Example 3

Analysis of system of two circular rafts
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Example 3

1 Description of the problem

An example of a system of two equal large circular rafts is selected to illustrate some features
of ELPLA for analyzing system of foundations.

1.1 Loads and dimensions

Each raft has a diameter of 22 [m] and thickness of 0.65 [m]. Loading on each raft
consists of 24 column loads, in which 16 column loads have P; = 1250 [KkN]
and 8 column loads have P> = 1000 [kN] as shown in Figure 3.1 and Table 3.1.
The origin coordinates for raft 1 in the global system are (0.0, 0.0) while for raft 2 they are (0.0, 22.5).

@ P,=1250 kN X
® P,=1000 kN

Figure 3.1  System of two equal circular rafts

1.2 Raft material

Material of the two rafts is supposed to have the following parameters:

Young's modulus Ep =26x10" [kN/m?]
Poisson's ratio Vb =0.15 [-]
Unit weight of raft material sy =0.0 [KN/m?]

Unit weight of the raft material is chosen to be y» = 0.0 to neglect the own weight of the raft
in the analysis.
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1.3 Soil properties

The rafts rest on a silt layer of 15 [m] thickness. The Modulus of compressibility of the silt is
Es = 9500 [KN/m?]. Poisson's ratio of the soil is taken to be vs = 0.0 [-]. The level of foundation under
the ground surface is assumed to be df = 0.0 [m]. The effect of the reloading pressure on the soil
and the uplift pressure on the rafts are neglected.

1.4 Method of analysis

It is required to analyze the system of rafts together according to the following soil model and
numerical calculation method:

Layered soil medium - Continuum Model
Modulus of compressibility method for an elastic raft on layered soil medium
(Solving system of linear equations by iteration-method 6)

This Tutorial Manual will not present the theoretical background of modeling the problem.
For more information concerning the method of analysis, a complete reference for the soil models
and numerical calculation methods are well documented in the User’s Guide of ELPLA.

Table 3.1 Point loads P

Load No Load value x-position y-position
I P X vy
(-] [kN] [m] [m]
1 1250 7.75 11
2 1250 14.25 11
3 1250 11 7.75
4 1250 11 14.25
5 1250 8.7 8.7
6 1250 13.3 8.7
7 1250 8.7 13.3
8 1250 13.3 13.3
9 1000 2 11
10 1000 20 11
11 1000 11 2
12 1000 11 20
13 1000 4.64 4.64
14 1000 17.36 4.64
15 1000 4.64 17.36
16 1000 17.36 17.36
17 1000 2.69 7.56
18 1000 7.56 2.69
19 1000 14.44 2.69
20 1000 19.31 7.56
21 1000 2.69 14.44
22 1000 7.56 19.31
23 1000 14.44 19.31
24 1000 19.31 14.44
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2 Creating the project of raft 1

In this section, the user will learn how to create a project for analyzing system of two rafts.
Thus is done by first entering the data of the two rafts individually in the same manner of the
previous foundation example and then creating a project for the system of two rafts.

2.1 Calculation method

Choose the "New Project” command from the "File" menu. The "Calculation Method" wizard
appears, Figure 3.2. This wizard will guide you through the steps required to create the project.
As shown in this Figure, the first form of the wizard is the "Analysis Type" form. In this form,
define the analysis type of the problem. As the analysis type is a foundation problem,
select "Analysis of slab foundation” then click "Next" button to go to the next form.

Calculation Method [

Analysis Type:

S B

Analysis of slab Analysis of combined Analysis of system of Analysis of rotational Analysis 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:

[ Load... ] [ Save As... ] [ Cancel ]

Figure 3.2 "Calculation Method" wizard with "Analysis Type" form

After clicking "Next" button the "Calculation Method" form appears, Figure 3.3.

