Example 10

Analysis of raft with straight and curved borders
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1 Description of the problem

An example of a raft with straight and curved borders is selected to illustrate some of the
essential features of ELPLA.

1.1 Loads and dimensions

The raft is subjected to 12 concentrated loads, each is 500 [kN] as shown in Figure 10-1 and
Table 10-1.

Table 10-1  Point loads P

Load No Load wvalue X-coord. Y-coord.
I P X 3

(-] [kN] [m] [m]

1 500 5.42 9.5
2 500 3.25 4.906
3 500 7 0.5
4 500 8.02 9.5
5 500 11.12 9.5
o 500 11.14 0.5
7 500 15 2
8 500 15 8
9 500 0.75 0.5
10 500 16.25 4.98
11 500 3.84 0.5
12 500 8 5
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Rigid base
Figure 10-1  Plan and section elevation with raft geometry [m] and acting loads [KN]
1.2 Foundation material and thickness

Raft material and thickness are supposed to have the following parameters:

Raft thickness d =1.00 [m]
Young's modulus = =2*10’ [KN/m?]
Unit weight Vb =25 [KN/m?®]
Poisson's ratio Vb =0.25 [-]
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1.3 Soil properties

The subsoil under the raft consists of a layer of silt, 12 [m] thick, the water table level is 2 [m]
below the ground surface. Foundation level is also 2 [m] below the ground surface as shown in
Figure 10-1. The soil is supposed to have the following parameters:

Modulus of elasticity for loading Es =10000 [KN/m?]
Modulus of elasticity for reloading Ws =10000 [KN/m?]
Unit weight Vs =18 [KN/m?]
Poisson's ratio Vs =0.3 [-]

1.4 Mathematical model

In this example, the Modulus of compressibility method (method 6) is chosen to analyze the raft.
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.

2 Creating the project

In this section, the user will learn how to create a project for analyzing a raft foundation. The
example will be processed step by step 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.

2.1 Calculation method

To create the project, start the sub program ELPLA-Data. Choose the "New project” command
from the "File" menu. The "Calculation method" wizard appears, Figure 10-2. This wizard will
guide you through the steps required to create the project. As shown in Figure 10-2, the first
form of the wizard is the "Analysis type" form. In this form, define the analysis type of the
problem where ELPLA can deal with different structural systems. As the analysis type is a
foundation problem, select "Analysis of slab foundation™ then click "Next" button to go to the
next form.
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Calculation methods

Analysis bype:

i

Analysis of slab Analysis of system of
foundation analysis of piled raft many slab foundations

Analysis of plane

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

Save fs... | Cancel | | Mexk = | Save |

Figure 10-2  "Calculation method" wizard with "Analysis type" form
After clicking "Next" button, the "Calculation methods™ form appears, Figure 10-3.
To define the calculation method

- Select the calculation method "6-Modulus of Compressibility (lteration)”
- Click "Next" button to go to the next form

Calculation methods

Calculation methods:
(™ 1- Linear Contact Pressure (Conventional Mathod)
(™ 213- Constant) Yariable Modulus of subgrade Reaction
(" 4- Modification of Modulus of subgrade Reaction by Iteration
(™ 5- Isotropic Elastic Half Space
(* &- Modulus of Compressibility (Iteration)
(" 7- Modulus of Compressibility (Elimination)
(™ &- Madulus of Compressibility for Rigid Raft
(" 9- Flexible foundation

Subsail madel:
(" Half Space model

(¢ Layered soil model

Save

Help | Save fs... | Cancel | < Back |

Figure 10-3  "Calculation methods" form

The next form is the "System symmetry" (Figure 10-4). In this form choose "Unsymmetrical
system" then click "Next" button.
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Calculation methods

Unsyrmmetrical syskem

’
Symmetrical syskem about x-axis Double-symmetrical swstem

'9{

G Anti-symmetrical system about
Symmetrical syskem about v-axis W-ais

System symmekry:

Help | Save fs... | Zancel | < Back Save

Figure 10-4  "System symmetry" form
The last form of the wizard assistant contains the "Option™ list, Figure 10-5. In this list, ELPLA

displays some of the available options corresponding to the used numerical model, which differ
from model to other. There isn’t any requested choices, so click the "Save" button.

