the "Radius" edit box

Click "Next" button to go to the next Form

-1.9-
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After clicking "Next" in "Analysis of rotational shell" wizard, the following "Net of Base" Form
appears Figure 1.8.

To edit the grid spacing in x-direction, do the following steps in "Grid in x-direction™ frame:

Choose "Constant grid interval” check box
Type 10 in the "No. of grid intervals" edit box

Analysis of rotational shell x
MNet of Base
Grids in x-direction:
(@) Constant grid interval
. (") Constantringarea
(") variable grid interval
Mo, of arid intervals 10 S
Refresh
R Geometry
Radius Ru [m] s5p
Help Cancel = Back Finish
Figure 1.8 "Net of Base" Form

ELPLA will generate a sector from the circular area with 10 circular elements. The following
window in Figure 1.9 appears with the generated net.

-1.10-
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=N SUPEEEEER < | ELPLA - [Circular loaded area] - X
“ FE-NetDats  EditFE-Net  Setting  View (7]
@ [P slab Corners iy‘nwnda Caordinates %}J Opening Coners (&), Zoom In (&), Zoom Window ' Zoom Upper Right .~ Zoom Lower Left ) L—n
Fo . 3 2 « B
o o3 Connectivity Nodes B Re () zoomout 37 Move "\, Zoom Upper Left
FE-Net ) o Redraw Close
Generation B Refe B siab Comers (@), Original Size ~ Zoom% 100 ~| "\, Zoom Lower Right

FE-Net Generation In table Window Undo Refresh Close
‘ | |n.n |n‘5 |1.n ‘1‘5 ‘z‘n |z‘5 |3.n |3.5 ‘4‘0 |4‘5 ‘5‘n| ~
08
0.0
v
< >

riml=114 z[m]=16

Figure 1.9 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 1.9 to save the data of the FE-Net

Choose "Close" command from "File" menu in Figure 1.9 to close the "FE-Net" window and
return to ELPLA main window

-1.11-
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3.4 Soil Properties

In ELPLA, there are three different soil models with several calculation methods. Therefore,
the soil properties for each method are required to be defined according to the used soil model.
In the current example, the soil model, which is used in the analysis, is a "Layered Soil Model".
This model requires that the subsoil have to be defined by boring logs. In the example, the boring
log has multi-layers with different soil materials. The geotechnical data for each layer is unit weight
of the soil ys and modulus of Elasticity for loading Es and reloading Ws or Compression index Cc
and recompression index Cr.

To define the soil properties, choose "Soil Properties” command from “Data” Tab. The following
"Soil Properties” Window in Figure 1.10 appears with a default-boring log.

= SUREFEEERE D < | ELPLA - [Circular loaded area]
“ Soil Properties Setting View (7]
E IE' (), Zoom In (@, original Size P E
LEE (2}, Zoom Out 54 Move -
Sol Main Sail Redraw  Close
Data  Data (L ZoomWindow  Zeom%[151 -

Graphically Data Window Undo  Refresh  Close

BB

| = =toooopere
G [ | welempm)
000 | ‘.| GAM=1§Nm3) .

Figure 1.10  "Soil Properties" window with a default-boring log

In Figure 1.10, soil properties are defined through the "Data" menu, which contains
the following two commands:

"Soil Data" command defines the individual boring logs
"Main Soil Data" command defines the general data for all soil layers

To enter the soil properties for the boring log of the current example

Choose "Soil Data" command from "Data" menu in the window of Figure 1.10.
The following dialog box in Figure 1.11 with default-boring log data appears
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Soil Data X

Baring log Mo. 1 from 1 boring logs:
Layer Mo, 1 from 1 layers:

Soil and rock symbols: Geotechnical data of the layer: ~
Main soil type 1
G, Gravel ~ Soil properties are defined by Modulus of Elasticity E w
Main soil type 2 -, No symbal w
submain soil 1 , Mo symbol ~ E [kN/m2] | 10000 FHI 7]
submain soil 2 -, Mo symbol ~ w [kn/m2] | 10000 c [kN/m2] I:l
Color — - - GAM  [kN/m3] Nue [
Short text G
Layer depth underthe ground surface (m] [10.00
Copy Layer Insert Layer ¥
) ) X-coordinate of baring [m]
Copy Boring log Insert Boring Log: . )
[Fromafile | InsertBoring B [
Boring Log Labe BPMN1
< >
ok Cancel New Help

Figure 1.11  "Soil data" dialog box with default-boring log data

In the "Geotechnical data of the layer" dialog group box in Figure 1.11, Soil properties are defined
by Modulus of compressibility, define the geotechnical data of the first soil layer of the boring log
as follows:

E.  =8000 [KN/m?]
Ws  =8000 [kN/m?]
Gam =18 [KN/m®]
cC =10 [kN/m?]
¢ =0 [°]

Due to the presence of the ground water, the soil above the ground water level has a differential unit
weight from the soil under that level. Therefore, the layer depth of the first layer is taken to be 2 [m],
which is equal to the ground water level. Now, type this value in "Layer depth under the ground
surface" edit box.

In order to draw the soil layers by different symbols according to the German Standard DIN 4023,
the soil type and color for each layer must be defined.

To define the soil type and color for the first layer, select "fS, Fine sand" as the soil type in "Main soil
type 1" combo box in "Soil and rock symbols™ dialog group box in Figure 1.11. The color of the fine
sand layer according to the German Standard DIN 4023 will be automatically created. The user can
change this color. In addition, a short text "fS" will be automatically created for the fine sand.
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To enter the second layer of the boring log

Click "Copy Layer" button in Figure 1.11. A layer that has the same properties of the first
layer will be copied

Use the vertical scrollbar to move to the second soil layer. Layer No. will be typed
automatically at the upper-left corner of the main dialog box of soil layers as a head title
Change the value of the unit weight of the soil for the second soil layer from 18 [KN/m?]
to 8 [kN/m?]

Change the value "ES" and "Ws" from 8000 [kN/m?] to 5000 [KN/m?]

Change the value of the layer depth under the ground surface from 2 [m] to 4 [m]

From "Soil and rock symbols™ dialog group box, Change "fS, Fine sand" into "T, Clay"
as the soil type of the second layer is clay

To enter the third layer

Click "Insert Layer" button in Figure 1.11, then a layer will be inserted

Use the vertical scrollbar to move to the third soil layer

In "Geotechnical data of the layer" dialog group box in Figure 1.11, Soil properties are
defined by Compression Index Cc, define the geotechnical data of the clay layer as follows:

Cc =004 Phi =30 []
Cr =004 ¢ =10 [kN/m?
Gam =38 [KN/m?®] e0 =085

Select "T, Clay" as the soil type in "Main soil type 1" combo box in "Soil and rock symbols™
dialog group box
Type 8 in the "Layer depth under the ground surface" edit box

Note that the unit weight of the soil is used to determine the uniform load g [kN/m?] on the circular
area, which is equal to ys x ds.
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Now all data and parameters for the boring log (Figure 1.12) have been entered.

HBOEsUREFaHEARLE = | ELPLA - [Circular loaded area]

“ Soil Properties Setting View (7]
iii E IE' (), Zoom In (@, original Size - E
- (2}, Zoom Out 54 Move -

Soil  Main Soil Un Redraw  Close

Data  Data (] ZoomWindow  Zoom% 136 -

Graphically Data Window Undo  Refresh  Close

BPNL

ES= 3000[k¥m2]
= Ws= 8000[KNmI]
CWy 2.0 2.0 GAM = 15[ m3]

ES= 5000[kNm2]
Ws=5000[Nm2]
GAM = 8[KNm3]

Ce=0.04[]
Ce=0.04[]
GAM =8[kNm3]

<
r[ml=158 z[m]=-39

Figure 1.12  boring log

To enter the main soil data for all layers, choose "Main Soil Data" command from "Data" menu
in Figure 1.10. The following dialog box in Figure 1.13 appears with default main soil data.
The main soil data for the current example, which are required to be defined, are the settlement
reduction factor a [-] and the groundwater depth under the ground surface Gw [m]. Any other data
corresponding to main soil data are not required for this example. Therefore, the user can use the
default values.

In the dialog box of Figure 1.13, enter the settlement reduction factor o [-] and the groundwater
depth under the ground surface Gw [m]. Then click "OK" button.
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Main Soil Data

Soil Properties Calculation parameters of flexibility coefficents
Main Soil Data:

Settlement reduction factor Alfa <=1

2
Groundwater depthunderthe ground surface Gw [m]

Bearing capadty factors:
Bearing capacity factors are determined according to

(®) German Standard DIN 1054
() Euro code EC T

() Terzaghi
() Egyptian codeECP (") Meyerhof
Ok Cancel Help

Figure 1.13  "Main Soil Data" dialog box
After entering all data and parameters of the boring log, do the following two steps:

Choose "Save" command from "File" menu in Figure 1.10 to save the data of boring logs

Choose "Close" command from "File" menu in Figure 1.10 to close "Soil properties"
window and return to ELPLA main window
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3.5  Shell properties

To define the shell properties, choose "Shell Properties” command from “Data” Tab.
The following window in Figure 1.14 appears with default shell properties. The data of shell
properties for the current example, which are required to be defined, are element groups, and the
unit weight of the shell. Any other data corresponding to shell properties in the program menus are
not required for this example.

B O 0 RE S S S E B @0 ™ s | ELPLA- [Circular loaded area] - X
Shell Properties Setting  View  RFT Details (7]
# selectElements  E§'Element groups Y Unit weight w™ Foundation Level ) Zoom In () Zoom Window ' Zoom Upper Right .~ Zoom Lower Left ™Y A E
Element groups  [E Group Regions Tl Foun epth | Filled material type/Element size (5 Zoom Out 3 Move "\, Zoom Upper Left -
Unde  Redraw  Close
& origir @ Original Size ~ Zoom% (100 ~| "\, Zoom Lower Right
Graphically In table Shell Properties Window Undo Refresh Close
‘ ‘ ‘n‘nn ‘n‘sn ‘mn ‘LSB ‘z‘nn ‘z.sn ‘mn ‘3‘50 ‘mn ‘4‘50 ‘s‘nn| ~
0.78
0.00
v
< >

X[m]=725 Y[m]=076

Figure 1.14  "Shell Properties™ Window

Choose "Element groups” command from "In table™ menu. The following list box in Figure 1.15
appears. In this list box, enter E-Modulus, Poisson’s ratio and slab thickness. Then click "OK"
button.
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Defining element groups (with the same thickness and ..  — O >

Poisson's
E-Modulus  ratio I ok |
of slab of slab
K |

Cancel |

| Insert |

| Copy |

| Delete |

[ s |

| Send to Bxcel |

| Paste from Excel |

T

Figure 1.15  "Defining element groups™ list box

To enter the unit weight of the shell, choose "Unit weight" command from "Shell Properties" menu
in the window of Figure 1.14. The following dialog box in Figure 1.16 with a default unit weight
of 25 [KN/m®] appears. Type 400 in the "Unit weight" edit box, to define the uniform load on the
circular area. Then click "OK" button.

Unit weight X
Unit weight Gb [kNjm3]
| Ok | | Mew | | Cancel | | Help |

Figure 1.16  "Unit weight" dialog box

After entering the Shell Properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 1.14 to save the shell properties

Choose "Close" command from “File" menu in Figure 1.14 to close the "Shell
Properties" window and return to ELPLA main window
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3.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 1.17 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 1.17. In this example, there is not
applied load, as the load has been already defined by the unit weight of the plate.

B 00 @6 S S B 2 @0 (™ s | ELPLA- [Circular loaded area] - X
“ loads | Setting  View  RFT Details (7]
&@- Select Nodes 7 Edit Nodal Load 8L Nodal loads () Zoom In () Zoom Window ' Zoom Upper Right " Zoom Lower Left m S E
%} Remove Nodal Loads 25, Remove Member Load B Member loads G} Zoom Out £ Move ", Zoom Upper Left -
Undo-Plot  Redraw  Clase

L A al Loa #_ Edit Member Load (@, originalSize  Zoom%|100  ~ |\, Zoom Lower Right FEoaIee

Graphically In table window Undo Refresh  Close

| |n.nn ‘n‘sn |1.nn ‘Lsn |z.nn ‘z‘sn |3‘nn ‘3‘50 |4.nn ’4‘50 |5‘nn|

<

<
r[m]=755 z[m]=043

Figure .17  "Loads" Window

Do the following two steps:

Choose "Save" command from "File" menu in Figure 1.17 to save the load data
Choose "Close” command from "File” menu in Figure 1.17 to close the "Loads" window

and return to ELPLA main window

Creating the project is now complete. It is time to analyze this project. In the next section,
you will learn how to use ELPLA for analyzing projects.
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4 Carrying out the calculations

To analyze the problem, switch to "Solver" Tab, Figure 1.18.

B o= D = | ELPLA - [Circular loaded area]
Data Solver Results Setting View
[> @ Assembling the load vector... v ;_i i
I3 Individual Calculations L
Computation Self-Adaptive
of all Mesh Wizard

Figure 1.18 "Solver" Tab

ELPLA will active the "Individual Calculations™ list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining flexibility coefficients of the soil

Analysis of the flexible foundation

Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
Carrying out all computations

To carry out all computations in one time

Choose "Computation of all" command from "Solver” Tab window.
The progress of all computations according to the defined method will be carried out
automatically with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 1.19 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Solving the system of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 51 from 153 steps Cancel

Figure 1.19  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 1.20. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V - Load
Total load [kN] = 7854.0
Sum of contact pressures [kN] = 7354.0

Figure 1.20  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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5 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results"” Tab.

5.1 Viewing data and result graphics

To view the data and results of a problem that has already been defined and analyzed graphically,
switch to "Results" Tab (Figure 1.21).

B o5 & & h e " = | ELPLA - [Circular loaded area] _ %

“ Data  Solver  Results  Setting  View (2]
@ ﬁ D T 1sometric View @ Circular Diagrams pport Reaction ation Vectors 4 Principal Strain @ @
Do e iz e =
D (o | G W o
Flan & i Distribution s

i Boring Lags/ Boring  Sectionsin  Display Tables Display Tables
& Prin Limit Depth Locstions  shell base of Data~  of Results -

e
+3.

Figure 1.21  "Results" Tab
The "Result” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Boring logs and limit depth
Sections in the shell base

To view sections in shell base

Choose "Sections in shell base” command from "Section” menu. The following option box
in Figure 1.22 appears

In the "Sections in shell base"” option box, select "Base settlements w" as an example for the
results to be displayed

Click "OK" button

The Settlements are now displayed as shown in Figure 1.23.

Sections in shell base >

Selectitemto display:

(@) Base settlementsw ok
O Base contact pressures g

Cancel
() Sail stiffnesses ks

Help

Figure 1.22  "Sections in shell base" option box
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== F@FEehd &0 - EE
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Page Print Print  Sendto Sendto Copytothe Send to ELPLA . Redraw  Close
Setup Preview Word Excel Clipboard Section i, Axes = View Grouping @, Original Size £ Viewing Angle "\, Zoom Lower Right >
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Distance x [m]
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Figure 1.23  Base settlements Sections in shell base

5.2 Listing data and results in tables

The "Result" Tab contains the commands of listing data and results. The commands for listing data
and results in tables are:

Display tables of data - Display tables of results
List tables of data through Text- - List tables of results through Text-
Editor Editor

To list results in a table

Choose "Display tables of Results” command from "List" menu. The following option box
in Figure 1.24 appears

In the "Display Tables of Results” option box, select "Settlements/Contact pressures™
as an example for the result to be listed in a table

Click "OK" button. The loading results are now listed (Figure 1.25)

Choose "Send to Excel™ from "Sending" menu if you wish to export the table to a MS Excel
application, Figure 1.26
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Select oneitem to list:

Display Tables of Results

Settlements/ Contact pressures
® P

{(_) Moduli of subgrade readions

(O Flexibility matrix [Ce]

ak

Cancel

Help

Figure 1.24

"Display Tables of Results™ option box
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v 3 L - =
=3 L} Previous Page = Last Page 5 Find Next x|
Page Print Print  Sendto Sendto = Paste Cut B Z Uae A- A4 iE = Undo Close
Setup Preview Word  Excel & aa PEQENO- - &, Replace -
Print sending Font Paragraph Preview Undo Editing Close
-

EE settlements/ Contact pr... X
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I[,] r[rﬂ] EM] Fm] deimﬂ]

b1 m:mu 387 100.0
2 4.50 0.00 535 100.0
3 4.00 0.00 515 100.0
4 3.50 0.00 5.75 100.0
5 .00 0.00 7.19 100.0
6 2.50 0.00 7.51 100.0
7 2.00 0.00 7.75 100.0
3 1.50 0.00 7.92 100.0
3 .00 0.00 s.03 100.0
w05 0.00 8.09 100.0
11000 0.00 8.09 100.0

Figure 1.25
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Example 2

1 Description of the problem

An example of an annular plate resting on Winkler's medium is selected, to illustrate some features

of ELPLA for analyzing shell elements using circular and annular elements.

2 Geometry and properties

A simply supported annular plate subjected to a uniform load resting on Winkler's medium is chosen
as shown in Figure 2.1. Load on the plate, plate radii, elastic properties of the soil and the plate are:

Inner radius of the plate r =25 [m]
Outer radius of the plate r2 =5 [m]
Thickness of the plate t =0.25 [m]
Uniform load on the raft p =200 [KN/m?]
Modulus of sub grade reaction of the soil ks = 10000 [KN/m?®]
Young’s modulus of the plate material Ec =2.7x10’ [KN/m?]
Poisson's ratio of the plate material Ve =0.2 [-]

Figure 2.1 Annular plate subjected to a uniform load
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3 Analysis of the plate

The available method "Constant Modulus of Subgrade Reaction /2" in ELPLA is used here to
determine the vertical displacement and moment of the plate on Winkler's medium.
Figure 2.2 shows the annular plate with 10 annular regions and supports.

Figure 2.2 Annular plate with 10 annular regions and supports
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4 Creating the project

In this section, the user will learn how to create a project for analyzing an annular plate
resting on Winkler's medium. The project will be processed gradually to show the possibilities
and abilities of the program. To enter the data of the example, follow the instructions and steps
in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File” menu. The following "Calculation Methods"
wizard appears, Figure 2.3. This wizard will help the user to define the analysis type and the
calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 2.3).

Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundation piled raft many slab foundations shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

() Shell with an opening base
() Shellwith afloorslab
(®) Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 2.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 2.3, define the analysis type of the problem. As the analysis
type is an annular plate, select "Analysis of rotational shell” button, and check "Shell with a raft
foundation™ option, then click "Next" button to go to the next Form. After clicking "Next" button,
the "Calculation Methods" Form appears, Figure 2.4.
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To define the calculation method:

Select the calculation method "2/3 Constant/ VVariable Modulus of Subgrade Reaction”
To determine the modulus of subgrade reaction, select "Modulus is defined by the user* option
Click "Next" button to go to the next Form

Calculation Method >

Calculation Method:

() 1- Linear Contact Pressure (Canventional Method)

(®) 2/3- Constant/Variable Modulus of Subgrade Readion

(") 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Determining Modulus of Subgrade Reaction:
() Modulus is calculated from half space
() Modulus is calculated from soil layers

(@) Modulus is defined by the user

Help Load... Save As... Cancel < Back Mext =

Figure 2.4  "Calculation Methods" Form

The last Form in the wizard is the "Options" Form, Figure 2.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Select "Supports/ Boundary Conditions", then click the "Save™ button.
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Calculation Method

Options:

D /S ab With Girders

] jﬂ Addtional Springs

M Supports/ Boundary Conditions

0l

LB o

ooooood

Eah:
l:.-.
'“'é’:.-.

[m] select &l

Help Load... Save As... Cancel < Back

Save

Figure 2.5 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 2.6. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "annular plate".

ELPLA will use automatically this file name in all reading and writing processes.
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Save As
«— A < Tutorial 2 » Exarnple 2 v O
Organize = Mew folder
Lj Mame Date modified

L 4

Mo iterns match your search,

Search Example 2

Type

Sizg

File name: | Annular plate

Save as type: | |sclated slab foundation-files (*.PO1)

» Hide Folders

Save

Cancel

Figure 2.6 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [annular plate]

will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab. The
dialog box in Figure 2.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of an annular plate resting on Winkler's medium"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of an annular plate resting on Winkler's medium |

Date  |24/11/2021 [~

Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 2.7 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, the shell has an annular shape with an outer radius of b = 5 [m]
and an inner radius of a = 2.5 m. To define the FE-Net for this plate, choose "FE-Net Data"
command from the “Data” Tab. "Analysis of rotational shell” wizard appears as shown
in Figure 2.8. This wizard will guide you through the steps required to generate a FE-Net.

The first Form of the wizard is the "Shell type™ Form, which contains a group of templates of
different shapes of shells. These net templates are used to generate standard nets.
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Analysis of retational shell

Shell type:

1
Cylindrical shell

[]
Conical shell

Spherical shell

Hyperbolicshel

T

G E]
1

Elliptical shell Cycloidal shell Parabolicshell Irregular shell
Cylindrical shell:
L
Radius Ru [m] l:l
Number of segments Ns [] |10

Figure 2.8

"Analysis of rotational shell” wizard with "Shell type” Form

To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button

Type 0 in the "Height™ edit box, as the example is an annular plate
Type 5 in the "Radius” edit box, as the outer radius ish =5m
Click "Next" button to go to the next Form
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Analysis of rotational shell >
Met of Base
Grids in x-direction:
() Constant grid interval
¥ (") Constantringarea
(®) Variable grid interval
Mo, of grid intervals Ll =
Grid Intervals Refresh
\ 'C?P){ R Geometry
Radius Ru [m] s5p
Help Cancel < Back Finish
Figure 2.9 "Net of Base" Form

The next Form of the "Analysis of rotational shell” wizard is the "Net of Base" Form Figure 2.9.
To edit the grid spacing in x-direction, do the following steps in "Grid in x-direction” frame:
Choose "Variable grid interval” check box.

Click "Grid Intervals™ button, the following "Grid intervals in x-direction” form appears
Figure 2.10

Define the grid intervals as the following
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Grid intervals in x-di...

— O

| Insert

| Copy

| Delete

e

| Send to Bxcel

| Paste from Bwxcel |

| Help

Figure 2.10  "Grid intervals in x-direction™ Form

ELPLA will generate a sector from the annular area with 11 circular elements. The following
Window in Figure 2.11 appears with the generated net.
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=) SR EFRRER S = | ELPLA - [Annulsr plate] - pr4
“ FE-NetData ~ EditFE-Net  Setting  View (2]
E [P siab Corners {4; Node Coordinates B Opening Comers (2, Zoom In (8), Zoom Window "' Zoom Upper Right " Zoom Lower Left Y E
B op ners &% Connectivity Nodes B References  Zoomout 3T Move ™\, Zoom Upper Left -
FE-Net 0 Redraw Close
Generation~ [P Reference Comers - | B slab Corners (@, original Size  Zoom% 100 | ™, Zoom Lower Right
FE-Net Generation Graphically In table Window Undo  Refresh  Close
|u.u |2‘5 28 |3.u ‘33 |3.5 ‘3‘3 ‘4‘0 ‘4‘3 |4‘5 |4.s ‘5‘u| ~
07
0.0 T
- T T S T N T IO T T 1
v
>

<
X[ml=76 ¥[m]=13

Figure 2.11  Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 2.11 to save the data of the FE-Net

Choose "Close” command from "File" menu in Figure 2.11 to close the "FE-Net" window
and return to ELPLA main window
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4.4  Soil Properties

To define the soil properties, choose "Soil Properties" command from “Data” Tab. The following
"Soil Properties” form in Figure 2.12 appears, enter the modulus of subgrade reaction of the soil and
the ground water depth under the ground surface. Other data for this example is not required.

Soil data
Modulus of subgrade reaction Ks =10 000 [kN/ m?]
Ground water depth under the surface Gw =1 [m]
Soil Properties - O X
Moduli of  Ultimate | Save |
Boring Boring X¥-coordinate  Y-coordinate  subgrade  bearing
log Mo, Log of boring of boring reactions  capacity | Cancel |
I Label [m] [m] ks Qul
[rfm3]  [kN/mZ]
| Insert |
0.0 0.0 10000
| Copy |
| Delete |
| Load. |
| New |
| Paste from Ewxcel |
| Send to Bucel |
Groundwater: Save As.. |
Groundwater depthundertheground surface Gw [m] | |
Help

Figure 2.12  "Soil Properties” form
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45  Shell properties

To define the annular plate properties, choose "Shell Properties” command from “Data” Tab.
The following window in Figure 2.13 appears with default shell properties. The data of shell
properties for the current example, which are required to be defined, are element groups and
unit weight of the plate. Any other data corresponding to the shell properties in the program menus
are not required for this example.

=] SOREH bR > = | ELPLA - [Annular plate] - X
“ Shell Properties  Setting View  RFT Details (2]
# select Elements  E&!Element groups Y Unit weight i Foundation Leve (), Zoom In (8} Zoom Window 7 Zoom Upper Right " Zoom Lower Left 5 r
Element groups E‘: up Regions Tl Foundation Depth | Filled material type/Element size () Zoom Out B3 Move .. Zoom Upper Left - >
19: ain Coordinates (@, original Size Zoom% (100 + ™, Zoom Lower Right Rediaw | 0
Graphically In table Shell Properties window Undo  Refresh  Close
~

‘ ‘ ‘u‘uu ‘z.su 275 |3‘uu |3‘25‘3‘su |3.75 ‘4.uu|4.25 ‘4‘50 |4.rs ‘s‘uu|

<
rm]=301 z[m]=213 Forml

%ure 2.13  "Shell Properties" Window

Choose "Element groups” command from "In table” menu. The following list box in Figure 2.14
appears. In this list box, enter E-Modulus, Poisson’s ratio and slab thickness, the thickness of the
inner ring is eliminated by defining its slab thickness by zero. Then click "OK" button.
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Defining element groups (with the same thickness and ...  — O >
G Poisson's Slab
N:.:up E-Modulus  ratio thickness | ok |
of slab of slab
Eb
I[_] km2]  Nue d | Cancel |
] [m]
1 27407 |0.2 0.25 | Insert |
2 2, 7EHDT 0.2 i]
| Copy |
| Delete |
L New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 2.14  "Defining element groups™ list box

Choose "Group Regions” command from "In table™ menu. The following list box in Figure 2.15
appears. As the inner radius is a = 2.5m, and the elements of the plate differ in thickness,
Edit the "Group no" value for each element as the following. Then click "OK" button.

Group Regions - O >

Element
Ma. Group

I
H

| Cancel |

| Insert |

[ ow ]

| Delete |

T

| Send to Bxcel |

EWWMEU‘I&WMH

| Paste from Excel |

[
[

T

Figure 2.15  "Group Regions" Form
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To enter the unit weight of the plate, choose "Unit weight” command from "Shell Properties™ menu
in the window of Figure 2.13. The following dialog box in Figure 2.16 with a default unit weight
of 25 [kN/m?] appears. Type 800 in the "Unit weight" edit box, note that the unit weight of the plate
material is used to determine the uniform load ¢ [KN/m?] on the annular area, which is equal to yp x d.

Click "OK" button.

Unit weight >

Unit weight Gb [kN/m3]

Ok New Cancel Help

Figure 2.16  "Unit weight" dialog box
Now the shell properties have been entered and the sector of the plate appears as follows in Figure 2.17.

B0 @ S E e K% ) ™ s | ELPLA- [Annulsr plate]

Shell Properties Setting  View (2]
# select Elements &' Element groups Y} Unit o on Leve (), Zoom In (8} Zoom Window 7 Zoom Upper Right " Zoom Lower Left n Y E
L 4

BB Group Regions Tl FoL ep i aterial type/Element size () Zoom Out 53 Move R, Zoom Upper Left
Undo-Display Redraw  Close
(@, original Size Zoom% (151 = ™, Zoom Lower Right Vs
Window Undo Refresh  Close

l4.00 ‘4.25 ‘4‘50 ’4‘75 ‘s‘uu| ~

& Element groups

Graphically In table Shell Properties
‘ ‘u‘uu |z.su ‘2.75 ‘s‘uu |3‘25 ‘3.50 |3‘75

r[m]=600 z[m]=138 Form1

%ure 2.17  "Shell Properties" Window

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 2.17 to save the shell properties

Choose "Close" command from "File™ menu in Figure 2.17 to close the "Shell Properties"”
window and return to ELPLA main window

-2.17-



Analyzing Axisymmetric Structures and Tanks by ELPLA

4.6  Supports/ boundary conditions

To define supports choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following Tab in Figure 2.18 appears.

=] S RES EEER D = | ELPLA - [Annular plate]

“ Supports/ Boundary Conditions Setting View (2]
@- Select Nodes &7 Edit supporty Boundary Condition By Mode restraints (), Zoom In (8), Zoom Window ' Zoom Upper Right " Zoom Lower Left = r
2, Remove Supports/ Boundary Conditions 25 Remove Hinge B4 Hinge ) zoomout 3 Move ™., Zoom Upper Left * ]
Redraw  Cl
¥, Add Supports/ Boundary Condition '\gz t Hinge (@, original Size Zoom% 100 ~|™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
~

| |u.u |2‘5 |2‘s |3.u ‘33 |3.5 3.8 ‘4‘0 ‘4‘3 |4‘5 |4.s ‘5‘u|

T A I
LA A A A

<
X[m]=64 Y¥[m]=12

Figure 2.18  "Supports/ Boundary Conditions™ Window

To define the supports

Choose "Select Nodes" command from "Graphically” menu in Figure 2.18. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on nodes that have supports as shown in Figure 2.19

After selecting nodes of supports, choose "Add Supports/ Boundary Conditions” command
from "Graphically" menu (Figure 2.18). The "Supports/ Boundary Conditions" dialog box
in Figure 2.20 appears
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B O BEE G 2 29 ™= | ELPLA- [Annular plate] - X
Supports/ Baundary Conditions  Setting  View  RFT Details (2]
- Select Modes 47 Edit support/ Boundary Condition B Node restraints () Zoom In (E) zoom Window 7" Zoom Upper Right " Zoom Lower Left n - rl
2% Remove Supports/ Boundary Conditions 2% Remove Hinge B+ Hinges @ zoom out 57 Move ", Zoom Upper Left - 8
Undo-Plot  Redraw  Close
*. Add Supports/ Boundary Conditions £ Edit Hinge (@) original size Zoom % 185 v | ™, Zoom Lower Right e
Graphically Intable Window Undao Refresh | Close
‘ ‘ ‘nnn |25n ‘z 75 |3.nn ‘3 25 ‘s.sn ‘3.75 ‘4.00 ‘4.25 .50 475 |5.nn ~
— )
071
0.00 : ! : : : : . : . H
i1 1 ] s | s | s | e 1 s | s | s
v
< >

r[m]=500 z[m]=164 Forml

Figure 2.19  Selection of nodes that have supports

In this dialog box

Type 0 in the "Displacement w" edit box to define the vertical supports, as the annular plate
is prevented from moving in the vertical direction at its ends
Click "OK" button

Supports’ Boundary Conditions x

Mode restraints:

Displacement u [em]
Displacement w [cm]
Rotation Theta [Rad]

Ok Cancel Help < Lesg

el
|-

Figure 2.20  "Supports/ Boundary Conditions™ dialog box
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=] SRES B hER S = | ELPLA - [Annular plate]

“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left - r
Remave S ons % Remove Hinge Ta— a3 2 - B8
% Re yC ons g Remo g B4 Hinge ) zoomout 3 Move ™., Zoom Upper Left
0 Redraw Close
%, Add Support ondition '\gz t Hinge (@, original Size Zoom% 185  ~|™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
‘ ‘u.uu ‘z‘su ‘2‘75 |3‘uu |3.25 ‘3.50 ‘3.75 |4‘uu |4‘25 |4‘su ‘4.75 ‘s‘uu‘ A
z
— "
071
0.00
v
>

<
K[m] =581 ¥[m]=146 Forml

%ure 2.21  Supports on the screen

After entering supports, do the following two steps

Choose "Save " command from "File" menu in Figure 2.21 to save the data of supports
Choose "Close" command from "File" menu in Figure 2.21 to close the "Supports/ Boundary
conditions" window and return to the main window
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4.7 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following Window
in Figure 2.22 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 2.22. For this example, there is not
applied load, as the load has been already defined by the unit weight of the plate.

=) SUPEE B EEK D W) (M = | ELPLA - [Annular plate] - ®
“ Loads Setting View RFT Details (2]
- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left m ~» E
st -4 B Memberloads () ZoomOut £ Move "\, Zoom Upper Left
Undo-Plot Red Close
.l #*_ Edit Member Load (@, original size Zoom3% [167  ~ ™, Zoom Lower Right [ e
Graphically In table Window Undo Refresh  Close
| ‘u.uu |2‘5u |2.75 |3.uu ‘3.25 ‘3.50 ‘3‘75 ‘wu |4.25 |4‘su 4.75 |5.uu‘ ~
z
>

071

"% 2 I1|1|1|1|1|1|1|1|1|1 R

<

<
r[m]=584 z[m]=1.12 Forml

Figure 2.22  “Loads" Window

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 2.22 to save the load data
Choose "Close" command from "File" menu in Figure 2.22 to close the "Loads" window

and return to ELPLA main window

Creating the project of the plate is now complete. It is time to analyze this project. In the next
section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 2.23.

E 0= i & e =t = | ELPLA - [Annular plate]
“ Data Solver Results Setting Wiew
D . Assembling the load vectar... - :_i i
3 ndividual Caleulations L
Computation Self-Adaptive
of all Mesh Wizard

Figure 2.23  "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining the modulus of subgrade reaction

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)
Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
Carrying out all computations

To carry out all computations in one time
Choose "Computation of all" command from "Solver" Tab Window.
Analysis progress
Analysis progress menu in Figure 2.24 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 55 from 63 steps Cancel

Figure 2.24  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 2.25. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load

Total load [kn] = 11739.9

Sum of contact pressures [kN] = 11733.5
ok Help

Figure 2.25 Menu "Check of the solution™

Ignore the elimination of the negative contact pressure which appears at the inner ring.

Megative contact pressures x

Megative contact pressures:

Sum of positive contact pressures Q+ve [kM]
Sum of negative contact pressures Q-ve [kM]
Percent Q-vefQ+ve %]

Separation areas:

Sum of contact areas A+ve [m2]
Sum of separation areas A-ve [m2]
Percent A-vefA+ve %]

Elimination of the negative contact pressures may take several minutes.

Doyouwantto eliminate negative cantact pressures?

Yes Mo Help

Figure 2.26  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results” Tab. To view the data and results of a problem that has already been defined and analyzed
graphically, switch to "Results" Tab (Figure 2.27).

B o 53 ij; ‘i P = | ELPLA - [Annulsr plate] - b4

“ Data Solve Results Setting  View (7]
ﬁx‘i\ wa ;I HQ E { %~ B8 =

) ) ) sin DpIyTh\ DpIyTh\
& Principal m s b Rotational shell Results = - Principal Stresses n hnwau hllb of Data of Results

Flgure 2. 27 "Results" Tab

The "Result" Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Support reactions
Rotational shell results
Sections in shell wall
Sections in shell base
Display tables of data
Display tables of results

To view the meridional moments in the shell base

Choose "Sections in shell base™ command from "Section™ menu. The following option box
in Figure 2.28 appears

In the "Sections in shell base" option box, select "Meridional moments My" as an example
for the results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 2.29.

