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Description of the program ELPLA

1 Preface

GEOTEC and Prof. Dr.-Ing. Manfred Kany the founder of Numerical Analysis in
Geotechnical Engineering and the father of Elastic Foundations

: =
Prof. Dr-Ing. Manfred Kany and Prof. M. El Gendy celebrated the first release of ELPLA at
Zirndorf, Germany in 994

In 1961, the Geotechnical Institute LGA Nuremberg in Germany was the first institute to propose
the use of computers for settlement calculations. For this purpose, a computer program for a ZUSE
Z-23 computer was developed and presented at the GersatedBnical Conference in Berlin in

1964. At that time, Prof. Kany, who was the head of the Geotechnical Institute LGA Nuremberg
since 1955, developed computer programs for Geotechnical problems during his lifetime in LGA.

He was the first researcher iGermany who dealt with electronic calculations, with the
collaboration of his friend Prof. Konrad Zusthe inventor of the computer "Zuse 4". The computer
accompanied the entire career of Prof. Kany until shortly before his ide2®i1 He is consideick

the founder of Numerical Analysis in Geotechnical Engineering. After retirement in 1987, Prof
Kany established his firm, GEOTEC and developed the series of GEOTEC programs.

In 1994, Prof. Mohamed EI Gendy finished his Ph.D. under the supervision oKBnyt Based on

his Ph.D. research, Prof. EI Gendy further developed the program ELPLA, which was initially
developed by Prof. Kany for analyzing rafts by the Modulus of Compressibility method.
Subsequently, Dr. Amin El Gendy joined the team during tiveldpment of the GEOTEC Office

suite. Prof. Kany is considered the father of elastic foundations, while Prof. El Gendy is deemed his
successor and the son of the father of elastic foundations.

GEOTEC SOFTWARE INC.
In 2014, GEOTEC Software Inc. wasincorporated in Canada to continue developing GEOTEC
Office suite.
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2 Description of the program ELPLA

ELPLA (ELastic PLAte) is a program for analyzing rafpiled raft of arbitrary shape, variable
thicknessand foundation depth withreal subsoil model.

Three known subsoil models for the analysigadt/ piled raft(standard models) are considered.
The subsoil models are the Simple Assumption Model, the Winkler Maddl the Continuum
Model.

The mathemtcal solution of the raft is based on the-Method. The program can analyze
different types of subsoil models, especially the taiegensional Continuum model that considers
any number of irregular layers in vertical and horizontal directions.

A goodadvantage of this program is the capability to handle the three analyses of flexible, elastic
and rigid foundations. In addition, the mesh of the rigid and flexible foundations can be constructed
to be analogous to the finite element mesh of the elastizdfation.Therefore the three analyses
caneasilybe compared and correctly.

ELPLAcan also be used for:

1 Represent the effect of external loads, neighboring foundations, tunneling, and the influence
of the temperature difference on the raft.

T Analysis slab floor, plane frame, plane stress, grid, a system of many slab founde@ons,
or grid on elastic foundatiomptational shell, axisymmetric stress, axisymmetric structures,
and cylindrical tanks.

1 Design the raft, piled raft, and slab flamrcording to the ACI, EQ, DIN 1045, and ECP.

1 Dynamic analysis of structures

1 Determining stresses, strajiasd displacements in soil

ELPLAIs a graphical software product. The common "what you see is what youn §gthdows
applications makes it easy to learn how to BEELA The new features and enhancements are the
result of feedback from users over the last years.