To define the calculation method

Select the calculation method "6-Modulus of Compressibility (Iteration)"
Select subsoil model "Layered soil model"

Click "Next" button to go to the next form
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Calculation Method:

() 1-Linear ContactPressure (Conventional Method)
(7)) 2{3- Constantf VariableModulus of Subgrade Readion

) 4- Modification of Modulus of Subgrade Reaction by Iteration

() 5-Isotropic ElasticHalf Space

@ 6-Modulus of Compressibility {Iteration)
) 7-Modulus of Compressibility (Elimination)
7 8-Modulus of Compressibility for Rigid Raft

() 9-Flexible Foundation

Subsoil model:

() Half space model

(@ Layered soil model

Save As... ] [ Cancel ]

igure 3.3 "Calculation Method" form

The next form is the "System symmetry" (Figure 3.4). In this form

- Choose "Unsymmetrical System"
Click "Next" button
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Calculation Method [

System Symmetry:

Unsymmetrical System

=

]
.r

Symmetrical System About x-axis Double-Symmetrical System

'9{

B
Symmetrical SystemAbout y-axis Anti-Symmetrical SystemAbout x-axis

[ Save As... ] [ Cancel ] [ < Back ] F Next = ]

Figure 3.4  "System Symmetry" form

The last form of the wizard assistant contains the "Option" list, Figure 3.5. In this list,
ELPLA displays some of the available options corresponding to the used 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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Options:

[ ,/Slab With Girders

[ ,5“ Addtional Springs

[ A, Supports/ Boundary Conditions

[ ]fDehermining Limit Depth

D E Concrete Design

[C]  Monlinear Subsail Model

[l Determining Displacements in Soil

[]  Determining Stresses in Soil

[ Determining Strains in Soil

[ Eg&Inﬂuence of Neighbaring Foundations on Raft
[ To Influence of Temperature Change on the Raft
] ?Inﬁuence of Additional Setiements on the Raft

[ Select all

NEar analysis or [

Figure 3.5 "Options" list
After clicking "Save" button the "Save as" dialog box appears, Figure 3.6.
In this dialog box
Type a file name for the current project in the "File name" edit box. For example, type "Raft 1".

ELPLA will use automatically this file name in all reading and writing processes
Click "Save" button

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

Save As ﬁw

@Gv| , = Tutorial » 3-Systemn of two circular rafts - | 4 | | Search 3-System of two circula... O |

=z -

Organize = Mew folder : (7]

;l,h_"- Recent Places - Marne Date modified Type

5 Libraries s Mo items match your search,
3 Documents

J‘J Music

= Pictures

E Videos

m

i@ Homegroup

1M Computer
£, Local Disk (C3)
ca Text (D)
. GeotecB&Code (E ™ ¢ | UL b

File name: Raftl

Save as type: [Isolated slab foundation-files (*.PO1) v]

= Hide Folders [ Save J ’ Cancel l

Figure 3.6 "Save As" dialog box

2.2  Project identification

To identify the project, choose "Project Identification® command from “Data” Tab.
The dialog box in Figure 3.7 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of system of two circular rafts"

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

Type "Raft 1" in the "Project” edit box

Click "Save" button
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Project Identification:

Title Analysis of system of two drcular rafts
Date 20/08/2021 -
Project  paft ﬂ

Save ] ’ Cancel ] ’ Help ] [ Load... l ’ Save As..

Figure 3.7 "Project Identification™ dialog box

2.3 FE-Net data

Choose "FE-Net Data" command from "Date" Tab. The "FE-Net Generation" wizard appears
(Figure 3.8). This wizard will guide you through the steps required to generate the FE-Net.
As shown in this Figure the first form of the wizard is the "Slab Type" form, which contains a group
of templates of different shapes of nets. These are used to generate standard nets that have irregular
shapes. For the given problem, the raft has a circular shape.

To generate the FE-Net
In the "Slab Type" options choose the circular slab option

Type 22 in the "Diameter of circular slab" edit box
Click "Next" button to go to the next form

-
FE-Met Generation

Slab Type:
Circular Slab:
Diameter of Circular Slab D [m] 22

|

Figure 3.8 "Slab Type" form
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The following "Generation Type" form appears, Figure 3.9. ELPLA can deal with various types
of generations with triangle and/ or rectangular elements. Choose the combination of triangle and
rectangular elements option as the generation type. Click "Next" button to go to the next form.

© B

FE-Met Generation

Generation Type:

Figure 3.9 "Generation Type" page

The next form of the "FE-Net Generation” wizard is the "Generation Parameters™ form. In this form
the default values of generation parameters appear, Figure 3.10. For the given problem,
mesh optimization options are not required.