Sections in shell base *
Selectitemto display:
() Radial forcesNr () Meridional forces My

(@) Meridional moments My () Tangential moments Mt

() Horizontal deformations Vh

() Base settlementsw ok
D Base contact pressures q

Cancel
() Soil stiffnesses ks

Help

(") Meridional rotations Vm

Figure 2.28  "Sections in shell base" option box

-2.24-



Example 2

B oghbPEzs b ad L = SITLE - x
“ Data Solver  Results Setting  View  RFT Details Graphic (2]
2 (& . ’Wj' ,27 ) scale =l Title (), Zoom In (&), Zoom Window " Zoom Upper Right " Zoom Lower Left = r
% O == . b_d
= j\- = J [EL Set Range (%] Page No. & ZoomOut  §J Move "\, Zoom Upper Left Zoom% (100~ - 8
Page Print Print  Sendto Sendto Copytothe N X X i Redraw  Close
Setup Preview Word  Excel Cliphoard on 1., e b View Grouping (@, Original Size %5 Viewing Angle ™\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
b=+ Meridionalmoments X% ¥
Msthod (2) (Analysis of rotational shell
Variable Modulus of subgrads Reazton
Distance x [m]
0.00 1.00 200 3.00 400 5.00
0.0 4—e " L L
20.0

Form1

%ure 2.29

Meridional moments in shell base

To view element groups of the plate

box

in Figure 2.30 appears

Choose "Element groups™ from "In Plan" command in "Data" menu. The following option

In the "Data — In Plan" option box, select "Element groups” as an example for the results
to be displayed

Click "OK" button

Data - In Plan

Select one ite

mto draw:

() Net numbering () Coordinates rfz
(@) Element groups
{C) Slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help
() Rotational shell system -

Figure 2.30

"Data — In Plan" option box
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To draw the thickness of the annular plate

Choose "Plot Parameters™ command from "Setting” Tab. The "Plot Parameters™ dialog box
in Figure 2.31 appears

In the "FE-Net" Tab, check the "Draw girder thickness" check box in the "Rotational shell
system" dialog box

Click "OK" button

Plot Parameters x

General plot parameters Soil plot parameters Solid elements:

FE-Met:

[] pisplay node numbering
[[] Display coordinates %Y
[] pisplay element numbering
[] pisplay FE-Met

[] pisplay reference points lines

[] Display column types

Rotational shell system:
Element groups:

Color girders

Color element groups and slab thidmess
Draw girder thickness

Ok Save Cancel Default parameters Help

Figure 2.31  "Plot Parameters™ dialog box

To view the reactions of the supports on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 2.32 appears

In this check group box, check "Supports /Boundary Conditions" and "Supports Reactions RV"
check boxes

The user can choose any other data to be displayed

Click "OK" button
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View Grouping

Selectitems to display

[] Boring Locations

Supports/ Boundary Conditions s,

[ ] Rotational shell system

[ ] Radial forcesNr

[] Meridional moments My

[] Tangential moments Mt

[] Meridional forces My
Support Reactions BV

Cancel

Help

[m] Select All

Figure 2.32

"View Grouping" check group box

B O PESEhEdE L&M= Graphic - X
Data  Soler  Results  Setting  View  RFT Details Graphic ~ @
! 'l & 7 @ ‘(__| ' ) seale =l Title ), Zoom In (@, zoom Window 7" Zoom Upper Right ” Zoom Lower Left . r
= = = l—‘ 'J (L Set Range Page Ma. ) Zoom Out ", Zoom Upper Left - 8
Page Print Print  Sendto Sendto Copytothe Send to ELPLA = Redraw  Close
Setup Preview Word Excel Clipboard  -Section 1, mes b view Grouping @, Original Size %5 Viewing Angle "\, Zoom Lower Right >
print Sending Options Window Refresh  Close
[P Element groups (3) L d
S
Method (2)
Modulus of subgrade reaction 1s defined by the user
GLERL EA7RNE] C_)
Nu=0H.¢05 k]
G2 B BTN
Ne=0FL&0k]
1 1
1
2
% 196.21
Element groups 200,58
No. of dement groups =2
v
>

<
r[m]=372 z[m]=155

Figure 2.33

Element groups of the annular plate
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Analysis of a tank with a fixed base
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Example 3

1 Description of the problem

An example of an axi-symmetrically circular cylindrical tank with a fixed base is selected
to illustrate some features of ELPLA for analyzing shell elements.

2 Tank geometry and properties

A circular cylindrical tank of a radius of a = 7 [m] and a height of H = 5 [m] is considered as shown
in Figure 3.1. Thickness of the tank wall is t = 0.25 [m]. The tank is filled with water. The lower
edge of the tank is clamped. Figure 3.1 shows the circular cylindrical tank with its dimensions,
while the tank material and unit weight of the water are listed in Table 3.1.

Table 3.1 Tank material and water unit weight

Figure 3.1

SIS S SS S SN S S SSSS
a=7[m]

T N

a=7[m] _|

Cylindrical circular tank with dimensions

Modulus of Elasticity of the tank material Ec  =2x10" [KN/m?]

Poisson's ratio of the tank material Ve =0.15 [-]

Unit weight of the water yw =10  [KN/md]

t=0.25 [m]

—
N —
/
§;= Ec  =2x107 [kN/ m?] / =
=\ ve =015 []  —
=\ v =10  [KN/m? /I
=\ 2 /
f 1 Po =50 [KN/ m?] ]
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3 Numerical Analysis
The analysis of circular cylindrical shell tank is carried out using the finite element method.

In the analysis, the height of the tank is divided into 50 equal segments. In each segment,
element size is 0.1 [cm] as shown in Figure 3.2.

@ "
,

— — —

—
E
Lo
1
—
S
X
o
Lo
1
I

/ ©
-

Figure 3.2 Finite element mesh of the tank

4 Creating the project

In this section, the user will learn how to create a project for analyzing a tank with a fixed base.
The project will be processed gradually to show the possibilities and abilities of the program.
To enter the data of the example, follow the instructions and steps in the next paragraphs.

41 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 3.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of Forms. The first Form
of "Calculation Methods" wizard is the "Analysis Type" Form (Figure 3.3).
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Calculation Method x
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotaiond Anahysis of
foundation piled raft many slab foundstions shell axisymmetric stress

Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

(@) Shell with an opening base
() Shellwith afloorslab
() Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 3.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 3.3, define the analysis type of the problem. As the analysis
type is a tank with a fixed base problem, select "Analysis of rotational shell" button, and check
"Shell with an opening base" option then click "Next" button to go to the next Form.
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The last Form in the wizard is the "Options™ Form, Figure 3.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method *

Options:

[ . slab with Girders

] jﬂ Addtional Springs

2 Supportsf Boundary Conditions

Determining Limit Dept

O
LS

m M M o
m o '

= v B v B o |
m

OOoOoOoOodn
oA,

Help Load... Save As.. Cancel < Back
Figure 3.4  "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 3.5. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "Tank with fixed base".
ELPLA will use automatically this file name in all reading and writing processes.
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Save As >
&« v 4 « ELPLA12.2 projects » Tutorial 2 » Example 3 v | D 0 Search Example 3
Organize « Mew folder == - 9
Cad MName Date modified Type Size

Mo items match your search,

File name: | Tank with fixed base -

Save as type: | Isolated slab foundation-files (7.PO1) w

# Hide Folders Cancel

Figure 3.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [ Tank with
fixed base] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 3.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank with a fixed base"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a tank with a fixed base |

Date  |27/11/2021 [~

Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 3.6 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, the tank has a radius of a = 7 [m] and a height of H = 5 [m], the height of the
tank is divided into 50 equal segments. Each segment is 10 [cm] size. To define the FE-Net for this
tank, choose "FE-Net Data” command from the “Data” Tab. "Analysis of rotational shell" wizard
appears as shown in Figure 3.7. This wizard will guide you through the steps required to generate
a FE-Net, the first Form of the wizard is the "Shell type” Form, which contains a group of templates
of different shapes of shells. These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
s )
i ;
i
i
] ] 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
e > e s
i i |
i i
! i ‘
i i
i i i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Cylindrical shell:
o
)
Mumber of segments:
Number of segments MNs  [-]
Help Cancel = Eziels MNext = F

Figure 3.7 "Analysis of rotational shell" wizard with "Shell type" Form
To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 5 in the "Height" edit box,

Type 7 in the "Radius™ edit box,

Type 50 in the "Number of segments" edit box

Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell" wizard, the following "Cylindrical shell"
Form appears, Figure 3.8. ELPLA divides the height of the tank into 50 equal segments, the user can
edit the data of the segments individually by using "Modify" button, or all of them by using
"In Table" button, if it is necessary.
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Analysis of rotational shell >

Cylindrical shell:

s
Start poistion ri [ml 7.0
‘ ﬂ zl [m] oo
End position r2 [m] 7.0
z2 [m] 0.1 )
In Table

V

Modify

Cancel < Back Finish

Figure 3.8 "Cylindrical shell" Form

Click "Finish" button, the generated FE-Net appears in Figure 3.9.
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B oo RESEaBEHR ™ & = | ELPLA - [Tank with fixed base] - X
“ FE-NetData ~ EditFE-Net  Setting  View (2]
E P siab Comers {4; Node Coordinates B Opening Comers (2, Zoom In (B, Zoom Window ' Zoom Upper Right " Zoom Lower Left | - E
B op ners &% Connectivity Nodes B References  Zoomout 3T Move ™\, Zoom Upper Left -
FE-Net 0 Redraw Close
Generation~ [P Reference Comers - | B slab Corners (@, original Size  Zoom% 100 | ™ Zoom Lower Right
FE-Net Generation Graphically In table Window Undo  Refresh  Close
‘ |u‘u ‘m‘ ~
5.0 o
45— -
40=
35—
30—
25=
20=
15=
10=
05—
0=
v
< >

X[ml=143 Y[ml=15

Figure 3.9  Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
- Choose "Save" command from "File" menu in Figure 3.9 to save the data of the FE-Net

Choose "Close" command from "File” menu in Figure 3.9 to close the "FE-Net" window
and return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 3.10 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, unit weight of the shell and
the filled material properties.

B0 5 0 9 T R ) (5 | ELPLA - [Tank with fixed base] - %
Shell Properties  Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left q -~ r
Element groups chup Regions  Tesl Foundation Depth |=] Filled material type/Element size Qnmm out 54 Move .. Zoom Upper Left - ]
edraw Close

Undo R
1 Origin Coordinates (@, Original Size ~ Zoom % \Znom Lower Right B

Graphically In table Shell Properties Window Undo  Refresh Close

I | ‘u.uu 7.DT| ~

z

&
P

|I\‘E\H|E\H

B

&
Plid

g
Pl

o
Pl

5
Pl

EI\I

Bl

~ |
v <

X[m]=1241 Y[m]=328

Figure 3.10  "Shell Properties™ Window
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Choose "Element groups” command from "In table™ menu. The following list box in Figure 3.11 appears.

In this list box, enter E-Modulus, Poisson ’s ratio and slab thickness. Then click "OK" button.

Defining element groups (with the same thickness and ...  — O >
G Poisson's Slab
N::.Iup E-Modulus  ratio thickness | ok |
of slab of slab
Eb
I[_] kNfm2] e d | Cancel |
& [m]

1 E407 0.15 0.25 | Insert |
| Copy |
| Delete |
T
| Send to Bxcel |
| Paste from Bxcel |
T

Figure 3.11  "Defining element groups” list box

To enter the unit weight of the shell, choose "Unit weight" command from "Shell Properties” menu
in the window of Figure 3.10. The following dialog box in Figure 3.12 with a default unit weight

of 25 [kN/m?] appears, Click "OK" button.

Unit weight

Unit weight Gh [kN/m3]

o | [ tew | [ cod [ |

Help

Figure 3.12  "Unit weight" dialog box
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To define the liquid properties of the shell, choose "Filled material type/Element size” command
from "Shell Properties” menu in the window of Figure 3.10. The following form in Figure 3.13.

To define the filled material type of the tank:

Select the "Liquid container” check box,
Type 5 in the "Height of the liquid™ edit box,
Type 10 in the "Unit weight of the liquid" edit box,

To define the element size of the tank:

Check the "Constant element sizes in z-direction" check box,

Type 0.2 in the "Element size in each shell segment"” edit box,
Click "OK" button

Filled material type/Element size *

Filled material type:

(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [m]

Unitweight of the liquid YW [kN/m3]  [10]

Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] 0.00

Unit weight of the granular material W5 [kn/m3] 15.50

Angle of internal friction of the granular material L =] 25

Angle of the wall friction & =1 20

Element size:

Constant element sizes inz-diredion

Element size in each shell segment Dl [m] [0.2000 &
ok Cancel Help

Figure 3.13  "Filled material type/Element size" Form

After entering the shell properties, do the following two steps:

Choose "Save" command from "File" menu in Figure 3.10 to save the shell properties
Choose "Close" command from "File" menu in Figure 3.10 to close the "Shell
properties™ window and return to ELPLA main window
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45  Supports/ boundary conditions

To define the fixed support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 3.14 appears.

=] SRES B hER S < | ELPLA - [Tank with fixed base] _ «
“ Supports/ Boundary Conditions Setting  View (2]
@- Select Nodes &7 Edit supporty Boundary Condition By Mode restraints (), Zoom In (8), Zoom Window ' Zoom Upper Right " Zoom Lower Left -5 r
% Re s nditions 9% Remove Hinge B4 Hinges ) zoomout 3 Move ™., Zoom Upper Left - a
Undo  Redraw  Close
*. Add Supports/ Boundary Conditions '«g; t Hinge (@, original Size Zoom% 100 ~|™, Zoom Lower Right
Graphically Intable Window Undo  Refresh  Close
R & ’
5.0
45—
ko=
35—
30—
25=
20=
15=
10=
05—
0=
v
< >

X[m]=87 ¥[m]=42

Figure 3.14  "Supports/ Boundary Conditions™ Window
To define supports on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 3.14. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that have the fixed support as shown in Figure 3.15
After selecting the node, choose "Add Supports/ Boundary Conditions” command from
"Graphically" menu (Figure 3.14). The "Supports/ Boundary Conditions" dialog box
in Figure 3.16 appears.
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-

DEDRES e W

% W) (™M < | ELPLA - [Tank with fixed base]
Supports/ Boundary Conditions Setting View

5, Rer

27 Edit suppart/ Boundary Condition
ports/ Boundary

X
(7]
B Node restraints (), Zoom In (@), Zoom Window 7 Zoom Upper Right " Zoom Lower Left n - r
Conditions 2 Rem ge B4 Hinges ) zoomout 3 Move ™, Zoom Upper Left - a8
#, Add Supports/ Boundary Conditions ¢ Edit Hi @, original Size  Zoom% 100 ~|™\, Zoom Lower Right el Il e
Graphically In table Window Undo Refresh  Close
R & ’
v
< >
X[m]=134 V[m]=-22
Figure 3.15  Selection of node that has a fixed support
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In this dialog box

Type 0 in the "Displacement u” edit box to define the horizontal fixed support
Type 0 in the "Displacement w" edit box to define the vertical fixed support
Type 0 in the "Rotation Theta" edit box to define the rotational fixed support
Click "OK" button

Supports/ Boundary Conditions >

Mode restraints:

Dizplacement u [cm] ICI
Dizplacement w [cm] ICI
Rotation Theta [Rad]

ok Cancel Help << Less

Figure 3.16  "Supports/ Boundary Conditions™ dialog box
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B OSSO RPEHEFFH ahdHR D& = | ELPLA - [Tonk with fixed base] - x
“ Supports/ Boundary Conditions  Setting  View (2]
@sg\m Nodes Aﬁ Edit Suppaert/ Boundary Condition 5‘& Node restraints ()} Zoom In (B), Zoom Window /' Zoom Upper Right " Zoom Lower Left =3 rl
tions ¥ Remove Hinge B: Hinges Q Zoomout 37 Move ", Zoom Upper Left - 8
o Redraw Close
*“¢ Edit Hinge (@, original Size Zoom% 100 ¥ |™, Zoom Lower Right
Graphically Intable Window Undo  Refresh  Close
|7.n| A

il

A EAER AR AR A
cerbreeebereebeene e bbb

<

< >
X[m]=103 Y¥[m]=52 Meridional rotations

Figure 3.17  Supports on the screen
After defining the supports, do the following two steps
Choose "Save " command from "File” menu in Figure 3.17 to save the data of supports

Choose "Close” command from "File" menu in Figure 3.17 to close the "Supports/ Boundary
conditions"” window and return to the main window
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 3.18 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 3.18. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the tank material,
while the hydrostatic pressure on the tank is defined by the unit weight of water.

=) SUREEEEER = | ELPLA - [Tank with fixed base] - X
“ Loads Setting  View (2]

- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left - E
5k Remove Nodal Loads 9%, Remove Member Load BB, Memberloads () Zoom Out 53 Move ™, Zoom Upper Left
%} Add Nodal Loads #*_ Edit Member Load (@, original size Zoom3% (100~ ™, Zoom Lower Right

Graphically In table Window Undo  Refresh  Close

| |u‘u ‘m

A

X[ml=131 Y[m]=38

Figure 3.18 "Loads" Window

After finishing the definition of load data, do the following two steps:
Choose "Save" command from "File" menu in Figure 3.18 to save the load data
Choose "Close” command from "File” menu in Figure 3.18 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project. In the next
section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 3.19.

B o= o A = | ELPLA - [Tank with fixed base]
“ Data Solver Results Setting View
D ' Assembling the load vectar... - n=gl
]
ﬂ Individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 3.19  "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab Window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 3.20 appears in which various phases of calculation

are progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1="51from 153 steps Cancel

Figure 3.20  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 3.21. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load

Total load [kN] = 13744

Sum of contact pressures [kN] = 1374.5
Help

Figure 3.21  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results” Tab.

To view the data and results of a problem that has already been defined and analyzed graphically,
switch to "Results” Tab (Figure 3.22).

B o & EE = | ELPLA - [Tank with fixed base] - X

“ Data Solver  Results Setting View (7]
ﬁ Hh D I . ™ support Reactions & @ E dy @ @
H# =k & s} LEE]
In . sech
l H

o ) ions in  Display Tables Display Tables
X bo Rotational shell Results = - shell wall of Data=  of Results ~

Figure 3.22 "Results" Tab

The "Result” Tab contains the commands of drawing. These commands depend on the used
calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Support Reactions
Sections in shell wall
Display tables of data
Display tables of results

To view the meridional moments in the shell wall
Choose "Sections in shell wall" command from "Section” menu. The following option box
in Figure 3.23 appears
In the "Sections in shell wall" option box, select "Meridional moments My" as an example
for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 3.24.
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Sections in shell wall >

Selectitemto display:

() Radial forcesNr () Meridianal forces Ny

(@) Meridional moments My

OTang&ntiaImnm&ntth ok
() Horizantal deformations Wh

Cancel
() Vertical deformatians W

Help

() Meridional rotations Vm

Figure 3.23  "Sections in shell wall" option box

== VEFEERER NGO M= T x
Data Salver Results Setting View RFT Details Graphic (7]
A7 \J; £ ’m /K_\l ) Seate =l Title ), Zoom In (&, Zoom Window " Zoam Upper Right /" Zoom Lower Left o
% = |—‘ |—' =l EVA (5 set Range (] Page No. @ zoomout 5T Move ", Zoom Upper Left zoom 120 | r‘a
Page Print Print  Sendto Sendto Copytothe Send to ELPLA iy Redraw  Close
Setup Preview Word Excel Clipboard Section i, Axes [ View Grouping @, Original Size £ Viewing Angle ™\, Zoom Lower Right >
Print Sending Options ‘Window Refresh Close
" Meridionalmoments X b4
Analysis of rotational shell .
5.00
4.00
— |
E 300
8 p o
o
£ ,
=200 B
[a) 4
1.00
_4_0;-0/—0(’
i __’o_,r__—o—i
0.00 —eor——r—rr+"rtr———"F——rF"——"t—r "ttt
-20.0 -180 -160 -140 -120 -100 80 60 40 20 00 20 4.0 6.0
Meridional Moment My [kN.m/m]
Meridional moments
Sections i shell wall -
< >

Meridional moments

%ure 3.24  Meridional moments sections in shell wall
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To view the radial forces on the shell wall

From "Rotational shell results” command in the "Results" menu, choose "In Plan" command,
the following option box in Figure 3.25 appears

In the "Distribution of Internal Forces" option box, select "Radial forces Nr" as an example
for the results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 3.26.

Sections in shell wall >

Selectitemto display:

(® Radial forcesNr () Meridianal forces Ny

i) Meridional moments My

OTang&ntiaImnm&ntth ok
() Horizantal deformations Wh

Cancel
() Vertical deformatians W

Help
() Meridional rotations Vm

Figure 3.25  "Distribution of Internal Forces™ option box

== FZEhEHEL& = Graphic
“ Data Salver Results Setting View RFT Details Graphic (7]
7 o ’W| ) seale =l Title (), Zoom In (@), Zoom Window _" Zoom Upper Right ./~ Zoom Lower Left Y
rilw; / i \ L S
= =~ = |—‘ =1 = LVA (5 setRange [#] Page No. @ zoomout £ Move ", Zoom Upper Left Zoomd 167 - r‘a
Page Print Print  Sendto Sendto Copytothe Send to ELPLA ) ~ Redraw  Close
Setup Preview Word Excel Clipboard  Section L., Axes (b View Grouping (@, Original Size £} Viewing Angle "\, Zoom Lower Right o
Print Sending Options Window Refresh Close
b= Radial forces Nr (5) X b d
~
Analysis of rotational shell
!
D «
[}
B
=]
=
—
I ﬁg
0 97.3 [kN/m] =5
=g
=
=
i
. — -
+
Radial forces Nr [kN/m]
Max Nr=194.7 atnode 44, Min. Nr =-4.7 atnode 2
-
<
r[m]=1242 z[m]=3.26

Figure 3.26  Radial forces on the shell wall
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To view element groups of the tank

Choose "Element groups™ from "In Plan™ command in "Data" menu. The following option
box in Figure 3.27 appears

In the "Data — In Plan" option box, select "Element groups™ as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 3.27  "Data — In Plan™ option box

To view the supports / boundary conditions on the FE-Net and any other data

From "Options™ menu in the "Graphic" tab, choose "View Grouping” command. The "View
Grouping" check group box in Figure 3.28 appears

In this check group box, check "Supports Reactions RV" check box

The user can choose any other data to be displayed

Click "OK" button

View Grouping *

Selectitems to display

[] Met numbering ~

[] Coordinates rfz Ok
[] System of loading

Supparts/ Boundary Conditions Cancel

[] Rotational shell system

[] Radial forcesNr

[] Meridianal moments My

[] Tangential moments Mt W

Help

[m] Select All

Figure 3.28  "View Grouping" check group box
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B o

5 Py N

A7 | / [
W Q= W
Page Frint Print  Sendto Se
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Print
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<
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Figure 3.29
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Example 4

Analysis of a reservoir wall
with a variable wall thickness
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Example 4

1 Description of the problem

An example of a reservoir with a variable wall thickness is selected to illustrate some features of
ELPLA for analyzing shell elements.

2 Geometry and properties

A reservoir wall of a radius a = 100 [m] and a height H = 100.1 [m] is considered as shown
in Figure 4.1. The wall of the reservoir has a variable thickness, at the base the thickness is hi1 = 13.3
[m], while at the top the thickness is ho = 4 [m], thickness in between h [m] can be obtained from

the following equation:

10

hh=4de ™

where X is the distance from the top in [m].

ho=d4m

== 0 r
i1
L
ey *
Sl
) I‘
5
' 100 m
I
b
!
|
T
+

Figure 4.1 reservoir wall with dimensions

The reservoir wall is exposed to a hydrostatic water pressure and is fixed at the base. The wall
material and unit weight of the water are listed in Table 4.1.
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Table 4.1 Wall material and water unit weight

Modulus of Elasticity of the reservoir wall material Ec =21x10"  [KN/m?]

Poisson's ratio of the reservoir wall material Ve =0 [-]

Unit weight of the water

vw =10 [KN/m®]

3 Analysis of the reservoir wall

In the analysis, the total height of the wall is divided into 11 segments with a constant length; each

is (Figure 4.2):

l pt=4.231[m]
[] pt=4.719[m]
[] pt=5.2635[m]
[] pt=5.871[m]
B pt=6.548[m]
[] pt=7.3035[m]
[] pt=s.1465[m]
[l pt=0.0865[m]
[ pt=10.135[m]
B pt=11.3045[m]

[ pt=12.6085[m]

100.10
X =

=9.10 [m]

11

4.231

4.719

5.264

5.871

6.548

7.304

8.146

Figure 4.2 Finite element mesh of the reservoir wall with wall thickness
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4 Creating the project

In this section, the user will learn how to create a project for analyzing cylindrical shells
with variable wall thickness. The project will be processed gradually to show the possibilities and
abilities of the program. To enter the data of the example, follow the instructions and steps
in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File” menu. The following "Calculation Methods"
wizard appears, Figure 4.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 4.3).

Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundation piled raft many slab foundations shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

(@) Shell with an opening base
() Shellwith afloorslab
() Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 4.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 4.3, define the analysis type of the problem. As the analysis
type is a cylindrical shell with a variable wall thickness problem, select "Analysis of rotational
Shell” button, and check "Shell with an opening base™ option, then click "Next" button to go to the
next Form.
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The last Form in the wizard is the "Options™ Form, Figure 4.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.

Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method

Options:

[ . slab with Girders

] jﬂ Addtional Springs

2 Supportsf Boundary Conditions

U Bl conerete

OOO0000
oS

Help Load... Save As.. Cancel < Back Save

Figure 4.4  "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 4.5. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "Reservoir wall".

ELPLA will use automatically this file name in all reading and writing processes.
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B save Ac
« v p > ThisPC » Local Disk (D:) » ELPLA122 projects > Tutorial2 > Example4
Organize = New folder
A Name Date modified Type
-
d
{
o
v

Size

No items match your search.

O Search Example 4

File pame: | Reservoir wall

Save astype: Isolated slab foundation-files (*.PO1)

A Hide Folders

Cancel

Figure 4.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [Reservoir

wall] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 4.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a reservoir wall with a variable wall thickness"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a reservoir wall with a variable wall thickness |

Date  |p1/12/2021 [~

Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 4.6 "Project Identification™ dialog box

4.3 FE-Net data

A reservoir wall of a radius a = 100 [m] and a height H = 100.1 [m] is considered as shown
in Figure 4.1. The wall of the reservoir has a variable thickness, at the base the thickness is hiy = 13.3 [m],
while at the top the thickness is ho = 4 [m], the total height of the wall is divided into 11 segments
with a constant length, each 9.10 [m]. To define the FE-Net for this shell, choose "FE-Net Data"
command from the “Data” Tab. "Analysis of rotational shell” wizard appears as shown in Figure 4.7.
This wizard will guide you through the steps required to generate a FE-Net.

The first Form of the wizard is the "Shell type” Form, which contains a group of templates of
different shapes of nets. These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
s
i
i
i
] ] 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
i >
i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Cylindrical shell:
el o)
)
Mumber of segments:
Number of segments MNs  [-]
Help Cancel = EECE MNext = Finish

Figure 4.7 "Analysis of rotational shell" wizard with "Shell type" Form
To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 100.1 in the "Height" edit box,

Type 100 in the "Radius" edit box,

Type 11 in the "Number of segments" edit box

Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell" wizard, the following "Cylindrical shell"
Form appears, Figure 4.8. ELPLA divides the height of the reservoir wall into 11 equal segments,
the user can edit the data of the segments individually by using "Modify" button, or all of them
by using "In Table" button, if it is necessary.
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Analysis of rotational shell >

Cylindrical shell:

A
Start poistion rl [m] | 1p0.00000
z
fi zi  [m] g.00000
End position r2 [m] | 100.00000
z2  [m] 9.10000 v
In Table
Modify
—
R

Cancel < Back Finish

Figure 4.8 "Cylindrical shell" Form

Click "Finish" button, the FE-Net appears in Figure 4.9
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B osuoRESbhdH DG

= | ELPLA - [Reservoir wall
Setting  View  RFT Details
1%, Node Coordinates B Opening Comers
&% Connectivity Nodes B References ) Zoomout 3 Move
B siab Corners (@, original Size  Zoom % 124

In table

(), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoo
"\, Zoom Upper Left
¥ | ™\, Zoom Lower Right

Window

-
e B
ndo Redraw Close

Undo  Refresh Close

r[m]=22503 z[m]= 6049

%ure 4.9

|1uu‘uu

Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:

Choose "Save" command from "File" menu in Figure 4.9 to save the data of the FE-Net
Choose "Close" command from "File" menu in Figure 4.9 to close the "FE-Net" window and
return to ELPLA main window
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4.4 Shell properties

To define the reservoir properties, choose "Shell Properties" command from “Data” Tab.
The following window in Figure 4.10 appears with default shell properties. The data of reservoir
properties for the current example, which are required to be defined, are element groups, group
regions, unit weight of the reservoir and liquid properties.

B OS0DREE S SHEE % &0 ™| ELPLA- Reservoirwall] - 'Y
Shell Properties  Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m -~ r!
Element groups chup Regions  Tesl Foundation Depth |=] Filled material type/Element size Qnmm out 54 Move .. Zoom Upper Left - ]
& origin Coordinates (@, Original Size Znnm%\me Lower Right Undo | Rediaw | Close
Graphically In table Shell Properties Window Undo Refresh  Close

‘u.uu |1uu.uu‘ ~

z

100.1

91.00
81.90

72.80

63.70

54.60
45.50

36.40

27.30

18.20

Q.10

0.00

<

< >
X[m]=227.65 ¥[m]=6363

Figure 4.10  "Shell Properties" Window

Choose "Element groups" command from "In table™ menu. The following list box in Figure 4.11 appears.
In this list box, enter E-Modulus, Poisson s ratio and slab thicknesses of the segments as the following list.
Then click "OK" button.
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Defining element groups (with the same thickness and ... O >
G Foisson's slab
Nruup E-Modulus  ratio thickness | ok |
o of slab of slab
I Eb
0 (kN/m?2] Nue d | Cancel |
[ [m]
1 2.E+07 |0 4,231 | Insert |
2 21E+07 |0 4,719
| Copy |
3 21E+07 |0 5.2635
4 2IEH7 |0 5,871 | Delete |
5 2.E+07 |0 6.543 =
5 2.1E+07 |0 7.3035 | New |
7 21E+07 |0 B.1465
3 2.E+07 |0 9.0865 | Send to Excel |
g 21EH7 |0 10,135
| Paste from Bxcel |
10 21E+07 |0 11,3045
11 21E+07 |0 12,6085 | Help |
(1]
Figure 4.11  "Defining element groups™ list box
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Choose "Group Regions "' command from "In table” menu. The following list box in Figure 4.12 appears.
In this list box, edit the "Group No." value for each segment. Then click "OK" button.

Group Regions — O >
Element
Mo, Group ok
I Mo,
[ e
; " Cance
2 10 Insert
3 9
4 ] Copy
5 7
Delet
. 5 Delete
5
7 Mew
3 4
g 3 Send to Bxcel
10 2
i1 1 Paste from Ewxcel
b ‘
Help

Figure 412 "Group Regions" list box

To enter the unit weight of the reservoir, choose "Unit weight" command from "Shell Properties”
menu in the window of Figure 4.10. The following dialog box in Figure 4.13 with a default unit
weight of 25 [KN/m®] appears, type 0 in the "Unit weight" edit box to neglect the wall weight in the
analysis, then click "OK" button.

Unit weight x

Unit weight Gb [kN/m3]

[a]4 New Cancel Help

Figure 4.13  "Unit weight" dialog box
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To define the liquid properties of the reservoir, choose "Filled material type/Element size” command
from ""Shell Properties™ menu in the window of Figure 4.10. The following form in Figure 4.14.

To define the filled material properties of the reservoir wall:
Select the "Liquid container” check box,
Type 100.1 in the "Height of the liquid™ edit box,
Type 9.81 in the "Unit weight of the liquid" edit box,

To define the element size of the ring wall:

Check the "Constant element sizes in z-direction" check box,

Type 9.1 in the "Element size in each shell segment” edit box,
Click "OK" button

Filled material type/Element size *

Filled material type:

(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [ml |100.1]

Unit weight of the liquid yw [kNfm3]

Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] 0.00

Unit weight of the granular material W5 [kn/m3] 15.50

Angle of internal friction of the granular material L =] 25

Angle of the wall friction & =1 20

Element size:

Constant element sizes inz-diredion

Element size in each shell segment Dl [m] [0.2000 &
ok Cancel Help

Figure 4.14  "Liquid properties/Element size" Form
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B O RES S SE W % @0 ™ s | ELPLA- [Reservoir wall - pr4
Shell Properties Setting  View  RFT Details ~ @
£ select Elements  E&'Element groups Y% Unit weight i Foundation Level @, Zoom In (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left n Y r
Element groups  [BB Group Regions Tl Foundation Depth | Filled material type/Element size ), Zoom Out  §3 Move ™., Zoom Upper Left - 8
Undo-Filled material ~Redraw Close
& Origin Coordinates (@ original Size  Zoom% 124 ="\, Zoom Lower Right type/Element size -

Graphically In table Shell Properties ‘Window Undo Refresh Close

|u.uu ‘wu.uu‘ ~

100.1
e1.00
81.90

72.80

N

54.60

45.50

ﬂ
ﬂ
|18.20
e.10

0.00

<

< >
r[m]=21867 z[m]= 6616

%ure 4.15 "Shell Properties" window after entering the data

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 4.15 to save the shell properties

Choose "Close" command from "File" menu in Figure 4.15 to close the "Shell
properties” window and return to ELPLA main window
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45  Supports/ boundary conditions

To define the fixed support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 4.16 appears.

=) S REF B RER NS = | ELPLA - [Reservoir wall] - pr4
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left ) r
% Re S| ons 2 Remove Hinge B4 Hinges ) zoomout 3 Move ™., Zoom Upper Left - a
o Redraw  Close
A '«g; t Hinge (@, original Size Zoom% 123 ~|™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
| ‘u.uu ‘1uu‘uu| ~
100.1
81.00
8190
72.80
63.70
54.60
45.50
36.40
27.30
18.20
.10
0.00
_— v

X[m]=225.13 ¥ [m]=63.16

Figure 4.16  "Supports/ Boundary Conditions™" Window

To define supports on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 4.16. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the fixed support as shown in Figure 4.17
After selecting the node, choose "Add Supports/ Boundary Conditions” command
from "Graphically" menu Figure 4.16. The "Supports/ Boundary Conditions" dialog box
in Figure 4.18 appears.
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B O RES S SE W % @0 ™ s | ELPLA- [Reservoir wall _ x
“ Supports/ Boundary Conditions Setting View RFT Details (2]

49 Plot Parameters = Line Formats A Font x m = ﬁ_ % @ g

# Display Values Iy Fill Color L] Legend
Preferences Data  Firm Language System Number Design Code

I Max. Ordinate Directory Header Settings of Units Formats Parameters
Options Format Main data
‘ ‘ |u‘uu ‘1uu‘uu| A
— e
27.30
(=2
18.20
(=]
—
.10
—
0.00 L
— o =]

<

<
r[m]=7376 z[m]=-941

%ure 4.17  Selection of node that has a fixed support
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In this dialog box

Type 0 in the "Displacement u" edit box to define the horizontal fixed support
Type 0 in the "Displacement w" edit box to define the vertical fixed support
Type 0 in the "Rotation Theta" edit box to define the rotational fixed support
Click "OK" button

Supports/ Boundary Conditions >

Mode restraints:

Dizplacement u [cm] ICI
Dizplacement w [cm] ICI
Rotation Theta [Rad] ICI

o | [ el | [ e

Figure 4.18 "Supports/ Boundary Conditions™ dialog box
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B O @65 S G W %0 ™ | ELPLA - [Reservoir wall _ «
“ Supports/ Boundary Conditions  Setting ~ View  RFT Details (2]

- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window ' Zoom Upper Right " Zoom Lower Left m -5 E

ons 2 Remove Hinge B4 Hinges ) zoomout 3 Move ™, Zoom Upper Left \
Undo-Plot Redraw Close
¢ Edit Hinge (@, original Size Zoom3% 153 = |™, Zoom Lower Right [ i

Graphically Intable Window Undo Refresh Close

|u.uu ‘1uu‘uu| ~

<

r[m]= 19174 z[m]=5837

%ure 4.19  Supports on the screen

After entering supports, do the following two steps
Choose "Save " command from "File" menu in Figure 4.19 to save the data of supports

Choose "Close" command from "File" menu in Figure 4.19 to close the "Supports/ Boundary
conditions" window and return to the main window
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 4.20 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 4.20. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the reservoir wall
material, while the hydrostatic pressure on the reservoir wall is defined by the unit weight of water.

=] SO REE W

- Select Nodes 47 Edit Nodal Load B} Nodalloads () Zoom In

S D e T e Vs

r Load (@, original size

%} Add Nodal Loads % Edit Membe
Graphically

RFT Details

In table

= | ELPLA - [Reservoir wall]

oad B Memberioads () ZoomoOut 3 Move

(@) Zoom Window 7 Zoom Upper Right " Zoom Lower Left

"\, Zoom Upper Left

¥ ™, Zoom Lower Right

Window

¢ @

o Redraw  Close

Undo

Refresh Close

Y,
L

‘u‘uu

‘wu.uu‘

X[m]=203.35 ¥ [m]=5633

<

Figure 4.20 "Loads" Window

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 4.20 to save the load data

Choose "Close" command from "File" menu in Figure 4.20 to close the "Loads" window

and return to ELPLA main window

Creating the project is now complete. It is time to analyze this project. In the next section, you will

learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 4.21.

B o= &G = = | ELPLA - [Reservoir wall]
“ Data Solver Results Setting View RFT Details
D . Assembling the load vector... - nagl
[
ﬂ Individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 4.21 "Solver" Tab
ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab Window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 4.22 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 35 from 36 steps Cancel

Figure 4.22  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 4.23. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load

Total load [kn] = 0.0

Sum of contact pressures [kN] = 0.0
Ok . Help

Figure 4.23  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results™ Tab. To view the data and results of a problem that has already been defined and
analyzed graphically, switch to "Results” Tab (Figure 4.24).