Calculation methods

Options:

0. slab with girders

0.2, nddtional springs

.4, supports! Boundary Conditions

O petermining limit depth

DECnncrete design

O Monlinear subsoil model

O Determining displacements in soil

D Determining stresses in soil

D Dekermining skrains in soil

Dgggﬁlnﬂuence of neighboring Foundations on the slab
DTo Influence of the temperature change on raft
D?Inﬂuence of additional settlements an raft

I~ Seleck all

Help | Save As... | Cancel | < Back

Figure 10-5 "Options" list
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After clicking "Save" button, the "Save as" dialog box appears, Figure 10-6.
In this dialog box

Type a file name for the current project in the "File name™ edit box. For example
type "Curved Raft". ELPLA will use automatically this file name in all reading
and writing processes

Click "Save" button

Save As @E|
Save jn; | 3 Tutorial exarnples ﬂ g

[ Beam PO HE Mew Building 11.PO1

H8cuved RaitPo1 P 0 Building LFO1

FES Example.PO1 HE Rart PO

3 Floer. PO HE Raitz PO

[Eﬂ Frame.PO1 EFS Truss. PO

8 Giid PO H8 wiench PO

File name:

Save as type: | Isolated slab foundation files *PO1) | Cancel

Figure 10-6  "Save as" dialog box

ELPLA will activate the "Data"” menu. In addition, the file name of the current project
[Curved Raft] will be displayed instead of the word [Untitled] in the ELPLA-Data title bar,
Figure 10-7. In the "Data" menu, the user can enter the remaining data of the project using the
same sequence of commands in this menu. The first command in the menu is "Calculation
methods", which has been already entered. Therefore, ELPLA has put the sign "\" beside this
command, Figure 10-7. ELPLA puts this sign beside the commands those the user has entered so
that the user can know which data were defined.
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]T Limit depth...
Foundation Properties...

B Reinforcement
W Boing Fields

“ Loads...

g Msighboring foundations

T' Iemperature Change..

"_6' Additional Seftlements...

Figure 10-7 ELPLA-Data after defining the calculation method
2.2  Project identification

To identify the project, choose "Project identification” command from "Data" menu of ELPLA-
Data. The dialog box in Figure 10-8 appears.

In this dialog box

- Type the following line to describe the problem in the "Title" edit box: "Analysis of a
raft with straight and curved borders"

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

- Type "Tutorial Manual™ in the "Project" edit box

- Click "Save" button

Project Identification

roject Identification:

Title |Analysis of a raft with straight and curved borders
Date  [15,08.2004 -l

Praject |Tut0ria| Maruall

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

Figure 10-8  "Project identification™ dialog box
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2.3 FE-Net data

Choose "FE-Net data” command from "Data” menu of ELPLA-Data. The "FE-Net generation”
wizard appears as shown in Figure 10-9. This wizard will guide you through the steps required to
generate the FE-Net. As shown in Figure 10-9 the first form of the wizard is the "Slab type" form
which contains a group of templates of different shapes of nets. These net templates are used to
generate standard nets that have regular shapes. For the given problem, the foundation has an
irregular shape.

To generate the FE-Net

In the "Slab type" options, choose the irregular slab option
Click "Next" button to go to the next form

FE-Net Generation

Slab bype:
l—
l—
Help Cancel | Mext = | |

Figure 10-9  "Slab type" form

After clicking "Next" in "Slab type" form, the following "Generation type" form appears, Figure
10-10. ELPLA can deal with various type of generations with rectangular/ triangular elements.
Choose the triangular element which is the last option as the generation type. Then click "Next"
button to go to the next form.
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FE-Net Generation

Generation type:

Help Zancel | < Back | Tk = Finish

Figure 10-10 "Generation type" form

After clicking "Next" button in "Generation type" form, the following "FE-Net Generation™
dialog box in Figure 10-11 appears with the default generation parameters. In this dialog box,

click "Finish™ button.

FE-Net Generation

Generation parameters:

Min. angle theta [2] 30
Element circumradius v [m] 1.00
Min, element circumradius rriir [r] 0.25

tesh optimization:
[ Smoathing mesh

[ Directing border elements

Help Cancel | < Back | |

Figure 10-11 "Fe-Net generation" dialog box

ELPLA will generate an imaginary net as shown in the following embedded program, Figure 10-
12.
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£5 ELPLA-Data - [Curved Raif] - [FE-Net] BEE
File  ¥iew Graphically FE-MetGeneration Intable  Options Fomat  window  Help x
DEEda ad|8 =%w A Qaam -|& ¢ @mE
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Figure 10-12 Imaginary net of a rectangular area on the screen

You can either draw the raft directly on this imaginary net or input the raft corner points in
tabulated form. To input the FE-Net corner points, choose "Slab corners” command from "In
Table" menu. The dialog box in Figure 10-13 appears.