The usage of the progm is typically such that data files are created describing a certain problem
by Data Tab, and then the project problem is analyzed by using Solver Tab. Finally, the results can
be presented as a graphical drawing, graphs, and tables using the sixeseparaand groups:

Data, Results, Soil Data, Boring, Section, and List Groups in Results Tab.
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MNEFTPHEFEEEAE &M= [Exarnple] - o =
Data  Sol Results  Setting  View - @
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Figurel Introduction screen of the program ELPLA
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3 Features

User interface and help system are availablelan§uages: English, German and Arabic
Analysis of an elastic, a rigid or flexible foundation

Numerical model of soistructure interaction is under 9 calculation methods

Design of the raft according to ACI, EC 2, DIN 1045 and ECP

Generation of the FE mesif the raft with different element types

Automatic generation of the FE mesh of the raft

Smoothing thdE mesh

Direct and arrange all elements

Refining theFE mesh

Merge two or more nets

Split the FENet into two or more nets

Powerful meshgenerator (for the generation of square, rectangular, circular and annular
rafts)

Beam elements fanodelingstiff walls on the raft

Translational and rotational springs on the raft can be added at nodes

Elastic or fixed rotations and deflections can letainto account.

Determining contact pressures, settlements, internal forces, subgrade reactions and
reinforcement of the slab

Node coordinates and boundary nodes of the FE mesh can be imported from a table via MS
Excel

Arbitrary shape of slab$oles are also possible

Variable slab thickness and foundation depth in vertical and horizontal directions
Consideration of the reduction coefficietitaccording to DIN 4019 Part 1

Point loads, line loads, area loads and moments at any position indepehdes finite
element net

Polygonal load with variable ordinates and line moment

Loading and reloading modulus of compressibility are considered

The soil is defined by a number of borings each boring has-rayérs with different soll
material

Variablethickness and discontinuous soil strata

Consideration of the variation of the subsoil in the three directions according to three
methods

Drawing soil layers by different symbols amdlors according to DIN 4023 for easy
identification

Consideration of gnandwater and overburden pressure effects

Color representation of the dimensions, slab plans and results on the screen or printer
Presentation of the results as values in the plan, contour lines, circular diagrams
Drawing results in isometric view

Distribution of results in plan

Drawing deformations as deformed mesh

Principal moments as streaks

Drawing sections of results from several calculation methods in one view

Data and results of several projects can be displayed together

Tabulation of data ahfinal results on the screen or printer

Results can be saved in an ASCII file

The drawings can optionally be saved as a WMF file

There are detailed explanations in the user manual with numerical examples

Short help information can be requested at anyfaxte location
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Import or export the data to MS Excel

Export the results and diagrams to MS Excel

Export the data and results to MS Word

A group of data with results together in one presentation

Copying drawings to the clipboard for use in wprdcessors

Analyzing system of rafts or piled rafts in one mesh

Analysis of a rigid pile group or fregtanding raft on a rigid pile group

Analysis of a slab floor, plane frame or plane strgas

Analysis of system of many slab foundations

Analysis of rotational shelaxisymmetric stressr axisymmetric structures
Analysis of cylindrical tanks

Analysis ofbeam or grid on elastic foundation

Dynamic analysis of structures

Determining stresses, strajlasd displacements in soll

Importing references from a DXiie into ELPLA

Importing FENet asi3DFACEO AutoCAD typeinto ELPLA

Create a DXFH-ile from the finite element mesh or any graphic in theNelE mode
Create a 3DFACHEile from the finiteelement mesh of rectangular elements
Reduce computational time and computer storage by using the system symmetry
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4 Calculation methods

ELPLA can be used to analyze raft/piled raftaory other structural problems such as slab floors,
grids, plane frame, plane streassystem of many slab foundationstational shellaxisymmetric
stressand axisymmetric structuréBigure2)

Calculation Method >
Analysis Type:
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 plane
Analysis of slab floor Analysis of grid Analysis of plane frame stress

Calculation Method:

Load... Save As.. Cancel Next =
Figure2 Calculation Methods
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4.1 Analysis of slab foundation
The analysis of slab foundation problems is availabELRLA (Figure3 andFigure4).

File View Camera

>~ 1
Slab Group: 1-500mm Concrets <

Spatial view

Slab Group: 1-500mm Concret
Slab Group: 1-500mm Concrets
Slab Group: 1-500mm Concren
Slab Group: 1-500mm Concrets

Slab Group: 1-500mm Concret

| Slab Group: 1-500mm Concren

Slab Group: 1-300mm Concreti

3D View

E BIM Viewer - [C:\Users\Mahmoud\Documents\ELPLA 12 Projects\Tuterial\1-Irregular raft on irregular subseil\Exampl...