=R P“'E,;a"‘;ih % & < | ELPLA - [ring wall]

“ Data Solve Results Setting  View (7]
ﬁx‘i\ Di, ;E ﬁQ E ¢ 8 =5

- ~ N p\yThI Dp\yThI
X Principal m s hos Rotational shell Results = - Principal Stresses on hnwau of Data of Results

Flgure 4. 24 "Results" Tab

The "Results” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Supports Reactions
Rotational shell Results
Sections in shell wall
Display tables of data
Display tables of results

To view the meridional moments in the shell wall

Choose "Sections in shell wall" command from "Section™ menu. The following option box
in Figure 4.25 appears

In the "Sections in shell wall™ option box, select "Meridional moments My" as an example
for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 4.26.

Sections in shell wall >
Selectitemto display:

() Radial forcesNr () Meridional fonces My

(@ Meridional moments My

OTangentiaImn:nmentth ok
(") Horizantal deformations Wh

Cancel
() Vertical defarmations v

Help

() Meridional rotations Vm

Figure 4.25  "Sections in shell base" option box
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B O Vi EE EE N EOMNM= Graphic —

Data Solver Results Setting View RFT Details Graphic

% @“ -Q’J @ @ J . ) Seate = Title @, Zoom In (), Zoom Window " Zoom Upper Right " Zoom Lower Left z E

[EL Set Range (%] Page No. onum out 5 Move "\, Zoom Upper Left Zoom% 120 ~
Page Print Print Sendto Sendto Copytothe Send to ELPLA Redraw Close
Setup Preview Word Excel Clipboard - 1, Axes Jmb View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
" Meridionalmoments X -
~
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100.10
90.09 1
80.08 4 ,S?
70,07 \i
= 60.06
£ ]
R 4
§ 5005 Ef
2 40047 }
30.03 4 7
20.02 1
20.02 =
4 /
1001 e
b ]
000 Je=r e
-240.0 -200.0 -160.0 -120.0 -800 -400 00 400
Meridional Moment My [MN.m'm]
Meridional moments
Sections inshellwall v
< >

Meridional moments

%ure 4.26  Meridional moments in shell wall
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To view element groups of the reservoir

Choose "Element groups™ from "In Plan” command in "Data" menu. The following option
box in Figure 4.27 appears

In the "Data — In Plan" option box, select "Element groups™ as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 4.27 "Data — In Plan™ option box

To view the supports / boundary conditions on the FE-Net and any other data

From "Options" menu in the "Graphic" tab, choose "View Grouping" command.
The "View Grouping" check group box in Figure 4.28 appears

In this check group box, check both "Supports Reactions RV", "Supports Reactions M" and
"Supports /Boundary Conditions" check box

The user can choose any other data to be viewed

Click "OK" button

Wiew Grouping >

Selectitems to display

[] System of loading ~
Supports/ Boundary Conditions ok
[] Rotational shell system

[] Radial forcesNr

Cancel
[] Meridional moments My
[] Tangential moments Mt o
e
[] Meridional forces My =
W3 Support Reactions RV
(W] Select Al

Figure 4.28 "View Grouping" check group box
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B OsLPESiaHdH &0 0= E=2 R -
Data Solver  Results Setting  View  RFT Details Graphic ~ @
. ~ @ ¥ . ) scale 2 ritie @ zoomin & Zoom Window 7 Zoom Upper Right ” Zoom Lower Left -5 r
J = ol SIS 5 . - 2 1 e B8
(5L Set Range (#] Page No. Q) zoomOut 33 Move " Zoom Upper Left Zoom % 152
Page  Print Print sendto Sendto Copytothe Send to ELPLA A Redraw Close
Setup Preview Word Excel Clipboard  -Section 1, Axes Jh View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
[ Element groups (5) X hd
~
]
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Element gronps
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v
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%ure 4.29

Element groups of the reservoir
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Example 5

1 Description of the problem

An example of an axi-symmetrically circular cylindrical tank covered with a spherical dome roof is
selected illustrate some features of ELPLA for analyzing shell elements.

2 Tank geometry and properties

Figure 5.1 shows half of an axial section of a large-diameter reinforced concrete circular cylindrical
tank covered with a dome roof. The wall connection with the roof is monolithic, while the end of
the wall is fixed at the base. Details concerning the geometry of the structure are
shown in Figure 5.1. The elastic properties of the tank material are shown in Table 5.1.

Only the self-weight is considered in this analysis.

| t=0.15[m]
,—J[ l
E |
~ |
IL i
Ty i
A !
| R =30.1[m]
|
E |
) |
— '
" | B =3x107 [kN/ m?]
T |l ve =016 []
| e =25  [kN/m?]
|
| |

L a=15[m]

tw = 0.25 [m]

/
——

I S —

Figure 5.1 Radial section through the tank

Table 5.1 Tank material

Modulus of Elasticity of the tank material Ec  =3x10’ [KN/ m?]
Poisson's ratio of the tank material Ve =0.16 [-]
Unit weight of the tank material Ye =25 [KN/ m?]
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3 Numerical Analysis

In order to analyze the tank, the height of the wall is divided into 50 equal elements,
each of 0.20 [m], while the roof shell (dome) is divided into 40 equal arcs each of 0.75 [°]
as shown in Figure 5.2.

30[°]

40x0.75 [°]=‘

Hw =50%0.20 [m] =10 [m] Hr

Figure 5.2 Finite element mesh of the tank

4 Creating the project

In this section, the user will learn how to create a project for analyzing an axi-symmetrically circular
cylindrical tank covered with a spherical dome roof. The project will be processed gradually
to show the possibilities and abilities of the program. To enter the data of the example,
follow the instructions and steps in the next paragraphs.

41 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 5.3. This wizard will help the user to define the analysis type and the
calculation method of the problem through a series of Forms. The first Form of
"Calculation Methods" wizard is the "Analysis Type" Form (Figure 5.3).
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Calculation Method

Analysis Type:

o W

Analysis of combined
piled raft

.

Analysis of system of

Analysis of slab
many slab foundaions

foundation

Analysis of slab floor Analysis of grid Analysis of plane frame

Rotational shell] 3D-curved shell:
(@) Shell with an opening base
() Shellwith afloorslab
() Shell with a raft foundation

Calculation method:

Help Load... Save As... Cancel

Analysis of
shell axisymmetric stress

Analysis of rotational

Analysis of plane stress

Next >

Figure 5.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 5.3, define the analysis type of the problem.
As the analysis type is a circular cylindrical covered with a spherical dome roof problem,
select "Analysis of rotational Shell” button, and check "Shell with an opening base" option,

then click "Next" button to go to the next Form.
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The last Form in the wizard is the "Options™ Form, Figure 5.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.

Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method

[ . slab with Girders
] jﬂ Addtional Springs

Help Load... Save As.. Cancel < Back Save

Figure 5.4  "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 5.5. In this dialog box
type a file name for the current project in "File name™ edit box. For example, type "Tank with
covered roof". ELPLA will use automatically this file name in all reading and writing processes.
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T » ThisPC » Local Disk (D:) » ELPLA12.2 projects > Tutorial 2 » Example 5 ~ o Search Example 5

New folder

A Name Date modified Tpe Size

No items match your search.

v

name: | Tank with covered roof

stype: | Isolated slab foundation-files (.PO1)

15

Cancel

Figure 5.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [Tank with

covered roof] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 5.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank covered with a spherical dome"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a Tank covered with a spherical dome |

Date  |24/12/2021 [~

Project |Axisymmetrin: Structures and Tanks |

Save Cancel Help Load... Save As...

Figure 5.6  "Project Identification” dialog box
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4.3 FE-Net data

For the given problem, a tank covered with a dome roof has a lower radius of a = 15 [m],
a clear height of Hy = 10 [m], and the radius of the spherical roof is R = 30.1 [m]. the height of the wall
is divided into 50 equal elements, each of 0.20 [m], while the roof shell (dome) of 30[°] is divided
into 40 equal arcs each of 0.75 [°] (gives also 40 elements). To define the FE-Net for this tank,
choose "FE-Net Data" command from the “Data” Tab. "Analysis of rotational shell” wizard appears
as shown in Figure 5.7. This wizard will guide you through the steps required to generate a FE-Net.

The first Form of the wizard is the "Shell type" Form, which contains a group of templates of
different shapes of nets. These net templates are used to generate standard nets.

Analysis of rotational shell

Shell type:

s
|
i
i
i

]
Cylindrical shell Conical shell Spherical shell

Hyperbolic shell

dx ey i

i |

: |

]

! ‘

| i I
Elliptical shell Cycloidal shel Parabalicshel Irregular shell

Irregular shell

Mumber of Insert Mew Delete

Ma. Height Irdlapé:i's; seQments

I[] ?r:'éll Ro IIHS Copy Send to Excel Paste from Excel

5 [m] [

. Tank base:

Radius Re [m]

Roof data:
] Shallvithevaradvont Radius of the spherical roof Ra [m]
@ Spherical roof Angle ofthe spherical roof Theta [=]
() Flatroof Mumber of roof segments Nsa =]
Help Cancel = EHGE Mext = Finish

Figure 5.7 "Analysis of rotational shell” wizard with "Shell type” Form
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To generate the FE-Net of the tank:

In the "Shell type" options choose "Irregular shell” button
To define the base of the tank:
« Type 15 in the "Tank base radius Rb" edit box
To define the height of the tank:
« Choose "Linear segments™ option
« Type 10 in the "height HW" edit box
« Type 15 in the "Upper radius Ro" edit box, as the upper radius is the same as
the base radius
Type 50 in the "Number of segments Ns" edit box
To deflne the roof of the tank:
« Check the "Shell with covered roof" check box
« Choose "Spherical roof" option
« Type 30.10 in the "Radius of the spherical roof" edit box
« Type 30 in the "Angle of the spherical roof" edit box
« Type 40 in the "Number of roof segments" edit box
Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Irregular shell" Form
appears Figure 5.8, ELPLA divides the height of the wall into 50 equal elements, each of 0.20 [m],
while the roof shell (dome) is divided into 40 equal arcs each of 0.75 [°], the user can edit the data
of the segments individually by using "Modify" button, or all of them by using "In Table" button,
if it is necessary.
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Analysis of rotational shell

Irregular shell:

Segment data: )
Start poistion ri [m] | 1i5.00
z
7l [ITI] 0.00
End position r2 [m]
2 .
In Table
E::;F‘.
Refresh
Mew
Insert Segment
Delete Segment
Copy Segment
Cancel =< Back Finish
Figure 5.8 "Irregular shell” Form
Click "Finish™ in "Analysis of rotational shell” wizard, to generate the FE-Net.

The generated FE-Net appears Figure 5.9.
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B oo RESEaBEHR ™ & = | ELPLA - [Tank with covered roof] - X
“ FE-NetData ~ EditFE-Net  Setting  View  RFT Details (2]
@ ers {#; Node Coordinates B Opening Comers (3 Zoom In @, Zoom Window 7 Zoom Upper Right " Zoom Lower Left | ~» r
. S Q ~a - a8
&% Connectivity Nodes B References O, zoomout 3 Move ™, Zoom Upper Left
FE-Net Undo Redraw Close
Generation efe Carne B siab Corners (@, original Size  Zoom% 111 =™ Zoom Lower Right
FE-Net Generation Graphically In table Window Undo  Refresh  Close
‘ ‘ |u‘uu‘u‘74|1‘53|z.31|3.1u|3‘as’4‘55|5.44‘5‘21|a‘93‘7‘74|s‘5u‘9‘25‘w‘ul:w‘?rnﬁrlz‘1F2‘9|13.114115‘uu‘ ~
b bbb b bbb bbb bbb bbbl
13.78
1.3
8.00=
206
0.0E
| v
< >

X[m]=3544 Y[m]=8.83

%ure 5.9 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
- Choose "Save" command from "File" menu in Figure 5.9 to save the data of the FE-Net

Choose "Close" command from "File" menu in Figure 5.9 to close the "FE-Net" window and
return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 5.10 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, group regions, unit weight
of the tank, and filled material properties.

B DS 0RESE S S R % &0 (™ s | ELPLA- [Tank with covered roof] - 'Y
Shell Properties Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi® Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left n -~ E
Element groups  [B8 Group Regions Tl Foundation Depth | Filled material type/Element size () ZoomOut 53 Move R Zoom Upper Left -
Undo-Display Redraw  Close
1 Origin Coordinates (@, Original Size ~ Zoom % "\, Zoom Lower Right Values -
Graphically In table Shell Properties Window Undo Refrash  Close
-
| ‘u.uu‘u.?q‘ma ‘2.31‘3.1u ‘3.&3‘4.55 5.44 ‘521 |a.9a ‘7.74‘3.551 9.25 1u.uFu.?FmFJF.QF.?ﬂF&.UU‘ ~
bbb b b b e b b bbb b bbb b b
Z
1.7
8.0
4.0
0.0
v
< >

r[m]=2577 z[m]=1148

%ure 5.10 "Shell Properties" Window

Choose "Element groups" command from "In table™ menu. The following list box in Figure 5.11 appears.
In this list box, define E-Modulus, Poisson’s ratio and slab thickness for both the tank wall
and the tank roof as they differ in thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ..  — O >
G Poisson's Slab
Nruup E-Modulus  ratio thickness | ok |
o of slab of slab
I Eb
(kN/m?2] Nue d | Cancel |
3 [ [m]
1 E407 0.16 0.25 | Insert |
2 3E+O7 0.15 0.15
| Copy |
| Delete |
| New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 5.11  "Defining element groups" list box

Defining the slab thickness for materials on the net may be carried out either graphically or numerically
(inatable). In the current example, the user will define the slab thickness on the net graphically.

To define the slab thickness for the tank roof

-5.14-

Choose "Select Elements” command from "Graphically" menu in the window
of Figure 5.10.

When "Select Elements” command is chosen, the cursor will change from an arrow to
a cross hair. A group of elements can be selected by holding the left mouse button down at
the corner of the region. Then, drag the mouse until a rectangle encompasses the required group
of elements. When the left mouse button is released, all elements in the rectangle are selected
Select the elements that include the tank roof as Figure 5.12

Choose "Elements Groups” command from "Graphically" menu in the window
of Figure 5.10, "Group Regions" dialog box Figure 5.13 appears

Define the "Group No." as type "2", while "Group No." of the wall elements will be as
type "1", where type "1" is the default "Group No."” then click "OK" button
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Bl OE 0 RES S %HE R % @0 ™ s | ELPLA- [Tank with covered roof] pr4
Shell Properties Setting  View  RFT Details ~ @
E&' Element groups Y% Unit weight e Foundation Level (&), Zoom In (@) zoom Window ” Zoom Upper Right ,* Zaom Lower Left q Y r
Element groups  [BB Group Regions Tl Foundation Depth [ Liquid Properties () Zoom Out 33 Move ™, Zoom Upper Left - ]
Undo-Element  Redraw Close
& Origin Coordinates (@, originalSize  Zoom% 191~ ™, Zoom Lower Right
Graphically In table Shell Properties Window Undo Refresh  Close
| ‘ ‘u.uu |u.74 ‘1.53 ‘2.31 ‘3.10 |3.aa |4.aa |5.44 ‘5.21 |5.93 |7.74 8.50 ‘9.25 ‘m.uu 10.74 ‘11.47 ‘12.19 ‘12.91 ‘13.52 ‘14.31 ‘15.[11 ~
| 1 | | 1 1 | 1 1 1 | | | | | | 1 | | |
1578
1174
.00
] w

<

rlm]= 1542 z[m]=1555

%ure 5.12  Selecting the nodes that include the tank roof

Group Regions

Group No. |

o | [l

Figure 5.13  "Group Regions" dialog box

To enter the unit weight of the tank, choose "Unit weight" command from "Shell Properties™ menu
in Figure 5.10. The following dialog box in Figure 5.14 with a default unit weight of 25 [kN/m®] appears,

click "OK" button.

Unit weight *

Unit weight Gb [kN/m3]

| ok | | New | | Cancel | | Help |

Figure 5.14  "Unit weight" dialog box
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To define the element size of the shell, choose "Filled material type/Element size” command from
"Shell Properties” menu in Figure 5.10. The following form in Figure 5.15 appears.

To define the element size of the ring wall:

Select "Empty container" option

Check the "Constant element sizes in z-direction™ check box

Type 1 in the "Element size in each shell segment™ edit box. The element size is chosen
to be 1 [m] larger than the segment size in order to ignore further subdivision of the
segments into smaller elements. In some cases, it is necessary to divide the segment into
smaller elements in order to make the analysis more precise. Nevertheless, the final results
of the internal forces appear only at nodes of segments

Click "OK" button

Filled material type/Element size >

Fillzd material type:

(@) Empty container
() Liquid container

() Granular material container

Height of the liquid HI [m] |0.00

Unit weight of the liguid YW [kMfm3] 9.81

Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] |0.00

Unit weight of the granular material e [kMfm3] 15.50

Angle of internal friction of the granular material T =1 25

Angle of the wall friction & [] 20

Element size:

Constant element sizes in z-diredion

Element size in each shell segment Dl [m] [1 =
ok Cancel Help

Figure 5.15  "Liquid Properties/Element size" dialog box
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Bl OE 0 RES S %HE R % @0 ™ s | ELPLA- [Tank with covered roof] — %
Shell Properties Setting  View  RFT Details ~ @
£ select Elements  E&'Element groups Y% Unit weight i Foundation Level @, Zoom In (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left q - r
Element groups  [BB Group Regions Tl Foundation Depth | Filled material type/Element size ) Zoom Out 53 Move . Zoom Upper Left - ]
Undo-Display Redraw  Close
1 Origin Coordinates @, original Size  Zoom% 123 *| ™, Zoom Lower Right Values »

Graphically In table Shell Properties ‘Window Undo Refresh Close

| ‘u.uu ‘u.?q ‘1.53 ‘2.31 ‘3.1u ‘3.&3 ‘4.55 544 ‘521 |a.9a ‘7.74‘3.551 ‘925|lu.uIMITMFMFLQFISIMJFEM‘ ~
bbb b b b b b bbb b b bbb b

IPLLLLEE L

e ARNRRRNANRNANRNY]

-

[SANINRNAARRARARRNR]

. |
v

rlm]=21.14 z[m]=12.04

%ure 5.16  "Shell Properties" window after defining the shell data

After entering the tank properties, do the following two steps:
- Choose "Save" command from "File" menu in Figure 5.16 to save the shell properties

- Choose "Close" command from "File™ menu in Figure 5.16 to close the "Shell properties"
window and return to ELPLA main window
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45  Supports/ boundary conditions

To define the support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 5.17 appears.

=) SO RE R W70 (™ = | ELPLA - [Tank with covered roof] - pr4
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left n = r
R nditions 9% Remove Hinge B4 Hinges ) zoomout 3 Move ™., Zoom Upper Left - >
Undo-Display Redraw  Close
¢ Edit Hinge (@, original Size Zoom% 108 ~|™, Zoom Lower Right Trso
Graphically Intable Window Unda Refresh  Close
‘ 0.00 U.H‘1‘53|2.31‘3‘1U|3.38|4‘EE|5‘44|E.21‘6.93|7‘74‘8‘SU|9‘25 w‘urlwlql.sz‘1|u2‘9‘n3‘1z4115‘uu| ~
bbb b b bbb b b b b b b bbb
1578 -
1=
3.0
40
0.0
v
< >

rlm]=2038 z[m]=8.23

%ure 5.17  "Supports/ Boundary Conditions" Window

To define the support on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 5.17. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the fixed support as shown in Figure 5.18
After selecting the node, choose "Add Supports/ Boundary Conditions” command
from "Graphically” menu (Figure 5.17). The "Supports/ Boundary Conditions" dialog box
in Figure 5.19 appears.
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B0 0 @t e W 0 (5 | ELPLA- [Tank with covered roof]
Supports/ Boundary Conditions  Setting ~ View  RFT Details

27 Edit Support/ Boundary Condition B Nade restraints (@), Zoom Window ' Zoom Upper Right " Zoom Lower Left n o
2, Remove Supports/ y Conditions 2% Remove Hinge B4 Hin 57 Move ™, Zoom Upper Left A
Undo-Select  Redraw Close
*, Add Supports/ Boundary Conditions ¢ Edit Hinge Zoom3% 108 | ™, Zoom Lower Right Nodes =
Graphically Intable Window Undo Refresh  Close
| ‘ U‘HUU.H‘1‘53|2.31‘3‘1U|3.38|4‘EE|5‘44|E.21‘6.93|7‘74‘8‘SUB‘ZS‘IU‘U 0 1:4115‘uu| ~
bbb b b bbb bbb |
1=
8.0
40
0.0
v
< >

rm]= 1977 z[m]=1.04

%ure 5.18

Selection of the node that has the fixed support
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In this dialog box

Type 0 in the "Displacement u" edit box to define the horizontal fixed support
Type 0 in the "Displacement w" edit box to define the vertical fixed support
Type 0 in the "Rotation Theta" edit box to define the rotational fixed support
Click "OK" button

Supports/ Boundary Conditions >

Mode restraints:

Dizplacement u [cm] ICI
Dizplacement w [cm] ICI
Rotation Theta [Rad] ICI

ok Cancel Help << Less

Figure 5.19  "Supports/ Boundary Conditions™ dialog box
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B O RESFEEEHH D& = | ELPLA - [Tank with covered roof] - X
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (&), Zoom Window ' Zoom Upper Right " Zoom Lower Left | ~» r
% Re nditions 9% Remove Hinge B4 Hinges ) zoomout 3 Move ™, Zoom Upper Left - a
ado  Redraw  Close
. Add ¢ Edit Hinge (@, original Size  Zoom% 123+ | ™ Zoom Lower Right

Graphically Intable Window Undo  Refresh  Close
‘ |u.uu ‘0‘74‘1.53 ‘2‘31 |3‘1u ‘3‘33 ‘4.55 ‘5‘44 ‘5‘21|a‘gs 7.74 9.25 [10.0010.7411.4/12.1912.9113.6214.3115.00 ~
clhe bbb bt bbb bbb bbb

8.50
|

=]

LR

e ANRRNRNRRRRAARAN)

SAARRRRRNRNRRRNRNR]

-

[SARNRRRARNR RN AR

. ‘ |

X[m] =328 Y[m]=797

%ure 5.20 "Supports/ Boundary Conditions" window after defining the support

After defining the supports, do the following two steps
Choose "Save " command from "File" menu in Figure 5.20 to save the data of supports

Choose "Close" command from "File" menu in Figure 5.20 to close the "Supports/ Boundary
conditions" window and return to the main window
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 5.21 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 5.21. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the tank.

=) S REF B RER NS = | ELPLA - [Tank with covered roof] - X
“ Loads  Setting  View  RFT Details (2]
- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left - E
5k Remove Nodal Loads g%, Remove Member Load B, Memberloads () Zoom out 5 Move "\, Zoom Upper Left -
* . i Redraw  Close
%} Add Nodal Loads * L Edit Member Load (@, original size Zoom3% (100~ ™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
‘ |U.UE|U.?4‘1.53‘2.31‘3.10‘3‘38’4.6E‘5.4‘16.21‘6‘93|7.74‘8.5E19‘21lU‘[lﬂU‘Tll‘1lZ.1!2.113.124.?5‘00| ~
|- bbb b bbb bbb bbb bbb b
13.78 d
EER}
8.0
40E
0.00
v

<
X[m]=2308 Y[m]=1208

Figure 5.21  "Loads" Window

After finishing the definition of load data, do the following two steps:
Choose "Save" command from "File" menu in Figure 5.21 to save the load data
Choose "Close" command from "File" menu in Figure 5.21 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project.
In the next section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 5.22.

B o= FEEEEE = = | ELPLA - [Tank with covered roof]
“ Data Solver Results Setting View RFT Details
[> . Assembling the load vectar... - ;_i i
I3 ndividual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 5.22  "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 5.23 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 35 from 36 steps Cancel

Figure 5.23  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 5.24. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load
Total load [kN] = 8743
Sum of contact pressures [kN] = 8743

Ok Help

Figure 5.24  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 5.25).

B o Eﬁ,@;‘ﬁ Bd Ve = | ELPLA - [Ring wall with variable wall thickness] - X
“ Data Solve Results Setting  View (7]
Feo @i ool oo W (8 8
#HR i Deformation é ¥4 Deformed Mesh
ons in Dp\yTbI Dp\yThI
X Principal moments kg Rotational shell Results = - Principal Stresses an

hl\w\l of Data of Results

Flgure 5. 25 "Results" Tab

The "Result" Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Support Reactions
Sections in shell wall
Display tables of data
Display tables of results

To view element groups of the tank

Choose "Element groups™ from "In Plan" command in "Data" menu. The following option
box in Figure 5.25 appears

In the "Data — In Plan" option box, select "Element groups” as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 5.26  "Data — In Plan" option box
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To view the supports / boundary conditions on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 5.27 appears

- Inthis check group box, check "Supports Reactions Rv", "Supports Reactions Rh", "Supports
Reactions Rm", "Supports /Boundary Conditions”, "Meridional moments My" check boxes

The user can choose any other data to be viewed
Click "OK" button

View Grouping >

Selectitems to display

[] Radial forcesNr A
Meridional maments My

[] Tangential moments Mt

[] Meridional formes My Cancel
Support Reactions By

Suppart Reactions Rh

Support Reactions M

[] vertical defarmations Vv W

-

Help

[m] Select All

Figure 5.27  "View Grouping" check group box

HBOBSURPEF G GEdEE&D ™= Graphic  ELPLA - [Tank with covered raof]
Data  Solver  Results  Setting  View  RFTDetalls | Graphic
; il & 7 @ o ' ) Seate Sl itle @), Zoom In (@, zoom Window 7" Zoom Upper Right " Zoom Lower Left - E
= =% ’J (5L Set Range Page Ma. (@ Zoom Out £ Move ", Zoom Upper Left Zoom% 176~ -
Page Print Print  Sendto Sendto Copytothe Send o ELPLA ~ Redraw  Close
SETER P i Word Excel Clipboard  -Section i, Aes [ View Grouping (@, Original Size £ Viewing Angle ™\, Zoom Lower Right S

Print sending Options Window Refresn  Clase

[P Element groups (8) *

&

1089

Etament groups
No.dsemrgoum =l

<
r[m]=30.26 z[m]=5.64

Figure 5.28  Element groups of the tank
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Analysis of a tank
resting on Winkler's medium
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Example 6

1 Description of the problem

An example of an axi-symmetrically circular cylindrical tank resting on elastic foundation
using Winkler’s model is selected to illustrate some features of ELPLA for analyzing shell elements.

2 Tank geometry and properties

A circular cylindrical tank of an inner diameter of d = 13 [m] and a height of H = 3.5 [m]
is considered as shown in Figure 6.1. Thickness of the tank wall is t = 0.175 [m]. The tank is filled
with water. The soil under the base of the tank is represented by isolated springs of stiffness ks,
which represent modulus of subgrade reaction. The tank material, unit weight of the water

and the modulus of subgrade reaction are listed in Table 6.1.

t=0.175 [m] —a] j==—

s =100 000 [kN/ m?]

! ——— Ec¢  =2x10" [KN/ m?] !
| = | ve =020 [] |
; I,_(_ql i Ye =25 [KN/ mz] !
|_ °|’|> d=13[m] Yw =10 [KN/m L\
i ‘I -——— a=6.5[m] ——i
S I T A A

i 1

i

Figure 6.1 Circular cylindrical tank resting on isolated springs with dimensions

Table 6.1 Tank material, water unit weight and modulus of subgrade reaction

Modulus of Elasticity of the tank material Ec = 2x10’ [KN/ m?]
Poisson's ratio of the tank material Ve =0.2 [-]

Unit weight of the tank material Ye =25 [KN/ m®]
Unit weight of the water yvw =10 [KN/ m®]
Modulus of subgrade reaction Ks =100 000 [KN/ m®]
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3 Numerical Analysis

In order to analyze the tank, the height of the tank is divided into 35 equal segments, each of 0.10 [m],
as shown in Figure 6.2. The base of the tank is divided into 50 equal segments, each of 0.13 [m].

a=50x0.13 [m] = 6.50
: -
R
\ ——
o
0
i
|
E
S
I S
o
o
| 11
T

SR I N I ) ,E
ks = 100 000 [kN/ m?]

Figure 6.2  Finite element mesh of the tank

z

4 Creating the project

In this section, the user will learn how to create a project for analyzing an axi-symmetrically circular
cylindrical tank resting on elastic foundation using Winkler’s model. The project will be processed
gradually to show the possibilities and abilities of the program. To enter the data of the example,
follow the instructions and steps in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 6.3. This wizard will help the user to define the analysis type and the
calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 6.3).
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Calculation Method

Analysis Type:
Analysis of slab Analysis of combined Analysis of system of
foundation piled raft many slab foundations
Analysis of slab floor Analysis of grid Analysis of plane frame
Calculation method: Rotational shell] 3D-curved shell:

() Shell with an opening base
() Shellwith afloorslab
(®) Shell with a raft foundation

Help Load... Save As... Cancel

Analysis of rotational
shell

Analysis of plane stress

Analysis of
axisymmetric stress

Next >

Figure 6.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 6.3, define the analysis type of the problem. As the analysis
type is a circular cylindrical tank problem, select "Analysis of rotational Shell” button, and check
"Shell with a raft foundation™ option, then click "Next" button to go to the next Form. After clicking
"Next" button, the "Calculation Methods" Form appears, Figure 6.4.
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To define the calculation method:

Select the calculation method "2/3 Constant/ Variable Modulus of Subgrade Reaction”
To determine the modulus of subgrade reaction, select "Modulus is defined by the user"
Click "Next" button to go to the next Form

Calculation Method >

Calculation Method:

() 1- Linear Contact Pressure (Canventional Method)

(®) 2/3- Constant/Variable Modulus of Subgrade Readion

(") 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Determining Modulus of Subgrade Reaction:
() Modulus is calculated from half space
() Modulus is calculated from soil layers

(@) Modulus is defined by the user

Help Load... Save As... Cancel < Back Mext =

Figure 6.4  "Calculation Method" Form

The last Form in the wizard is the "Options™ Form, Figure 6.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Since no option will be considered in the analysis, click the "Save" button.
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Calculation Method

] jﬂ Addtional Springs

] 2 Supportsf Boundary Conditions
D F:‘ECE"‘“ ning Limi
L3

t Depth

OOoOoOonoOod
o5,

[ select &l

Help Load...

Cancel

< Back

Save

Figure 6.5

"Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 6.6. In this dialog box

type a file name for

the current project

in

"File name"

edit box.

For

example,

type "Tank on Winkler's medium"”. ELPLA will use automatically this file name in all reading

and writing processes.
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Save As
« S <« ELPLAT2.2 projects » Tutorial 2 » Example v O
Organize « Mew folder
Cad MName - Date modified Type
Mo items match your search,
W

Search Example &

Size

File narne: | Tank en Winkler's medium

Save as type: | Isolated slab foundation-files (7.PO1)

# Hide Folders

Save

Cancel

Figure 6.6 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Tank on Winkler's medium] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 6.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank resting on Winkler's medium"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a tank resting on Winkler's medium |

Date  |oz/12/2021 [~

Project |Axisymmetrin: Structures and Tanks |

Save Cancel Help Load... Save As...

Figure 6.7 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, the tank has an inner diameter of d = 13 [m] and a height of H = 3.5 [m].
the tank height is divided into 35 equal segments, each of 0.10 [m], where the base of the tank
is divided into 50 equal segments, each of 0.13 [m]. To define the FE-Net for this tank,
choose "FE-Net Data" command from the “Data” Tab. "Analysis of rotational shell" wizard appears
as shown in Figure 6.8. This wizard will guide you through the steps required to generate a FE-Net.

The first Form of the wizard is the "Shell type" Form, which contains a group of templates of
different shapes of nets. These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
s )
i ;
i
i
] ] 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
e > e s
i i |
i i
! i ‘
i i
i i i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Cylindrical shell:
i o)
v
Mumber of segments:
Number of seqgments Ns  [-]
Help Cancel = Eziels MNext = F

Figure 6.8 "Analysis of rotational shell" wizard with "Shell type" Form

To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 3.5 in the "Height" edit box

Type 6.5 in the "Radius" edit box

Type 35 in the "Number of segments" edit box

Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Cylindrical shell"
Form appears Figure 6.9, ELPLA divides the height of the tank into 35 equal segments,
the user can edit the data of the segments individually by using "Modify" button, or all of them
by using "In Table" button, if it is necessary.
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Analysis of rotational shell >

Cylindrical shell:

~
Start poistion ri [m] |5.500
z
ﬂ zl [m
End position r2 [m] &.500
z2 [m] 0,100 .
In Table
|
R

Modify

Help Cancel < Back

Figure 6.9 "Cylindrical shell" Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Net of Base" Form
appears Figure 6.10.
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To edit the grid spacing in x-direction, do the following steps in "Grid in x-direction™ frame:

Choose "Constant grid interval” check box
Type 50 in the "No. of grid intervals™ edit box

Analysis of rotational shell >
Net of Base
Grids in x-direction:
(@) Constant grid interval
¥ (") Constantringarea
() Variable grid interval
Mo, of grid intervals 50 =
Refresh
== ¥R Geometry
Radius Ru  [m] & 500
Help Cancel < Back Finish
Figure 6.10 "Net of Base" Form

Click "Finish" button, the FE-Net of the tank wall and a sector from the base appear in Figure 6.11
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B oo RESEaBEHR ™ & = | ELPLA - [Tank on Winkler's medium] - x
“ FE-NetData ~ EditFE-Net  Setting  View 2]
E P siab Comers {4; Node Coordinates B Opening Comers (2, Zoom In (B, Zoom Window ' Zoom Upper Right " Zoom Lower Left | - r
B op nef &% Connectivity Nodes B References  Zoomout 3T Move ™\, Zoom Upper Left - 8
FE-Net ndo Redraw Close
T e [E® Reference Corners B siab Corners (@, original Size Zoom3% 123 = |™, Zoom Lower Right
FE-Net Generation Graphially In table Window Undo  Refresh  Close
‘ ‘ ‘u‘u 0.7 ‘1‘3 |2‘u |2‘a 3.3 |3.9 ‘4.5 |5.2 ‘5.9 6‘5‘ ~
Pt bbb et bt ber e bbb
4
5.0_
(%8 _ -
(4.6 _ T
(34 _
(32—
(70—
35—
(3.6
G
37—
3=
(28 _
(26 _
(23—
(27—
(20—
18_ —
(16 _ T
00 e AT T T T T T L L]
) RSN NN R RN ® v

< >
rlm]=119 z[m]=58

Figure 6.11  Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 6.11 to save the data of the FE-Net

Choose "Close” command from "File" menu in Figure 6.11 to close the "FE-Net" window
and return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 6.12 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, unit weight of the tank,
and filled material properties.

Bl OE @S G HE R % @0 ™ s | ELPLA- [Tank on Winkler's medium] - ®
Shell Properties  Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m -~ r
Element groups chup Regions  Tesl Foundation Depth |=] Filled material type/Element size Qnmm out 54 Move .. Zoom Upper Left - ]

Undo Redraw Close
1 Origin Coordinates (@, Original Size ~ Zoom % "\, Zoom Lower Right

Graphically In table Shell Properties Window Undo Refresh  Close
| ‘u.uu |u.55 |1.3u |1.95 .60 |3.25 3.90 4.55 |5.2u |5.as |aﬂ ~

z

EREEEEEFEEEEEEEEE
EEEEEEEEEEEEEEEE

EE

<

X[m]=1198 Y[m]=323

Figure 6.12  "Shell Properties" Window

Choose "Element groups" command from "In table™ menu. The following list box in Figure 6.13 appears.
In this list box, enter E-Modulus, Poisson s ratio and slab thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ...  — O >
Poisson's Slab
E:)up E-Modulus  ratio thickness | ok |
' of slab of slab
Eb
T:_] kN jm3] MNue d | Cancel |
] [m]

1 2E407 0.2 0,175 | Insert |
| Copy |
| Delete |
-
| Send to BExcel |
| Paste from Bxcel |
T

Figure 6.13  "Defining element groups” list box

To enter the unit weight of the tank, choose "Unit weight" command from "Shell Properties” menu
in Figure 6.12. The following dialog box in Figure 6.14 with a default unit weight of 25 [KN/m®] appears,
click "OK" button.

Unit weight x

Unit weight Gh [kN/m3]

o] [ ww | [ o | [ beb |

Figure 6.14  "Unit weight" dialog box
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To define the liquid properties of the shell, choose "Filled material type/Element size” command
from "Shell Properties” menu in Figure 6.12. The following form in Figure 6.15 appears.