Slab corners El

Slab corners:
Seqrient Mo, 1 From 3 segments:

Segment data: .
Start paistion %l [m] W
¥l [m] |o.00
End position xZ [mn] |o.00
v [rn] j0.00
I~ Use arc data
Copy Segment |
— Insert Segment |
- | J
-

Cancel

Figure 10-13 "Slab corners™ dialog box

Help ‘ Mew | Refresh
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To define the first segment of the raft that connects the first two points on the raft of Figure 10-1

Do not change the default coordinates of the first point, which the program
considers as (0.00, 0.00)

Type 12 in the "x2" edit box to define the x-coordinate of the second point

Type zero in the "y2" edit box to define the y-coordinate of the second point

To define the second segment of the raft

Use the Scroll bar to define segment No. 2

Type 12 in the "x2 edit box to define the x-coordinate of the third point

Type 10 in the "y2" edit box to define the y-coordinate of the third point

Select the "Use arc data™ option to convert the line segment to arc segment
Select the "Reverse rotation direction™ option to reverse the direction of rotation
Select the "Reverse radius position" option to reverse the radius position

Type 5 in the "Arc radius™ edit box to define the radius of the arc segment

In the "Slab corners™ dialog box, ELPLA assumed that there are at least three segments with
three corner points. Since the raft drawing contains four segments, you can use the command
"Segment insert"” to insert the last segment of the raft. Use the corner points and arc information
provided in Table 10-2 to complete the definition of the raft corner points. Repeat the steps used
for defining the first two segments to define any segment.

Table 10-2  Raft corner points

Segment Start position End position | Arc Radius
No. X1 Y1 X2 Y2
[-] [m [m] [m] | [m] [m]
1 0 0 12 0
2 12 0 12 10 5
3 12 10 5 10
4 5 10 0 0

After completing the definition of the raft corner points, the slab corner dialog box should be like
this in Figure 10-14 where a small sketch of the raft appears in the dialog box picture. Click the
"OK" button to see the drawing of the raft outlines as shown in Figure 10-15.
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Slab corners |X|

rSlab corners:
rSegment Mo, 1 From 4 segments:
Segrment data: a

Start poistion ¥l [m] W
v [mljpoo
End position xZ [m] |12.EIE|
v [rmn] ID.DD
Use arc daka

Arc radius R [rn] IEI.IZIIZI

Min. arc radius Rmin [m] &.00 Copy Segment |
™ Reverse rotation direction Insert Segment |
[T Reverse radius posikion
Delete Seqment: | .'H

Cancel | Help | Mew I Refresh |

Figure 10-14 "Slab corners" dialog box after defining the raft corner points

== ELPLA-Data - [Curved Rafi] - [FE-Nei] W=
© File ‘iew Graphicalll FE-NetGeneration Intable Options Fomat  ‘Window  Help x
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|
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Figure 10-15 Raft outlines
Raft openings

To draw the openings in the raft, choose the command "Opening corners™ from "In Table™ menu,
the dialog box in Figure 10-16 appears.
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Openings E|
There is no opening:
-
poo
poo
poo
poo
-
Arc radius R 0.00
Min, arc radius Rrnin 0.00 ‘
I Rewerse rotation direction ‘
I Reverse radius position ‘ =

| Insert Opening | ‘

Cancel | Help ‘ MNew ‘ Refresh |

Figure 10-16 "Opening corners™ dialog box

In this dialog box, press on "Insert opening” button, then write the coordinates of the opening
exactly as in slab corners.

To define the first segment of the raft opening

Type 10 in the "x1" edit box to define the x-coordinate of the first point
Type 2 in the "y1" edit box to define the y-coordinate of the first point
Type 12 in the "x2" edit box to define the x-coordinate of the second point
Type 2 in the "y2" edit box to define the y-coordinate of the second point

To define the second segment of the raft opening

Use the Scroll bar to define segment No. 2

Type 12 in the "x2" edit box to define the x-coordinate of the third point

Type 8 in the "y2" edit box to define the y-coordinate of the third point

Select the "Use arc data™ option to convert the line segment to arc segment
Select the "Reverse rotation direction” option to reverse the direction of rotation
Select the "Reverse radius position" option to reverse the radius position

Type 4 in the "Arc radius" edit box to define the radius of the arc segment

In the "Opening corners™ dialog box, ELPLA assumed that there are at least three segments with
three corner points. Since the raft opening drawing contains four segments, you can use the
command "Segment insert" to insert the last segment of the raft opening. Use the corner points
and arc information provided in Table 10-3 to complete the definition of the raft opening corner
points. Repeat the steps used for defining the first two segments to define any segment.
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Table 10-3  Raft opening corner points

ELPLA-Tutorial

Segment Start position End position | Arc Radius
No. X1 Y1 X2 Y2
[-] [m [m] [m] | [m] [m]
1 10 2 12 2
2 12 2 12 8 4
3 12 8 10 8
4 10 8 10 2

After completing the definition of the raft opening corner points, the opening corners dialog box
should be like this in Figure 10-17 where a small sketch of the raft opening appears in the dialog
box picture. Click the "OK" button to see the drawing of the opening outlines as shown in Figure

10-18.