In this form
In the x-direction frame type 8 in the "No. of circular divisions" edit box

Uncheck the "Smoothing mesh™ option
Uncheck the "Directing border elements™ option
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-

FE-Met Generation

Generation Parameters:

Mo. of Circular Divisions [l s

Mesh Optimization:
[] Smoothing Mesh
[7] Directing Border Elements

Figure 3.10  "Generation Parameters" form

Click "Finish™ button in the "Generation Parameters™ form. ELPLA will generate a suitable FE-Net
for the circular raft of 22 [m] diameter with a combination of triangle and rectangular elements,
which have equal areas. The following Tab in Figure 3.11 appears with the generated net.
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B O REH R RE R = | ELPLA- [Raft1] o | T |
FE-MetData | EditFE-Net  Setting  View L7
@ [P siab Corners 14; Node Coordinates B Opening Comers | () ZoomIn (@) Zoom Window /" Zoom Upper Right " Zoom Lower Left | | - r
C - i B - o A L 4 [ |
[ «% Connectivity Nodes i References (&) ZoomOut 33 Move "\, Zoom Upper Left
FE-Net Undo | Redraw | Close
Eoemiine [P Reference Comers = | B slab Comers (B, original Size  Zoom% 100~ ", Zoom Lower Right
FE-Net Generation Graphically In table window Undo | Refresh | Close

‘ 5.50 ‘3.25 |11.uu ‘13‘75 |1a.su |19‘25 | |22‘uu| -

‘u.uu |2.75

22.00

19.25

16.50

13.75

11.00

8.25

5.50

275

0.00

Al L3
x[m]=2092 y[m]=1510

Figure 3.11  FE-Net

After finishing generation of the FE-Net do the following two steps:
Choose "Save" command from "File" menu in Figure 3.11 to save the data of the FE-Net

Choose "Close™ command from "File™ menu in Figure 3.11 to close "FE-Net" Window and
to return to the main window
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2.4 Soil properties

To define the soil properties, choose "Soil Properties” command from "Date™ Tab. The following
Window in Figure 3.12 appears with a default-boring log.

B S0 R P- ‘BEEN Y < | ELPLA - [Raft1] | D |
oil Propertie Setting View L7
moE ), Zoom In D\Og al Siz 1
E EI i)

swm sw Re
Data )\ Zoom Window  Zoom% 100 ~

=
Q

‘f" i
al

lHE

Figure 3.12  "Soil Properties” window with a default-boring log
Modifying data of boring log graphically

In ELPLA, it is also possible to define or modify the boring log graphically, which makes
the definition of the boring log very easy. By double-clicking the left mouse button on a specified
screen position, the user can define or modify the soil data and input parameters graphically.

To enter the geotechnical data of the soil layer

Double-click on the geotechnical data of the soil layer. The corresponding dialog box to
modify the geotechnical data of the soil layer appears (Figure 3.13)

In the dialog group box "Geotechnical data of the layer" in Figure 3.13 define the
geotechnical data of the soil layer as follows:

Es  =9500 [KN/m?]
Ws  =9500 [KN/m?]
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The values Es and Ws are the same, because the effect of reloading on the soil is not required.
The unit weight of the soil is used to determine the overburden pressure gy [KN/m?] due to the
removed soil, which is equal to ys * dr. In the current example df = 0.0, which means the unit weight
of the soil is not required. However, the unit weight of the soil under the foundation depth is entered
by the default value. In addition, the angle of internal friction ¢ and the cohesion ¢ of the soil are not
required because the selected type of the analysis is linear analysis. Therefore, the user can let the

default values of the internal friction and the cohesion. Next, click "OK" button.

-

Soil Data

2]

Boring log Mo. 1 from 1 boring logs:
Layer Mo, 1 from 1layers:
Geotechnical data of the layer:

Soil properties are defined by Modulus of Elasticity E

E [kN/m2] 9500 FHI ¢l 30

W [kN/m2] 9500 c [kN/m2] s
GAM [kN/m3] 18 MNue o
Ok | | Cancel

Figure 3.13  "Geotechnical data of the soil layer" dialog box

To define the soil type and color for the layer

Double-click on the soil symbol of the soil layer. The corresponding dialog box to modify

the soil symbols of that layer appears (Figure 3.14)