To define the liquid properties of the tank:
Select the "Liquid container” option
Type 3.5 in the "Height of the liquid" edit box
Type 10 in the "Unit weight of the liquid" edit box

To define the element size of the tank:

Check the "Constant element sizes in z-direction™ check box

Type 1 in the "Element size in each shell segment” edit box. The element size is chosen
to be 1 [m] larger than the segment size in order to ignore further subdivision of the
segments into smaller elements. In some cases, it is necessary to divide the segment into

smaller elements in order to make the analysis more precise. Nevertheless, the final results
of the internal forces appear only at nodes of segments

Click "OK" button

Filled material type/Element size

Filled material type:

(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:
Height of the liquid

Unit weight of the liquid

Top height of the granular material
Bottom height of the granular material

Unit weight of the granular material

Angle of the wall friction

Element size:
Constant element sizes in z-diredion

Element size in each shell segment

ok

Angle of internal friction of the granular material

Cancel

HI

H1
H2

]

A
4]

X
[m]
[kn/m3}

[m] |0.00
[m] |0.00

[kn/m3] 15.50
(1 |25

1 |20

—
El
[y

4k

Help

Figure 6.15

"Liquid properties/Element size" Form

After entering the shell properties, do the following two steps:

Choose "Save" command from "File" menu in Figure 6.12 to save the shell properties

Choose "Close" command from "File™ menu in Figure 6.12 to close the "Shell properties”
window and return to ELPLA main window
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45  Soil Properties

To define the soil properties, choose "Soil Properties" command from “Data” Tab. The following
"Soil Properties” form in Figure 6.16 appears, enter the modulus of subgrade reaction of the soil and

the ground water depth under the ground surface. Other data for this example is not required.

Soil data
Modulus of subgrade reaction Ks =100 000 [kN/ m?]
Ground water depth under the surface Gw =1 [m]
Soil Properties - O
Moduli of  Ultimate | Save |
Boring Boring X¥-coordinate  Y-coordinate  subgrade  bearing
log Mo, Log of boring of boring reactions  capacity | Cancel |
I Label [m] [m] ks Qul =
[rfm3]  [kN/mZ] | — |
0.000 100000 a o
| Copy |
| Delete |
| Load... |
e
| Paste from Ewxcel |
| Send to Bxcel |
Groundwater: Save AS. |
Groundwater depthundertheground surface Gw [m] | |
Help

Figure 6.16  "Soil Properties” Form
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 6.17 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" tab in Figure 6.17. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the tank,
while the hydrostatic pressure on the tank wall is defined by the unit weight of water.

=] SUREEEEER = | ELPLA - [Tank on Winkler's medium] - P4
“ Loads Setting  View (2]

- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left - E
5k Remove Nodal Loads 9%, Remove Member Load BB, Memberloads () Zoom Out 53 Move ™, Zoom Upper Left
%} Ad dal Loads #*_ Edit Member Load (@, original size Zoom3% (111~ ™, Zoom Lower Right

Graphically In table Window Undo  Refresh  Close

‘ ‘u‘u |UJ |13 |2‘u 2.6
bl

3.3 ‘3‘9 |4‘a |5‘2 5.9 ‘a‘s‘
[INEEAR NN RN NN

KEEERREE FERREEESRE

00— R === amnann s s NSRS R RN
N A I

<
X[ml=133 Y[m]=32

Figure 6.17 "Loads" Window

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 6.17 to save the load data
Choose "Close” command from "File” menu in Figure 6.17 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project. In the next
section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 6.18.

B o= o A = + | ELPLA - [Tank on Winkler's medium]
“ Data Solver Results Setting Wiew
D . Assembling the load vectar... - :_i i
3 ndividual Caleulations L
Computation Self-Adaptive
of all Mesh Wizard

Figure 6.18 "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining the modulus of subgrade reaction

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab Window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 6.19 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Assembling the slab stiffness matrix

Assembling slab stiffness matrd

Time remaining = 00:00:00

1= 74from 85 steps

. Cancel

Figure 6.19  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 6.20. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

W - Load
Total load [kN] = 5351.0

Sum of contact pressures [kN] = 5837.6

Ok Help

Figure 6.20 Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results” Tab.

To view the data and results of a problem that has already been defined and analyzed graphically,
switch to "Results” Tab (Figure 6.21).

B o [l P < | ELPLA - [Tank on Winkler's medium] - hd
“ Dsts  Soler  Results  Setting  View (7]
BB e [ Lo g Do semercamos ] @ § N &) &)
## Result Values i Deformation A Punching Shea ¥4 Deformed Mesh [EH
In omet Contou ~ ~ - X - ~ Boring Logs/ Boring  Sections in Sectionsin  Display Tables Display Tables
Plan e nes i Distribution X Principal moments ke Rotational shell Resuts = - Principal Stresses Limit Depth Locations ~ shellwall shell base of Data~  of Results ~

Figure 6.21 "Results" Tab

The "Results” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Sections in shell wall
Sections in shell base
Display tables of data
Display tables of results

To view the radial forces in the shell wall

Choose "Sections in shell wall"* command from "Section" menu. The following option box
in Figure 6.22 appears

In the "Sections in shell wall" option box, select "Radial forces Nr" as an example for the
results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 6.23.

Sections in shell wall >

Selectitemto display:

(® Radial forcesNr () Meridianal forces Ny

i) Meridional moments My

OTang&ntiaImnm&ntth ok
() Horizantal deformations Wh

Cancel
() Vertical deformatians W

Help

() Meridianal rotations Vm

Figure 6.22  "Sections in shell wall option box
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B o

@G EH & Graphic - x
“ Data Solver  Results Setting  View Graphic (2]
‘%; _1 =§5&5 @ @ B bvﬂ ) seale = Title @, Zoom In (), Zoom Window 7 Zoom Upper Right " Zoom Lower Left z E
= - B - [EL Set Range (%] Page No. & ZoomOut  §J Move "\, Zoom Upper Left Zoom% 105 ~
;:tﬂz p:,',T:W Frnt S\T:,;U 52:5;" C;’.f;ﬁ;ﬁ“ R 1, Axes Jmb View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right Rediaw | Close
Print Sending Options

" Radial forces %

Window

Refresh Close

Method (2) (Analysis of rotational shell )
Variable Modulus of subgrade Reaction

Radial forces

<

Radial forces

Figure 6.23

i
50 Mo
%‘”h\j\
o
}1 91
&
| o]
03
=
s | ot
200 00 200 400 600 200 106012001400 160.0

Radial force Nr [kN/m]

Sections in shell wall

Radial forces in shell wall

To view the meridional moments on the shell wall

<

From "Rotational shell results” command in the "Results" menu, choose "In Plan" command,
the following option box in Figure 6.24 appears

In the "Distribution of Internal Forces” option box, select "Meridional moments My"

as an example for

the results to be displayed

Click "OK" button

The Results are now displ

ayed as shown in Figure 6.23.

Distribution of Internal Forces

Select one itemto draw:

() Radial forcesNr

(® Meridional moments My
() Horizontal deformations vh
() vertical deformations Vv
() Meridional rotations Vm

() Shell defarmation Delta

et

(") Meridional forces My

(") Tangential moments Mt

ok

Cancel

Help

Figure 6.24
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g ne P,}} @"‘; ‘th ‘E = b agg ] Graphic ELPLA - [Tank on Winkler's medium]

“ Data Solver Results Setting View RFT Details Graphic

A7 A ” ’w_ | d ) scale =l Title (), Zoom In (8}, Zoom Window ' Zoom Upper Right " Zoom Lower Left o
.i_ s —{ = =1 J [EL Set Range %] Page No. & ZoomOut  §J Move . Zoom Upper Left Zoom% (253 ~ \
Page Print Print  Sendto Sendto Copytothe n Redraw
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Modulus of subgrade reaction is defined by the user
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Example 7

1 Description of the problem

An example of a circular cylindrical tank with a conical base resting on elastic foundation using
Winkler’s model is selected to illustrate some features of ELPLA for analyzing circular cylindrical
shell elements.

2 Loads

A circular cylindrical tank of an inner diameter of d = 15 [m] and a height of H = 6 [m]
is considered as shown in Figure 7.1. Thickness of the tank wall is t= 0.5 [m]. The tank is filled
with water. The soil under the base of the tank is represented by isolated springs of stiffness ks,
which represent modulus of subgrade reaction. Figure 7.1 shows the tank with dimensions,
while the tank material, unit weight of the water and the modulus of subgrade reaction are listed
in Table 7.1.

| a=7.5[m]
t=0.5[m] | ‘

_—

NS

NN

= 2x107 [kN/ m?]
=020 []

=25  [kN/md]
=10  [kN/md]

NN
NN \\\\\

%
%

\\\\\\

%x

77
T, T, /;;/’/Z//////A
I/lllllllyl/ll/gﬁzlllllllllly/l/l;%z;%/”l/? VI//;;/}/WW///II//////I/%JI

iy, 7

RN

RS

N
RS

17114/

s =100 000 [KN/ mq]
Figure 7.1 Circular cylindrical tank on isolated springs with dimensions

Table 7.1 Tank material, water unit weight and modulus of subgrade reaction

Modulus of Elasticity of the tank material Ec = 2x10’ [KN/ m?]
Poisson's ratio of the tank material Ve =0.2 [-]

Unit weight of the tank material Ye =25 [KN/ m?]
Unit weight of the water yw =10 [KN/ m®]
Modulus of subgrade reaction ks =100000  [KN/m?3]
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3 Numerical Analysis

In the analysis, the height of the tank is divided into 20 equal elements, each of 0.30 [m], as shown
in Figure 7.2 . The conical base of the tank is divided into 17 equal elements.

a=75[m]
| R
i v -3 -
| / E
i 8
[(o]
! 1
| E
| 3
o
1 X
| I
1
i T

!

|
17%0.05 [m
0.85 [m]

17x0.4 [m] = 6.90 [m] ‘

0.60 [m]

2x0.30 [m]_| |

A
! \ 2x0.30 [m] = 0.60 [m]

Figure 7.2 Finite element mesh of the tank

4 Creating the project

In this section, the user will learn how to create a project for analyzing an axi-symmetrically circular
cylindrical tank resting on elastic foundation using Winkler’s model. The project will be processed
gradually to show the possibilities and abilities of the program. To enter the data of the example,
follow the instructions and steps in the next paragraphs.

41 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 7.3. This wizard will help the user to define the analysis type and the
calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 7.3).
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Calculation Method

Analysis Type:
Analysis of slab Analysis of combined Analysis of system of
foundation piled raft many slab foundations

Analysis of slab floor Analysis of grid Analysis of plane frame

Calculation method: Rotational shell] 3D-curved shell:
() Shell with an opening base

() Shellwith afloorslab
(®) Shell with a raft foundation

Help Load... Save As... Cancel

Analysis of rotational
shell

Analysis of plane stress

Analysis of
axisymmetric stress

Next >

Figure 7.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 7.3, as the analysis type is a circular cylindrical tank problem,
select "Analysis of rotational Shell" button and check "Shell with a raft foundation” option, then click
"Next" button to go to the next Form. After clicking "Next" button, the "Calculation Methods" Form

appears, Figure 7.4.
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To define the calculation method:

Select the calculation method "2/3 Constant/ Variable Modulus of Subgrade Reaction”
To determine the modulus of subgrade reaction, select "Modulus is defined by the user"
Click "Next" button to go to the next Form.

Calculation Method >

Calculation Method:

() 1- Linear Contact Pressure (Canventional Method)

(®) 2/3- Constant/Variable Modulus of Subgrade Readion

(") 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Determining Modulus of Subgrade Reaction:
() Modulus is calculated from half space
() Modulus is calculated from soil layers

(@) Modulus is defined by the user

Help Load... Save As... Cancel < Back Mext =

Figure 7.4  "Calculation Method" Form
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The last Form in the wizard is the "Options™ Form, Figure 7.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.

Select "Additional Springs"”, then click the "Save" button.

Calculation Method
Options:
[ . slab with Girders
jﬂ Addtional Springs

] 2 Supportsf Boundary Conditions

DIFZE:E““' ning Limit Dept

o

Help Load... Save As.. Cancel < Back

Save

Figure 7.5 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 7.6. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "Conical Tank".

ELPLA will use automatically this file name in all reading and writing processes.
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Save As X
« v 4 > ThisPC » Local Disk (D:) » ELPLA122 projects » Tutorial2 » Example? v | B Search Example 7
Organize *  New folder = @

A Name Date modified Type Size

No items match your search.

File pame: | Conical Tank -
Save astype: |solated slab foundation-files (*.PO1) ~
A Hide Folders Cancel

Figure 7.6 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Conical Tank] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 7.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank with conical base resting on Winkler's medium™

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a tank with conical base resting on Winkler's medium |

Date  |21/12/2021 [~

Project |Axisymmetrin: Structures and Tanks |

Save Cancel Load... Save As..,

Figure 7.7 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, a cylindrical water container with a conical base of a radius of a = 7.5 [m]
and a height of H = 6 [m] is considered, the height of the tank is divided into two main segments,
the main segment of the wall is divided into 20 elements (20x0.3 [m]), while the conical part is
divided into 17 elements.

To define the FE-Net for this tank, choose "FE-Net Data" command from the “Data” Tab. "Analysis of
rotational shell” wizard appears as shown in Figure 7.8. This wizard will guide you through the steps
required to generate a FE-Net, the first Form of the wizard is the "Shell type" Form, which contains a
group of templates of different shapes of nets. These net templates are used to generate standard nets.
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Analysis of rotational shell

Shell type:

i
] [ i
Cylindrical shell Conical shell Spherical shell Hyperbalic shel

i

| |
i i

i i
Elliptical shell Cycloidal shel Parabalicshel Irregular shell

Irregular shell

Mumber of 2 Insert Mew Delete
Ma. Height Irdlapé:iﬁ; segments | | | | | |
I[] IE:_:jI Ro IS | Copy || Send to Bxcel || Paste from Excel |
3 [m]
[
Linear segments
. 0.6 0.6 5 ® (") Curved segments
2 0.85 7.5 17 Tank base:
\ 20
SENNCENIEN - M ® ) [oe
£ >
Roof data: dius of the spherical roof
[ shell withcovered roof Radius of the spherical ro Ra [m]
@ Spherical roof Angle ofthe spherical roof Theta =]
() Flatroof Mumber of roof segments Nsa =]

Figure 7.8 "Analysis of rotational shell” wizard with "Shell type™ Form

To generate the FE-Net

In the "Shell type" options choose "Irregular shell” button
Type 0.6 in the "Radius of the tank base" edit box,

To identify the foundation segment
« Type 0.6 in the "Height" edit box

« Type 0.6 in the "Upper radius" edit box
« Type 3 in the "Number of segments" edit box
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To identify the segment of the conical part

« Type 0.85 in the "Height" edit box
« Type 7.5 in the "Upper radius" edit box
« Type 17 in the "Number of segments" edit box

To identify the segment of the tank height

« Type 6 in the "Height" edit box

« Type 7.5 in the "Upper radius" edit box

« Type 20 in the "Number of segments" edit box
Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Irregular shell” Form

containing the data of the segments appears in Figure 7.9, The user can edit the data of each
segment individually or all of them by using "In Table™ button.
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Analysis of rotational shell

Irregular shell:

Segment data: o
Start poistion ri [m] .60
z El_lh ral [m] .00
End position r2 [m]
2 .
In Table

¥

Refresh

Mew
Insert Segment

Delete Segment

Copy Segment

Figure 7.9 " Irregular shell” Form

After clicking "Next" in "Analysis of rotational shell" wizard, the following "Net of Base" Form
appears Figure 7.10.
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To edit the grid spacing in x-direction of the tank foundation, do the following steps
in "Grid in x-direction™ frame:

Choose "Constant grid interval” check box
Type 10 in the "No. of grid intervals™ edit box

Analysis of rotational shell
Met of Base
Grids in x-direction:
(@) Constant grid interval
¥ (") Constantringarea
() Variable grid interval
Mo, of grid intervals 10 =
Refresh
Cj\\\ E?-){ R Geometry
Radius Ru [m] g0
Help Cancel =< Back Finish
Figure 7.10  "Net of Base" Form

Click "Finish" button, the FE-Net of the wall and a sector from the base appears in Figure 7.11
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B om0 REFE G 3 = — %
“ FE-NetData ~ EditFE-Net  Setting  View  RFT Details (2]
@ sl {#; Node Coordinates B Opening Comers (3 Zoom In (@), Zoom Window ' Zoom Upper Right " Zoom Lower Left ~» r
. S = ~a - a8
&% Connectivity Nodes B References O, zoomout 3 Move ™, Zoom Upper Left
FE-Net o Redraw  Close
Generation @ Carne B siab Corners (@, original Size  Zoom% 100 | ™ Zoom Lower Right
FE-Net Generation Graphically In table Window Undo  Refresh  Close
| il ’
<
7.00-
550~
400~
250
150
Fas]
HaE
HTE
0.0L
v
>

A

rm]=510 z[m]=329

%ure 7.11

Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:

Choose "Save" command from "File" menu in Figure 7.11 to save the data of the FE-Net
Choose "Close" command from "File" menu in Figure 7.11 to close the "FE-Net" window
and return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 7.12 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, unit weight of the tank,
and the filled material properties.

B0 s el W% 0 (™ 5 | ELPLA - [Conical Tank] - X
Shell Properties Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi® Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m -~ r!n
' Element groups [P Group Regions Tl Foundation Depth | Filled material type/Element size () ZoomOut  §3 Move R Zoom Upper Left -
Undo Redraw Close
1 Origin Coordinates (@, Original Size ~ Zoom % "\, Zoom Lower Right
Graphically In table Shell Properties Window Undo  Refresh  Close
W‘ A
)
7.00"
550
400
250
150
=
P
L=
.00
E— =
v
< >

r[m]=10.82 z[m]=3.10

%ure 7.12  "Shell Properties" Window

Choose "Element groups" command from "In table™ menu. The following list box in Figure 7.13 appears.
In this list box, enter E-Modulus, Poisson s ratio and slab thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ...  — O >
G Poisson's Slab
N:.:up E-Modulus  ratio thickness | Ok |
of slab of slab
Eb
I[_] km2]  Nue d | Cancel |
] [m]

1 2E407 0.2 0.5 | Insert |
| Copy |
| Delete |
L New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 7.13

"Defining element groups™ list box

To enter the unit weight of the tank, choose "Unit weight" command from "Shell Properties” menu
in Figure 7.12. The following dialog box in Figure 7.14 with a default unit weight of 25 [KN/m®] appears,

click "OK" button.

Unit weight o4
Unit weight Gb [kN/m3]
| ok | | New Cancel | | Help |
Figure 7.14  "Unit weight" dialog box
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To define the filled material properties of the tank, choose "Filled material type/Element size"
command from "Shell Properties” menu in Figure 7.12. The following form in Figure 7.15 appears.

To define the filled material properties of the Tank:

Select "Liquid container” option
Type 6.85 in the "Height of the liquid" edit box
Type 9.81 in the "Unit weight of the liquid" edit box

To define the element size of the tank:

Check the "Constant element sizes in z-direction" check box

Type 0.2 in the "Element size in each shell segment" edit box
Click "OK" button

Filled material type/Element size *

Filled material type:

(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [ml |6.85

Unit weight of the liquid yw [kNfm3]
Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] 0.00

Unit weight of the granular material W5 [kn/m3] 15.50

Angle of internal friction of the granular material L =] 25

Angle of the wall friction & =1 20

Element size:

Constant element sizes inz-diredion

Element size in each shell segment Dl [m] [0.2000 &

-

ok Cancel Help

Figure 7.15  "Liquid properties/Element size" Form

After defining the shell properties, do the following two steps:

Choose "Save" command from "File" menu in Figure 7.12 to save the shell properties
Choose "Close" command from "File™ menu in Figure 7.12 to close the "Shell properties”
window and return to ELPLA main window
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45  Soil Properties

To define the soil properties, choose "Soil Properties" command from “Data” Tab. The following
"Soil Properties” form in Figure 7.16 appears, enter Modulus of subgrade reaction of the soil and
the ground water under the surface. Other data in the example are not required.

Soil data:
Modulus of subgrade reaction Ks =100 000 [kN/ m?]
Ground water depth under the surface Gw =1 [m]
Soil Properties - O >
Moduli of  Ultimate | Save |
Boring Boring X¥-coordinate  Y-coordinate  subgrade  bearing
log Ma. Log of boring of boring reactions  capadty | Cancel |
I Label [m] [m] ks Qul =
[0fm3]  [kN/mZ]
| Insert |
0.00 0.00 100000 0
| Copy |
| Delete |
| Load... |
L Men
| Paste from Ewxcel |
| Send to Bxcel |
Groundwater: Save As.. |
Groundwater depthundertheground surface Gw [m] | |
Help

Figure 7.16

-7.18-

"Soil Properties” form



Example 7

4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 7.17 appears.

In ELPLA, entering loads may be carried out either numerically (in a table) or graphically using the
commands of "Loads" Tab in Figure 7.17. In this example, there is not applied load, as the vertical
load has been already defined by the unit weight of the tank, while the hydrostatic pressure on the
tank wall is defined by the unit weight of water.

=] SUREE S R & = - x
“ Loads  Setting  View  RFT Details (2]
- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left - E
5k Remove Nodal Loads g%, Remove Member Load B, Memberloads () Zoom out 5 Move =, Zoom Upper Left -
& S _ Redraw  Close
%} Add Nodal Loads * L Edit Member Load (@, original size Zoom3% (111~ ™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
| ’
<L
T 1
7.00" 1L !
— S -3
1 - 7
: - =
1 i E
550" T T T T e -
" e -3
. S =
T 1111111 =
. S =
400 Py TTT T T e e -
— T -3
. L =
. S, -
, UL o e e 3
2,507 bbb - — oo o e e e e —
- L R
- R -
150 B 73
= o=
[0 E
TE
000
— v
< >

X[m]=1651 ¥[m]=405

%ure 7.17  "Loads" Window

After finishing the definition of load data, do the following two steps:
Choose "Save" command from "File" menu in Figure 7.17 to save the load data

Choose "Close" command from "File" menu in Figure 7.17 to close the "Loads" window
and return to ELPLA main window
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4.7  Spring Supports

To define the Spring supports, choose "Spring Supports" command from “Data” Tab. The following
window in Figure 7.18 appears.

=] U RPESZEREK D E = _ x
“ Spring Supports Setting  View  RFT Details (2]
& ¢ Remove Spring Support = @, Zoom In @) Zoom Window 7 Zoom Upper Right .~ Zoom Lower Left - rl
. “ . ¥2_Add Spring Supports . @ zoomout 57 Move ", Zoom Upper Left R:" oa
ele pring edraw  Close
Nodes ¥ Edit Spring Support Supports (0, Original Size Zoom % 105~ |™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
I ’
il
T ml
7.00- 4
— 4
I 4
I -
I -
550 =
— =
b !
b -
N 4
.00 :|
— =
b =
b =
b -
2507 ”:'
7 -
n -
150 j
: .
HreE
ley=
0.0C
v

A

X[m]=1348 Y[m]=3.86

%ure 7.18  "Spring Supports" Window

To define the spring supports on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 7.18. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the spring support as shown in Figure 7.19
After selecting the nodes, choose "Add Spring Supports” command from "Graphically"
menu (Figure 7.18). The "Edit Spring Support™ dialog box in Figure 7.20 appears.
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B OsOURPESERER &0 - X
Spring Supports Setting  View  RFT Details (2]
e S SeerE c @
& % Remove Spring Supports g Azeemin t}loum Window 7 Zoom Upper Right " Zoom Lower Left n 2 E
* Add Spring Supports S zoomout 3 Move ", Zoom Upper Left
Sele Spring Undo-Select  Redraw  Close
Nodes| ¥ Edit Spring Suppart Supports (L Original Size  Zoom % 185 +| ™, Zoom Lower Right Nodes
Graphically In table Window Undo Refrash  Close
‘ A
4.00
2.50
150
125
LOE
[
(e
v
< >

r[m]=778 z[m]=017

%ure 7.19  Selection of the nodes that have the spring support

Edit Spring Support >

Horizontal spring kh [kn/mfm] ICI
Vertical spring kv [kN/m/m]
Rotational spring kt [Rad.mfRad/m] ICI

Cancel Help << Less

I
BT T Y
TR

Figure 7.20  "Edit Spring Support" dialog box
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Edit Spring Support >

Horizontal spring kh [kn/mfm] ICI
Vertical spring kv [kN/m/m]
Rotational spring kt [Rad.m/Rad/m] ICI

ok Cancel Help << Less

Figure 7.21  "Edit Spring Support" dialog box
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Edit Spring Support

kh [k m/m] ICI
kv [kM/m/m]
kt [Rad.mfRad/m]

Horizontal spring

Vertical spring

Rotational spring

<< Less

Help

Cancel

ok

"Edit Spring Support" dialog box

Figure 7.22
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=] SUREFEBREAR GO M- - %
“ Spring Supports Setting  View  RFT Details (2]
& ¢ Remove Spring Supports = () Zoomin @ Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m F rw
) A g Supports Q zoomout 53 Move "\, Zoom Upper Left - x|
Select S| Undo-5, Red Ch
- 7 Edit Spring Support Poorts  (CL Original Size  Zoom 185 = |\, Zoom Lower Right e | | R
Nodes Supports Supports
Graphically In table Window Undo Refresh  Close
T :
4.00 TI
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%ure 7.23  "Spring Supports™ window after defining the springs

After defining the spring supports, do the following two steps

Choose "Save " command from "File" menu in Figure 7.23 to save the data of the springs
Choose "Close" command from "File" menu in Figure 7.23 to close the "Spring Supports"
window and return to the main window

Creating the project of the tank is now complete. It is time to analyze this project. In the next
section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 7.24.

g | QA & E?’r @’Tf HE gfé] | = % | ELPLA - [Conical Tank]
m Data Solver Results Setting View RFT Details
[> . Assembling the load vector... - nag!
|
ﬂ Individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 7.24  "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector
Determining the modulus of subgrade reaction
Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)
Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
To carry out all computations in one time
Choose "Computation of all" command from "Solver" Tab Window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 7.25 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down of the
"Solver" Tab window displays Information about the progress of calculation.

Assembling the slab stiffness matrix

Assembling slab stiffness matrd

I1=1from 75 steps

Cancel

Figure 7.25  Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 7.26. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

W - Load
Total load [kN] = 15686

Sum of contact pressures [kN] = 15778

Ok Help

Figure 7.26  Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results” Tab.

To view the data and results of a problem that has already been defined and analyzed graphically,
switch to "Results” Tab (Figure 7.27).

B o [l P < | ELPLA - [Conical Tank] - b4
“ Dsts  Soler  Results  Setting  View  RFT Details (7]
ﬁ \ﬁ D T 1sometric Vie @ Circular Diagrams T Support Reactions «, Deformation Vectors 4 Principal Strain E d? @ @
## Result Values i Deformation 2 Punching Shea 4 Deformed Mesh LEE] v
in  lsometric  Contou ) . ) ) ) BoringLogs/ Baring  Sedtions in Sectionsin  Display Tables Display Tables
Plan e e B es " Principal moments her Rotational shell Resuits = - Principal Stresses Limit Depth Locations  shellwall shell base of Data~  of Results

Figure 7.27 "Results" Tab

The "Results” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Sections in shell wall
Sections in shell base

To view the radial forces in the shell wall:

Choose "Sections in shell wall" command from "Section” menu. The following option box
in Figure 7.28 appears

In the "Sections in shell wall" option box, select "Radial forces Nr** as an example for the
results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 7.29.

Sections in shell wall >
Selectitemto display:

(® Radial forcesNr () Meridianal forces Ny

i) Meridional moments My

OTang&ntiaImnm&ntth ok
() Horizantal deformations Wh

Cancel
() Vertical deformatians W

Help

() Meridianal rotations Vm

Figure 7.28  "Sections in shell wall™ option box
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B OSIRESEREE 00 Srapti
“ Data  Solver  Results  Setting  View  RFT Details | Graphic 2]
v, P il (yra] ) scale =l Title (), Zoom In (E), Zoom Window " Zoom Upper Right " Zoom Lower Left -5
4 (O o W [ W 3 ) =
= 4 = I—‘ I—‘ = 5 set Range [#] Page No. @), zoom Out ™, Zoom Upper Left Zoom% 175 ~ 8
Fage Frint Print  Sendto Sendto Copytothe Sendto ELFLA B S - _ _ Redraw  Close
Setup Preview Word  Excel Clipboard o i, Axes [b View Grouping @ Original Size £ Viewing Angle ™\ Zoom Lower Right ~
Print Sending Options Window Refresh  Close
" Radial forces % i
~
Mathod (2) (Analysis of rotational shell )
Variable Modulus of subgrade Reaction
8.00
7.00 "
600 e,
500 lﬂ%\
W
B 400 \Q:R(
S 300 S8307.3
200 /O/d
] A0 |
1.00 2=
E 64.40
O e e B LA B o s A
-60.0 0.0 600 1200 1800 240.0 300.0 360.0
Radial force Nr [kN/m] .
< >

Radial forces

%ure 7.29

Radial forces in shell wall

To view element groups of the tank

Choose "Element groups™ from "In Plan" command in "Data" menu. The following option
box in Figure 7.30 appears
In the "Data — In Plan" option box, select "Element groups” as an example for the results
to be displayed

Click "OK" button

Data - In Plan

() Rotational shell system

Select one item to draw:

() Net numbering () Coordinates rfz

(@) Element groups

() Slab thickness ok

() System of loading

Cancel

() Boundary conditions

Help

Figure 7.30
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To view the meridional moments on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 7.31 appears
- Inthis check group box, check "Meridional moments My" check box
The user can choose any other data to be viewed
Click "OK" button

Wiew Grouping X

Selectitems to display

[] Met numbering ~
[] Coordinates rfz

[] System of loading

[] Spring Supports Cancel
[] Rotational shell system

[] Radial forcesNr

Meridional moments My

[] Tangential moments Mt I

=

Help

[m] Select All

Figure 7.31  "View Grouping" check group box

HOsPEGFaaEHdE &0 ™= Graphic - x
Data Solver Results Setting View RFT Details Graphic ~ 0

! il & 7 @ ﬂ J I ) seate & Titte @, Zoom In (B, Zoom Window 7 Zoom Upper Right " Zoom Lower Left Y E

= = - (5L SetRange [#] Page No. Q) zoom out 53 Move R, Zoom Upper Left zoomn 11~

Page Print Print  Sendto Sendto Copyto the Send to ELPLA 8 m Redraw  Close
&s =

Setup Preview ‘Word Excel  Clipboard -Sedtion
Print Sending Options

Jimh View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right
Window Refresh  Clase

[P Element groups (5) X

Method (2)
Modulps of subgrade reaction is defined by the user

GL: E=2E-07[N/m2]
Nue=02[-], ¢=0.5[m]

Element groups
No. of element groups = I

<

<
rm]=1834 z[m]=411

Figure 7.32  Element groups of the tank
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Analysis of a tank resting on
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Example 8

1 Description of the problem

An example of a circular cylindrical tank resting on an isotropic elastic half space soil medium
is selected to illustrate some features of ELPLA for analyzing shell elements.

2 Tank geometry and properties

A circular cylindrical tank of an inner diameter of d = 18 [m] and a height of H = 7.5 [m]
is considered as shown in Figure 8.1. The thickness of the tank wall and base is t = 0.36 [m].
The tank is filled with water. Figure 8.1 shows the storage tank with dimensions, while the tank
material and unit weight of the water are listed in Table 8.1. The data of soil medium under the base
of the tank are shown in Table 8.2.

| t=0.36 [m]

| — i ~—
7 7
é | B = 1.4x107[kN/ m?] é
- C v =00 [] é
é o |y =981 [kN/mT é
. | /
é I d =18 [m] ‘
é | a=9[m] %
? é
] /

Isotropic elastic soil medium
E = 20000 [KN/ m?]
Vs =04 [-]

Figure 8.1  Circular cylindrical tank resting on an isotropic elastic soil medium

Table 8.1  Tank material and water unit weight

Modulus of Elasticity of the tank material Ec = 1.4x10’ [KN/ m?]
Poisson's ratio of the tank material Ve =0.2 [-]

Unit weight of the water Yw =0.81 [KN/ m®]
Unit weight of the tank material Yb =25 [KN/ m®]

Table 8.2  Soil data

Modulus of Elasticity of the soil medium E = 20000 [KN/m?]
Poisson's ratio of the soil medium Vs =04 [-]
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3 Numerical Analysis

In order to analyze a water storage tank resting on an isotropic elastic half space soil medium using
ELPLA. The height of the tank is divided into 30 equal segments, each of 0.25 [m], as shown in
Figure 8.2, while the base of the tank is divided into 45 equal segments, each of 0.2 [m].

a=45x0.2 [m] = 9.00 [m]

-
]
! r
| \ - I
7

| =
] e
| 3
| N~
| I
. E
| o
' N
| x
I (97]

I
| :

l/

|
i
1
Y :

Figure 8.2 Finite element mesh of the tank

4 Creating the project

In this section, the user will learn how to create a project for analyzing a circular cylindrical tank
resting on an isotropic elastic soil medium. The project will be processed gradually to show the
possibilities and abilities of the program. To enter the data of the example, follow the instructions
and steps in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 8.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of forms. The first form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 8.3).
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Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotaiond Anahysis of
foundation piled raft many slab foundations shell axisymmetric stress

Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

() Shell with an opening base
() Shellwith afloorslab
(®) Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 8.3 "Analysis Type" Form

In the "Analysis Type™" Form in Figure 8.3, define the analysis type of the problem. As the analysis
type is a circular cylindrical tank resting on an isotropic elastic soil medium problem,
select "Analysis of rotational Shell” button, and check "Shell with a raft foundation” option then
click "Next" button to go to the next form. After clicking "Next" button, the "Calculation Method"
Form appears, Figure 8.4.
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To define the calculation method:

Select the calculation method "6-Modulus of Compressibility (Iteration)”
To determine the subsoil model, select "Half Space model*
Click "Next" button to go to the next form

Calculation Method >

Calculation Method:

() 1- Linear Contact Pressure (Canventional Method)

() 2{3- Constant/Variable Modulus of Subgrade Readion

(") 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

(®) 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Subsail model:

(®) Half Space model
() Layered soil model

Help Load... Save As... Cancel < Back Mext =

Figure 8.4  "Calculation Method" Form
The last Form in the wizard is the "Options™ Form, Figure 8.5. In this Form, ELPLA displays some

available options corresponding to the chosen numerical model, which differ from model to other.
Since no option will be considered in the analysis, click the "Save" button.
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Calculation Method

O f‘S ab With Girders
] jﬂ Addtional Springs
] 2 Supportsf Boundary Conditions

o:ﬁ
iy
S0
[ select &l
Help Load... Cancel < Back Save

Figure 8.5 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 8.6. In this dialog box
type a file name for the current project in "File name" edit box. For example,
type "tank resting on half space soil medium". ELPLA will use automatically this file name in all

reading and writing processes.
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Save As X
T > ThisPC » Local Disk (D) > ELPLA122 projects > Tutorial2 > Exsmple8 v 0 Search Example 8
Organize *  New folder = @
OB~ Name Date modified Type Size
E tank resting on half space soil medium TeTAAe o +Ti0A Open projects cre... 1KB
-
File pame: | tank resting on half space soil medium -
Save astype: Isolated slab foundation-files (*.PO1) ~
A Hide Folders Cancel

Figure 8.6 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [tank resting on
half space soil medium] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 8.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank resting on a half space soil medium”

Type the date of the project in the "Date" edit box

Type "Axisymmetric Structures and Tanks™ in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a tank resting on a half space soil medium |

Date  |15/11/2021 [~

Project |Axisymmetrin: Structures and Tanks |

Save Cancel Help Load... Save As...

Figure 8.7 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, the tank has an inner diameter of d = 18 [m] and a height of H = 7.5 [m],
the height of the tank is divided into 30 equal segments, each of 0.25 [m], and the base of the tank is
divided into 45 equal segments, each of 0.2 [m]. To define the FE-Net for this tank,
choose "FE-Net Data" command from the “Data” Tab. "Analysis of rotational shell” wizard appears
as shown in Figure 8.8. This wizard will guide you through the steps required to generate a FE-Net.

The first form of the wizard is the "Shell type” Form, which contains a group of templates of
different shapes of nets. These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
s
i
i
i
] ] 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
i >
i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Cylindrical shell:
i o)
L
Mumber of segments:
Number of segments MNs  [-]
Help Cancel = EECE MNext = Finish

Figure 8.8 "Analysis of rotational shell" wizard with "Shell type" Form
To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 7.5 in the "Height" edit box

Type 9 in the "Radius" edit box

Type 30 in the "Number of segments” edit box

Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Cylindrical shell”
Form appears Figure 8.9, ELPLA divides the height of the tank into 30 equal segments,
the user can edit the data of the segments individually by using "Modify" button, or all of them
by using "In Table™ button, if it is necessary.
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Analysis of rotational shell >
Cylindrical shell:
~
Start poistion rl [m] |g.000
Z
Iﬂ Fal [m] 0,000
End position r2 [m] =9.000
z2 [m] 0.250 .
In Table
|ﬂ-":;l-'-'.
Modify
Help Cancel < Back
Figure 8.9 "Cylindrical shell" Form
After clicking "Next" in "Analysis of rotational shell” wizard, the following "Net of Base"

Form appears Figure 8.10.
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To edit the grid spacing in x-direction, do the following steps in "Grid in x-direction™ frame:

Choose "Constant grid interval” check box

Type 45 in the "No. of grid intervals” edit box, the base of the tank is divided into 45 equal
segments, each of 0.2 [m]

Analysis of rotational shell x
MNet of Base
Grids in x-direction:
(@) Constant grid interval
¥ 4 () Constantringarea
("1 variable grid interval
Mo, of arid intervals 45 S
Refresh
== ¥R Geometry
Radius Ru [m] gp
Help Cancel = Back Finish
Figure 8.10  "Net of Base" Form

Click "Finish" button, the FE-Net of the tank wall and a sector from the base appears in Figure 8.11.
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B oo RE@E ahEkK ™ = | ELPLA - [tank resting on half space soil medium] _ «
“ FE-NetData ~ EditFE-Net  Setting  View 2]
Slab Corners {4; Node Coordinates B Opening Comers (2, Zoom In (B), Zoom Window ' Zoom Upper Right " Zoom Lower Left Py r

1 Connectivity Nodes B References - a8

%’J: ab Carners (@, original Size Zoom3% 100 ~|™, Zoom Lower Right

 Zoomout 3T Move "\, Zoom Upper Left
ndo Redraw Close

FE-Net Generation Graphically In table Window Undo  Refresh Close

‘ | 0.000 [L000 ‘z‘uuu 3.000 ‘wuu 5.000 ‘a‘uuu 7.000 ‘a.uuu g‘uuu| ~
vl e e b e bec b b b

r[m]=20.295 z[m]= 5427

Figure 8.11  Generated FE-Net
After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 8.11 to save the data of the FE-Net

Choose "Close" command from "File" menu in Figure 8.11 to close the "FE-Net" window
and return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 8.12 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, unit weight of the tank,
and filled material properties.