O

£ »
Spatial view | Groups
Froperties * 0 X
Propertiss Quantities
Object Type Materials
Type IfcSlabType
Hc Label #410
Name Slab Group: 1-500mm Con
Description
GuID 1GEMGrBy92LvadRTISKCR:
Ownership #16=IFCPERSONAMNDORG:
#432 ]

Figure3 "Analysis of slab

foundation"
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Print Sending Options Window Refresh Close
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Figure4 "Analysis of slab foundation” displacements
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4.2 Analysis of slab floor

The analysis of slab floor problems is availabl&iPLA (Figure5 andFigure6).

B o DEE GhEE &Y | caphic  ELPLA-[2nd Floor-Part (1)] - O *
Data Solver Results Setting View Graphic -~ o
%Page Setup Send to Excel Scale El Title QZoomIn @Zoom Window /'Zoom Upper Right /Zoom Lower Left A rm
&Print Preview — % Copy to the Clipboard @Set Range Page Mo. QZoom Cut Eﬂ Move '\Zoom Upper Left Zoom % v N
Send to Redraw  Close
ﬂPrint Word =4 Send to ELPLA-Section L.Axes ﬁ\iiew Grouping @Original Size -G\cfiewing Angle '\,Zoom Lower Right -
Print Sending Options Window Refresh Close
Data W . = ¥
&), Calculation Method J Slab thickness (1) |
[=] Project Identification ~
[T FE-Net Data -
B4 Slab Propetties Anaiysis afsiad flaor
2 Reinforcement
o Girders
&L Loads
Supports/ Boundary Conditions
Combination From Many Projects
[E) Display Muttiple Projects Together
El_ Graphic
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v
>

¥ [m]=3830 y[m]=26.12

Figure5 "Analysis of slab floor" slab thicknes
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Figure6 "Analysis of slab floor" displacements

4.3 Analysis of combined piled raft
The analysis of piled raft problems is availabl€&lrPLA (Figure7 andFigure8).
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3D View |

E BIM Viewer - [C:\Users\Mahmoud\Documents\ELPLA 12 Projects\Analysis of Piled Rafts\Burj Khalifa\Burj Khalifah.IFC]
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v

Figure7 "Analysis of Burj Khalifah foundation”
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Figure8 "Analysis of Burj Khalifah foundation" displacements
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4.4 Analysis of grid

The analysis of grid problems is availableéElbPLA (Figure9).
s T ITTLE @.

Data  Solver  Results Setting  View Graphic (7]

A7 [A ; /w—|. Y ] scale = itle @ 7oomin (&) Zoom Window ' Zoom Upper Right " Zoom Lower Left | b =
i" J\' = |—‘ == = (5L Set Range [#] Page Ho. ) zoomout 5 Move .. Zoom Upper Left Zoom% 123~ A ]
Page Print  Print Sendto Sendto Copytothe Send to ELPLA N Redraw Close
Setup Preview Word  Excel Clipboard  -Section 1, Aes b view Grouping | (B, Original size £} Viewing Angle "\, Zoom Lower Right -
Print Sending Options Vindov Refresh
+# Contact pressure q (2) X ¥

44 (2]
[

Contact pressure g [kN/m2]
Max g =132 at node 79, Mp. g = -7 at node 66

<
x[m]=256 y[m]=066

Figure9 "Analysis of grid"
4.5 Analysis of system of many slab foundations

In the "Analysis type" Form, if the option "Analysis of system of many slab foundatiookbsen,

the following Dialog box inFigure 10 appears. Three different numerical calculation methods are
considered for the analysis af system of &b foundations, flexible, elastior rigid. For the
analysis ofa system of many slab foundations, the project filenames (slab foundations) are required.