Select "U, Silt" as the soil type in the "Main soil type 1" combo box in the dialog group box
"Soil and rock symbols" in Figure 3.14. The color of the silt and a short text "U" according

to the German specification code DIN 4023 will be automatically created

Click "OK" button
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il |
Soil Data (S|
Boring log Mo. 1 from 1 boring logs:
Layer Mo, 1 from 1layers:
Soil and rock symbaols:
Main soil type 1 [U: Silt ,]
Main soil type 2 [_I No symbl ,]
submain sail 1 [_I No symbl ,]
submain soil 2 [_I No symbl ,]
Color [u::nlI olive v]
Short text T
ok ] ’ Cancel

IL:igure 3.14  "Soil and rock symbols" dialog box
To modify a layer depth

Double-click on the layer depth. The corresponding dialog edit box to modify the layer depth
under the ground surface appears, Figure 3.15

Type 15 in the "Layer depth under the ground surface" edit box

Click "OK" button

[ Soil Data - =3 |

Boring log Mo. 1 from 1 boring logs:
Layer Mo, 1 from 1layers:
Layer depth underthe ground surface [m]l 15

ok Cancel
||

Figure 3.15  "Layer depth under the ground surface" edit box
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To modify the groundwater depth under the ground surface

Double-click on the groundwater level. The corresponding edit box to modify the
groundwater depth under the ground surface appears, Figure 3.16. To neglect the uplift
pressure on the raft, groundwater level is chosen at anywhere under the raft basement

Type 15 in the "Groundwater depth under the ground surface" edit box

Click "OK" button

il N
Groundwater [&J
Groundwater:
Groundwater depth underthe ground surface [m] 15
| ok | | Cancel |
I

Figure 3.16  "Groundwater depth under the ground surface" edit box

To modify the label of a boring log

Double-click on the label of the boring log. The corresponding edit box to modify the label
of the boring log appears, Figure 3.17

Type B1 in the edit box of Figure 3.17

Press "Enter" key to consider the text

Bl

Figure 3.17  "Label of the boring log" edit box

To enter the main soil data for the layer

Choose "Main Soil Data" from "Data" menu in Figure 3.12. The following dialog group box
in Figure 3.18 appears

In this dialog group box enter the settlement reduction factor a [-], Poisson s ratio of the soil
vs [-] and the groundwater depth under the ground surface Gw [m] as indicated in Figure 3.18.
Note that the groundwater depth under the ground surface was typed in the corresponding
edit box because this value has been already defined graphically

Click "OK" button in the "Main Soil Data" dialog group box in Figure 3.18
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-
Main Soil Data -

=)

 Soil Properties | Calculation parameters of flexibility coefficents
Main Sail Data:
Settlement reduction factor Alfa <=1

Groundwater depthunder theground surface

Bearing capacity factors:

Bearing capacity factors are determined according to
@ German Standard DIN 1054

(7) Euro code EC7 (71 Terzaghi
(7) Egyptian codeECP () Meyerhof

5 ) (o]

Alfa
Gw

[[] 100
[m] 15.00

i:igure 3.18 "Main Soil Data" dialog group box

After the user has completed the definition of all soil properties and parameters, the screen should

look like the following Figure 3.19.
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Bl LOS REF EaEN & = | ELPLA- [Raft1] [E=REal >
SoilProperties |_Setting__ View @
] ESD () Zoom1 @ o 1 Si
== Ifl ), Zoom In [, original Size z rﬂ!
o (2 Zoom Out o3 Move
Soil  Main Soil Redraw Close

Data Data | ©\ZoomWindow  Zoom% 100 ~
Data Window Undo | Refresh

< »

x[m]=1015 y[m]=-1337

Figure 3.19  Boring log

After entering all data and parameters of boring log do the following two steps:
Choose "Save" command from "File" menu in Figure 3.19 to save the data of the boring log

Choose "Close"” command from "File" menu in Figure 3.19 to close "Soil Properties”
Window and to return to the main window
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2.5  Foundation properties

To define the foundation properties, choose "Foundation Properties” command from "Date" Tab.
The following Window in Figure 3.20 appears with default foundation properties. The data of
foundation properties for the current example, which are required to define, are raft material and raft
thickness. Any other data corresponding to foundation properties in the program menus are not
required. Therefore, the user can take these data from the default foundation properties.