Bl S0 RE GG T B ) (™ < | ELPLA- [tank resting on half space soil medium] - 'Y
Shell Properties  Setting  View  RFT Details ~ @
# select Elements B Element groups Y7 Unit weight M Foundation Level @ Zoomin &) ZoomWindow 7 Zoom Upper Right " Zoom Lower Left n - B
Element groups chup Regions  Tesl Foundation Depth |=] Filled material type/Element size Qnmm out 54 Move .. Zoom Upper Left - x|
& origin Coordinates (@, Original Size Znnm%\me Lower Right U"\d,:‘;[:‘:?a’ Redrous | Close
Graphically In table Shell Properties Window Undo Refrash  Close

| ‘u.uu 1.00 ‘z.uu ‘3.00 4.00 5.00 |a.nu |7.uu |a.uu ‘Q.UU‘ ~
P b bt et beeve bbb

z

bl T TTTO TIT  ]

< >
X[m]=1866 Y[m]=7.44

%ure 8.12  "Shell Properties" Window

<

Choose "Element groups” command from "In table” menu. The following list box in Figure 8.13 appears.
In this list box, enter E-Modulus, Poisson’s ratio and slab thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ...  — O >
G Poisson's Slab
N:)uﬂ E-Modulus  ratio thickness | ok |
' of slab of slab
Eb
f:_] [k/m2] Mue d | Cancel |
H [m]

1 L4407 |0.2 0.36 | Insert |
| Copy |
| Delete |
T
| Send to Buxcel |
| Paste from Excel |
T

Figure 8.13

"Defining element groups™ list box

To enter the unit weight of the tank, choose "Unit weight" command from "Shell Properties" menu
in Figure 8.12. The following dialog box in Figure 8.14 with a default unit weight of 25 [KN/m®] appears,
click "OK" button.

Unit weight >
Unit weight Gb [kN/m3]
| Ok | | New | | Cancel | | Help |
Figure 8.14  "Unit weight" dialog box
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To define the liquid properties of the shell, choose "Filled material type/Element size” command
from "Shell Properties” menu in Figure 8.12. The following form in Figure 8.15 appears.

To define the filled material properties of the tank:

Select the "Liquid container” option
Type 7.5 in the "Height of the liquid"” edit box
Type 9.81 in the "Unit weight of the liquid" edit box

To define the element size of the ring:

Check the "Constant element sizes in z-direction" check box

Type 0.2 in the "Element size in each shell segment” edit box
Click "OK" button

Filled material type/Element size *

Filled material type:
(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [m]
Unit weight of the liquid yw [kNfm3]
Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] 0.00

Unit weight of the granular material W5 [kn/m3] 15.50

Angle of internal friction of the granular material L =] 25

Angle of the wall friction & =1 20

Element size:

Constant element sizes inz-diredion

Element size in each shell segment Dl [m] [0.2000 &

-

ok Cancel Help

Figure 8.15 "Liquid Properties/Element size" Form

After entering the shell properties, do the following two steps:

Choose "Save" command from "File" menu in Figure 8.12 to save the shell properties
Choose "Close”™ command from "File” menu in Figure 8.12 to close the "Shell
properties™ window and return to ELPLA main window
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45  Soil Properties

To define the soil properties, choose "Soil Properties" command from “Data” Tab. The following
"Soil Properties” form in Figure 8.16 appears, the soil properties are defined by Modulus of
Elasticity "E", and is supposed to have the following parameters:

Modulus of Elasticity of the soil E = 20000 [KN/m?]
Unit weight of the soil GAM =18 [KN/m?]
Angle of internal friction FHI =30 []
Cohesion of the soil c =0 [KN/m?]
Poisson's ratio of the soil medium Vs =04 [-]

Other data in the example is not required, the user can use the default values.

Soil Properties x
Soil Properties | Calculation parameters of flexibility coeffidents Bearing capadity factors
Geotechnical data of the layer:
Soil properties are defined by Modulus of Elasticity E ~
Maodulus of Elasticity of the soil E [kN/m2] | 20000
Unitweight of the soil GAM [kMN/m3]
Angle of internal friction FHI [°1
Cohesion of the soil c [kN/m2] I:I
Poisson's ratio of soil (0 <= Nue €= 0.5) Nue [-]
Main Soil Data:
Settlement reduction factor (Alfa <= 1) [-]
Groundwater depthunder theground surface 1,000
Save Cancel Help Load... Save As..

Figure 8.16  "Soil Properties” Form

After defining the soil properties, click "Save™ button.
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 8.17 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 8.17. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the tank material,
while the hydrostatic pressure on the tank wall is defined by the unit weight of water.

SRES B hER S = | ELPLA - [tank resting on half space soil medium]
Loads Setting  View (2]

Emﬂ

- Select Nodes 47 Edit Nodal Load B} nodal loads () ZoomIn @) zoom Window 7 Zoom Upper Right /" Zoom Lower Left ~» E
5k Remove Nodal Loads 9%, Remove Member Load BB, Memberloads () Zoom Out 53 Move ™, Zoom Upper Left
%} Ad dal Loads #*_ Edit Member Load (@, original size Zoom3% (111~ ™, Zoom Lower Right

Graphically In table Window Undo  Refresh  Close

| |u‘u |1‘u ‘z‘u ‘3.0 |4.u |5‘u ‘a‘u ‘m 3.0 ‘9‘u|
prrr e berce e bevre b bbb

&

F"|F"|N‘H‘Pﬂ“
Ll

|N|P‘P’|*"*"EF|”
Ll |

N
|

ll e T T T T T T T T T T3]
T T

<

. ‘ |

rlml=214 z[m]=55

Figure 8.17  "Loads" Window

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 8.17 to save the load data
Choose "Close” command from "File” menu in Figure 8.17 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project.
In the next section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 8.18.

B oS FEE Y = = | ELPLA - [tank resting on half space soil medium]
“ Data Salver Results Setting View
[> . Assembling the load vector... - :_i i
I3 Individual Calculations -
Computation Self-Adaptive
of all Mesh Wizard

Figure 8.18 "Solver" Tab

ELPLA will active the "Individual Calculations" list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining flexibility coefficients of the soil

Assembling the soil stiffness matrix

Assembling the slab stiffness matrix

Iteration process

Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
Carrying out all computations

To carry out all computations in one time

Choose "Computation of all" command from "Solver” Tab Window. The following
"Iteration parameters™ option box in Figure 8.19 appears

For this example, choose an accuracy of 0.0001 [m] to end the iteration process
Click "OK" button

[teration pararmeters

Which option is ending the iteration process?

{®) Accuracy [m] 0.0001

() Iteration Mo. 10

ok Cancel Help

Figure 8.19  "lteration parameters™ option box
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The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 8.20 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Determining flexibility coefficients of the soil

Assembling the flexibility matrd

1= 46 from 46 steps

Cancel

Figure 8.20  Analysis progress menu

"Check of convergence" message Figure 8.21 appears showing that no convergence is reached
at the last step, click "OK" button.

Check of convergence

Mo convergenceis reached at the last step!

0k Help

Figure 8.21  "Check of convergence" message
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Click "Stop" button (Figure 8.22), to stop the iteration process as no convergence has reached.

[teration process..

Iteration

No. Accuracy [m]

0.00814265400

Continue

Help

Tteration cycdes is ended at accuracy [m]<= 0.0001

Computation time = 00:00:00

K| Iterationis paused!

Figure 8.22  “lteration process" list box

Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 8.23. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution
V- Load
Total load [kN] = 24826.0
[kN] = 24614.1

Sum of contact pressures

Figure 8.23  Menu "Check of the solution"

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 8.24).

B o Eﬁ,@;‘ﬁ & = P = | ELPLA - [tank resting on half space soil medium] - hd
“ Data Solve Results Setting  View (7]
e DI S lon g WS 8
#HR i Deformation é ¥4 Deformed Mesh
~ ) ) ) ing ns in DpIyTh\ DpIyTh\
e tion & Principal m s b Rotational shell Results = - Principal Stresses n hnwu hllb of Data of Results

Flgure 8. 24 "Results" Tab

The "Result” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Sections in shell base
Sections in shell wall
Display tables of data
Display tables of results

To view the radial forces in the shell wall

Choose "Sections in shell wall* command from "Section™ menu. The following option box
in Figure 8.25 appears

In the "Sections in shell wall" option box, select "Radial forces Nr" as an example
for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 8.26.

Sections in shell wall >

Selectitemto display:

(®) Radial forcesNr () Meridional fonces My

() Meridional moments My

OTangEntiaImnmentth ok
(") Horizantal deformations Wh

Cancel
() Vertical defarmations v

Help

(") Meridional rotations Vm

Figure 8.25  "Sections in shell wall" option box
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E' RN=3 _)P};@A‘;‘ﬁ Il R @u*;ﬂ;‘ Graphic - X
Data  Solver  Results  Setting  View  RFT Details | Graphic 2]
,,; 7 J; . [w. ’}r;] ) Seate = Title @, Zoom In (), Zoom Window " Zoom Upper Right " Zoom Lower Left o r
- =% 2 J [EL Set Range (%] Page No. onum out 5 Move "\, Zoom Upper Left Zoom% 115~ - 8
Page Print Print  Sendto Sendto Copytothe S ELPLA o X P X Redraw  Close
Setup Preview Word Excel Clipboard T 1, Axes Jh View Grouping @, Original Size £ Vi nole ™, Zoam Lawer Right -
Print Sending Options Window Refresh  Close
" Radial forces % i
~
Method (6) {Analysis of rotarional shell )
Modulus of Compressibility (Iteration) (Half Space model)
750
700 %
6.50]
6.00 =]
550
— 5.003
B 4503
= 3
9 4004 =y
N g
= 3504
3 300 E 361.10
= 2,50% ")5
2.00
= ,/“'
1503 =
1.003
- M
0503 dasl20
0.00 J———FF T
-60.0 0.0 600 120.0 180.0 240.0 300.0 360.0 420.0
Radial force Nr [kN/m]
Radial forces
Sections in shell wall ©
< >

Radial forces

%ure 8.26  Radial forces in shell wall
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To view the meridional moments in the shell base

Choose "Sections in shell base™ command from "Section™ menu. The following option box
in Figure 8.27 appears

In the "Sections in shell base" option box, select "Meridional moments My" as an example
for the results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 8.28.

Sections in shell base )4
Selectitemto display:
() Radial forces Nr () Meridional foroes My

i®) Meridional moments My (") Tangential moments Mt

() Horizontal deformations Vh

() Base settlementsw ok
O Base contact pressures g

Cancel
() Sail stiffnesses ks

Help

() Meridional rotations Vm

Figure 8.27  "Sections in shell base" option box
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HoshPEFaad & =l Graphic x
“ Data Solver  Results Setting  View  RFT Details Graphic (2]
07 (A . ’Wj- /}' &) scale = Title @, Zoom In (&), Zoom Window " Zoom Upper Right " Zoom Lower Left -5 ru
é X v A h_A
= j\- = J [EL Set Range (%] Page No. & ZoomOut  §J Move "\, Zoom Upper Left Zoom% (100~ - 8
Page Print Print Sendto Sendto Copytothe Send ELPLA ~ N R N Redraw Close
Setup Preview Word el Clipboard 1, Axes Jmb View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
Y=t Meridionalmoments X ¥

Meridional Moment My [kN.min]

Form1

%ure 8.28

Method (6) (Analysis of rotational shell )
Modulus of Compressibility (Itevation) (Half Space model)

Distance x [m]

000 100 200 300 400 500 600 700 300 900
-100.0 L L L Ly Ly L L L

800

60.0]

-400 f

Meridional moments
Sections in shell base

Meridional moments in shell base

To view element groups of the tank

Choose "Element groups™ from "In Plan" command in "Data" menu. The following option
box in Figure 8.29 appears

In the "Data — In Plan" option box, select "Element groups” as an example for the results
to be displayed

Click "OK" button

Data - In Plan

Select one itemto draw:

{") Net numbering () Coordinates rfz
(@) Element groups

() slab thickness ak

() System of loading

() Boundary conditions

() Rotational shell system

Cancel

Help

Figure 8.29

"Data — In Plan" option box
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To view the meridional moments on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 8.30 appears

In this check group box, check "Meridional moments My" check box

The user can choose any other data to be displayed

Click "OK" button

Wiew Grouping X

Selectitems to display

[] Met numbering M

[] Coordinates rfz (4] 3
[] System of loading

[] Rotational shell system Cancel

[] Radial forcesNr

Meridional maments My

[] Tangential moments Mt

[] Meridianal fores Ny I

Help

[m] Select All

Figure 8.30 "View Grouping" check group box

B o FHEBREE G- SIS
“ Data Solver  Results Setting  View Graphic (2]
207 [ vl ’w. v d [ scate =l Title (), Zoom In (8}, Zoom Window " Zoom Upper Right " Zoom Lower Left -~ r
é s —{ = —=l J (5L Set Range [#] Page No. S Zoomout  §J Move "\, Zoom Upper Left Zoom% (117~ \ >
Page Print Print Sendto Sendto Copy to the Send ELPLA A Redraw Close
Setup Preview Word Excel Clipboard s 1, Axes [izb View Grouping (@, Original Size £} Viewing Angle ™, Zoom Lower Right =
Print Sending Options Window Refresh  Close

[P Element groups (7) X

Metod (6) (Half Space model)
Modulus of Compressibility (Iteration)

Lo E
E
G1: E=1 4E+07[KN/m2]
Nue=02[-], d=0.36[m]
Hs
] B
I & T
&

<
r[m]=180 z[m]=62

<

Figure 8.31  Element groups
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Example 9

1 Description of the problem

An example of a circular cylindrical storage tank resting on an isotropic elastic half space soil
medium is selected to and illustrate some features of ELPLA for analyzing circular cylindrical shell
elements.

2 Tank geometry and properties

A circular cylindrical tank of an inner diameter of d = 20 [m] and a height of H = 10 [m]
is considered as shown in Figure 9.1. Thicknesses of the wall and the base are different.
The thickness of the tank wall is tw = 0.2 [m] and that of the base is t, = 0.5 [m]. The tank is filled
with water. Figure 9.1 shows the storage tank, while the tank material and unit weight of the water
are listed in Table 9.1. The data of soil medium under the base of the tank are shown in Table 9.2.

tW =0.2 [m]
| —={=—

/ Y /
g CE =2x107 [N/ g
é D ve =0.16 [-] g
é |y =24 [kN/ m®] f
é E | v =10.19 [kN/ m?] {
S |
4 = f
7 I | a =10 [m] 7
T = -
g d =20 [m] ’
é

!

?

"

Isotropic elastic soil medium
E = 20000 [kN/ m?]
Vs =0.2 [-]
Figure 9.1 Circular cylindrical tank resting on an isotropic elastic soil medium

Table 9.1 Tank material and water unit weight

Modulus of Elasticity of the tank material Ec  =2x10’ [KN/ m?]
Poisson's ratio of the tank material Vb =0.16 [-]

Unit weight of the tank material o =24 [KN/ m®]
Unit weight of the water yo  =10.19 [KN/ m®]

Table 9.2 Soil data

Modulus of Elasticity of the soil medium E = 20000 [KN/m?]
Poisson’s ratio of the soil medium Vs =0.2 [-]
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3 Numerical Analysis

In order to analyze a water storage tank resting on an isotropic elastic half space soil medium using
ELPLA, this example shown in Figure 9.1 is analyzed. The height of the tank is divided
into 50 equal segments, each of 0.20 [m], as shown in Figure 9.2, while the half base of the tank is
divided into 50 equal segments, each of 0.20 [m].

a =50x%0.20 [m] = 10.00 [m]

100 r

i

50x0.20 [m] = 10.00 [m]

2]
H

1
i
I
|
I
1
1
1
1
1
1
1
1
|
l
1
1

B
Y :

Figure 9.2  Finite element mesh of the tank
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4 Creating the project

In this section, the user will learn how to create a project for analyzing a tank resting on an isotropic
elastic half space soil medium. The project will be processed gradually to show the possibilities
and abilities of the program. To enter the data of the example, follow the instructions and steps
in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods
wizard appears, Figure 9.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of forms. The first form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 9.3).

Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundation piled raft many slab foundations shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

() Shell with an opening base
() Shellwith afloorslab
(®) Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 9.3 "Analysis Type" Form

In the "Analysis Type" Form in Figure 9.3, define the analysis type of the problem. As the analysis
type is a tank resting on an isotropic elastic half space soil medium problem,
select "Analysis of rotational Shell” button, and check "Shell with a raft foundation" option,
then click "Next" button to go to the next Form. After clicking "Next" button, the "Calculation
Method" Form appears, Figure 9.4.
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To define the calculation method:

Select the calculation method "4-Modification of Modulus of Subgrade Reaction by Iteration”
To determine the subsoil model, select "Half Space model*
Click "Next" button to go to the next Form

Calculation Method >

Calculation Method:

() 1- Linear Contact Pressure (Canventional Method)

() 2{3- Constant/Variable Modulus of Subgrade Readion

(®) 4- Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(") 7-Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Subsail model:

(®) Half Space model
() Layered soil model

Help Load... Save As... Cancel < Back Mext =

Figure 9.4  "Calculation Method" Form

The last Form in the wizard is the "Options" Form, Figure 9.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Since no option will be considered in the analysis, click the "Save" button.
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Calculation Method

O f‘S ab With Girders
] jﬂ Addtional Springs
] 2 Supportsf Boundary Conditions

mit Depth

L

L

L

Ll o
O
OT
O
[ select &l

Cancel

< Back

Save

Figure 9.5 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 9.6. In this dialog box

type a file name for the current project

in

"File name"

edit box.

For

example,

type "Tank with different base thickness”. ELPLA will use automatically this file name

in all reading and writing processes.
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Save As >
&« v 4 « ELPLA12.2 projects » Tutorial 2 » Exampled v | D 0 Search Exampled
Organize « Mew folder == - 9
Cad MName Date modified Type Size

Mo items match your search,

File narme: | Tank with different base thickness -

Save as type: | Isolated slab foundation-files (7.PO1) w

# Hide Folders Cancel

Figure 9.6 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project [Tank with
different base thickness] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely entered.
To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 9.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a tank resting on a half space soil medium”

Type the date of the project in the "Date" edit box

Type "Axisymmetric Structures and Tanks™ in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a tank resting on a half space soil medium |

Date  |os/12/2021 [~

Project |Axisymmetrin: Structures and Tanks |

Save Cancel Help Load... Save As...

Figure 9.7 "Project Identification™ dialog box

4.3 FE-Net data

For the given problem, a circular cylindrical tank of an inner diameter of d = 20 [m]
and a height of H = 10 [m], the height of the tank is divided into 50 equal segments, each of 0.20 [m],
while the half base of the tank is divided into 50 equal segments, each of 0.20 [m].
To define the FE-Net for this tank, choose "FE-Net Data" command from the “Data” Tab.
"Analysis of rotational shell" wizard appears as shown in Figure 9.8. This wizard will guide you
through the steps required to generate a FE-Net.

The first Form of the wizard is the "Shell type™ Form, which contains a group of templates of
different shapes of nets. These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
s
[
|
i
| 1 i
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
i 7
i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Cylindrical shell:

Height Hw  [m] @
Radius Rl [m] IEI

Mumber of segments:

Number of seqgments Ns  [-]

- aC ﬂm = Fi nish

aal

Help Cancel

Figure 9.8 "Analysis of rotational shell" wizard with "Shell type" Form
To generate the FE-Net

In the "Shell type" options choose "Cylindrical shell" button
Type 10 in the "Height" edit box

Type 10 in the "Radius" edit box

Type 50 in the "Number of segments" edit box

Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Cylindrical shell"
Form appears Figure 9.9, ELPLA divides the height of the tank into 50 equal segments,
the user can edit the data of the segments individually by using "Modify" button, or all of them
by using "In Table" button, if it is necessary.
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Analysis of rotational shell >
Cylindrical shell:
~
Start poistion rl [m] 10.0
Z
ﬂ 7l [m] oo
End position r2 [m] 10.0
z2 [m] 0.2 o
In Table
Modify
&F‘.
Help Cancel < Back
Figure 9.9 "Cylindrical shell" Form
After clicking "Next" in "Analysis of rotational shell" wizard, the following "Net of Base"

Form appears Figure 9.10.
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To edit the grid spacing in x-direction, do the following steps in "Grid in x-direction™ frame:

Choose "Constant grid interval” check box

Type 50 in the "No. of grid intervals” edit box, the base of the tank is divided into 50 equal
elements, each of 0.2 [m]

Analysis of rotational shell x
MNet of Base
Grids in x-direction:
(@) Constant grid interval
¥ 4 () Constantringarea
(") variable grid interval
Mo, of arid intervals 50 S
Refresh
== ¥R Geometry
Radius Ru  [ml  10.000
Help Cancel = Back Finish
Figure 9.10  "Net of Base" Form

Click "Finish" button, the FE-Net of the tank wall and a sector from the base appears in Figure 9.11.
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B oo RESEaBEHR ™ & = | ELPLA - [Tank with different base thickness] - X
“ FE-NetData ~ EditFE-Net  Setting  View (2]
Slab Corners {#; Node Coordinates B Opening Comers (3 Zoom In (@), Zoom Window ' Zoom Upper Right " Zoom Lower Left | ~» r
. S = ~a - a8
&% Connectivity Nodes B References O, zoomout 3 Move ™, Zoom Upper Left
ndo Redraw Close
B siab Corners (@, original Size  Zoom% 111 =™ Zoom Lower Right

FE-Net Generation Graphically In table Window Undo  Refresh Close

‘ ‘ ‘u‘u 1.0 ‘z.u 3.0 ’4‘0 |5.u |a.u |7‘u 8.0 ‘w 1u‘u| ~
[NRRRRN NN NN R AN RATANA AR ARNN ANNRA AN NANENY!

<

00—
TTIT1 F

r[m]=289 z[m]=74

%ure 9.11 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 9.11 to save the data of the FE-Net

Choose "Close" command from "File" menu in Figure 9.11 to close the "FE-Net" window
and return to ELPLA main window

-9.13-



Analyzing Axisymmetric Structures and Tanks by ELPLA

4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 9.12 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, group regions, unit weight of
the tank, and the filled material properties.

Bl O RES S S R % @0 (™ s | ELPLA - [Tank with different base thickness] — %
Shell Properties Setting View RFT Details ~ @

J selectElements  P&'Element groups  Y; Unit weight wi Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left [f’ - r!
Element groups chup Regions  Tesl Foundation Depth [=] Filled material type/Element size Qnmm out 54 Move .. Zoom Upper Left - ]
& origin Coordinates (@ Original Size  Zoom % (123 | ™\, Zoom Lower Right Undo | Rediaw | Close

Graphically In table Shell Properties Window Undo Refresh  Close

‘ |u.uu 100 [2.00 ‘3.uu r«.uu 5.00 [6.00 ‘mu |a.uu 9.00 ‘1u.uu| ~
vt e b beee bbb bt been

z

e E = I~
|ﬁ|\ (=30} \';m‘\'z | |

[
T

-
o
711

£l
2
SANAL)

&
il

>
=
1911

A
T

0.06- 5
I11 11111111 7372223323232 22233322 32 T L T it R

< >
X[m]=1898 Y[m]=7.22

%ure 9.12  "Shell Properties" Window

<

Choose "Element groups" command from "In table™ menu. The following list box in Figure 9.13 appears.
In this list box, define E-Modulus, Poisson’s ratio and slab thickness for both the tank wall
and the tank base, as they differ in thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ..  — O >
G Poisson's Slab
Nruup E-Modulus  ratio thickness | ok |
o of slab of slab
I Eb
(kN/m?2] Nue d | Cancel |
3 [ [m]
1 2E407 0.16 0.2 | Insert |
2 2E+07F 0.15 0.5
| Copy |
| Delete |
| New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 9.13  "Defining element groups” list box

Defining the slab thickness for materials on the net may be carried out either graphically or numerically
(inatable). In the current example, the user will define the slab thickness on the net graphically.

To define the slab thickness for the tank base

Choose "Select Elements” command from "Graphically" menu in the window
of Figure 9.12.

When "Select Elements” command is chosen, the cursor will change from an arrow to
a cross hair. A group of elements can be selected by holding the left mouse button down
at the corner of the region. Then, drag the mouse until a rectangle encompasses the required
group of elements. When the left mouse button is released, all elements in the rectangle are selected
Select the elements that include the tank base as shown in Figure 9.14

Choose "Elements Groups” command from "Graphically" menu in the window
of Figure 9.12, "Group Regions" dialog box Figure 9.15 appears

Define the "Group No." as type "2", while "Group No." of the tank wall elements will be
as type "1", where type "1" is the default "Group No.", then click "OK" button

-9.15-



Analyzing Axisymmetric Structures and Tanks by ELPLA

Bl O RES S S E W 7 %0 (™ s | ELPLA - [Tank with different base thickness] - pr4
Shell Properties Setting  View  RFT Details ~ @
E&' Element groups Y% Unit weight e Foundation Level (&), Zoom In (@) zoom Window ” Zoom Upper Right ,* Zaom Lower Left q -5 r
Element groups  [BB Group Regions Tl Foundation Depth [ Liquid Properties () Zoom Out 33 Move ™, Zoom Upper Left - ]
Undo-Display ~Redraw  Close
& Origin Coordinates (@, originalSize  Zoom% 251 + ™, Zoom Lower Right Values ~

Graphically In table Shell Properties ‘Window Undo Refresh Close

8.00
[

| |u.uu |1.uu |2.uu [3.00 [4.00 |5.uu |a.nu |7.uu
T O e A R A

9.00 ”1u.uu| ~
[

S
&
01

4
LS|

< >
r[m]=997 z[m]=042

%ure 9.14  Selecting the nodes that include the tank base

Group Regions >

:

o | [l

Figure 9.15 "Group Regions" dialog box

To enter the unit weight of the tank, choose "Unit weight" command from "Shell Properties™ menu
in Figure 9.12. The following dialog box in Figure 9.16 with a default unit weight of 25 [kN/m?] appears,
type 24 in the "Unit Weight" edit box, then click "OK" button.

Unit weight *

Unit weight Gb [kN/m3]

| ok | | New | | Cancel | | Help |

Figure 9.16  "Unit weight" dialog box
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To define the filled material properties of the shell, choose "Filled material type/Element size"
command from "Shell Properties” menu in Figure 9.12. The following form in Figure 9.17 appears.

Filled raterial type/Element size *

Filled material type:
(") Empty container
{®) Liguid container

(") Granular material container

Liquid Properties:

Height of the liquid HI [m]

Unit weight of the liquid YW [kM/m3] 10,19

Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] |0.00

Unit weight of the granular material LK [kMNfm3] 15.50

Angle of internal friction of the granular material T =1 25

Angle of the wall friction & I 0

Element size:

Constant element sizes in z-diredion

Element size in each shell segment DI [m] |1 =
ok Cancel Help

Figure 9.17  "Liquid Properties/Element size" dialog box

To define the filled material properties of the tank:

Select the "Liquid container" option
Type 10 in the "Height of the liquid" edit box
Type 10.19 in the "Unit weight of the liquid" edit box

To define the element size of the ring wall:

Check the "Constant element sizes in z-direction™ check box

Type 1 in the "Element size in each shell segment” edit box. The element size is chosen
to be 1 [m] larger than the segment size in order to ignore further subdivision of the
segments into smaller elements. In some cases, it is necessary to divide the segment into
smaller elements in order to make the analysis more precise. Nevertheless, the final results
of the internal forces appear only at nodes of segments

Click "OK" button
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Bl O RES S S E W 7 %0 (™ s | ELPLA - [Tank with different base thickness] - pr4
Shell Properties Setting  View  RFT Details ~ @
£ select Elements  E&'Element groups Y% Unit weight i Foundation Level @, Zoom In (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left n - r
Element groups  [BB Group Regions Tl Foundation Depth | Filled material type/Element size ) Zoom Out 53 Move . Zoom Upper Left - ]
Undo-Display Redraw  Close
1 Origin Coordinates @, original Size  Zoom% 123 *| ™, Zoom Lower Right Values »
Graphically In table Shell Properties Window Undo Refresh  Close

‘ |u.uu 100 [2.00 ‘3.uu r.uu 5.00 [6.00 ‘mu |a.uu 9.00 ‘1u.uu| ~
vt e b boec ek eoec b bt been

z

N

=
=30}

I;\”EH‘IEH

ERERENEN
= i i s
[SERRNERNARSARRNSAN]

A
T

0.00-
il B = mmmawi n nn A N NN NN NN NN NEN ® v

1
< >
rlm]= 1843 z[m]=8.88

%ure 9.18 "Shell Properties™" window after defining the shell data

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 9.18 to save the shell properties

Choose "Close" command from "File" menu in Figure 9.18 to close the "Shell
properties” window and return to ELPLA main window
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45  Soil properties

To define the soil properties, choose "Soil Properties" command from “Data” Tab. The following
"Soil Properties” form in Figure 9.19 appears, the soil properties are defined by Modulus of
Elasticity "E", and is supposed to have the following parameters:

Modulus of Elasticity of the soil E = 20000 [KN/m?]
Unit weight of the soil GAM =18 [KN/m?]
Angle of internal friction FHI =30 []
Cohesion of the soil c =0 [KN/m?]
Poisson's ratio of the soil medium Vs =0.2 [-]

Other data in the example are not required, the user can use the default values.

Soil Properties x
Soil Properties | Calculation parameters of flexibility coeffidents Bearing capadity factors
Geotechnical data of the layer:
Soil properties are defined by Modulus of Elasticity E ~
Maodulus of Elasticity of the soil E [kN/m2] | 20000
Unitweight of the soil GAM [kMN/m3]
Angle of internal friction FHI [°1
Cohesion of the soil c [kN/m2] I:I
Poisson's ratio of soil (0 <= Nue €= 0.5) Nue [-]
Main Soil Data:
Settlement reduction factor (Alfa <= 1) [-]
Groundwater depthunder theground surface
Save Cancel Help Load... Save As..

Figure 9.19  "Soil Properties” form

After defining the soil properties, click "Save™ button.
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 9.20 appears. In ELPLA, entering loads may be carried out either numerically (in a table)
or graphically using the commands of "Loads" Tab in Figure 9.20. In this example, there is not
applied load, as the vertical load has been already defined by the unit weight of the tank,
while the hydrostatic pressure on the tank wall is defined by the unit weight of water.

=) SUREEEEER = | ELPLA - [Tank with different base thickness] - X
“ Loads | Setting  View (2]
- Select Nodes 47 Edit Nodal Load B} todalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right ,* Zoom Lower Left ~» E
5k Remove Nodal Loads 9%, Remove Member Load BB, Memberloads () Zoom Out 53 Move ™, Zoom Upper Left -
* . i Redraw  Close
%} Add Nodal Loads * Edit Member Load (@, original size Zoom3% (111~ ™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
‘ ‘u‘u 1.0 ‘z.u ‘3.0 ’4‘0 |5.u |a.u |7‘u 8.0 (9.0 ‘1u‘u| ~
|- [NRRRRN NN NN R AN RATANA AR ARNN ANNRA AN NANENY!
i

=]
i

il

m||\"r|\

|b ‘F‘ ; |N||¢ :
[ERARNNAR RN RN RNR RN (RANAN

0.0—
e mmmuE NN EEANNNENTE

<

<
X[m]=262 Y[m]=78

Figure 9.20 "Loads" Window

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 9.20 to save the load data
Choose "Close" command from "File" menu in Figure 9.20 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project. In the next
section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 9.21.

B o= ol = = | ELPLA - [Tank with different base thickness]
“ Data Solver Results Setting View
D . Assembling the load vector... - nagl
3 individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 9.21 "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining flexibility coefficients of the soil

Assembling the slab stiffness matrix

Iteration process

Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
Carrying out all computations

To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab Window. The following
"Iteration parameters™ option box in Figure 9.22 appears

For this example, choose an accuracy of 0.0001 [m] to end the iteration process
Click "OK" button

[teration pararmeters

Which option is ending theiteration process?

(®) Accuracy [m] 0.0001

() Iteration No. 10

ok Cancel Help

Figure 9.22  "lteration parameters™ option box

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.
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Analysis progress

Analysis progress menu in Figure 9.23 appears in which various phases of calculation
are progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Determining flexibility coefficients of the soil

Assembling the flexibility matrd

Time remaining = 00:00:00

1= 27 from 51 steps

Cancel

Figure 9.23  Analysis progress menu

"Check of convergence” message Figure 9.24 appears showing that no convergence is reached
at the last step, click "OK™ button.

Check of convergence

Mo convergence is reached at the last step!

Ok Help

Figure 9.24  "Check of convergence™ message

Click "Stop" button in Figure 9.25, to stop the iteration process as no convergence has reached.
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[teraticn process..,

Iteration

No. Accuracy [m]

0.00455361500

0.00538437700
0.00315764700

= MW oW

0.01593136000

Tteration cydes is ended at accuracy [m]<= 0.0001

Computation time = 00:00:01

Continue

Help

g Iterationis paused!

Figure 9.25  "lteration process" list box

Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 9.26. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

W - Load
Total load

Sum of contact pressures

ok

[kN] =
[kN] =

38795
41630

Figure 9.26  Menu "Check of the solution”

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 9.27).

B o & EE = | ELPLA - [tank with different base thickness] - X
“ Data Solver  Results Setting View (7]
F e @ T e B~ & &
H# =k & s} LEE]
In o 7 ) Sections in Sectionsin  Display Tables Display Tables
Pla = X bo Rotational shell Results = - shellwall  shell base of Data~  of Results ~

Figure 9.27 "Results" Tab

The "Result" Tab contains the commands of drawing. These commands depend on the used
calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Sections in shell base
Sections in shell wall
Display tables of data
Display tables of results

To view the radial forces in the shell wall
Choose "Sections in shell wall" command from "Section” menu. The following option box
in Figure 9.30 appears
In the "Sections in shell wall" option box, select "Radial forces Nr" as an example
for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 9.29.
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Sections in shell wall >

Selectitemto display:

(® Radial forcesNr () Meridianal forces Ny

i) Meridional moments My

OTang&ntiaImnm&ntth ok
() Horizantal deformations Wh

Cancel
() Vertical deformatians W

Help

() Meridional rotations Vm

Figure 9.28  "Sections in shell wall™" option box

BOsUWES aBE R % &0 | | Gaphi

s
Data Solver  Results Setting  View Graphic (7]
A7 \J; (Wi ’;T\J ) Seate =l Title ), Zoom In (&, Zoom Window " Zoam Upper Right /" Zoom Lower Left o
'%; = |—‘ |—' =l EVA (5 set Range (] Page No. @ zoomout 5T Move ", Zoom Upper Left zoom 105 | r‘a
Page Print Print  Sendto Sendto Copyto the Send to ELPLA N P Redraw  Close
Setup Preview Word Excel Clipboard Section i, Axes [ View Grouping @, Original Size £ Viewing Angle ™\, Zoom Lower Right >
Frint Sending Options Window Refresh  Close
" Radial forces 3 b4
”
Method (4) (Analysis of rotational shell )
Modification of Modulus of subgrade Reaction by Iteration (Half Space model)
10.0 h%nh
9.0
] T
504 )‘D%%m
7.0
ERTE )R%«
~ Bl UO\:\
g 504 Po.,
g E N
Z 40
3.0 } 250
20 ——
10] lp——o]
0041111
-160 160 320 480 640 800
Radial force Nr [kN/m]
Radial forces
Sections in shell wall
v
< >

Radial forces

Figure 9.29  Radial forces in shell wall
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To view the meridional moments in the shell base

Choose "Sections in shell base™ command from "Section™ menu. The following option box
in Figure 9.30 appears

In the "Sections in shell base" option box, select "Meridional moments My" as an example
for the results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 9.31.