Openings

Segment data:

Start poistion

End position

| Use arc data

Zpening Mo, 1 From 1 openings:
Segment Mo, 1 From 4 segments:

%1

vl
X2

Ve

ol [roon
mlzon
(m][1zoo
m]fzo0

S

x)

Copy Segment |

Cancel

I Insert Segrient |
-
Delete Seqment: | j
Copy Opening ‘ Insert Opening ‘ Delete Opening ‘
. |»]
---------- Help | Refresh |

‘ [deww

Figure 10-17 "Opening corners" dialog box after defining the opening corner points
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ELPLA-Data - [Curved Ratfi] - [FE-Net]
FE-MetGeneration  Intable  Options  Fomat  window  Help x

e Wiew  Graphically
BHE AY(8 =% A QA @ & wm &
v+ X+ FPPFPF 2| PPFP(H 4
E

-

<
Figure 10-18 Raft opening outlines

To complete the FE-Net generation of the problem, choose "Generating FE-Net" command from
"FE-Generation" menu. The following "Generation of FE-Net" dialog box appears.

Generation of FE-Net

~aeneration parameters:

Min. angle Theta [*] |3|:|
Element circumradius R [m] ID.SD
Min. element circumradius Min. R [m] ||:|,25

“Mesh optimization:

v Smoothing rmesh

v Directing barder elements:

Q. Cancel Help << Less

Figure 10-19 "Generation of FE-Net" dialog box
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To enter the generation data

Type 0.5 in the "Element circumradius” edit box to define the radius of circles
containing elements

Type 0.25 in the "Min. element circumradius™ edit box to define the minimum

radius of circles containing elements

Check the "Smoothing mesh™ option to optimize the dimension of FE-Net by making all
elements having nearly the same area as possible as

Click "OK" button

After clicking the "OK" button, FE-Net generation progress menu in Figure 10-20 appears in
which various phases of the generation are progressively reported. After finishing the generation
of the FE-Net and creating the raft FE-Net as shown in Figure 10-21, do the following two steps:

Choose "Save FE-Net" command from "File" menu in Figure 10-21 to save the data of
the FE-Net

Choose "Close FE-Net" command from "File" menu in Figure 10-21 to close the "FE-
Net" embedded program and return to the main window of ELPLA-Data

Note that the sign "\" is typed automatically beside the "FE-Net data” command in the "Data"
menu of ELPLA-Data.

The generation of FE-Met is carried out! (]

Please wait!

L |

Figure 10-20 "FE-Net generation™ progress menu
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Figure 10-21 Final FE-Net of the raft

2.4  Soil properties

To define the soil properties, choose "Soil properties” command from "Data" menu of ELPLA-
Data. The following sub program in Figure 10-22 appears with a default-boring log.
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i:8 ELPLA-Boring - [Curved Raft]

File  “iew Data Graphically Options  Format  Window  Maindata  Help
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Figure 10-22 ELPLA-Boring sub program with a default-boring log

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 10-22.
The following dialog box in Figure 10-23 with default-boring log data appears

Soil data x]

Boring log Mo, 1 from 1 boring logs:
Laver Mo, 1 from 1 layers:
30il and rock svmbaols: Geokechnical data of the layer: -
Main soil type 1[5 5 |
- | s AV j |Sl:|i| properties are defined by Modulus of Elasticity E j
Main soil type 2 |_J Mo symbals j
submain soil 1 |_J Mo symbals j E [krim2] 10000 Fhi [*1 |0
submain soil 2 |_J Mo symbals j W [krim2] 10000 C [krfmz] o
Calar |l;|E, yellow j Gam [krim3] |15 Mue [-] |o.3
Short bext fG
Layer depth under the ground surface  [m] (10,00
Copy Layer | Insert Layer | ‘ =
' . #-coordinate of boring [rm] |o.00
Copy Boring log Insert Boring Log: . .
— Fromafie InsertBoring Y¥-coordinate of boring [rm] |o.00
Boring Log Label Bl
<| [»f
Cancel Tt Help

Figure 10-23 "Soil data" dialog box with default-boring log data
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In the "Geotechnical data of the layer” dialog group box in Figure 10-23, define the geotechnical
data of the first soil layer of the boring log as follows:

E. =10000  [kN/m?]
We  =10000  [kN/m?]
v =18 [kN/m]
Vs =0.3 [']

In the current example, 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.

s =30 [']
c =0 [KN/m?]

Due to the presence of the ground water, the soil above the ground water level has a deferential
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 "U, Silt" as the soil type in "Main soil
type 1" combo box in "Soil and rock symbols" dialog group box, Figure 10-23. The color of the
silt according to the German Standard DIN 4023 will be automatically created. The user can
change this color. Also, a short text "U" will be automatically created for the silt.

To enter the second layer

Click "Layer copy" button in 0. 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/mq]
to 9 [KN/m?]

Change the value of the layer depth under the ground surface from 2 [m] to [12 m]

Note that the unit weight of the soil is used to determine the overburden pressure v [KN/m?] due
to the removed soil, which is equal to ys « dr. This means that the unit weight of the soil under the
foundation depth dr is not required. However, the unit weight of the soil under the foundation depth
for all soil layers is entered by the value 9 [KN/m?].