Bl 0 (RS e b W% ) (5 [ELPLA- [Raft1] o
Foundation Properties | Setting  View @
f selectElements | P& Element groups | Y; Unit weight W Foundation Level | G) ZoomIn (&) Zoom Window 7 Zoom Upper Right " Zoom Lower Left | n . = |
Element groups | [8 Group Regions | s Foundation Depth |=] Liquid Properties | G} Zoom Out 52 Move R, Zoom Upper Left - a
1% origin Coordinates (0, Original Size ~ Zoom% 100+ " Zoom Lower Right

Undo Redraw | Close

Foundation Properties ‘Window Undo Refresh Close

5.50 ‘a.zs |11.uu ‘13.75 |1s.5u 19f5 |22.uu| B

Graphically In table

‘u.uu |2.75

19.25
ﬂ
1375
ﬂ
8.25

550

E

0.00

Ll = +
X[m]=1995 Y[m]=1256

Figure 3.20  "Foundation properties™ Window

To enter the raft material and thickness

Choose "Element groups™ command from "In Table" menu in the window of Figure 3.20.
The following list box in Figure 3.21 with default data appears. To enter or modify a value
in this list box, type that value in the corresponding cell, then press "Enter” key. In the list
box of Figure 3.21 enter E-Modulus of the raft, Poisson’s ratio of the raft and raft thickness
Click "OK" button
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"Defining element groups (with « thickness and material) (=0 =) (e |

Insert ]

Copy ]

Delete ]

]

Send to Excel ]

Paste from Excel ]

Help ]

igure 3.21  "Defining element groups™ list box

To enter the unit weight of the raft

Choose "Unit weight" command from "Foundation properties” menu in Figure 3.20.
The following dialog box in Figure 3.22 with a default unit weight of 25 [KN/m*®] appears.

To neglect the self-weight of the raft in the analysis, type 0 in the edit box "Unit weight of
the foundation™
Click "OK" button

Gb [kN/m3] 0

. e T

Figure 3.22  "Unit weight of the foundation" dialog box

After entering the foundation properties do the following two steps:
Choose "Save" command from "File" menu in Figure 3.20 to save the foundation properties

Choose "Close™ command from "File" menu in Figure 3.20 to close the "Foundation
Properties” Window and to return to the main window
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2.6 Loads

To define the loads, choose "Loads" command from "Data" Tab. The following Window
in Figure 3.23 appears.

==l S RES R S < | ELPLA - [Raft1] = | |-

loads | Intable Setting  View @

*| Point Loads % Line Loads %, Line Moments | (), Zoom In (&) zoom Window " Zoom Upper Right " Zoom Lower Left = E
-

0 Redraw | Close

*, Moments Mx ¥ Distributed Loads {Polygon) %] Remove Loads | () ZoomOout 5 Move =, Zoom Upper Left
#4 Moments My %3 Distributed Loads [Rectangle) 4 Edit Load ([, original Size ~ Zoom % 100 = ", Zoom Lower Right

Graphically Window Undo Refresh Close

‘u.uu |2.75 ‘s‘su ‘3.25 |11.uu ‘13‘75 |1a.su |19‘25 | |22‘uu| -

X[m]=2098 ¥[m]=1082

Figure 3.23  "Loads" Window

To enter loads

Choose "Point Loads" command from "In Table" menu in the window of Figure 3.23.

The following list box in Figure 3.24 appears

Enter the external point loads P [kN] and their corresponding coordinates (x, y) in the list
box of Figure 3.24. This is done by typing the value in the corresponding cell and then press
"Enter" key. The coordinates of the point load are related to the lower-left corner of the raft
(local coordinates)