Sections in shell base )4
Selectitemto display:
() Radial forces Nr () Meridional foroes My

i®) Meridional moments My (") Tangential moments Mt

() Horizontal deformations Vh

() Base settlementsw ok
O Base contact pressures g

Cancel
() Sail stiffnesses ks

Help

() Meridional rotations Vm

Figure 9.30  "Sections in shell base" option box

B OSSO REH aREE &0 | cewme - x
“ Data Solver  Results Setting  View Graphic (7]
7 [ A& 7 ’w. ’ir: 1 |k Seale = Title &} Zoom In (8}, Zoom Window - Zoom Upper Right ,” Zoom Lower Left » E
é g Jv = J (50 Set Range [#] Page Mo, () Zoomout 37 Move "\, Zoom Upper Left Zoom% 105 ~ -
Page Print Print  Sendto Sendto Copytothe Send o ELP N Redraw  Close
Setup Preview Word  Excel Cliphoard 0 1., e b view Grouping ([, Original Size %5 Viewing Angle ", Zoom Lower Right -
Print sending Options Window Refresh Close

b= Meridionalmoments X

4

Method (4) (Analysis of rotational shell )
Meodification of Modulus of subgrade Reaction by Iteration (Half Space model)

Distance x [m]

00 10 20 30 40 50 60 70 80 00 100
B R B B e B

-120.04

”ﬂ’fﬂ
,Sﬂﬂ-

100 uﬂg‘
00 7

4007

Meridional Moment My [KN.m/m]|

q et
120.0-12%%, oo’c""'yo«g‘

160.0-

Meridional moments
Sections in shell base

<

Meridional moments

%ure 9.31 Meridional moments in shell base
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To view element groups of the tank

Choose "Element groups™ from "In Plan” command in "Data" menu. The following option
box in Figure 9.32 appears

In the "Data — In Plan" option box, select "Element groups™ as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 9.32  "Data — In Plan" option box

To view the meridional moments on the FE-Net and any other data

From "Options" menu in the "Graphic" tab, choose "View Grouping" command.
The "View Grouping" check group box in Figure 9.33 appears

In this check group box, check "Meridional moments My" check box

The user can choose any other data to be displayed

Click "OK" button

Wiew Grouping >

Selectitems to display

[] Net numbering -
[] Coordinates rfz ok
[] System of loading

[] Rotational shell system

Cancel
[] Radial forcesNr
Meridional moments My 7
e
[] Tangential moments Mt ==
Meridional forces
L Ny Y| [m] select al

Figure 9.33  "View Grouping" check group box
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B O PEFaaEHHE GO N Graphic  ELPLA - [Tank with different base thickness] - pr4
Data Solver  Results Setting  View  RFT Details Graphic ~ @
= Plot Parameters == Line Formats A Font »
@ 0% Ko 8
# Display Values  { Fill Color L] Legend
X Preferences Data  Firm  Language System Mumber Design Code
le> Max. Ordinate irectory Header Settings of Units Formats Parameters
Options Format Main data
[ Element groups (2) X -
~
Methad (4 (FalfSpare modl)

Modification of Modulus of subgrade Reaction by lteration

GLESE-OTRNG]
Nus0144 02k

G E=IE-OTRNAD]
Fue=0164 =05

<

rlm]= 1668 z[m]=6.63

%ure 9.34

Element groups of the tank with the meridional moments
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Analysis of a cylindrical
water container with a conical base
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Example 10

1 Description of the problem

An example of a cylindrical water container with a conical base is selected to illustrate some
features of ELPLA for analyzing circular cylindrical shell elements.

2 Container geometry and properties
A cylindrical water container with a conical base of a radius of a = 3.0 [m] and a height
of H = 12.0 [m] is considered as shown in Figure 10.1. Thickness of the container wall is 0.3 [m],

while that for the conical base is 0.2 [m]. Figure 10.1 shows the container with dimensions
and supports, while the container material and unit weight of the water are listed in Table 10.1.

Table 10.1 Container material and water unit weight

Modulus of Elasticity of the container material Ec =10000 [KN/m?]

Poisson's ratio of the container material Ve =0.17 [-]

Unit weight of the water yw =10 [KN/m?]
| 6 [m] i

E.  =3x107 [kN/ m?]
ve =017 [
vw =10 [KN/ m°]

9.0 [m]

A

| 3.0 [m]g

Figure 10.1  Cylindrical water container with dimensions and supports
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3 Numerical Analysis

In the analysis, the height of the tank is divided into two main segments, the first one is divided
into 30 subsegments (30x0.3 [m]), while the second is divided into 20 subsegments (20x0.15 [m])

as shown in Figure 10.2.

A= 3.00 [m]

l pt=0.3[m]
D pt=0.2[m]

=g

[w] 002t

Figure 10.2  Finite element mesh of the container with boundary condition
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4 Creating the project

In this section, the user will learn how to create a project for analyzing a cylindrical water container
with a conical base. The project will be processed gradually to show the possibilities
and abilities of the program. To enter the data of the example, follow the instructions and steps
in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File” menu. The following "Calculation Methods"
wizard appears, Figure 10.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of forms. The first form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 10.3).

Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundation piled raft many slab foundations shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

(@) Shell with an opening base
() Shellwith afloorslab
() Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 10.3  "Analysis Type" Form

In the "Analysis Type" Form in Figure 10.3, define the analysis type of the problem.
As the analysis type is a cylindrical water container with a conical base problem,
select "Analysis of rotational Shell” button, and check "Shell with an opening base" option,
then click "Next" button to go to the next Form. After clicking "Next" button, the "Options" Form
appears, Figure 10.4.
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The last Form in the wizard is the "Options” Form, Figure 10.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method

Options:

D /".— ab With Girders
] jﬂ Addtional Springs

Help Load... Save As.. Cancel < Back Save

Figure 10.4  "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 10.5. In this dialog box
type a file name for the current project in "File name" edit box. For example,
type "Water container”. ELPLA will use automatically this file name in all reading and writing processes.
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Save As
« v p > ThisPC » Local Disk (D) » ELPLA122 projects > Tutorial2 > Example 10
Organize = New folder

. =

Name Date modified Tpe

v 0 Search Example 10
Size

No items match your search.

File name: | Water container

Save astype: Isolated slab foundation-files (*.PO1)

A Hide Folders

Save Cancel

Figure 10.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Water container] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely entered.
To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 10.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a cylindrical water container"

Type the date of the project in the "Date" edit box

Type "Axisymmetric Structures and Tanks™ in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a cylindrical water container |

Date  |22/12/2021 [~

Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 10.6  "Project Identification” dialog box

4.3 FE-Net data

For the given problem, a cylindrical water container with a conical base of a radius of a = 3.0 [m]
and a height of H = 12.0 [m] is considered, the height of the tank is divided into two main segments,
the first one is divided into 30 subsegments (30x0.3 [m]), while the second is divided
into 20 subsegments (20x0.15 [m]). To define the FE-Net for this tank, choose "FE-Net Data" command
from the “Data” Tab. "Analysis of rotational shell” wizard appears as shown in Figure 10.7.
This wizard will guide you through the steps required to generate a FE-Net, the first Form of the wizard
is the "Shell type™ Form, which contains a group of templates of different shapes of nets. These net
templates are used to generate standard nets.
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Analysis of rotational shell

Shell type:

Conical shell

]
Cylindrical shell

i
i
Spherical shell

Hyperbalic shell

Lk}

i

|
Irregular shell

Cancel

Elliptical shell Cycloidal shel Parabalicshel
Irregular shell
Mumber of Insert Mew Delete
Ma. Height Irdlapé:iﬁ; segments | | | | | |
I[] IE:_:jI Ro rs | Copy || Send to Bxcel || Paste from Excel |
3 [m]
[
Linear segments
y 1 300 lso00 |20 ® (") Curved segments
2 5.00 3.00 30 Tank base:
‘ Radius B m)
Roof data: i i
[ shell withcovered roof elisathesiars Ra [m] |30.10
Tl T Angle ofthe spherical roof Theta [=] |30.00
Flat roof Mumber of roof segments Nsa [=] |40
- Back [ e | | Einish

Figure 10.7
To generate the FE-Net

In the "Shell tﬁpe" options choose "lIrregular shell” button
e

Type 0.01int
zero)

To identify the first main segment

Type 3 in the "Height HW" edit box
Type 3 in the "Upper radius Ro" edit box
Type 20 in the "Number of segments Ns" edit box

"Analysis of rotational shell” wizard with "Shell type” Form

"Tank base radius Rb" edit box, which is approximately zero
(Note that: from the principles of axis-symmetrical shell elements, radius cannot be exactly
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To identify the second main segment

« Type 9 in the "Height HW" edit box

« Type 3 in the "Upper radius Ro" edit box

« Type 30 in the "Number of segments Ns" edit box
Click "Next" button to go to the next Form

After clicking "Next" in "Analysis of rotational shell” wizard, the following "Irregular shell” Form
containing the data of the segments appears in Figure 10.8, The user can edit the data of each
segment individually or all of them by using "In Table" button, If it is necessary.

Analysis of rotational shell
Irregular shell:
Segment data: &
Start poistion ri [m] |p.o1
Fal [lTl] Q.00
Z
End position r2 [m] |0.18
z2 [m] |0.15 o
In Table
Refresh
Mew
R Insert Segment
Delete Segment
Copy Segment
Help Cancel < Back

Figure 10.8  "lrregular shell” Form

Click "Finish" in "Analysis of rotational shell" wizard, the generated FE-Net appears Figure 10.9.
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B 0w D R R k% 0 ™ 5 | ELPLA - [Water container] «
I coveoac ssirene settng | View AT Details 2]
- —1 Tree Vie
=l L & [(& status gar
[E) Display Multiple Projects Together  Sendto Copytothe  View Cartesian  Object
: - Word Clipboard  Grouping  Grid
Multiple Projects Sending Options View
| [T ’
12.00 [
e o 7
9.00- e B
750
6.00- i T
456 _ ]
3 [lD: —
225
150
=
0.08
-
< >

X[m]=1252 ¥[m]= 1031

%ure 10.9 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:

Choose "Save" command from "File" menu in Figure 10.9 to save the data of the FE-Net
Choose "Close" command from "File" menu in Figure 10.9 to close the "FE-Net" window

and return to ELPLA main window
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4.4 Shell properties

To define the tank properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 10.10 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, group regions, unit weight
of the tank, and the filled material properties.

Bl 0@ RS S K% ) ™ s | ELPLA- Water container] _ %
File Shell Properties Setting  View  RFT Details (2]

# select Elements  P&'Element groups  Y; Unit weight wi Foundation Level () Zoom In (E) Zoom Window 7 Zoom Upper Right " Zoom Lower Left n - E

Element groups [P Group Regions  Tedl Foundation Depth || Filled material type/Element size ), Zoom Out 53 Move R Zoom Upper Left A
Undo-Display Redraw  Close
& origin Coordinates (@ Original Size  Zoom % (113 | ™\, Zoom Lower Right Values ~

Graphically In table Shell Properties Window Undo Refrash  Close

(| (IIEIE1SIE: 52850 A

‘N‘

E\I\

;\H

|\§II%I\§\|§III|§\I\‘gl\\||glll|‘

\ﬁl

A‘ ‘
v <

rlm]=1362 z[m]=757

%ure 10.10 "Shell Properties" Window

Choose "Element groups" command from "In table" menu. The following list box in Figure 10.11
appears. In this list box, define E-Modulus, Poisson’s ratio and slab thickness for both the wall and
the base of the tank as they differ in thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ... O >
G Poisson's Slab
Nruup E-Modulus  ratio thickness | ok |
o of slab of slab
I Eb
(kN/m?2] Nue d | Cancel |
3 [ [m]
1 10000 0.17 0.3 | Insert |
2 10000 0.17 0.2
| Copy |
| Delete |
| New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 10.11 "Defining element groups" list box

Defining the slab thickness for materials on the net may be carried out either graphically or numerically
(inatable). In the current example, the user will define the slab thickness on the net graphically.

To define the slab thickness for the tank base

Choose "Select Elements” command from "Graphically” menu in the window of Figure 10.10
When "Select Elements" command is chosen, the cursor will change from an arrow to
a cross hair. A group of elements can be selected by holding the left mouse button down at the
corner of the region. Then, drag the mouse until a rectangle encompasses the required group of
elements. When the left mouse button is released, all elements in the rectangle are selected

Select the elements that include the tank base as Figure 10.12

Choose "Elements Groups™ command from "Graphically" menu in the window of Figure 10.10,
"Group Regions" dialog box Figure 10.13 appears
Define the "Group No." of the base elements as type "2", while "Group No." of the wall
elements will be as type "1", where type "1" is the default "Group No.", then click "OK" button
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B OE0 RS S S E B % 00 (™ s | ELPLA- [Water container] - pr4
Shell Properties  Setting  View  RFT Details ~ @
E&' Element groups Y% Unit weight e Foundation Level (&), Zoom In (@) zoom Window ” Zoom Upper Right ,* Zaom Lower Left q Y r
Element groups  [BB Group Regions Tl Foundation Depth [ Liquid Properties () Zoom Out 33 Move ™, Zoom Upper Left - 8
Undo-Element  Redraw Close
& Origin Coordinates (@, originalSize  Zoom% 205+ ™, Zoom Lower Right =
Graphically In table Shell Properties Window Undo Refresh  Close
! I SRR AR AN AR AR ’
6.00 a
1]
1
0
N 0
4.50 1]
1
B 0
B 1
7 1
3.00 0
— »
225
1.50-
075
0.00-
v
< >

rm]=-278 z[m]=273

%ure 10.12 Selecting the elements that include the tank base

Group Regions >

:

o | [l

Figure 10.13 "Group Regions" dialog box
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To enter the unit weight of the container, choose "Unit weight” command from "Shell Properties”
menu in Figure 10.10. The following dialog box in Figure 10.14 with a default unit weight
of 25 [KN/m®] appears, type 0 in the "Unit weight" edit box to neglect the self-weight of the tank,

then click "OK" button.

Unit weight

Ok New Cancel

Unit weight Gblkm3] o ]

Help

Figure 10.14 "Unit weight" dialog box
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To define the filled material properties of the container, choose "Filled material type/Element size"
command from "Shell Properties™ menu in Figure 10.10. The following form in Figure 10.15 appears.

Filled material type/Element size *

Filled material type:
(") Empty container
(® Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [m]

Unit weight of the liquid yw [kNfm3]

Top height of the granular material H1 [m] |1.00

Bottom height of the granular material H2 [m] 0.00

Unit weight of the granular material V5 [knfm3] 15.50

Angle of internal friction of the granular material L =] 25

Angle of the wall friction & [*] 2

Element size:

Constant element sizes inz-diredion

Element size in each shell segment Dl [m] 11 =
ok Cancel Help

Figure 10.15 "Filled material type/Element size" Form

To define the filled material properties of the container:

Select "Liquid container" option
Type 12 in the "Height of the liquid" edit box
Type 10 in the "Unit weight of the liquid" edit box

To define the element size of the container:

Check the "Constant element sizes in z-direction™ check box

Type 1 in the "Element size in each shell segment” edit box. The element size is chosen
to be 1 [m] larger than the segment size in order to ignore further subdivision of the
segments into smaller elements. In some cases, it is necessary to divide the segment into
smaller elements in order to make the analysis more precise. Nevertheless, the final results
of the internal forces appear only at the nodes of segments

Click "OK" button
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B OE0 RS S S E B % 00 (™ s | ELPLA- [Water container] - pr4
Shell Properties Setting  View  RFT Details ~ @
£ select Elements  E&'Element groups Y% Unit weight i Foundation Level @, Zoom In (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left n Y r
&' Element groups BB Group Regions Tl Foundation Depth || Filled material type/Element size (), Zoom Out 5 Move . Zoom Upper Left - 8
Undo-Filled material ~Redraw Close
& Origin Coordinates (@ original Size  Zoom% 111 ="\, Zoom Lower Right type/Element size -
Graphically In table Shell Properties Window Undo Refresh  Close

B0
| |

‘!u|

EHI

Bl

o
P11

Fiil

&
Pl

N|E“
bl e
[NEEN]

‘\ﬁ\|\%l‘

kil

A
v

X[m]=2317 Y[m]=764

%ure 10.16 "Shell Properties” window after defining the container properties

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 10.16 to save the shell properties

Choose "Close" command from "File" menu in Figure 10.16 to close the "Shell
properties” window and return to ELPLA main window
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45  Supports/ boundary conditions

To define the support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 10.17 appears.

=) S REF B RER NS = | ELPLA - [Water container] - pr4
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left - E
2, Remove Supports/ Boundary Conditions 25 Remove Hinge B4 Hinge ) zoomout 3 Move ™., Zoom Upper Left *
o Redraw  Close
%. Add Supports/ Boundary Condition '\gz t Hinge (@, original Size Zoom% 100 ~|™, Zoom Lower Right

Graphically Intable Window Undo  Refresh Close

vl g

f<8)

]

EIH

E\H

&
Pril

EHI

4
Pl

‘LJ..I.J.J.J..L.I.J.J.J..I..I..LJ.J..I..L.LJ.J.J..I..I.J.J.J..I..L.i.

Bl

%I \ﬁ\‘l%\hﬁ\

<

< >
X[m]=1233 Y[m]=9.06

Figure 10.17 "Supports/ Boundary Conditions™ Window

To define the support on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 10.17. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the support as shown in Figure 10.18

After selecting the node, choose "Add Supports/ Boundary Conditions” command
from "Graphically" menu (Figure 10.17). The "Supports/ Boundary Conditions™ dialog box
in Figure 10.19 appears.
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B OE0 RS S S E B % 00 (™ s | ELPLA- [Water container] - X
Supports/ Boundary Conditions Setting  View  RFT Details (2]
&7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window 7 Zoom Upper Right * Zoom Lower Left n -~ r
2, Remove Supports/ Boundary Conditions 25 Remove Hinge B4 Hinges ) zoomout 3 Move ™, Zoom Upper Left A 8
Undo-Select  Redraw Close
*, Add Supports/ Boundary Conditions ¢ Edit Hinge (@, original Size Zoom% 251 ~|™, Zoom Lower Right Nodes ~
Graphically Intable Window Undo Refresh  Close

| IREnsnEnRRNANRN AR AN ’

—_ L _I

1
1
1
d
1

™
fa
T

%\\\

g
T

Fi

< >
X[m]=485 V[m]=293

%ure 10.18 Selection of the node that has the support

-10.19-



Analyzing Axisymmetric Structures and Tanks by ELPLA

In this dialog box

Type 0 in the "Displacement w" edit box to define the vertical support
Click "OK" button

Supports/ Boundary Conditions >

Mode restraints:

Displacement u [cm]
Displacement w [cm]
Rotation Theta [Rad]

ok Cancel Help << Less

Figure 10.19 "Supports/ Boundary Conditions™ dialog box
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=) SO RE R W %0 (™ = | ELPLA - [Water container] - pr4
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left n o r
% Re nditions 9% Remove Hinge B4 Hinges ) zoomout 3 Move ™., Zoom Upper Left \ >
Undo-Add Supports/  Redraw  Close
A ¢ Edit Hinge (@, original Size Zoom% 312 ~|™, Zoom Lower Right Boundary Conditions ~
Graphically Intable Window Undo Refresh  Close
~
3.00
2.25-
150~
075~
0.00-
0 .
=
v
< >

rlm]=246 z[m]=178

%ure 10.20 "Supports/ Boundary Conditions™" window after defining the support

After defining the supports, do the following two steps
Choose "Save " command from "File” menu in Figure 10.20 to save the data of supports

Choose "Close" command from "File" menu in Figure 10.20 to close the "Supports/
Boundary conditions™ window and return to the main window
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 10.21 appears.

In ELPLA, entering loads may be carried out either numerically (in a table) or graphically using the
commands of "Loads" Tab in Figure 10.21. In this example, there is not applied load, as the vertical
load has been already defined by the unit weight of the tank, while the hydrostatic pressure on the
tank wall is defined by the unit weight of water.

=) SUPEE EEEK D = | ELPLA - [Water container] - X
Loads | Setting  View RFT Details (2]
- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zaom Lower Left
5k Remove Nodal Loads g%, Remove Member Load B, Memberloads () Zoom out 5 Move "\, Zoom Upper Left
%} Ad dal Loads #*_ Edit Member Load (@, original size Zoom3% (100~ ™, Zoom Lower Right

AR
f al

Graphically In table Window Undo  Refresh Close

Ol g

&

]

|H|5IH

P

&
Pril

EHI

4
Pl

‘é\l\

;I \ﬁ\‘l%\hﬁl

<

< >
X[m] =126 ¥[m]=9.2

%ure 10.21 "Loads" Window

After finishing the definition of load data, do the following two steps:
Choose "Save" command from "File" menu in Figure 10.21 to save the load data
Choose "Close" command from "File" menu in Figure 10.21 to close the "Loads" window
and return to ELPLA main window

Creating the project of the tank is now complete. It is time to analyze this project.
In the next section, you will learn how to use ELPLA for analyzing projects.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 10.22.

B Oz & ‘' 4 = | ELPLA - [Water container]
“ Data Solver Results Setting View RFT Details
[> . Assembling the load vector... - nag|
[
D Individual Calculations o
Computation Self-Adaptive
of all Mesh Wizard

Figure 10.22 "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 10.23 appears in which various phases of calculation

are progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 60 from 153 steps Cancel

Figure 10.23 Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 10.24. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load
Total load [kn] = 2834
Sum of contact pressures [kN] = 2834

Ok ' Help

Figure 10.24 Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 10.25).

B o & EE < | ELPLA - [Water container] - b4
“ Dsts  Soler  Results  Setting  View  RFT Details (7]
o [ Lo g T s H {8 &
## = A s} LEE]
In X Sections in  Display Tables Display Tables
Plan = X bo Rotational shell Results = - shell wall of Data~  of Results ~

Figure 10.25 "Results" Tab

The "Result” Tab contains the commands of drawing. These commands depend on the used
calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Support Reactions
Sections in shell wall
Display tables of data
Display tables of results

To view the radial forces on the shell wall
From "Rotational shell results” command in the "Results" menu, choose "In Plan" command,
the following option box in Figure 10.26 appears
In the "Distribution of Internal Forces" option box, select "Radial forces Nr" as an example
for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 10.27.
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Distribution of Internal Forces )4

Select one itemto draw:

(® Radial forcesNr () Meridional foroes My

i) Meridional moments My (") Tangential moments Mt
() Horizontal deformatians Wh ok
() vertical defarmations Vv

Cancel

(") Meridional rotations Vm

Hel
() Shell defarmation Delta ==

Figure 10.26 "Distribution of Internal Forces™ option box

BOoOsLubESaadul L& =l Graphic - x
Data Solver  Results Setting  View  RFT Details Graphic (7]
A7 [ A 7 /w—|. el 1 ) seale = Title (&) Zoom In (&), Zoom Window /" Zoom Upper Right .~ Zoom Lower Left =3 r!':!
=7 j“ = I—‘ —= J (5L Set Range [#] Page Mo, (), Zoomout 37 Move "\, Zoom Upper Left Zoom% 117 = -
Page Print Print  Sendto Sendto Copyto the A = Redraw  Close
Setup Preview Word Excel Clipboard Section i, Axes [ View Grouping @, Original Size 5 Viewing Angle ™\, Zoom Lower Right >
Print Sending Options Window Refresh Close
4= Radial forces Nr (9) X i
Analvsis ofrouations! shelf ~
o
Radial forees Ne KN]
AMax Nr=280 Sarnode 26 Min Nr=-8 Satnode 42
v
< >
r[m]= 1067 z[m]=1375

Figure 10.27 Radial forces on the shell wall
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To view the meridional moments on the shell wall

From "Rotational shell results” command in the "Results" menu, choose "In Plan" command.
The following option box in Figure 10.28 appears

In the "Distribution of Internal Forces™ option box, select *Meridional moments My" as an
example for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 10.29.

Distribution of Internal Forces )4

Select one itemto draw:

() Radial forces Nr (O Meridional forces My
i®) Meridional moments My (") Tangential moments Mt
() Horizontal deformatians Wh ok
() vertical defarmations Vv

Cancel
(") Meridional rotations Vm

Help
() Shell defarmation Delta =

Figure 10.28 "Distribution of Internal Forces™ option box

B0 FZ B REHHELG = Graphic
“ Data Solver  Results Setting  View  RFT Details Graphic (2]
A7 | & 7 ’w. el d [ Scale =l Title (), Zoom In (&), Zoom Window " Zoom Upper Right " Zoom Lower Left o r
= —{ = = J [EL Set Range %] Page No. & ZoomOut  §J Move "\, Zoom Upper Left Zoom% (119~ - 8
Page Print Print sendto Sendto Copytothe Send to ELPLA A Redraw Close
Setup Preview Word  Excel  Clipboard Feror L,,Axes [izh View Grouping (@, Original Size £} Viewing Angle ™, Zoom Lower Right -
Print Sending Options Window Refresh  Close
4= Meridionalmoments My... X -
~
s My Navin]
e S Mx My =153 at e 42
v
< >
r[m]=2923 z[m]=6.56

Figure 10.29 Meridional moments on the shell wall
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To view element groups of the tank

Choose "Element groups™ from "In Plan” command in "Data" menu. The following option
box in Figure 10.30 appears

In the "Data — In Plan" option box, select "Element groups™ as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 10.30 "Data — In Plan" option box

To view the supports / boundary conditions on the FE-Net and any other data

From "Options" menu in the "Graphic" tab, choose "View Grouping" command.
The "View Grouping" check group box in Figure 10.31 appears

In this check group box, check both "Supports Reactions RV" and "Supports /Boundary
Conditions" check box

The user can choose any other data to be viewed
Click "OK" button

Wiew Grouping >

Selectitems to display

[] System of loading ~
Supports/ Boundary Conditions ok
[] Rotational shell system

[] Radial forcesNr

Cancel
[] Meridional moments My
[] Tangential moments Mt o
e
[] Meridional forces My =
W3 Support Reactions RV
(W] Select Al

Figure 10.31 "View Grouping" check group box
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B Oos i bESaaEHduman ™ Graphic

Data Solver Results Setting View RFT Details Graphic

! l @ 7 @ 7. J &) scale & itte @, Zoom In (), Zoom Window " Zoom Upper Right " Zoom Lower Left 5 rm
-y = = b (5L Set Range (#] Page No. Q) zoomOut 33 Move " Zoom Upper Left Zoom% (217~ et
Page Frint Print  Sendto Sendto Copytothe Send to ELPLA _ ) pg _ Redraw  Close
Setup Preview Word Excel Clipboard  -Section 1, Axes Jh View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
[ Element groups (11) X hd
~
Anaiysis of otational steil
g s
arg-Laasim)
@)
R
Elemeat groups
No. of dement groups =2
v

<
rlm]= 1327 z[m]=598

%ure 10.32 Element groups of the tank
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Example 11

1 Description of the problem

An example of an axi-symmetrically chimney with hyperbolic shell wall under a uniform external
pressure is selected to illustrate some features of ELPLA for analyzing shell elements.

2 Chimney geometry and properties

Consider a hyperbolic shell of revolution with the following geometry:

Throat radius Ro =18 [m]
Throat height Hi =45 [m]
Lower radius Ru =36 [m]
Total height H =72 [m]
Thickness of the wall t =0.24 [m]

Meridian equation of the hyperbolic shell of revolution is given by:

#(0)=" R R
2oy 36187
(€)== —(¢-45)] +18

r?(g)=0.48(¢ - 45)° + 324
where r [m] is the radius at height & [m].

Figure 11.1 shows the geometry the chimney with its hyperbolic shell wall with dimensions and
supports, while the shell material are listed in Table 11.1.

Table 11.1 hyperboloid shell material

Modulus of Elasticity of the chimney material Ec  =3x10" [kN/m?]
Poisson's ratio of the chimney material Ve =0.3 [-]
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51.92 [m]
- ~
|
I
T 024[m
I
|
2R, = 36 [M]
= :
~] |
[ !
T |-
£, Ec = 3xio7 [KN/ m?]
e, Ve =0.17 [-]
I yw =10 [kN/ md
I .
|
g
113 — X
Tt 7777
= 2Ry = 72 [m] -

Figure 11.1  Geometry of the chimney with dimensions and supports
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3 Numerical Analysis

In the analysis, the height of the chimney is divided into 7 main segments; each segment is divided

into a number of elements. Segment dimensions and number of elements of each segment are shown
in Figure 11.2.

g
Height H Segment No. 1 No. of elements Radius R
— - - 25.960 [m]
9 [m] \ 1 | 18 /
41 ! 21.898 [m]
9 [ml] 2 11
1 T 19.049 [m]
9 [m] 3 112
-1 T 18.000 [m]
9 [m] 4 I 12
1 | 19.049 [m]
12 [m] 5 I 12
1
1 : 23.145 [m]
12 [m] / 6 12 \
1
1 ! 29.098 [m]
12 [m] 7 12
§ . E 36.000 [m]
Tt 7777

Figure 11.2  Segment dimensions and no. of elements in each segment
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The chimney is exposed to a uniform external pressure of ps=-10 [kN/m?] as shown in Figure 11.3

Figure 11.3  chimney with uniform external pressure of ps=-10 [KN/m?]
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4 Creating the project

In this section, the user will learn how to create a project for analyzing a chimney with hyperbolic
shell wall under a uniform external pressure. The project will be processed gradually to show the
possibilities and abilities of the program. To enter the data of the example, follow the instructions
and steps in the next paragraphs.

4.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods
wizard appears, Figure 11.4. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of forms. The first form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 11.4).

Calculation Method >
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Anatysis of
foundation piled raft many slab foundations shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shell] 3D-curved shell:

(@) Shell with an opening base
() Shellwith afloorslab
() Shell with a raft foundation

Help Load... Save As... Cancel Mext =

Figure 11.4  "Analysis Type" Form

In the "Analysis Type" Form in Figure 11.4, define the analysis type of the problem.
As the analysis type is a hyperbolic shell problem, select "Analysis of rotational Shell" button, and
check "Shell with an opening base™ option, then click "Next" button to go to the next Form.
After clicking "Next" button, the "Options™ Form appears, Figure 11.5.
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The last Form in the wizard is the "Options” Form, Figure 11.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method

Options:

D /".— ab With Girders
] jﬂ Addtional Springs

m o

m

Load...

Help

Save As.. Cancel < Back Save

Figure 11.5

"Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 11.6. In this dialog box

type a file name for

the current project in "File name" edit box. For example,

type "Hyperbolic Chimney". ELPLA will use automatically this file name in all reading and writing

processes.
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Save As
« v p > ThisPC » Local Disk (D:) » ELPLA122 projects > Tutorial2 > Example 11
Organize = New folder

A Name Date modified Type
v

v [4] Search Example 11
Size

No items match your search.

File pame: | Hyperbolic chimney

Save astype: Isolated slab foundation-files (*.PO1)

A Hide Folders

Save Cancel

Figure 11.6  "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Hyperbolic Chimney] will be displayed instead of the word [Untitled] in the ELPLA title bar.
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4.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 11.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a chimney with hyperbolic shell wall"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification:

Title |Analysis of a chimney with hyperbaolic shell wall |
Date  |n3/01/2022 ||

Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 11.7  "Project Identification” dialog box

4.3 FE-Net data

For the given problem, the chimney has a lower radius of Ry = 36 [m] and a total height of H = 72 [m].
the wall height is divided into 7 main segments, each segment is divided into a number of elements.
To define the FE-Net for this tank, choose "FE-Net Data" command from the “Data” Tab.
"Analysis of rotational shell" wizard appears as shown in Figure 11.8. This wizard will guide you
through the steps required to generate a FE-Net. As shown in Figure 11.8, the first Form of the
wizard is the "Shell type" Form, which contains a group of templates of different shapes of nets.
These net templates are used to generate standard nets.
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Analysis of rotational shell >
Shell type:
L
i
i
i
] ] 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel
2 t'.'.il.! e:il_:
i I
Elliptical shell Cycloidal shell Parabolic shell Irreqular shell
Hyperbaolic shell:
Throat radius Ro  [m] (18.000
Total height Hw  [m] (72.000
Lower radius Ru [m] [3&.000
Throat height HL  [m] |45.000
Mumber of segments:
Number of segments MNs  [-]

Figure 11.8  "Analysis of rotational shell” wizard with "Shell type" Form

To generate the FE-Net

In the "Shell type" options choose "Hyperbolic shell" button
Type 18 in the "Throat radius" edit box

Type 72 in the "Total height" edit box

Type 36 in the "Lower radius" edit box

Type 45 in the "Throat height" edit box

Type 7 in the "Number of segments" edit box

Click "Next" button to go to the next Form
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After clicking "Next" in "Analysis of rotational shell” wizard, the following "Hyperbolic shell”
Form appears Figure 11.9, ELPLA divides the height of the chimney wall into 7 equal segments,
The user can edit the data of the segments individually by using "Modify" button, or all of them
using "In Table" button.

Analysis of rotational shell >

Hyperbalic shell:

A
Start poistion rl [m] |35.000
Zh z1 [m] |o.000
End position r2 [m] 30.041
22 [m] 10.286 v
In Table

N

Cancel < Back Finish

Figure 11.9  "Hyperbolic shell" Form
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Segment data: - O X
N Line Line Line Line ™
I a. start start end end | ok |
[ ri 71 r2 72
[m] [m] [m] [m] | pom— |
[ thn 31.78 7.20 =
2 3178 7.20 27.81 14,40 | Insert |
3 27.81 14.40 24,22 21.60
4 24,22 21.60 21,21 28,50 | Copy |
c 2171 28.80 19.05 36.00
| Delete |
g 19.05 36.00 18.04 43,20
7 13.04 43,20 18.38 500,40 | New |
5 18,38 50,40 20,01 57.60
g 20,01 57.60 22,63 54,80 | Send to Excel |
10 22,63 54.80 25,96 72.00
11 25.95 72.00 0.00 72.00 | SEEiE LT IR |
0,00 72.00 0,00 0,00
g T
13 0,00 0.00 36.00 0.00 .

Figure 11.10 "Segment data" Table

After modifying the coordinates of the segments, click "Finish™ button, the FE-Net of the chimney
appears in Figure 11.11
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=] SO REE e EE W G = | ELPLA - [Hyperbolic chimney] _ «
“ FE-Net Data Edit FE-Net Setting View RFT Details o

1%, Node Coordinates B Opening Comers
&% Connectivity Nodes B References
B siab Corners (@, original Size  Zoom% 100 | ™, Zoom Lower Right

(), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left = E

-

 Zoomout 3T Move "\, Zoom Upper Left
ndo Redraw Close

FE-Net Generation Graphically In table Window Undo  Refresh  Close
‘ | ‘u.uu wH ‘5. .10 ‘3a‘uu| ~

72.00

60.00

48.00

I

24.00

12.00

0.00

< >

rlm]=5865 z[m]=37.91

%ure 11.11 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 11.11 to save the data of the FE-Net

Choose "Close" command from "File™ menu in Figure 11.11 to close the "FE-Net" window
and return to ELPLA main window
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4.4 Shell properties

To define the chimney properties, choose "Shell Properties” command from ‘“Data” Tab.
The following window in Figure 11.12 appears with default shell properties. The data of shell
properties for the current example, which are required to be defined, are element groups, unit weight
of the chimney, and element size.

B O 0REE S SR % &9 (™ s | ELPLA- [Hyperbolic chimney] _ %
Shell Properties Setting  View  RFT Details ~ @
# select Elements  P&'Element groups  Y; Unit weight wi® Foundation Level @) Zoom In (&) Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m - r!n
Element groups [P Group Regions  Tedl Foundation Depth || Filled material type/Element size ), Zoom Out 53 Move R Zoom Upper Left -
Undo Redraw Close
& origin Coordinates (@, original Size Zoom% (112 = ™, Zoom Lower Right

Graphically In table Shell Properties Window Undo  Refresh Close

| ‘u.uu 19, .10 35.00‘ ~

<

K[m]=150.75 ¥ [m]=4570

%ure 11.12 "Shell Properties" Window

Choose "Element groups" command from "In table" menu. The following list box in Figure 11.13
appears. In this list box, enter E-Modulus, Poisson s ratio and slab thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ...  — O >

Poisson's

ratio I ok |

of slab

Nue | Cancel |

-1

0.3 . | Insert |
| Copy |
| Delete |
L New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 11.13 "Defining element groups™ list box

To enter the unit weight of the chimney, choose "Unit weight" command from "Shell Properties"”
menu in Figure 11.12. The following dialog box in Figure 11.14 with a default unit weight
of 25 [KN/m°] appears, type 0 in the "Unit weight" edit box to neglect the self-weight of the chimney,
then click "OK" button.