After editing the geotechnical data, the boring coordinates and labels which describe the boring
will be entered.
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To enter the boring coordinates and label

Type 0 for x-coordinate in "x-coordinate of boring log [m]" edit box
Type 0 for y-coordinate in "y-coordinate of boring log [m]" edit box
Type B1 as a label name for the first boring in "Label of boring log" edit box

To enter the main soil data for all layers, choose "Main soil data” command from "Data” menu in
Figure 10-22. The following dialog box in Figure 10-24 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 o [-] 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 10-24, enter the settlement reduction factor o [-] and the groundwater
depth under the ground surface Gw [m]. Then click "OK" button.

Main Soil Data X

l Calculation parameters of flexibility coefficients I Biearing capacity Factors ]

IMain Soil Data:

Settlement reduction Factor Alfa <=1 Alfa [-] 1
Groundwater depth under the ground surface Gl [ri] Z.00

Ok, Cancel Help

Figure 10-24 "Main soil data" dialog box

Now all data and parameters for the boring log have been entered. After finishing the creation of
the boring log, click "OK" button in "Soil data" dialog box in Figure 10-23 to see the defined
boring log on the screen where the user can control or modify the input data and parameters,
Figure 10-25.
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Figure 10-25 Boring log on the screen
After entering all data and parameters of boring logs, do the following two steps:

Choose "Save boring log" command from "File" menu in Figure 10-25 to save the
data of the boring log

Choose "Close boring logs" command from "File" menu in Figure 10-25 to close
the ELPLA-Boring sub program and to return to the main window of ELPLA-
Data

Note that the sign "V" is typed automatically beside the "Soil Properties” command in the "Data"
menu of ELPLA-Data.

2.5  Foundation properties

To define the foundation properties, choose "Foundation properties” command from "Data"
menu of ELPLA-Data. The following embedded program in Figure 10-26 appears with default
foundation properties. The data of foundation properties for the current example, which are
required to define, are foundation material and foundation 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.
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Figure 10-26 "Foundation properties” embedded program

To enter the foundation material and thickness

- Choose "Element groups" command from "In Table” menu in the window of
Figure 10-26. The following list box in Figure 10-27 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 10-27, enter E-Modulus of the
foundation, Poisson s ratio of the foundation and foundation thickness

- Click "OK" button

X

Defining element groups (with the same thickness and ..

Group | E-Modulus | Poisson's ratio Slab thickness
Mo. of slab of slab
[knfmz] [-] [m]
Zancel
1 ZE+07 0.25 1

Inserk

Copy

Help

Excel

ddddddd

Figure 10-27 "Defining element groups™ list box
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To enter the unit weight of the foundation

Choose "Unit weight of the foundation” command from "Foundation properties"”
menu in the window of Figure 10-26. The following dialog box in Figure 10-28
with a default unit weight of 25 [KN/m®] appears. Let the default value as written
in the edit box "Unit weight of the foundation™

Click "OK" button

Unit weight of the foundation

Init weight of the foundation Gh [kMim3] [z5

MNew | Cancel | Help ‘

Figure 10-28 "Unit weight of the foundation” dialog box

To enter the foundation level

Choose "Foundation depth” command from "Foundation properties™ menu in the
window of Figure 10-26. The following dialog box in Figure 10-29 appears

In this dialog box type 2 in the "Foundation depth under ground surface (a)/ (b)"
edit box

Click "OK" button

Foundation depth

Foundation depth:

-
l—
Foundation depth under ground surface {a)/ (b} TF[m] |=
Cancel Help ‘ <o Less
ld [ a)
!
)
oy
B

! Tt

!
w £)

Figure 10-29 "Foundation depth” dialog box
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After entering the foundation properties, do the following two steps:

Choose "Save foundation properties” command from "File” menu in Figure 10-26
to save the foundation properties

Choose "Close foundation properties” command from "File" menu in Figure 10-26
to close the "Foundation properties” embedded program and to return to the main
window of ELPLA-Data

Note that the sign "V" is typed automatically beside the "Foundation Properties" command in the
"Data" menu of ELPLA-Data.

2.6 Loads

To define the loads, choose "Loads" command from "Data" menu of ELPLA-Data. The
following embedded program in Figure 10-30 appears.