Click "OK" button
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i -
Point Loads Q = - [3 - ==
rIun. ;Qilptggn Ilanad :—posjﬁnn :—posjﬁnn l:;glglmn i ’ ok ]
[ [ [kn] [m] [m] c?
’ Cancel ]
5 1 1250.0 | 13.30 8.70 6
7 1 1250.0 |8.70 13.30 7 ’ Insert ]
8 1 1250.0 | 13.30 13.30 8
. g 1 10000 | 2.00 11.00 g ’ Lopy ]
10 1 1000.0 | 20.00 11.00 10
11 1 1000.0 | 11.00 2.00 11 ’ = ]
12 1 1000.0 | 11.00 20,00 12 ’ New ]
13 1 10000 | 4.64 4,64 13
| 14 1 1000.0 | 17.36 4,54 14 [ Send to Bxcel ] |
15 1 1000.0 | 4.64 17.36 15
i6 1 1000.0 |17.36 17.36 16 L ’ ST INEE ]
17 1 1000.0 | 2.69 7.56 17 1 ’ Helo ]
18 1 1000.0 | 7.56 268 18
| 18 1 1000.0 | 14.44 2.69 19
20 1 1000.0 | 19.31 7.56 20
21 1 1000.0 | 2.69 14,44 21 |
22 1 1000.0 | 7.56 18.31 22
23 1 1000.0 | 14.44 19.31 23
| 24 1 1000.0 | 19.31 14,44 24
— — —

Figure 3.24  "Point loads P" list box

After you have completed the definition of all load data, the screen should look like the following

Figure 3.25.
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HI S REE G E R 0 ™ s | ELPLA- [Raft1] o (5T e
Loads In table Setting View (7]
*| Point Loads % Line Loads %, Line Moments | (), Zoom In (&) zoom Window " Zoom Upper Right " Zoom Lower Left m - E
-

*, Moments Mx ¥ Distributed Loads {Polygon) %] Remove Loads | (&) Zoom Out 5 Move "\, Zoom Upper Left

#, Undo-Point | Redraw Close
+ Moments My %7 Distributed Loads (Rectangle] | 4Z Edit Load (), Original Size ~ Zoom% 127 - ™ Zoom Lower Right eilo

I

Graphically indow Undo Refresh

| |u‘uu |2‘75 ‘s.su |s.25 |11‘uu ‘13.75 ‘15.50 |19.25 | |22‘uu| -

11.00

8.25

5.50

275

0.00

< v

x[m]=2033 y[m]=2075

Figure 3.25 Loads

"Distribute load" command

Point load never applied in realty. If a point load represents a column load, the moment
(or settlement) under the column will be higher than the real moment (or settlement).

In the following conditions of point loads, it is preferable to distribute them on the raft
(Even if column sides are defined by zeros):

1- Point loads on a mesh of refine finite elements
2- Point loads on a mesh with large differences in element sizes
3- Point loads are outside nodes

To take the effect of the load distribution through the raft thickness, the point load must be

distributed outward at 45 [°] from the column face until reaching the centerline of the slab.
ELPLA can automatically distribute the column load at centerline of the raft.
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To convert the point load to an equivalent uniform load over an appropriate area:

Choose "Distribute load" command from “In Table™ menu in the window of Figure 3.23.
The following Dialog box in Figure 3.26 appears

In the Dialog box of Figure 3.26, check the "Distribute column load" check box.

Click "OK" button

Distribute Load —5—

Column Loads:

| Distribute column loads

Ok ] | Cancel | | Help | | << Lesg

P

i |

Figure 3.26 Distributing the point Load over an appropriate area

After finishing the definition of load data do the following two steps:
Choose "Save" command from "File menu in Figure 3.25 to save the load data
Choose "Close” command from "File" menu in Figure 3.25 to close the "Loads" Window
and return to the main window

The project creation of raft 1 is now complete.
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3 Creating the project of raft 2

The data of the two rafts are quite similar except the origin coordinates of the global system,
which are chosen to be (0, 0) and (0, 22.5) for rafts 1 and 2 respectively. Project identification
is entered here so that the user can distinguish between the two projects. The data of raft 2
are created by first saving the data of raft 1 under a new file name and then modifying
the project identification and origin coordinates.

To save the data under a new file name

Choose "Save project as" command from "File" menu of "Data"” Tab. The following
"Save as" dialog box appears, Figure 3.27

In this dialog box

Type a file name for the project of raft 2 in the file name edit box, for example "Raft 2"
Click "Save" button
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Figure 3.27 "Save as" dialog box
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3.1  Modifying the project identification

To modify the project identification of raft 2, choose "Project Identification” command from "Data"
Tab. The dialog box in Figure 3.28 appears.