Unit weight *

Unit weight Gbnmsl o]

o | [ mw | [ o | [ e |

Figure 11.14 "Unit weight" dialog box
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To define the element size of the chimney, choose "Filled material type/Element size” command
from "Shell Properties” menu in Figure 11.12. The following form in Figure 11.15 appears, then:

Select "Empty container" option

uncheck the "Constant element sizes in z-direction™ check box

Click "Element size in each segment™ button, the following list box in Figure 11.16 appears
Define the size of the element in each segment as in the following list box in Figure 11.16,
to keep the same number of elements in each segment

Click "OK" button

Filled material type/Element size *

Filled material type:

(@) Empty container
() Liquid container

() Granular material container

Height of the liquid HI [m] |0.00
Unit weight of the liquid yw [kNfm3] |9.81
Top height of the granular material H1 [m] |0.00
Bottom height of the granular material H2 [m] 0.00
Unit weight of the granular material W5 [kn/m3] 15.50
Angle of internal friction of the granular material L =] 25
Angle of the wall friction & =1 20
Element size:

[] Constant element sizes in z-diredion

-

Element sizein each shell segment... Dl [m] |0.2000 =

ok Cancel Help

Figure 11.15 "Filled material type/Element size" Form
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Element size in each shell s... — O .

Segment Mo, ol |

I Ok I
[

| Cancel |

| Insert |

| Copy |

| Delete |

[ tew |

| Send to Excel |

| Paste from Bwxcel |

| Help |

Figure 11.16 "Element size in each segment” list box

After defining the chimney properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 11.12 to save the shell properties

Choose "Close™ command from “File” menu in Figure 11.12 to close the "Shell properties”
window and return to ELPLA main window
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45  Supports/ Boundary Conditions

To define the hinged support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 11.17 appears.

=) S REFEF B aER W) (M 5 | ELPLA - [Hyperbolic chimney] - b4
“ Supports/ Boundary Conditions Setting View RFT Details (2]
| Plot Parameters == Line Formats A Font 0 = 5 -
? o < "‘ B 123 g
# Display Values  { Fill Color L] Legend ‘B -
X Preferences Data  Firm Language System Number Design Code
I Max. Ordinate Directory Header Settings of Units Formats Parameters
Options Format Main data
| ‘u‘uu |19.rfmrj.rmw |sa‘uu| ~

<

rlm]=3593 z[m]=35.22

Figure 11.17 "Supports/ Boundary Conditions™ Window

To define the support on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 11.17. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the support as shown in Figure 11.18

After selecting the node, choose "Add Supports/ Boundary Conditions” command
from "Graphically" menu (Figure 11.17). The "Supports/ Boundary Conditions" dialog box
in Figure 11.19 appears.
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Bl 0@ R S aE W% 0 ™ s | ELPLA - [Hyperbolic chimney]
Supports/ Boundary Conditions  Setting  View  RFT Details

- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (E), Zoom Window ’

/" Zoom Upper Right " Zoom Lower Left n = r
%, Remove Supports/ Boundary Conditions 95 B4 Hinges ) zoomout 3 Move ™, Zoom Upper Left - a8
Undo-Select  Redraw Close
#, Add Supports/ Boundary Conditions ~ * Ec (@, original Size Zoom% 205 ~|™, Zoom Lower Right Nodes ~
Graphically Intable Window Undo Refresh  Close
‘ ‘ ‘u‘uu ‘19‘us|21fm15 25.96 ‘29‘10 ‘3a‘uu| ~
24.00
12.00
0.00
v
< >
r[m]=4849 z[m]=5.11

%ure 11.18 Selection of the node that has a hinged support
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In this dialog box

Type 0 in the "Displacement u" edit box to define the horizontal fixed support
Type 0 in the "Displacement w" edit box to define the vertical fixed support
Click "OK" button

Supports/ Boundary Conditions >

Mode restraints:

Dizplacement u [cm] ICI
Displacement w [cm]
Rotation Theta [Rad]

ok Cancel Help << Less

Figure 11.19 "Supports/ Boundary Conditions™ dialog box
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=) SRS SR E R 70 (™ = | ELPLA- [Hyperbolic chimney] - b4
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left m =y r
2, Remove Supports/ Boundary Conditions 25 Remove Hinge B4 Hinge ) zoomout 3 Move ™., Zoom Upper Left - 8
Undo-Add Supports/  Redraw  Close
*, Add Supports/ Boundary Conditions ¢ Edit Hinge (@, original Size Zoom% 205  ~|™, Zoom Lower Right Boundary Conditions ~
Graphically Intable Window Undo Refresh  Close
‘ ‘u‘uu | ‘19‘us|21’zm15‘25‘% ‘29‘10 ‘3a‘uu| ~
24.00
12.00
0.00
v
< >

rlm]= 1470 z[m]=10.78

%ure 11.20 Supports on the screen

After defining the supports, do the following two steps

Choose "Save " command from "File" menu in Figure 11.17 to save the data of supports
Choose "Close" command from "File" menu in Figure 11.17 to close the "Supports/
Boundary conditions™ window and return to the main window.
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4.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 11.21 appears.

In ELPLA, entering loads may be carried out either numerically (in a table) or graphically using
the commands of "Loads™ Tab in Figure 11.21. In this example, the hyperbolic chimney is exposed
to a uniform external pressure of ps = -10 [KN/m?].

=] SUREF B aER NS = | ELPLA - [Hyperbolic chimney] _ «
“ Loads  Setting  View  RFT Details (2]
- Select Nodes 47 Edit Nodal Load B} nodalloads () ZoomIn (@) Zoom Window 7 Zoom Upper Right " Zoom Lower Left =y E
%} Remove Nodal Loads 9%, Remove Member Load B, Memberloads () Zoom out 53 Move ", Zoom Upper Left -
* . i Redraw  Close
%} Add Nodal Loads * L Edit Member Load (@, original size Zoom3% (123~ ™, Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
‘ l0.00 ‘wﬁufr&.iaq.w |3a.uu‘ ~
z
7200 g
60.00
48.00
36.00
24.00
12.00
0.00 2
v
< >

X[m] =130.85 ¥ [m]=46.1

%ure 11.21 "Loads" Window

-11.23-



Analyzing Axisymmetric Structures and Tanks by ELPLA

To define the uniform distributed load:

choose "Edit Member Load" command from "Graphically” menu in Figure 11.21. When "Edit
Member Load" command is chosen, the cursor will change from an arrow to a cross hair
Double click on the element which is exposed to the uniform distributed load

"Edit Member Load" dialog box in Figure 11.22 appears, type "-10" in "Member loads" edit box
Click "OK" button

Edit Member Load >
Load type Wind load o
Member loads p [kMN/m/m]
Start from node Mo. I= |4
End atnode No. 1= |35
ok Cancel Help << | esg

T A R R -
I i B | I
1 1 1 1 1
1 1 1 - 4 L !
i B B ¥ ¥ ¥ B
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
STTI1IT T | == |- T T ——
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
i B I B e e e e
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
STT0T == 1 == 1 == 1= 1==§g=-= 1"
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
i Ini R B i B I e e

Figure 11.22 "Edit Member Load" dialog box
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HOsOREF aaER N E = | ELPLA - [Hyperbolic chimney] _ «
“ Loads | Setting  View  RFT Details (2]
@- Select Nodes 47 Edit Nodal Load Bl Nodalloads () ZoomIn @), Zoom Window 7 Zoom Upper Right ,/* Zoom Lower Left ~» E
%k Remove Nodal Loads %, Remove Member Load B, Member loads () Zoom Out 53 Move ", Zoom Upper Left -
o Y i < i Redraw  Close
%} Add Nodal Loads ¥ 2 Edit Member Load (@, original size Zoom3% (152~ ™ Zoom Lower Right
Graphically In table Window Undo  Refresh  Close
|u‘uu ‘lg‘Fﬁﬁuu ‘3a‘uu| ~
z
72.00 4
60.00
{48 00
36.00
24.00
12.00
0.00
v
>

<
r[m]=11555 z[m]=49.59

%ure 11.23 "Loads" window after defining the uniform distributed load

After finishing the definition of load data, do the following two steps:

Choose "Save" command from "File" menu in Figure 11.21 to save the load data
Choose "Close" command from "File" menu in Figure 11.21 to close the "Loads" window

and return to ELPLA main window.

Creating the project of the chimney with a hyperbolic shell wall is now complete. It is time to
analyze this project. In the next section, you will learn how to use ELPLA for analyzing projects.

-11.25-



Analyzing Axisymmetric Structures and Tanks by ELPLA

5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 11.24.

B o= R e B = | ELPLA - [Hyperbolic shell]
“ Data Solver Results Setting View
D . Assembling the load vectaor... - ;_i |
3 individual Calculations L
Computation Self-Adaptive
of all Mesh Wizard

Figure 11.24 "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 11.25 appears in which various phases of calculation

are progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 290 from 294 steps Cancel

Figure 11.25 Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 11.26. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V - Load

Total load [kN] = 19540

Sum of contact pressures [kN] = 13540
Ok Help

Figure 11.26 Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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6 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables
through the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 11.27).

Biow Pﬁ@‘tﬂ"ﬁg, = = - X
“ Data Solve Results Setting  View (7]

ﬁxﬁ D,},, agiivai z ﬁ@ E d7 g o]

ons in Dp\yThI Dp\yThI
X Principal moments ko Rotational shell Results = - Principal Stresses =

Flgure 11 27 "Results" Tab

The "Results” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Supports reactions
Sections in shell wall
Display tables of data
Display tables of results

To view the radial forces in the shell wall

From "Rotational shell results” command in the "Results" menu, choose "In Plan" command.
The following option box in Figure 11.28 appears

In the "Distribution of Internal Forces" option box, select "Radial forces Nr" as an example
for the results to be displayed

Click "OK" button

The Results are now displayed as shown in Figure 11.29.

Distribution of Internal Forces X

Select one item to draw:

(® Radial forces Nr (") Meridional fonces My
i) Meridional moments My () Tangential moments Mt
() Horizontal deformatians Wh ok
() vertical defarmations Vv

Cancel
(") Meridional rotations Vm

Help

() Shell defarmation Delta

Figure 11.28 "Distribution of internal forces™ option box
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B O # & G G & E Graphic  ELPLA - [Hyperbolic chimney]
“ Data Solver  Results Setting  View  RFT Details Graphic (2]
A7 TH ” ’w_ ) scale =l Title (), Zoom In (8}, Zoom Window ' Zoom Upper Right " Zoom Lower Left o r
= = Lvﬂ L 4
i —"'\ - = J [EL Set Range %] Page No. & ZoomOut  §J Move . Zoom Upper Left Zoom% (205 ~ >
Page Print Print Sendto Sendto Copytothe Send to ELPLA A Redraw Close
Setup Preview Word Excel Clipboard Feitor 1, Axes [izh View Grouping (@, Original Size £} Viewing Angle ™\, Zoom Lower Right =
Print Sending Options Window Refresh  Close
Y= Radial forces Nr (3) X -
~
Analysis of rotational shell
T .
¢
—
Radial farces Ne [ENim]
Mex Nr=158 7 at node 10, Min Ne=-4]5 8at aode 2
< L
< >

r[m]= 16576 z[m]=46.76

%ure 11.29 Radial forces in shell wall
To view the vertical deformations of the chimney wall

From "Rotational shell results” command in the "Results" menu, choose "In Plan" command.

The following option box in Figure 11.30 appears
In the "Distribution of Internal Forces" option box, select "Vertical deformations Vv" as an

example for the results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 11.31.
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Distribution of Internal Forces )4

Select one itemto draw:

() Radial forcesNr () Meridional foroes My

i) Meridional moments My (") Tangential moments Mt
() Horizontal deformatians Wh ok
(@) Vertical defarmations Vv

Cancel

(") Meridional rotations Vm

Hel
() Shell defarmation Delta ==

Figure 11.30 "Distribution of internal forces" option box

H Oz ) H e EEE NS = Graphic  ELPLA - [Hyperbolic chimney] - :
Data Solver  Results Setting  View  RFT Details Graphic (7]
A7 [ A 7 /w—|. v 1 ) scale = Title (#}, Zoom In (8}, Zoom Window /" Zoom Upper Right ,” Zoom Lower Left =3 r!':!
= —JN =% |—‘ —=1 J (5 Set Range [#] Page Mo, ) zoomout £ Move ., Zoom Upper Left Zoom% 185 ~ -
Page Print Print  Sendto Sendto Copytothe Send = Redraw  Close
Setup Preview Word  Excel  Clipboard i, Axes (b View Grouping (@, Original Size £ Viewing Angle ™\, Zoom Lower Right o
Print Sending Options Window Refresh Close
b= Vertical deformations W... X A
~
Asnalysis afrotations! sheil
[ =
—
& o
Vofes]
node 2 M W=000atnak 15 o
< >
r[m]=9144 z[m]=45.00

Figure 11.31 Vertical deformations of the chimney wall
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To view the slab thickness of the chimney

Choose "Slab thickness"” from "In Plan" command in "Data” menu. The following option
box in Figure 11.32 appears

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering () Coordinates rfz

{_J Element groups

(@) Slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 11.32 "Data — In Plan™ option box

To view the supports / boundary conditions on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 11.33 appears

In this check group box, check "Supports /Boundary Conditions™ check box

The user can choose any other data to be viewed

Click "OK" button

View Grouping >

Selectitems to display

[] Met numbering A

[] Coordinates rfz Ok
[] System of loading

Supports/ Boundary Conditions Cancel

[] Rotational shell system

[] Radial forcesNr

[] Meridional moments My

[] Tangential moments Mt W

Help

[m] Select All

Figure 11.33 "View Grouping" check group box
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HOos P aaHdE m§n-| Gz - x
Data Solver  Results Setting  View Graphic ~ @
! l & 7 @ ’;r J I &) scale & itte @, Zoom In (), Zoom Window " Zoom Upper Right " Zoom Lower Left 5 r
= = . I—‘ (5L set Range [#] Page No. Q zoomOut 57 Move = Zoom Upper Left Zoomss[117 -] - >
Page  Print Print Sendto Sendto Copytothe Send to ELPLA A Redraw Close
Setup Preview Word Excel Clipboard  -Section 1, Axes Jh View Grouping (@, Original Size %} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Window Refresh  Close
Jmshhthickncgs @ x ‘ £
~

Analvsis of rotational shell

l pt=0.24[m]

<
rlm]= 13144 z[m]=4049

%ure 11.34 Slab thickness with the load system
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Example 12

1 Description of the problem

An example of an axi-symmetrically container with irregular shape resting on a layered soil is

selected to illustrate some features of ELPLA for analyzing shell elements.

2 Container geometry and properties

A container having a base radius of a = 5 [m], middle wall radius of Rm = 7 [m] and a height of
H = 14 [m] is considered as shown in Figure 12.1. Thicknesses of the container base, wall and roof are
tb= 0.4 [m], tw= 0.3 [m], tr= 0.2 [m], respectively. The container is filled with water and rests on

layered soil. The container material and unit weight of the water are listed in Table 12.1.

D

Ec
Ve
Ye
Yw

= 2x107 [kN/ m?]
=020 []

=25  [kN/md]
=981 [kN/md]

Rm =7.00 [m]

14 [m]

H

a=5[m]

Figure 12.1  Irregular container with dimensions
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Table 12.1 Container material and water unit weight

Modulus of Elasticity Ec  =2x10’ [KN/ m?]
Poisson's ratio Ve =0.2 [-]

Unit weight of the container material Ye =25 [KN/ m?]
Unit weight of the water yw =10 [KN/ m?]

The geometry and parameters of the container are:

Base:
Base radius Rb =5 [m]
- Base thickness tb=0.4 [m]
Wall:
Wall thickness tw = 0.3 [m]
The first main segment parameters are:
« Height Hw = 10 [m]
- Middle radius Rm=7[m]
« Upper radius Ro =5 [m]
« Number of subsegments Ns =30
The second main segment parameters are:
. Height Hw = 4 [m]
. Middle radius Rm=15[m]
« Upper radius Ro =5 [m]
« Number of subsegments Ns =20
Roof:

Flat roof type
Number of subsegments Ns =15
Roof thickness tr =0.2 [m]

2.1  Soil properties

The subsoil under the container consists of two layers, sandy clay and sand with gravel.

The soil properties of the sandy clay layer are:

Modulus of elasticity for loading E = 35000 [KN/m?]
Modulus of elasticity for reloading W = 105000 [KN/m?]
Poisson's ratio Vs =03 [-]

while those of the sand with gravel layer are:

Modulus of elasticity for loading E = 80000 [KN/m?]
Modulus of elasticity for reloading W = 240000 [KN/m?]
Poisson's ratio Vs =03 [-]
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2.2 Numerical Analysis

In the analysis, the wall height of the container is divided into two main segments, the first one is
divided into 30 subsegments (30x0.3 [m]), while the second is divided into 20 subsegments (20x0.2 [m]).
The flat roof is divided into 15 subsegments. The raft foundation is divided into 10 circular intervals
as shown in Figure 12.2.

l pE0.A[m]

pE=03[m]

l pt=02[m]

Figure 12.2  Finite element mesh of the container with a sector from the base
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3 Creating the project

In this section, the user will learn how to create a project for analyzing a container resting on
a layered soil. The project will be processed gradually to show the possibilities and abilities of the
program. To enter the data of the example, follow the instructions and steps in the next paragraphs.

3.1 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 12.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of Forms. The first Form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 12.3).

Calculation Method e
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Analysis of rotationd Analysis of
foundatian piled raft many slab foundaions shell axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shellf 3D-curved shell;

() Shell with an opening base
(") Shell with afloorslab
(@) Shell with araft foundation

Help Load... Save As... Cancel Mext =

Figure 12.3  "Analysis Type" Form

In the "Analysis Type™ Form in Figure 12.3, define the analysis type of the problem. As the analysis
type is a container resting on layered soil problem, select "Analysis of rotational shell” button,
and check "Shell with a raft foundation” option, then click "Next" button to go to the next Form.
After clicking "Next" button, the "Calculation Methods™ Form appears, Figure 12.4.
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To define the calculation method:

Select the calculation method "7-Modulus of Compressibility (Elimination)"
Click "Next" button to go to the next Form

Calculation Method e

Calculation Method:

() 1-Linear Contact Pressure (Canventional Method)

(") 2/3- Constant/Variable Modulus of Subgrade Readion

(_) 4-Modification of Modulus of Subgrade Reaction by Iteration
() 5-IsotropicElasticHalf Space

() 6-Modulus of Compressibility (Iteration)

(®) 7- Modulus of Compressibility (Elimination)

() 8-Modulus of Compressibility for Rigid Raft

() 8-Flexible Foundation

Help Load... Save As... Cancel < Back Save
Figure 12.4  "Calculation Methods" Form

The last Form in the wizard is the "Options” Form, Figure 12.5. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Since no option will be considered in the analysis, click the "Save™ button.
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Calculation Method

O /‘S ab With Girders
O “L Addtional Springs
O 2 Supports/ Boundary Conditions

Help Load... Cancel < Back Save
Figure 12.5 "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 12.6. In this dialog box
type a file name for the current project in "File name" edit box. For example, type "Container on
layered soil". ELPLA will use automatically this file name in all reading and writing processes.
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Save As
« “ 4 [ ThisPC » LocalDisk (D) » ELPLA12.2 projects » Tuterial2 » Example 12
Organize +  New folder

A Neme Date medified Type
v

Size

No items match your search,

O Search Example 12

File name: | Container on layered soil

Save as type: Isolated slab foundation-files (*.PO1)

A Hide Folders

Save

Cancel

Figure 12.6  "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Container on layered soil] will be displayed instead of the word [Untitled] in the ELPLA title bar.

-12.9-



Analyzing Axisymmetric Structures and Tanks by ELPLA

3.2 Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely
entered. To identify the project, choose "Project ldentification"” command from the “Data” Tab.
The dialog box in Figure 12.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a container resting on different soil layers"

Type the date of the project in the "Date" edit box

Type the word "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |.-5.na|1,-'sis of a container resting on different soil layers |

Date  |n3/01/2022 [~

Project |.ﬁ.xisymmetri-: Structures and Tanks] |

Save Cancel Help Load... Save As...

Figure 12.7  "Project Identification" dialog box
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3.3 FE-Net data

For the given problem, the container has a base radius of a = 5 [m], and a height of H = 14 [m].
The height of the container is divided into two main segments, the first one is divided
into 30 subsegments (30x0.3 [m]), while the second is divided into 20 subsegments (20x0.2 [m]),
and the roof segment is divided into 15 subsegments. ELPLA has different procedures for defining
the FE-Net. To define the FE-Net for this container, choose "FE-Net Data" command from the
“Data” Tab. "Analysis of rotational shell" wizard appears as shown in Figure 12.8. This wizard will
guide you through the steps required to generate a FE-Net. As shown in Figure 12.8, the first Form
of the wizard is the "Shell type" Form, which contains a group of templates of different shapes
of shells. These net templates are used to generate standard nets.

Analysis of rotational shell

Shell type:

d
i
i
i

1 1 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel

el el s s

i i

i i '

! i ‘

i i

I i i I
Elliptical shell Cycloidal shel Parabolicshell Irregular shell

Irregular shell

) Mumber of Insert New Delete
) middle  Upper = = =
M. night radius  radius ;sﬂesgments
Rm Ro Copy Send to Excel Paste from Excel

1
1 L O

I
[ ,
) 5 . - (O Linear segments (® Curved segments
o2 4 5 Tark base:
- Radius Rb [m] I:
>

=

o

£
Roof data: i i
i Radius of the spherical roof Ra ml |30.10
Shell with covered roof
() spherical roof Angle ofthe spherical roof Theta [=] |30.00
(@) Flatroof Mumber of roof segments Nsa [#]
Help Cancel = Eziels MNext = Finish

Figure 12.8  "Analysis of rotational shell" wizard with "Shell type" Form
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To generate the FE-Net of the container which has an irregular wall shape:

In the "Shell type" options choose "lIrregular shell” button
To define the base of the container:
« Type 5 in the "Tank base radius Rb" edit box
To define the first segment of the height of the container:
« Choose "Curved segments" option
« Type 10 in the "height HW" edit box
« Type 7 in the "middle radius Rm" edit box
« Type 15 in the "Upper radius Ro" edit box, as the upper radius is the same as
the base radius
« Type 30 in the "Number of segments Ns" edit box

To define the second segment of the height of the container:

« Type 4 in the "height HwW" edit box

« Type 5 in the "middle radius Rm" edit box

« Type 5 in the "Upper radius Ro" edit box, as the upper radius is the same

as the base radius

« Type 20 in the "Number of segments Ns" edit box
To define the roof of the container:

« Check the "Shell with covered roof" check box

« Choose "Flat roof" option

« Type 15 in the "Number of roof segments" edit box
Click "Next" button to go to the next Form
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After clicking "Next" in "Analysis of rotational shell" wizard, the following "Irregular shell” Form
containing the data of the segments appears in Figure 12.9, the user can edit the data of each
segment individually or all of them by using "In Table" button, if it is necessary.
Click "Next" button to go to the next Form.

Analysis of rotational shell

Irregular shell:

Segment data: ~
Start poistion ri [m] |5.00
7 Ei zl [lTl] Q.00
End position r2 [m]
2 .
In Table
N
kY
kY
h,
1A
L)
1
1
\
1)
b
i
|
]
|
1
]
N
7
7
If Refresh
7
f"r Mew
&
&
z o Insert Segment
Delete Segment
Copy Segment

Help Cancel < Back

Figure 12.9  "lrregular shell” Form
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The next Form of the "Analysis of rotational shell" wizard is the "Net of Base" Form Figure 12.10.
In this Form, the default values of the grid intervals appear, to edit the grid spacing in x-direction of the
base, do the following steps in "Grid in x-direction" frame:

Choose "Constant ring area" check box
Type 10 in the "No. of grid intervals"
Click "Finish" button to return to "FE-Net Data" window

Analysis of rotational shell

Met of Base

Grids in x-direction:

() Constant grid interval
. (@) Constantringarea

(") variable grid interval
Mo, of grid intervals 10 =

Refresh

R Geometry

Radius Ru [m] 500

Help Cancel < Back Finish

Figure 12.10 "Net of Base" Form
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ELPLA will generate the FE-Net of the container with a sector from the base with 10 circular

intervals. The following window in Figure 12.11 appears with the generated net.

B ocuRE@aadW o = | ELPLA - [Container on layered soil] X
“ FE-NetData  EditFE-Net  Setting  View  RFT Details (7]
Slab Corners 4. Node Coordinates Opening Corners (&), Zoom In (@), Zoom Window Zoom Upper Right Zoom Lower Left -
X N (&
[ ope o3 Connectivity Nodes B References () Zoomout 37 Move ™, Zoom Upper Left -
FE-Net ndo  Redraw  Close
Generation~ [P Reference Comers ~ | G SIab Comers (@) original Size  Zoom% 123 ~| "\, Zoom Lower Right
FE-Net Generation Graphically In table Window Undo Refresh Close
| i i :
t4
15.30 &)
M09
128
10.58
7.25-
382
.00 M
i R REEEE! i
v
< >

X[m]=2453 Y[m]=821

Figure 12.11 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:

Choose "Save" command from "File" menu in Figure 12.11 to save the data of the FE-Net
Choose "Close" command from "File™ menu in Figure 12.11 to close the "FE-Net" window

and return to ELPLA main window
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3.4 Soil Properties

In ELPLA, there are three different soil models with several calculation methods. Therefore,
the soil properties for each method are required to be defined according to the used soil model.
In the current example, the soil model, which is used in the analysis, is "Layered Soil Model".
This model requires that the subsoil have to be defined by boring logs. In the example, the boring
log has multi-layers with different soil materials. The geotechnical data for each layer is unit weight
of the soil ys and modulus of Elasticity for loading E and reloading W and Poisson's ratio vs.

To define the soil properties, choose "Soil Properties” command from “Data” Tab. The following
"Soil Properties” Window in Figure 12.12 appears with a default-boring log.

B OE0RE S S S E B 20 ™ s | ELPLA- [Container on layered soil] - X
“ Soil Properties Setting View RFT Details (7]
£) Plot Parameters == Line Formats A Font = = N B
o o O = % ¥ 3 g
& DisplayValues 3y Fill Color ] Legend i
Preferences Data  Firm  Language System Number Design Code
=+ Max. Ordinate Directory Header Settings of Units Formats Parameters
Options Format Main data
~
‘‘‘‘‘

\\|F

Figure 12.12 "Soil Properties™ window with a default-boring log

In Figure 12.12, soil properties are defined through the "Data" menu, which contains
the following two commands:

"Soil Data" command defines the individual boring logs
"Main Soil Data" command defines the general data for all soil layers

To enter the soil properties for the boring log of the current example
Choose "Soil Data" command from "Data™ menu in the window of Figure 12.12

The following dialog box in Figure 12.13 with default-boring log data appears,
Define the data of the boring log as the following
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Soil Data

Baring log Mo. 1 from 1 boring logs:
Layer Mo, 1 from 2 layers:
Soil and rock symbols:

Main soil type 1

T, Clay bl
Main soil type 2 -, Mo symbol e
submainsail 1 5, sandy il
submain sail 2 -, Mo symbaol d
Color vi, violet =
Short text s

Copy Layer Insert Layer Delete Layer

Insert Boring Log:

[] From afile

Copy Boring log
Insert Boring

ok Cancel

X
Geotechnical data of the layer: ~
Soil properties are defined by Modulus of Elasticity E W
e kym2 P S
W oy ¢ kv
R £
Layer depth underthe ground surface
[m]
W
¥-coordinate of boring [m]
Y-coordinate of boring [m]
>
New

Figure 12.13 "Soil data" dialog box

In the "Geotechnical data of the layer" dialog group box in Figure 12.13, Soil properties are defined
by Modulus of elasticity, define the geotechnical data of the first soil layer of the boring log

as follows:

E = 35000 [KN/m?]
W = 105000 [KN/m?]
Gam =18 [KN/m®]
C =10 [KN/m?]
¢ =20 [°]

In order to draw the soil layers by different symbols according to the German Standard DIN 4023,
the soil type and color for each layer must be defined.

To define the soil type and color for the first layer, select "T, Clay" as the soil type in "Main soil type 1"
combo box, and "'S, Sand" as the submain soil type in "Submain soil 1" combo box in "Soil and rock
symbols” dialog group box in Figure 12.13. The color of the layer according to the German
Standard DIN 4023 will be automatically created. The user can change this color.
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To enter the second layer of the boring log

Click "Copy Layer" button in Figure 12.13. A layer with the same properties of the first layer
will be copied

Use the vertical scrollbar to move to the second soil layer. Layer No. will be typed
automatically at the upper-left corner of the main dialog box of soil layers as a head title

In "Geotechnical data of the layer" dialog group box in Figure 12.13, define the geotechnical
data of the sand with gravel layer as follows:

. E  =80000 [kN/m?]
« W =240000  [kN/m?]
. Gam =18 [KN/m?]
. C =0 [kN/m?]
- 9 =35 [°]

Change the value of the layer depth under the ground surface from 4.5 [m] to 19.8 [m]

From "Soil and rock symbols™ dialog group box, choose "S, Sand" and "G, Gravel” in
"Main soil type 1" and "Main soil type 2" combo boxes, as the main soil type of the second
layer is sand with gravel

Note that: as the analysis is nonlinear, the unit weight of the soil, cohesion and angle of internal
friction play no roles in the analysis.
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Now all data and parameters for the boring log (Figure 12.14) have been entered.

=1 S RESEEER D = | ELPLA - [Container on layered soil] _ w

“ Soil Properties  Setting  View  RFT Details (2]
iii E IE' 3, Zoom In (@, original Size e E
(2}, Zoom Out 54 Move -

Redraw  Close

Soil  Main Soil
Data  Data (B ZoomWindow  Zoom% 136 -

Graphically Data Window Undo  Refresh  Close

IPNL

E= 35000822
W=20000KN/m2]
AN = 188N

| E=s0000pvm)
G W= 240000 paY/ml]
Gy 1080 100 [ 0| @M= 18pNa3]

. >
r[m]=1851 z[m]=-13.38

Figure 12.14 boring log

To enter the main soil data for all layers, choose "Main Soil Data” command from "Data” menu
in Figure 12.12. The following dialog box in Figure 12.15 appears with default main soil data.
The main soil data for the current example, which are required to be defined, are the settlement
reduction factor a [-] and the groundwater depth under the ground surface Gw [m]. Any other data
corresponding to main soil data are not required in this example. Therefore, the user can take these
data from the default soil properties.

In the dialog box of Figure 12.15, enter the settlement reduction factor a [-] and the groundwater
depth under the ground surface Gw [m]. Then click "OK" button.
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Main Soil Data e

Soil Properties Calculation parameters of flexibility coefficents
Main Soil Data:

Settlement reduction factor Alfa <=1 Alfa [-]
Groundwater depthunderthe ground surface Gw [m]

Bearing capadty factors:

Bearing capacity factors are determined according to

(®) German Standard DIN 1054

() Euro code EC T () Terzaghi
() Egyptian codeECP (") Meyerhof
ok Cancel Help

Figure 12.15 "Main Soil Data" dialog box
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Main Soil Data e

Soil Properties | | Calculation parameters of flexibility coefficents ;

Flexibility coefficent o, i):

The flexibility coefficient c(i, i) of the node i due to uniform load atthat node is determined at
(®) the characteristic point of the loaded area, where rigid settlement equal to flexible s etlement
(") the midpoint of the loaded area, where maximum settlement occurs
() thenode i onthe loaded area
Flexibility coefficent (i, 1):
Limit distance between nodei and j for determining theflexibility coefficient ofi, j) zr [m]

The flexibility coefficient ofi,j) of the node i is determined from
() pointload at nodej

(®) uniform load at nodej

Ok Cancel Help

Figure 12.16 "Calculation parameters of flexibility coefficients" dialog box

After entering all data and parameters of the boring log, do the following two steps:
Choose "Save" command from "File" menu in Figure 12.12 to save the data of boring log

Choose "Close” command from "File" menu in Figure 12.12 to close "Soil properties
window and return to ELPLA main window.
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3.5  Shell properties

To define the container properties, choose "Shell Properties” command from “Data” Tab.
The following window in Figure 12.17 appears with default shell properties. The data of shell
properties for the current example, which is required to be defined, are element groups,
group regions, the unit weight of the container, and the filled material properties. Any other data
corresponding to shell properties in the program menus are not required for this example.

B 00 RS G % E W % @9 ™ < | ELPLA- [Container on layered soil] — x
Shell Properties Setting  View  RFT Details ~ @
# selectElements  E§'Element groups Y Unit weight wi Foundation Level @, Zoom In (&, Zoom Window 7 Zoom UpperRight " Zoom Lower Left m e r‘ﬂ
Element groups 9 Group Regions  Tedl Foundation Depth  |] Filled material type/Element size (2} Zoom Out  §{ Move "\, Zoom Upper Left -
Unde  Redraw  Close
& origin Coordinates @ Original Size ~ Zoom% (123 ~| "\, Zoom Lower Right
Graphically In table Shell Properties Window Undo Refresh Close
I i ’
Z

AE

=
[ENNANAN)

EI\\I\I\I‘E\\I\l\ll|§\\\\\l\\|

< >
X[m]=2183 Y[m]=9.18

Figure 12.17 "Shell Properties" Window

Choose "Element groups” command from "In table” menu. The following list box in Figure 12.18
appears. In this list box, enter E-Modulus, Poisson’s ratio and slab thickness for the container base,
wall and roof as they differ in thickness. Then click "OK" button to go to the next step.
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Defining element groups (with the sarme thickness and ..  — O >
G Poisson's Slab
Nr-:uup E-Modulus  ratio thickress ok
0. of slab of slab
I Eb
s Njm2]  Nue d Cancel
[] [m]
1 2E4H07 0.2 0.4 Insert
7 2EHOF 0.2 0.3
Copy
3 2E+OY 0.2 0.2
re - Delete
Mew
Send to Excel
Paste from Excel
Help

Figure 12.18 "Defining element groups™ list box

Defining the slab thickness for materials on the net may be carried out either graphically or numerically
(in atable). In the current example, the user will define the slab thickness on the net graphically.

To define the slab thickness for the container roof

Choose "Select Elements” command from "Graphically" menu in the window
of Figure 12.17.

When "Select Elements" command is chosen, the cursor will change from an arrow to
a cross hair. A group of elements can be selected by holding the left mouse button down at
the corner of the region. Then, drag the mouse until a rectangle encompasses
the required group of elements. When the left mouse button is released,
all elements in the rectangle are selected

Select the elements that include the container roof as Figure 12.19

Choose "Elements Groups" command from "Graphically" menu in the window
of Figure 12.17, "Group Regions" dialog box Figure 12.20 appears

Define the "Group No." of the roof elements as type "3"

Repeat the previous steps to define the "Group No." of the container wall as type "2",
while "Group No." of the wall elements will be as type "1", where type "1" is the
default "Group No.", then click "OK" button
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B OE 0@ Gt E B @0 (™5 | ELPLA - [Tank on different soild layers] - X
Shell Properties Setting  View  RFT Details ~ @
# select Elements| [&'Element groups Y Unit weight i Foundation Level (), Zoom In (@), Zoom Window ' Zoom Upper Right /" Zoom Lower Left !’ o E
Element groups BB Group Regions  Tesl Foundation Depth | Liquid Properties () Zoom out 33 Move ™\, Zoom Upper Left -
Undo-Element Redraw  Close
& Origin Coordinates (@ Original Size ~ Zoom% (320 ~| "\, Zoom Lower Right groups
Graphically In table Shell Properties ‘Window Undo Refresh Close
| ‘ ‘n.nn |1‘ss ‘2‘24 |z‘74 |3‘15 F.m ‘3‘s7|4‘1s|4.47|4.:ﬁ?.nn‘ ~
1530
=
1485
12.85
1058
- 1 v
< >

r[m]=7.02  z[m]=1292

Figure 12.19 Selecting the elements that include the container roof

Group Regions *

Group Mo, -1

o] [omr ]

Figure 12.20 "Group Regions" dialog box

To enter the unit weight of the container, choose "Unit weight" command from "Shell Properties"”
menu in the window of Figure 12.17. The following dialog box in Figure 12.21 with a default unit
weight of 25 [KN/m?] appears. Click "OK" button.

Unit weight >

Unit weight G [kN/m3]

| ok | | New | | Cancel | | Help |

Figure 12.21 "Unit weight" dialog box
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To define the filled material properties of the container, choose "Filled material type/Element size"

command from "Shell Properties” menu in Figure 12.17. The following form in Figure 12.22
appears.