== ELPLA Data - [Curved Raft] - [Loads]

Fle Viw Gaphicaly Intable Usgfomua Opions Fomai window  Helo
DEEE 4% 8 =%wa QaaqaW -Q ¢t
oo ML R LEREEA Y E &S

K1} - |
KM =19.47  ¥[m]=#, 02i32

Figure 10-30 "Loads" embedded program

To enter loads

Choose "Point loads" command from "In Table" menu in the window of Figure
10-30. The following list box in Figure 10-31 appears

Enter the external point loads P [kN] and their corresponding coordinates (x, y) in
the list box of Figure 10-31. 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 foundation (local coordinates)

Click "OK" button
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Point loads

Mo, | Column bypes Load ¥-position | ¥-position
I I P % y i :
(] (] [kr] [m] [m]
Cancel
1 1 S00 5.42 9.50
2 1 S00 3.25 4,96 Insert
3 1 S00 7.00 0.50
4 1 S00 5.0z 9.50 Copy
5 1 500 11.12 Q.50
6 1 500 11.14 0.50 ﬂ
7 1 500 15.00 2.00
5] 1 500 15.00 5.00 Bl
) 1 500 0.75 0.50
10 1 500 16.25 4,93 Help
11 1 500 3.84 0.50
12 1 500 5.00 5.00 Excel

Figure 10-31 "Point loads P" list box

After you have completed the definition of all load data, the screen should look like the
following Figure 10-32.

= ELPLA Data - [Curved Raft] - [Loads] [BEE
File  View Graphicaly Intabls  Usimgformula Options  Format  Window  Help x
B i=E%-|la @Al Q& aw &

D Ee (9 ¢
RhhhE Y |k

© oo MR R

|El

K1} - |

XIml=19.31 ¥[ml=3.08 16/11/2007 02134 p

Figure 10-32 Loads on the screen

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

- Choose "Save loads" command from "File" menu in Figure 10-32 to save the load data
- Choose "Close loads" command from "File"™ menu in Figure 10-32 to close the
"Loads" embedded program and return to the main window of ELPLA-Data

Note that the sign "V" is typed automatically beside the "Loads" command in the "Data" menu of
ELPLA-Data.
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Creating the project of the raft is now complete. It is time to analyze this project. In the next
section you will learn how to use ELPLA for analyzing projects.

3 Carrying out the calculations
3.1  Starting ELPLA-Solver

To analyze the problem leave ELPLA-Data to ELPLA-Solver. This is done by clicking on
"Solver" in the menu bar of the sub programs at the upper-right corner of ELPLA-Data. Then,
ELPLA-Solver window appears, Figure 10-33.

|16]11j2007

[
Figure 10-33 Opening screen of the sub program ELPLA-Solver

ELPLA-Solver automatically opens the data file of the current example and displays the data file
name in the title bar of ELPLA-Solver window. The "Calculation" menu 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

Iteration process

Determining deformation, internal forces, contact pressures

These calculation items can be carried out individually or in one time.
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3.2  Carrying out all computations
To carry out all computations in one time

Choose "Computation of all" command from "Calculation” menu in ELPLA-
Solver Window, the "Iteration parameters™ option box will appear (Figure 10-34)
Choose the suitable iteration option

Press the "OK" button

Iteration parameters

which option is ending the iteration process?

{* Accuracy [m] 0.0001
™ Iteration Mo,

Cancel | Help ‘

Figure 10-34 "lteration parameters™ option box
Analysis progress
Analysis progress menu in Figure 10-35 appears in which various phases of calculation are

progressively reported as the program analyzes the problem. Also, a status bar on the screen
down of the ELPLA-Solver window displays information about the progress of calculation.

[Determining flexibility coefficients of the soil g|

Assembling the Flexibility matrix]

Tirme remaining = 00:00:02
I =216 from 397 steps

Figure 10-35 Analysis progress menu
Iteration process

Information about the convergence progress of the computations is displayed in the "lteration
process" list box in Figure 10-36 during the iteration process.
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Iteration process

Iteration MNa.

Accuracy [m]

0. 02049355000
2 0.00100515400 Pause

||

Help

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

Computation time = 00:00:02

W Performing iteration!

Figure 10-36 "lteration process” list box
Check of the solution
Once the analysis is complete, a check menu of the solution appears, Figure 10-37. 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 [lu]= 8915
Sum of conkact pressures [l]= gZ3ed
* - Moment

auri M Frann lnads [kM.m] = -137
Surm Mx From contact pressures [kh.m] = -234
% - Moment

Sum My From loads [kh.m] = -506
Surm My from contact pressures [kh.m] = -E67

Help ‘

Figure 10-37 Menu "Check of the solution™

To finish analyzing the problem, click "OK" button.
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4 Viewing data and results

ELPLA can view and print a wide variety of results in graphics, diagrams or tables through the
three sub programs ELPLA-Graphic, ELPLA-Section and ELPLA-List. Data can also be viewed
again and printed by the sub programs ELPLA-Graphic and ELPLA-List. Note that ELPLA-Data
is used only to define and view the data of the problem. ELPLA-Graphic is used to print data
graphically while ELPLA-List is used to print data numerically.