In this dialog box

Type "Raft 2" in the "Project"” edit box
Click "Save" button

Project Identification:

Title Analysis of system of two drcular rafts

Date 20/08/2021 -
Project  paft 2[

Figure 3.28  "Project Identification™ dialog box
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3.2 Modifying origin coordinates

To modify the origin coordinates of raft 2, choose "Foundation Properties” command from "Data"
Tab. The following Window in Figure 3.29 appears.
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Figure 3.29  "Foundation Properties” Window

In this "Foundation properties” Window

- Choose "Origin Coordinates” command from "Foundation properties” menu in Figure 3.29.
The following dialog box in Figure 3.30 appears

- Type 22.5 in the "x-coordinate" edit box

- Click "OK" button
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Figure 3.30  "Origin Coordinates" dialog box

After entering, the foundation properties do the following two steps:
Choose "Save" command from "File" menu in Figure 3.29 to save the foundation properties
Choose "Close” command from "File" menu in Figure 3.29 to close the "Foundation
Properties” Window and return to the main Window

Creating the projects of the two rafts 1 and 2 is now complete.
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4 Creating the project of the system of rafts 1 and 2

Data of system of many slabs are defined through the "Data™ Tab, which in this case contains
the following two commands:

"Filenames of slabs foundations" command
"Project Identification™ command

4.1 Filenames of slab foundations

Choose "New Project” command from the "File" menu of "Data" Tab. The following "Calculation
Method" wizard in Figure 3.31 appears.

Calculation Method [

Analysis Type:

i B

Analysis of slab Analysis of combined Analysis of system of Analysis of rotational Analysis of
foundation piled raft many slab foundations shell axisymmetric stress

m & 1

Analysis of slab floor Analysis of grid Analysis of plane frame Analysis of plane stress

Calculation Method:

Figure 3.31  "Calculation Method" wizard

In this wizard

Select "Analysis of system of many slab foundations", as the analysis type is a system of two rafts
Click "Next" button

After clicking "Next" button, "Filenames of slab foundations™ list box in Figure 3.32 appears.
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Add Project... Remove Project

igure 3.32  "Filenames of slab foundations" list box

To enter the file names of the rafts, which are required to be analyzed as a system of foundations,
click "Add Project”. After clicking "Add project”, the "Open" dialog box in Figure 3.33 appears.

In this dialog box

Type the file name of raft 1 in the file name edit box
Click "Open*
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Figure 3.33  "Open" dialog box

Repeat the previous steps and enter the file name of raft 2. After the user has completed
the definition of file names of the projects, the list box should look like the following Figure 3.34.
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List of slab foundations:

File name of the project Slab Type
Raft 1 elastic

Raft 2 elastic

Add Project... Remaove Project

igure 3.34  "Filenames of slab foundations" list box after entering file names of the projects :

Click "Save" button in the "List of filenames of slab foundations” list box in Figure 3.34.
After clicking "Save" button the "Save as" dialog box in Figure 3.35 appears.
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In this dialog box

Type a file name for the project of a system of rafts in the file name edit box. For example,
type "Raft 1 + 2"
Click "Save" button
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Figure 3.35 "Save as" dialog box
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4.2 Project identification

The project of a system of rafts is considered as an independent project. Therefore, like the single
rafts, a new identification of the project of the system of rafts must be entered.

To identify the project, choose "Project Identification”™ command from "Data™ Tab. The dialog box
in Figure 3.36 appears.

In this dialog box

Click "Load" button and open the project identification data of raft 1
Modify "Raft 1" to "Raft 1 + 2" in the "Project" edit box
Click "Save" button

Project Identification:

Title Analysis of system of two drcular rafts
Date 20/08/2021 v
Project Raft1+2

Figure 3.36  "Project identification” dialog box

Creating the project is now complete. The next step is analyzing the problem.
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5 Carrying out the calculations

To analyze the problem, switch to "Solver” Tab, Figure 3.37.
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Figure 3.37  "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 the current
example the items, which are required to be calculated, are:

Assembling the load vector

Determining flexibility coefficients of the soil

Assembling the soil 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. The following "lteration
parameters" option box in Figure 3.38 appears

In "Iteration parameters” option box select the option of the iteration condition

Click "OK" button

Which optionis ending the iteration process?

i@ Accuracy [m] 0.0001
(") Iteration No. 10
Ok | ‘ Cancel ‘ ‘ Help

Figure 3.38  "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 3.39 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 for system of rafts Iﬂ

Assembling flexability matrix of the raft Mo. 2 from contact pressures of raft 1!

| = 267 from 257 steps

I | Concl

N - I s —

Figure 3.39  Analysis progress menu
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Iteration process

Information about the convergence progress of the computations is displayed in the "lteration
process™ list box in Figure 3.40 during the iteration process.