Filled material type/Elermnent size >

Filled material type:
() Empty container
(®) Liquid container

() Granular material container

Liquid Properties:

Height of the liquid HI [m]

Unit weight of the liquid yw [kN/m3]

Top height of the granular material H1 [m] |0.00

Bottom height of the granular material H2 [m] |0.00

Unit weight of the granular material W5 [kNfm3] 15.50

Angle of internal friction of the granular material T 2] 25

Angle of the wall friction o [®] 20

Element size:

Constant element sizes in z-diredion

Element size in each shell segment DI [m] |L.0000 =
ok Cancel Help

Figure 12.22 "Filled material type/Element size" Form

To define the filled material properties of the container:

Select "Liquid container” option
Type 14 in the "Height of the liquid"” edit box
Type 9.81 in the "Unit weight of the liquid" edit box

To define the element size of the container:

Check the "Constant element sizes in z-direction™ check box

Type 1 in the "Element size in each shell segment” edit box. The element size is chosen
to be 1 [m] larger than the segment size in order to ignore further subdivision of the
segments into smaller elements. In some cases, it is necessary to divide the segment into
smaller elements in order to make the analysis more precise. Nevertheless, the final results
of the internal forces appear only at nodes of segments

Click "OK" button
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=N S @ E e E W P @) (™ s | ELPLA- [Container on layered soill - X
“ Shell Properties Setting  View  RFT Details (7]
# select Elements  E&'Element groups Y} Unit weight M Foundation Leve (), Zoom In (€], Zoom Window 7 Zoom Upper Right /" Zoom Lower Left m = E
B Element groups BB Group Regions Tl Foun epth | Filled material type/Element size () Zoom Out 3 Move "\, Zoom Upper Left -
Undo-Display Redraw  Close
& origin Co (@), Original Size ~ Zoom%|123 - ™\, Zoom Lower Right Values ~
Graphically In table Shell Properties Window Undo Refresh  Close
I i ’
z
1530 <€
H09
12.85
1058
725
382
0.00 M
vex UL R v

< >
r[m]=2424 z[m]=9.18

Figure 12.23 "Shell Properties" window after defining the container properties

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 12.23 to save the shell properties

Choose "Close™ command from “File" menu in Figure 12.23 to close the "Shell
properties™ window and return to ELPLA main window
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3.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 12.24 appears.

In ELPLA, entering loads may be carried out either numerically (in a table) or graphically using the
commands of "Loads" Tab in Figure 12.24. In this example, there is not applied load, as the load has
been already defined by the unit weight of the container material, while the hydrostatic pressure on
the container is defined by the unit weight of water.

=R SR E S E W 20 (™ 5 | ELPLA - [Container on layered soil] — ®
“ loads | Setting  View  RFT Details (7]
&- Select Nodes ¥ Edit Nodal Load B! Nodal loads () Zoom In (&), Zoom Window ' Zoom Upper Right " Zaom Lower Left n s E
2%} Remove Nodal Loads g5, Remove Member Load B Member loads  ©) Zoom Out 3 Move ™, Zoom Upper Left -
Undo-Display Redraw  Close
1 ad dalloads X Edit Member Load (@ originalSize  Zoom% (123 ~| ™\, Zoom Lower Right Values ~
Graphically In table Window Undo Refresh Close
| P PR ’
z
L

H

ERINAT!

i ERRmE
IS ENARRENER JENNN] (RN A

<

< >
X[m]=1407 Y[m]=9.44

Figure 12.24 "Loads" Window

Do the following two steps:
Choose "Save" command from "File” menu in Figure 12.24 to save the load data
Choose "Close" command from "File” menu in Figure 12.24 to close the "Loads" Window
and return to ELPLA main window

Creating the project is now complete. It is time to analyze this project. In the next section, you will
learn how to use ELPLA for analyzing projects.
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4 Carrying out the calculations

To analyze the problem, switch to "Solver" Tab, Figure 12.25.

| = e T = | ELPLA - [Container on layered soil
=r TF Wor y
“ Data Salver Results Setting View RFT Details
[> '. Assembling the load vectar.., - nagl
e
I] Individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 12.25 "Solver" Tab

ELPLA will active the "Individual Calculations™ list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Determining flexibility coefficients of the soil

Assembling the soil stiffness matrix

Assembling the slab stiffness matrix

Solving the system of linear equations (unsymmetrical matrix)
Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time
Carrying out all computations

To carry out all computations in one time
Choose "Computation of all" command from "Solver” Tab window.

The progress of all computations according to the defined method will be carried out
automatically with displaying information through menus and messages.
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Analysis progress

Analysis progress menu in Figure 12.26 appears in which various phases of calculation are
progressively reported as the program analyzes the problem. In addition, a status bar down of the

"Solver" Tab window displays Information about the progress of calculation.

Solving the system of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 51 from 153 steps

Cancel

Figure 12.26 Analysis progress menu

Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 12.27. This menu
compares between the values of actions and reactions. Through this comparative examination,

the user can assess the calculation accuracy.

Check of the solution

V- Load

Total load [kn] =

Sum of contact pressures [kN] =
ok Help

20591
20745

Figure 12.27 Menu "Check of the solution”

Click "OK" button to finish analyzing the problem.
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5 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through the
"Results" Tab. To view the data and results of a problem that has already been defined and analyzed
graphically, switch to "Results” Tab (Figure 12.28).

B OE EFahE & = | ELPLA - [Container on layered soil]

- *
“ Data  Solver  Results  Setting  View  RFT Details (2]
@ ﬁ DI. @ Circular Diagrams T Suppart Reaction «, Defarmation Vectors 49 Principal Strain iai @ <I7 @ @
## Result Values b Deformation 2 Punching Shea 14 Deformed Mesh \og
In  Isometric Contou - . i i i Boring Lags/ Boring  Sections in Sectionsin  Display Tables Display Tables
Flan & es i Distribution es X Principal moments %o Rotational shell Results = - Principal Stresses Limit Depth Location shellwall shell base of Data~  of Results ™

Figure 12.28 "Results" Tab

The "Result” Tab contains the commands of drawing. These commands depend on the used

calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan

Rotational shell results
Boring logs and limit depth
Sections in the shell wall
Sections in the shell base
Display tables of data
Display tables of results

To view sections in shell base

Choose "Sections in shell base” command from "Section” menu. The following option box
in Figure 12.29 appears

In the "Sections in shell base" option box, select "Base contact pressures " as an example
for the results to be displayed
Click "OK" button

The base contact pressures are now displayed as shown in Figure 12.30.

Sections in shell base x>
Selectitemto display:

() Radial forcesNr () Meridional foroes My

() Meridional moments My (") Tangential moments Mt

() Horizontal deformations Vh

() Base settlementsw ok
@ Base contact pressures q

Cancel
() Soil stiffnesses ks

Help

() Meridional rotations Vm

Figure 12.29 "Sections in shell base" option box

-12.30-



Example 12

== FEEhhd & T
“ Data  Soler  Results  Setting  View  RFT Details Graphic (2]
rielrs » (WA ’}T\] B 1 ) Seale = Title @ ZoomIn (& Zoom Window .~ Zoom Upper Right /" Zoom Lower Left 5 r!':!
= —JN = (50 Set Range [#] Page Mo, ) zoomout £ Move ., Zoom Upper Left Zoom% 160~ -
Page Print Print  Sendto Sendto Copyto the Send to ELPLA N Redraw  Close
Setup Preview Ward  Excel Clipboard Section i, aes b view Grouping (@ Original Size %5 Viewing Angle ™, Zoom Lower Right -
Frint Sending Options Window Refresh  Close
b= Base contact pressures X b d
”
Method (7) (Analysis of rotational shell )
Modhlhs of compressidiliy
Distance x ]
0.00 1.00 2.00 3.00 4.00 5.00
00— v v Lo e
E o]
B “Djo—o..‘o\c/T
3400 \
% 680.0 ‘
3 10200
£ ]
H ]
£ 13600
1700.0
2040.0
Base contact pressures
Sections in skell base
v
<

Form1

Figure 12.30 Base contact pressures in shell base

To view the base settlements

Choose "Sections in shell base” command from "Section” menu. The following option box
in Figure 12.31 appears

In the "Sections in shell base" option box, select "Base settlements w" as an example for the
results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 12.32.

Sections in shell base x>
Selectitemto display:
() Radial forces Nr () Meridional forces My

() Meridional moments My (") Tangential moments Mt

() Horizontal deformations Vh

(@) Basesettlementsw ok
O Base contact pressures q

Cancel
() Soil stiffnesses ks

Help

() Meridional rotations Vm

Figure 12.31 "Sections in shell base" option box
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== FEEhhd & = T
“ Data Salver Results Setting View RFT Details Graphic (7]
rielrs » (WA ’}T\] B 1 ) Seale = Title @ ZoomIn (& Zoom Window .~ Zoom Upper Right /" Zoom Lower Left 5 r!':!
= —JN = (50 Set Range [#] Page Mo, ) zoomout £ Move ., Zoom Upper Left Zoom% 160~ -
Page Print Print  Sendto Sendto Copyto the Send to ELPLA N Redraw  Close
Setup Preview Ward  Excel Clipboard Section i, aes b view Grouping (@ Original Size %5 Viewing Angle ™, Zoom Lower Right -
Print Sending Options Window Refresh Close
b= Base settlements X hd
”
Method (7) (Analysis of rotational shell)
Modhulus of compressibiliy
Distance x fm]
0.00 1.00 2.00 3.00 4.00 3.00
260 1 1 M M M . .
1
27 \0\
T 280 \
= \
290
=
3.00 \\\‘\‘
3.10
Base setilements
Sections in shell base
v
< >

Form1

Figure 12.32 Base settlements

To view element groups of the container

Choose "Element groups™ from "In Plan" command in "Data" menu. The following option
box in Figure 12.33 appears

In the "Data — In Plan" option box, select "Element groups” as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one itemto draw:

{") Net numbering () Coordinates rfz

(@) Element groups

() Slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 12.33 "Data — In Plan" option box
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To view the internal forces on the FE-Net and any other data

From "Options” menu in the "Graphic" tab, choose "View Grouping” command.
The "View Grouping" check group box in Figure 12.34 appears

- In this check group box, the user can choose any data to be viewed
Click "OK" button

View Grouping x

Selectitems to display

[] Met numbering ~

[] Coordinates rfz Ok
[] System of loading

[] Rotational shell system Cancel

[] Radial forcesNr

[] Meridianal moments My

[] Tangential moments Mt

[] Meridional forczs My ¥

Help

[ Select all

Figure 12.34 "View Grouping" check group box

HOoshRPEFaad =l Graphic
“ Data Solver  Results Setting  View  RFT Details Graphic (2]
2 (& . /Wj' | 1 ) scale =l Title (), Zoom In (&), Zoom Window " Zoom Upper Right " Zoom Lower Left o r
'E-é’ j\- = I—‘ —=1 J [EL Set Range %] Page No. & ZoomOut  §J Move "\, Zoom Upper Left Zoom% (206 ~ - 8
Page Print Print  Sendto Sendto Copytothe Se ELPLA A Redraw  Close
Setup Preview Word  Excel  Clipboard 1, Axes [izh View Grouping (@, Original Size £} Viewing Angle ™, Zoom Lower Right =
Print Sending Options Window Refresh  Close
[ Element groups (9) X £
~
Meathod (7 (Layarsd sod mod])
Modblus of compressibilicy
Element groups
No.ofslsmant goups =3
v

<
rlm]=26.10 z[m]=8.88

%ure 12.35 Element groups of the container
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Analysis of a circular silo
for storing bulk materials
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Example 13

1 Description of the problem

An example of a circular concrete silo is selected to illustrate some features of ELPLA for analyzing
circular silos for storing bulk materials.

2 Silo geometry and properties

A circular concrete silo having a conical hopper at the bottom part and a conical roof at the upper
part is considered. The main height of the silo is 8 [m] and its diameter is 4 [m]. The stored material
is cement of a unit weight of 15.5 [KN/m®]. The angle of internal friction of cement is 25 []
and the angle of wall friction is 25 [°]. The thickness of the roof and the wall is 0.28 [m], while the
thickness of the hopper is 0.25 [m]. The conical hopper bottom slope is 45 [°], an opening at the
bottom with diameter 0.5 [m] and hopper bottom height is 3 [m]. Table 13.1 shows the geometry of
the silo with dimensions and support, while the silo shell material is listed in Table 13.1.

A

D r=2 [m]
)
Conical roof
3[m]
Dpt=0-28[m] | | =14
|:| _ 1 | [M]
pt=0.25[m] o
M |Cylindrical shell
3[m] Conical hopper
V
=1+=-0.25 [m]

Figure 13.1  Geometry of the silo with dimensions and support

Table 13.1 Silo shell material

Modulus of Elasticity of the shell material Ec =2.486x10" [KN/m?]
Poisson's ratio of the shell material Ve =0.2 [-]
Unit weight of the shell material Ye = 23.563 [KN/m?3]

-13.3-



Analyzing Axisymmetric Structures and Tanks by ELPLA

3 Pressure on the silo wall

According to Janssen’s silo theory, the horizontal pressure Pn [KN/m?] on the silo wall
at a depth h [m] below the free surface of the stored material is given by:

R i
p, = [1-Exp( bk hﬂ
n R

in which k is the ratio of horizontal to vertical pressures, usually assumed equal to Rankine’s
coefficient of active earth pressure

K = 1-sing
1+sing

h Depth from the material top to the calculation section, [m]
K Wall pressure coefficient, [-]
(0] Angel of internal friction of the stored material, [°]
Ys Unit weight of the stored material, [KN/mq]
R=A/U Hydraulic radius of the net horizontal cross section, [m]
u=tan o Friction coefficient between the silo wall and the stored material
o Angle of the wall friction, [°]
A=nD/4 Cross-sectional area of the silo, [m?]
U=nD Parameter of the silo, [m]
D Diameter of the silo, [m]

Using the above relations and equations, the lateral pressure Py on the main silo wall various depth
is determined and presented in Table 13.2.

Table 13.2  Lateral pressure Pn on the main silo wall

Height from the top Lateral pressure on the silo wall
h [m] Pn [KN/m2]
0.5 3.00
1.5 8.22
2.5 12.53
3.5 16.10
4.5 19.06
5.5 21.50
6.5 23.53
7.5 25.20
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4 Numerical Analysis

The wall of the silo is divided into three parts:
1. The roof part where no lateral pressure is applied on it

2. The main silo part where the lateral pressure pn is applied.
3. The hopper part where no lateral pressure is applied on it

In the analysis, these three parts are divided into 14 segments; each segment is 1.0 [m]. Then these
segments are divided into a number of elements, each element is 0.2 [m]. Segment dimensions and
number of segments are shown in Figure 13.2.

Figure 13.2

H=14 [m]

Segment dimensions
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5 Creating the project

In this section, the user will learn how to create a project for analyzing a circular concrete silo.
The project will be processed gradually to show the possibilities and abilities of the program.
To enter the data of the example, follow the instructions and steps in the next paragraphs.

51 Calculation method

Choose "New Project” command from the "File" menu. The following "Calculation Methods"
wizard appears, Figure 13.3. This wizard will help the user to define the analysis type
and the calculation method of the problem through a series of forms. The first form of "Calculation
Methods" wizard is the "Analysis Type" Form (Figure 13.3).

Calculation Method x
Analysis Type:
Analysis of slab Analysis of combined Analysis of system of Anal}'sm ofmta:lqnd  Analysis of
foundatian piled raft many slab foundaions axisymmetric stress
Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress
Calculation method: Rotational shellf 3D-curved shell;

(®) Shell with an opening base
(") Shell with afloorslab
() Shell with araft foundation

Help Load... Save As... Cancel Mext =

Figure 13.3  "Analysis Type" Form

In the "Analysis Type" Form in Figure 13.3, define the analysis type of the problem.
As the analysis type is a circular concrete silo problem, select "Analysis of rotational Shell” button,
and check "Shell with an opening base" option, then click "Next" button to go to the next Form.
After clicking "Next" button, the "Options” Form appears, Figure 13.4.
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The last Form in the wizard is the "Options” Form, Figure 13.4. In this Form, ELPLA displays some
available options corresponding to the chosen numerical model, which differ from model to other.
Select "Supports/ Boundary Conditions™, then click the "Save™ button.

Calculation Method

Options:

D /".— ab With Girders
] jﬂ Addtional Springs

Help Load... Save As.. Cancel < Back Save

Figure 13.4  "Options" Form

After clicking "Save" button, the "Save as" dialog box appears, Figure 13.5. In this dialog box
type a file name for the current project in "File name" edit box. For example,
type "Silo". ELPLA will use automatically this file name in all reading and writing processes.
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Save As X
« . 4 5 ThisPC » Local Disk(D:) » ELPLA122 projects » Tuterial2 > Example 13 v 0 Search Example 13
Organize Mew folder = @
A Neme Date modified Type Size

No items match your search.

File name: | Silo -

Save as type: Isolated slab foundation-files (*.PO1) ~

 ide Folders Conc

Figure 13.5 "Save as" dialog box

ELPLA will activate the “Data” Tab. In addition, the file name of the current project
[Silo] will be displayed instead of the word [Untitled] in the ELPLA title bar.

-13.8-



Example 13

5.2  Project identification

The user can enter three lines of texts to describe the problem and the basic information about the task.
These texts are required only for printing and plotting the data and results. Project identification
does not play any role in the analysis. The three lines are optionally and maybe not completely entered.
To identify the project, choose "Project Identification” command from the “Data” Tab.
The dialog box in Figure 13.6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a circular silo for storing bulk materials”

Type the date of the project in the "Date" edit box

Type "Axisymmetric Structures and Tanks" in the "Project"” edit box
Click "Save" button

Project Identification >

Project Identification:

Title |Analysis of a circular silo for storing bulk materials |
Date  |13/01/2022 [ ~]
Project |Axisymmetrin: Structures and Tanks| |

Save Cancel Help Load... Save As...

Figure 13.6  "Project Identification™” dialog box

5.3 FE-Net data

For the given problem, a circular concrete silo having a conical hopper at the bottom part
and a conical roof at the upper part is considered. The main height of the silo is 8 [m] and its
diameter is 4 [m], The wall of the silo is divided into three parts, these three parts are divided
into 14 segments; each segment is 1.0 [m]. Then these segments are divided into a number of
elements, each element is 0.1 [m]. To define the FE-Net for this silo, choose "FE-Net Data" command
from the “Data” Tab. "Analysis of rotational shell” wizard appears as shown in Figure 13.7.
This wizard will guide you through the steps required to generate a FE-Net, the first Form
of the wizard is the "Shell type™ Form, which contains a group of templates of different shapes of nets.
These net templates are used to generate standard nets.
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Analysis of rotational shell

Shell type:

1 1
Cylindrical shell Conical shell Spherical shell Hyperbalic shel

T

| i
i i
| i i
Elliptical shell Cycloidal shel Parabolicshell Irregular shell

Irregular shell
Mumber of ) Insert || Mew || Delete |
) Upper | = — =
rI\Jc. :::ght ragils sesgments
[ [mi Ro I | Copy || Send to Excel || Paste from Excel |
3 (m]
[ ,
) . 5 . (@) Linear segments () Curved segments
2 8 2 8 Tank base:
3 0.1 3
= Y| Radiue B
£ >
Roof data: dius of th herical roof
[] shell with covered roof Radius of the spherical o i [m] |30.10
heAe | FutE Angle ofthe sphericalroof Theta [=] |30.00
Flatroof Mumber of roof segments MNsa [=] |40

e [ [ o

Figure 13.7  "Analysis of rotational shell" wizard with "Shell type" Form

To generate the FE-Net

In the "Shell type" options choose "Irregular shell button
Type 0.25 in the "Tank base radius Rb" edit box, as the opening diameter at the bottom is 0.5 [m]

To identify the hopper part
« Type 3 in the "Height HW" edit box

« Type 2 in the "Upper radius Ro" edit box
- Type 3 in the "Number of segments Ns" edit box
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To identify the main wall
« Type 8 in the "Height HW" edit box
« Type 2 in the "Upper radius Ro™ edit box
« Type 8 in the "Number of segments Ns" edit box

To identify the roof part
« Type 3 in the "Height HW" edit box
« Type 0.1 in the "Upper radius Ro" edit box, which is approximately zero
« Type 3 in the "Number of segments Ns" edit box

Click "Next" button to go to the next Form
After clicking "Next" in "Analysis of rotational shell” wizard, the following "Irregular shell" Form

containing the data of the segments appears in Figure 13.8, the user can edit the data of each
segment individually or all of them by using "In Table™ button, if it is necessary.
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Analysis of rotational shell

Irregular shell:

Segment data:
Start poistion ri [m] .25

zl [m] .00
z
End position r2 [m]
2 .

In Table

Refresh

E New

R Insert Segment

Delete Segment

Copy Segment

Help Cancel < Back

Figure 13.8  "lrregular shell” Form

Click "Finish™ in "Analysis of rotational shell” wizard, the generated FE-Net appears Figure 13.9.
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B oooRE@ aadEdx o = | ELPLA-[Silo] _ «
“ FE-NetData  EditFE-Net  Setting  View  RFT Details 2]
ab Corners 1%, Node Coordinates B Opening Comers

&% Connectivity Nodes B References
%’J: ab Carners (@, original Size Zoom% 111 = |™, Zoom Lower Right

(), Zoom In (@), Zoom Window ' Zoom Upper Right " Zoom Lower Left = E

-

 Zoomout 3T Move "\, Zoom Upper Left
ndo Redraw Close

FE-Net Generation Graphically In table Window Undo  Refresh Close
| | [P ’

14.00 ]

rlm]=10.00 z[m]=-0.66

%ure 13.9 Generated FE-Net

After finishing the generation of the FE-Net, do the following two steps:
Choose "Save" command from "File" menu in Figure 13.9 to save the data of the FE-Net

Choose "Close" command from "File" menu in Figure 13.9 to close the "FE-Net" window
and return to ELPLA main window
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5.4  Shell properties

To define the silo properties, choose "Shell Properties" command from “Data” Tab. The following
window in Figure 13.10 appears with default shell properties. The data of shell properties for the
current example, which are required to be defined, are element groups, group regions, unit weight
of the silo material, filled material properties and element size.

=) SUPESEhEHRE NS = - x
“ Shell Properties Setting  View  RFT Details (7]
# select Flements  E&'Element groups Y} Unit weight i Foundation Leve (), Zoom In (€], Zoom Window 7 Zoom Upper Right /" Zoom Lower Left e r‘a
Element groups [ Group Region Tesl Foundation Depth  [] Filled material type/Element size () Zoom Out G Move "\, Zoom Upper Left \
Redraw  Close
& origin Coordinates @), original Size  Zoom% 100 - |\, Zoom Lower Right

Graphically In table Shell Properties Window Undo  Refresh  Clase

| PP ’

m d

13.0
12.0
11.0

10.0
oo
8.0
7.0
6.0
5.0

4.0

3.0

2.0

1.0

0.0

<

r[m]=17.9 z[m]=121 Radialforces

%ure 13.10 "Shell Properties” Window

Choose "Element groups” command from "In table” menu. The following list box in Figure 13.11
appears. In this list box, define E-Modulus, Poisson’s ratio and slab thickness for both the wall and
the hopper of the silo as they differ in thickness. Then click "OK" button.
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Defining element groups (with the same thickness and ..  — O >
G Poisson's Slab
Nruup E-Modulus  ratio thickness | ok |
o of slab of slab
I Eb
0 (kN/m?2] Nue d | Cancel |
[] [m]
1 2.486E407 |0.2 0.28 | Insert |
2 2,480E+07 (0.2 0.25
| Copy |
| Delete |
| New |
| Send to BExcel |
| Paste from Bxcel |
T

Figure 13.11 "Defining element groups” list box

Defining the slab thickness for materials on the net may be carried out either graphically or numerically
(inatable). In the current example, the user will define the slab thickness on the net graphically.

To define the slab thickness for the silo hopper

Choose "Select Elements” command from "Graphically” menu in the window of Figure 13.10
When "Select Elements" command is chosen, the cursor will change from an arrow to
a cross hair. A group of elements can be selected by holding the left mouse button down at the
corner of the region. Then, drag the mouse until a rectangle encompasses the required group of
elements. When the left mouse button is released, all elements in the rectangle are selected

Select the elements that include the silo hopper as Figure 13.12

Choose "Elements Groups™ command from "Graphically" menu in the window of Figure 13.10,
"Group Regions" dialog box Figure 13.13 appears

Define the "Group No." of the hopper elements as type "2", while "Group No." of the wall
and the roof elements will be as type "1", where type "1" is the default "Group No.",
then click "OK" button

-13.15-



Analyzing Axisymmetric Structures and Tanks by ELPLA

B OSURESaBdR L&M=

- *
Shell Properties Setting  View  RFT Details ~ @
# select Elements| [&'Element groups Y Unit weight wi Foundation Level (), Zoom In (@, zoom Window 7 Zoom Upper Right /" Zoom Lower Left q ) E
B Element groups BB Group Regions Tl Foundation Depth =] Filled material type/Element size (), Zoom out 53 Move: "\, Zoom Upper Left \
Undo-Element  Redraw  Close
& Origin Coordinates @ Original Size  Zoom% (211 ~| "\, Zoom Lower Right groups ™
Graphically In table Shell Properties Window Undo Refresh  Close
—
| | Huj ans ”m ‘Z.ﬂ| ~
6.0
5.0
20
3.0
T
10
0.0
v
< >

r[m)=44  z[m]=23 Redial forces

Figure 13.12 Selecting the elements that include the silo hopper

Group Regions

Group No.

| ok | | Cancel |

g

Figure 13.13 "Group Regions" dialog box
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To enter the unit weight of the silo material, choose "Unit weight" command from "Shell
Properties” menu in Figure 13.10. The following dialog box in Figure 13.14 with a default unit
weight of 25 [KN/m?®] appears, type 23.5 in the "Unit weight" edit box, then click "OK" button.

Unit weight X
Unit weight Gb [kN/m3]
ok New Cancel Help

Figure 13.14 "Unit weight" dialog box
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To define the filled material properties:

Choose "Filled material type/Element size™ command from "Shell Properties” menu in Figure 13.10.
The following form in Figure 13.15 appears

Select "Granular material container" option

Define the granular material properties as follows in Figure 13.15

To define the element size of the container:

Check the "Constant element sizes in z-direction" check box
Type 0.2 in the "Element size in each shell segment" edit box

Click "OK" button

Filled material type/Element size

Filled material type:

() Empty container
() Liquid container

(® Granular material container

Height of the liquid
Unit weight of the liquid
Granular material properties:

Top height of the granular material
Bottom height of the granular material

Unit weight of the granular material

Angle of the wall friction

Element size:
Constant element sizes in z-diredion

Element sizein each shell segment

ok

Angle of internal friction of the granular material

Cancel

HI

H1
H2

¥s

*
[m] 0.0
[knfm3] |9.81
[m] |1to

8

o

y

r

DI [m] |0.2000 |2

Help

Figure 13.15 "Filled material type/Element size” Form
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B OO REFRhEE R GOM=] - b4
Shell Properties Setting  View  RFT Details (2]
£ select Elements  E&'Element groups Y% Unit weight i Foundation Level (), Zoom In (E) Zoom Window 7 Zoom Upper Right " Zoom Lower Left n Py r
Element groups  [BB Group Regions Tl Foundation Depth | Filled material type/Element size ), Zoom Out  §3 Move ™., Zoom Upper Left - ]
_ Undo-Display Redraw  Close
& Origin Coordinates (@) original Size  Zoom % 111 | ™\, Zoom Lower Right Values +

Graphically In table Shell Properties ‘Window Undo Refresh Close
0

u.ﬂuﬁlm‘z‘u‘ ~

14.0
13.0

12.0

11.0

10.0

Q.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

R

| v
= >
r[m]=142 z[m]=10.0 Radial forces

%ure 13.16 "Shell Properties" window after defining the silo properties

After entering the shell properties, do the following two steps:
Choose "Save" command from "File" menu in Figure 13.16 to save the shell properties

Choose "Close" command from "File" menu in Figure 13.16 to close the "Shell
properties” window and return to ELPLA main window
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55  Supports/ boundary conditions

To define the support, choose "Supports/ Boundary Conditions" command from “Data” Tab.
The following window in Figure 13.17 appears.

B OEsOREF D wdRE LG = | ELPLA- [Silo] - %
“ Supparts/ Boundary Conditions Setting  View  RFT Details (7]
&@- Select Nodes éﬁ Edit Support/ Boundary Condition EA Mode restraints () Zoom In (&), Zoom Window 7" Zoom Upper Right " Zoom Lower Left - E
%, Remove Supports/ Boundary Conditions 25 Remove Hinge B Hinge @ zoomout 3 Move ", Zoom Upper Left -
ndo  Redraw  Close
%, Add Supports/ Boundary Co n *J Edit Hinge (@ original Size  Zoom% 100 ~| ™\, Zoom Lower Right

Graphically In table Window Undo  Refresh  Close

Mismni ’

a0

13.00 i

11200 v 3
oo .
10.00

5.00

&I AT H
E I H
500
5.00

4.00

3.00

2.00

1.00

0.00

<

- >
K[m]=1213 Y [m]=1233

Figure 13.17 "Supports/ Boundary Conditions™ Window

To define the support on the net:

Choose "Select Nodes" command from "Graphically" menu in Figure 13.17. When "Select
Nodes" command is chosen, the cursor will change from an arrow to a cross hair

Click the left mouse button on the node that has the support as shown in Figure 13.18

After selecting the node, choose "Add Supports/ Boundary Conditions” command
from "Graphically" menu (Figure 13.17). The "Supports/ Boundary Conditions™ dialog box
in Figure 13.19 appears
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Bl OE0REE S d W % &0 s | EPLA- (i - X
Supports/ Boundary Conditions Setting  View  RFT Details (2]
&7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window 7 Zoom Upper Right * Zoom Lower Left n -~ r
B e & ~a - a
s s 9% Remove Hinge B hin ) zoomout 3 Move ™, Zoom Upper Left
X X . i Undo-Select  Redraw  Close
*, Add Supports/ Boundary Conditions ¢ Edit Hinge (@, original Size Zoom% 278  ~|™, Zoom Lower Right Nodes ~
Graphically Intable Window Undo Refresh  Close
‘ | ‘0‘010.25 |u|u'$3 HJM |2‘uu‘ ~
—
400
3.00
2,00
1.00
0.00
=
v
< >
r[m]=572 z[m]=2.76

%ure 13.18 Selection of the node that has the support
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In this dialog box

Type 0 in the "Displacement w" edit box to define the vertical fixed support
Click "OK" button

Edit Suppeort/ Boundary Cendition >

Mode restraints:
Displacement u [cm]

Displacement w [cm] ICI
Rotation Theta [Rad]

ok Cancel Help << | esg

Figure 13.19 "Supports/ Boundary Conditions™ dialog box
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=] SUREFEBREAR GO M- - X
“ Supports/ Boundary Conditions Setting  View  RFT Details (2]
- Select Nodes &7 Edit Support/ Boundary Condition B Mode restraints (), Zoom In (@), Zoom Window "' Zoom Upper Right " Zoom Lower Left m ) r
2, Remove Supports/ Boundary Conditions 25 Remove Hinge B4 Hinge ) zoomout 3 Move ™., Zoom Upper Left * g8
Undo-Boundary Redraw  Close
%. Add Supports/ Boundary Condition ¢ Edit Hinge (@, original Size Zoom% 205 ~|™, Zoom Lower Right EATTnEo

Graphically Intable Window Undo Refresh Close

| Hu‘zs Hmas Hum z.uu‘ ~

6.00 1
5.00 1
4.00 1

3.00
o

7.00

X[m]=342 V[m]=230 Radialforces

%ure 13.20 "Supports/ Boundary Conditions™ window after defining the supports

After defining the supports, do the following two steps
Choose "Save " command from "File” menu in Figure 13.20 to save the data of supports

Choose "Close" command from "File" menu in Figure 13.20 to close the "Supports/
Boundary conditions™ window and return to the main window
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5.6 Loads

To define the loads, choose "Loads" command from “Data” Tab. The following window
in Figure 13.21 appears.

In ELPLA, entering loads may be carried out either numerically (in a table) or graphically using the
commands of "Loads" Tab in Figure 13.21. In this example, there is not applied load, as the lateral
load on the main wall has been already defined by Pk.

BOosORES aaEd R i

“ loads | Setting  View RFT Details (7]

8- Select Nodes ¥ Edit Nodal Load B! Nodal loads () Zoom In (&), Zoom Window ' Zoom Upper Right " Zaom Lower Left
b r-4 B Memberloads () ZoomOut £ Move ™, Zoom Upper Left
#* # | Edit Member Load (@, original Size Zoom% (111 ~| ™\, Zoom Lower Right

Graphically In table

Window Undo Refresh Close
| ]

iR
£ al

X[m]=288 ¥ [m]=28 Radial forces

%ure 13.21 “Loads" Window

After finishing the definition of load data, do the following two steps:
Choose "Save" command from "File" menu in Figure 13.21 to save the load data
Choose "Close™ command from "File™ menu in Figure 13.21 to close the "Loads" window
and return to ELPLA main window

Creating the project of the silo is now complete. It is time to analyze this project.
In the next section, you will learn how to use ELPLA for analyzing projects.
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6 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 13.22.

=] & & ‘h G & = | ELPLA - [Silo]
“ Data Solver Results Setting View RFT Details
D . Assembling the load vector... - nagl
[
ﬂ Individual Calculations —
Computation Self-Adaptive
of all Mesh Wizard

Figure 13.22 "Solver" Tab

ELPLA will active the "Individual Calculations” list, which contains commands of all calculations.
Commands of calculation depend on the used calculation method in the analysis. For this project,
the items that are required to be calculated are:

Assembling the load vector

Assembling the slab stiffness matrix

Solving the system of linear equations (band matrix)

Determining deformation, internal forces, contact pressures
These calculation items can be carried out individually or in one time
To carry out all computations in one time

Choose "Computation of all" command from "Solver" Tab window.

The progress of all computations according to the defined method will be carried out automatically
with displaying Information through menus and messages.

Analysis progress
Analysis progress menu in Figure 13.23 appears in which various phases of calculation

are progressively reported as the program analyzes the problem. In addition, a status bar down
of the "Solver" Tab window displays Information about the progress of calculation.

Solving the systern of linear equations (band matrix)

Solving the system of linear equations!

Time remaining = 00:00:00

1= 60 from 153 steps Cancel

Figure 13.23 Analysis progress menu
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Check of the solution

Once the analysis is carried out, a check menu of the solution appears, Figure 13.24. This menu
compares between the values of actions and reactions. Through this comparative examination,
the user can assess the calculation accuracy.

Check of the solution

V- Load
Total load [kN] = 9R7.2

Sum of contact pressures [kN] = 967.2

ok Help

Figure 13.24 Menu "Check of the solution™

Click "OK" button to finish analyzing the problem.
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7 Viewing data and results

ELPLA can display and print a wide variety of results in graphics, diagrams or tables through
the "Results” Tab. To view the data and results of a problem that has already been defined
and analyzed graphically, switch to "Results” Tab (Figure 13.25).

B o & EE < | ELPLA - [Silo] - b4
“ Dsts  Soler  Results  Setting  View  RFT Details (7]
o [ Lo g T s H {8 &
## = A s} LEE]
In X Sections in  Display Tables Display Tables
Plan = X bo Rotational shell Results = - shell wall of Data~  of Results ~

Figure 13.25 "Results" Tab

The "Result” Tab contains the commands of drawing. These commands depend on the used
calculation method in the analysis. For the current example, the commands for presenting the data
and results are:

Data in the plan
Rotational shell results
Support Reactions
Sections in shell wall
Display tables of data
Display tables of results

To view the radial forces on the silo wall
Choose "Sections in shell wall" command from "Section” menu. The following option box
in Figure 13.26 appears
In the "Sections in shell wall" option box, select "Radial forces Nr" as an example for the
results to be displayed
Click "OK" button

The Results are now displayed as shown in Figure 13.27.
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Sections in shell wall >
Selectitemto display:

(®) Radial forcesNr () Meridional fonces My

() Meridional moments My

OTangentiaImnmentth ok
(") Horizantal deformations Wh

Cancel
() Vertical defarmations v

Help

(") Meridional rotations Vm

Figure 13.26 "Sections in shell wall™ option box
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%ure 13.27 Radial forces on the silo wall
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Example 13

To view element groups of the silo

Choose "Element groups™ from "In Plan” command in "Data" menu. The following option
box in Figure 13.28 appears

In the "Data — In Plan" option box, select "Element groups™ as an example for the results
to be displayed

Click "OK" button

Data - In Plan >

Select one item to draw:

() Net numbering {7 Coordinates rfz

{®) Element groups

() slab thickness ok
() System of loading

Cancel
() Boundary conditions

Help

() Rotational shell system

Figure 13.28 "Data — In Plan™ option box

To view the supports / boundary conditions on the FE-Net and any other data

From "Options" menu in the "Graphic" tab, choose "View Grouping" command.
The "View Grouping" check group box in Figure 13.29 appears

In this check group box, check "Radial forces Nr", "Supports Reactions RV" and "Supports
/Boundary Conditions" check boxes

The user can choose any other data to be viewed
Click "OK" button

Wiew Grouping >

Selectitems to display

[] System of loading ~
Supports/ Boundary Conditions ok
[] Rotational shell system

Radial forcesMr

Cancel
[] Meridional moments My
[] Tangential moments Mt o
e
[] Meridional forces My =
W3 Support Reactions RV
(W] Select Al

Figure 13.29 "View Grouping" check group box
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Figure 13.30 Element groups of the silo
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