4.1  Viewing result graphics

To view the data and results of a problem that has already been defined and analyzed graphically,
leave ELPLA-Solver to ELPLA-Graphic. This is done by clicking on "Graphic" in the menu bar
of the sub programs at the upper-right corner of ELPLA-Solver window. ELPLA-Graphic
window appears, Figure 10-38. ELPLA-Graphic automatically opens the data file of the current
example and displays the data file name in the title bar of ELPLA-Graphic window.

a e oo hn |
BB (& = AD

|16]11j2007

[
Figure 10-38 Opening screen of the sub program ELPLA-Graphic

To view the results for the raft as contour lines

Choose "Results as contour lines" command from "Graphic" menu of ELPLA-
Graphic. The following option box in Figure 10-39 appears

In "Results as contour lines" option box, select "Settlements s™ as a sample for the
results to be displayed

Click "OK" button

The settlements are now displayed as contour lines for the raft as shown in Figure 10-40.
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Results as Contour Lines
Select one item to draw

* Settlements " Contact pressure q
" Moments " Maments oy

" Maoments mixy " Shear Forces G

(" Shear forces Qy

" Modulus of subgrade reaction ks
Cancel |

" Principal moments bl

 Principal moments hmz Help |

Figure 10-39 "Results as contour lines" option box

= ELPLA-Graphic - [Curved Raft]

- Ble View Graphic Options Fomat Window Help
isdan|b 2a¢ DAi.E a@ Sa(sieww|e@
I - -#t - -@ - X -] S WA S AR
=l
Method (&) (Layered soil model)
Modulus of Compressibility (Iteration}
B
. 2.75 [em] J
Bl:r e
. .63 [en]
. z.63 [en]
B -
Settlements [cm)
Max. 5 = Z.94 at node 70, Min. 5 = Z.55 at node 36
K1} - ;I_I

|16/11/2007 02:39 p

Figure 10-40 Settlements as contour lines for the raft

4.2  Plot a diagram of the results

To plot a diagram of the results, leave ELPLA-Graphic to ELPLA-Section. This is done by
clicking on "Section™ in the menu bar of the sub programs at the upper-right corner of ELPLA-

Graphic window. ELPLA-Section automatically opens the data file of the current example and
displays the data file name in the title bar of ELPLA-Section window.
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= ELPLA Section - [Curved Raft] [HEE
View Seotions Options  For Help ¢

& E(&0D @ L D& E A e

io-®-%-|f-§-F-|4- i=S-|ADQ

@am -[&
(& e

|16/11/2007 02:40 p

[
Figure 10-41 Opening screen of the sub program ELPLA-Section

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 "Sections" menu. The following
option box in Figure 10-42 appears

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

- Click "OK" button

Section in x-direction

Select one ikermn to draw

¥ Settlements " Contact pressure q
7 Moments mx i Moments ey
7 Moments mxy " Shear forces Ox

" Shear Forces Qy

£ Modulus of subgrade reaction ks

Cancel

" Principal moments hm1

£ Principal moments hmz Help |

Figure 10-42 "Section in x-direction™ option box
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The following option box in Figure 10-43 appears to specify the section in x-direction that is
required to be plotted.

In this dialog box

Type 5.00 in the "Section at y-coordinate™ edit box to plot a diagram at the middle

of the raft
- Click "OK" button

The settlements are now plotted in a diagram at the middle of the raft as shown in Figure 10-44.

Section in x-direction

Set range in v-direction:

Section at y-coordinate [m] =
Set range in x-direction:
ak x-coordinate X1 [m] |o.00
to x-coordinate X2 [m] [16,99
Ok Cancel Help << Less |

Figure 10-43 "Section in x-direction™ dialog box

10-34



ELPLA-Tutorial

= ELPLA-Section - [Curved Rafi] [BEE]

Fle View Seoions Options Foma Widow Help Data Giaphic List Solver
B HESD &L (4RLEABR QAaa@@ @
o -8 & [ -f-F -2 IS AR (& W

method (&) (Layered soil modei)
Modulus of Compressibility (ITteration)
x [m]
PR S ATV N VAT SN W [N T U T VAN T TSN T U S A NN U Y
3 2.58
2o ] A
E </
2.64
e Horizomzal section s y-coordinate = 5.00 [m] E
T ]
S an
n ] _
4 3]
B oo W
o -
B
H 3
3 3
2.0
L E ¥
) .
n E
E >
z.88 3
2.5
2.5
Settlements [cum}
Horizomtal section at y-coordinmate = 5. 00 [m}
- |

16/11j2007 0244 p

Figure 10-44 Diagram of settlements in x-direction at the middle of the raft
4.3  Listing data and result in tables
To list tables of data and results, switch to ELPLA-List. This is done by clicking on "List" in the

menu bar of the sub programs at the upper-right corner of ELPLA-Section window. ELPLA-List
window appears, Figure 10-45.
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[HEE

e awm e

[
Figure 10-45 Opening screen of the sub program ELPLA-List

The function of ELPLA-List is listing and printing data and results in tables. The data and results
can be exported to other Windows applications to prepare reports or add further information.
ELPLA-List automatically opens the data file of the current example and displays the data file
name in the title bar of ELPLA-List window.