0,00017 /36080

0.00043400000

Continue

0.00193884300

0.01375262000

Iteration cycles is ended at accuracy [m]<= 0.0001

Computation time = 00:00:10

K| Iteration is paused!

igure 3.40 "lteration process" list box
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Check of the solution

Once the analysis is complete, a check menu of the solution appears, Figure 3.41.
This menu compares between the values of actions and reactions. Through this comparative
examination, the user can assess the calculation accuracy.

V- Load Slab 1
Total load [kN] = 26000
Sum of contact pressures [kN] = 25900
X - Moment
Sum Mxfrom loads [kM.m] = =93
Sum Mx from contact pressures [kN.m] = -10
Y - Moment
Sum My from loads [kN.m] = 347
Sum My from contact pressures [kN.m] = 313
4 i f

Figure 3.41  Menu "Check of the solution”

To finish analyzing the problem, click "OK" button.
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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 3.42).
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Figure 3.42 "Results" Tab

6.1  Viewing the results as contour lines

Choose "contour lines" command from "Results” menu.

The following option box in Figure 3.43 appears

In "Contour lines" option box select "Settlements” as a sample for the results to be displayed
Click "OK" button

The settlements are now displayed as contour lines for the two rafts together as shown in
Figure 3.44.

Results as Contour Lines A @

Select one item to draw:

i@ Settlements i) Contact pressure q
() Moments mx () Moments my

() Moments mey i) Shear Forces Qx
i) Shear Farces Qy Ok

i) Moduli of subgrade reactions ks
Cancel
™) Principal moments hm

i) Principal moments hm2 Help

Figure 3.43  "Results as contour lines" option box
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Figure 3.44  Settlements as contour lines
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6.2  Drawing a graph of results

ELPLA can plot diagram of the results of both rafts together, this is done by switching to
"View" Tab Figure 3.45

B O &G RTE b " ) (< [EPLA-[Raft1] . ——— —
(=R Data  sower  Resuits  Setting  View
@ @ o i _-@J,Tree\ﬁew
(4 @ status Bar]

) Displ: Object

Viewer

Multiple Projects View

Figure 3.45 "View" Tab

Select and check “Combination From Many Projects” Figure 3.46 appears
In this List box select "Add Project”, then choose "Raft 2"
Click "Save" button

File name of the project Project Identification
Raft 1
Raft 2

Cancel

Add Project...

Eemove Project

New

Paste from Excel

Send to Excel

Save As...

[
[
[
[
[ Load...
[
[
[
[
[

Help

igure 3.46  "Combination From Many Projects” list box
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To plot a diagram of the results. Only the first command of the "Sections™ menu is explained here.
In the same way, the user can carry out the remaining commands of the previous list.
The commands of "Options”, "Format” and "Window" menus, which are used to define
the preferences of the drawing such as plot parameters, scale, font, etc., are discussed in detail
in the User’s Guide of ELPLA.

To plot a section in x-direction

Choose "Section in x-direction" command from Menu “Section” in "Result" Tab.
The following option box in Figure 3.47 appears

In the "Section in x-direction" option box, select "Settlements” as an example for the results
to be plotted in a diagram
Click "OK" button

Section in x-direction I&

Select one item to draw:

@ Settlements Contact pressureq
Moments mx Moments my
Moments mxy Shear Forces Qx

Shear Forces Qy

Moduli of subgrade reactions ks
cancel

Principal moments hm1

Help

e

Principal moments hm2

Figure 3.47  "Section in x-direction™ option box

The following option box in Figure 3.48 appears to specify the section in x-direction that is required
to be plotted.

In this dialog box

Type 11 in the "Section at y-coordinate” edit box to plot a diagram at the middle of
the raft
Click "OK" button

The settlements of both rafts are now plotted in a diagram as shown in Figure 3.49
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igure 3.48 "Section in x-direction™ dialog box
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Figure 3.49  Diagram of settlements in x-direction at the middle of both rafts
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