Only one command of the "List" menu is explained here. In the same way, the user can carry out
the remaining commands of the previous list. The commands of "Format™ and "Window" menus,
which are used to define the preferences of the tables such as page format, font, etc., are
discussed in detail in the User’s Guide of ELPLA.

To list results in a table

Choose "Display tables of results” command from "List" menu. The following option box
in Figure 10-46 appears

Select "Settlements" as an example for the results to be listed in a table

Click "OK" button. The settlement results are now listed on the screen (Figure 10-47)
Choose "Send to Excel"” from "File" menu if you wish to export the table to the MS Excel
application, Figure 10-48
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Select one ikerm ta lisk

™ Modulus of subgrade reaction i
™ Conkact pressure " slab deformation
i Moments
" shear forces
™ Flexibility matrix [Ce]
Cancel
i Flexibility matrix [Cw]
i Soil stiffness matrix [ks] Help

]

Figure 10-46 "Display tables of results™ option box

[=Ef cuvedkaft  [Hode|Totl [Reloadng |Loading | =
R ettlements Mo,

I s su se

1 |femd |fem fem]

1| 2% 043 z.49]
[2 |22 0s0 2.3
[3 | zm 071 2.z
[4 | zm 050 210
[5 |23 088 2.0
[ | 230 034 1.9
[7 | 280 03 131
[8 | ze0 103 186
[ | ze8 106 182
[10 | za7 109 179
11 | 28 L1 17
[tz | 285 [ETIRE
[15 | 24 (R
[14 | 23 [REIE
[15 | ze2 113 1es
[16 | 220 113 1e7
[17 | 278 L1z Lee
[16 | 277 TR
[15 | 275 109 165
[20 | 273 107 166
[zt | 27 105 166
[22 | 270 103 167
[25 | 2.8 Lol 1e7
[24 | 25 038 167
[25 | 25 036 168
[[26 | 263 033 1.69]
[27 | 261 0%z 1.69]
[[28 | 2.0 03t 1.69]
[25 | 258 030 168
[30 | 257 0% 167
3t | 257 050 166
[z | 258 050 166
[25 | 255 050 166
[24 | 255 030 15|
[35 | 255 030 15|
[36 | 255 030 15|
[27 | 255 030 15|
[ | 255 030 15|
[ | 255 030 15|
[40 | 258 050 166
[41 | 258 050 166
[4z | 257 0% 167
[45 | 257 0% 167
[44 | 258 030 168
[45 | 258 050 1.69]
[46 | 2.0 088 17|
[47 | 261 0% 171

4 | 262 080 1Rz

u a A

LPLA-List- [Curved Raft] - [Setlements]
Fle View List Fomal Window Hep — & x :|Dala Giaphic Seclion Salver
0@ (L mA BEMO &@O|E
=2-382-858

16/11j2007

0243 p

Figure 10-47 List of settlement results
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B3 Microsoft Excel - Bookl
iEd] Fle Edt View Insent Fomat Jook  Data  Window Help Type a question for help
iNEHAS IR Fa san-Fa-c- oz slilmae fiv EIEER ]
G17 - A
A 1 B [ ¢ [0 T E [ F e H [ T [ 9 R L M [N [ o [P [ @ [ R [ & [%
Hode Total Reloading Loading =
Mo
| s sU se
L1 fem]  [em] [em]
[2] 1 252 0.43 48
[3] 2 292 056 232 L
[ 4] 3 291 0.71 2.2
[&] 4 291 0.8 2.1
6| 5 23 088 202
7] 3 2.9 0.94 1.96
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[9] ] 2.89 1.03 1.86
[10] 9 288 1.08 1.82
[11] 10 287 1.09 1.79
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[ 14 13 284 1.12 1.72
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[17] 16 28 1.13 1.67 1
[ 18] 17 278 1.12 1.66
[19] 18 277 11 1.66
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[ 22 21 27 1.08 1.66
[23] 22 2.7 1.03 167
|24 | 23 268 1.01 1.67
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| 27 | 26 263 093 1.69
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[30] 23 258 03 1.68
[31] 30 257 0.9 167
[32] 31 257 0.9 1.66
[33] 32 2.56 0.8 1.66
[34] 33 255 03 1.68
[35] 34 255 0.9 165
ES 35 255 0.9 165
|37 | 3 2.55 0.8 1.66
El 37 255 03 1.65
[39] 38 255 0.9 165
|40 39 255 0.9 165
[41] 40 2.56 0.8 1.66
[42] 41 256 03 1.68
[43] 42 257 0.9 167
44 43 257 09 1.67
[47] A1 2R ng 1AA ~
i« « » wi\Sheetl { Sheet2 { Sheetd /. I« |
UM Read,

Figure 10-48 Exported results in MS Excel
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