Figurell

14
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Figure10"Analysis of system of many slab foundations" Dialog box
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Figurell"Analysis of system of many slab foundations" displacements
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4.6 Analysis of plane stress
The analysis of plane stress problems is availatd LA (Figurel12).
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Figure12 Analysis of plane stress
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4.7 Two-Dimensional Frame Problems

The analysis of Twdimensional frame problems is available5hPLA (Figurel3).
EI Q= ) i O ‘BEE R 2 @ - Graphic
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Figure13 Analysis of plane frame
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4.8 Dynamic analysis of structures

It is possible to determine Eigenmodes and Eigenvectors direetoribration for the following
structures:

1. Beams

2. Trusses

3. Grids
4. Space frames
5. Shear walls
6. Floor slabs
7. Axisymmetric solids
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Figure 14 Dynamic analysis of shear walll
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4.9 System symmetry

The next step is to define the "System symmetfygure 15. In this step, select system symmetry
and click "Next" button to go to the next step.
Calculation Method *

-

Unsymmetrical System

gyg

System Symmetry:

Symmetrical System About x-axis Double-Symmetrical System
ﬁ%
¢
Symmetrical System About v-awis Anti-Symmetrical System About x-awis
Help Load... Save As. Cancel Mext = Save

Figurel5"System Symmetry" Form

By using the system symmetry, if the problem is symmetrical in loading, ,sdragheoil about xor
y-axis, the computational time and computer storage can be considerably reduced.

By defining the project data fax simple symmetrical or ariymmetric slab system, the data are

defined according t&igure 16, in which only the lower half slab is considered for symmetry about
thex-axis while only the left half slab is considered for symmetry athey-axis.

a)
Figure16 Simple symmetrical slab system

By defining the project data fardouble symmetrical slab system, the data are defined according to
Figurel7. Only the left lower quarter of the slab is considered.
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Figure17 Double symmetrical loaded slab

If the slab is symmetrical in shape and unsymmetrical in loading, it is also possible to divide this
general case of loading into two cases having symmetrical ansyamtnetrical loadingkigure18.

The symmetrical cases are available for all calculation methods 1 to 9. Tsgrantetric case is

only possible for calculation methodsa18.

Loading (P) Loading case (A) Loading case (B)
Y ! ¥ y I
! I I
| = a
|
P, i P, 0.5(P +P) ios(p2+p4) 0.5(P -P) iO‘s(P,-PQ
S I I e ] e — ] _
] " X " X
! I ~ [
S 0.5(P +P ) 105, +P ) 0.5 -P) I-05(P ,-P))
: | |
L 1 1
! I . . I ~ -
General case of loading symmetrical case of loading (A) Anti-symmetrical case of loading (B)
about the x-axis in direction of the x-axis

Figure1l8 General case of loading by symmetrical and-aystinmetric loading
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4.10 Options

Some options are available ELPLA such aghe concrete design of sections, additional springs,
supports, gders piles, limit depth, nonlinear subsoil model, determining displacements, stresses
andstrains in soil. AlIsoELPLAcan study some external influences on the raft such as temperature
change, additional settlements neighboring foundations. In the menu Fifure 19 check the
options that you want to consider in the analysis.

Calculation Method X

Cptions:
[ .+ 5lab With Girders
‘5“ Addtional Springs
| & Suppu:nrtsJ-r Boundar:.' Condtions
DIF Jetermining Limit Depth
| E Concrete Design
Monlinear Subsail Model

OO0O0O00E

o5

[m] Select Al

Monlinear analysis of piled raft:

(C) Menlinear analysis using & hyperbolic function for load-settlament

() Nenlinear analysis using German standard DIN 4074 for load-settlement

() Menlinear analysis using German recommendations EA-Piles for load-settlement

(®) Nonlinear analysis using a given load-settlement curve

Help Load... Save As Cancel < Back Save

Figure19"Options" Check box
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5 Soil models

In ELPLA, different numerical methods with 3 soil models are considered for anahgftigled
raft as follows:

1) Linear contact pressure
(Simple assumption model)
2) Constant modulus of subgrade reaction
(Winklers model)
3) Variable modulus o$ubgrade reaction
(Winklers model)
4) Modification of modulus of subgrade reaction by iteration
(Winklers model/ Continuum model)
5) Modulus of compressibility method for elastic raft on fsgdhce soil medium
(Solving system of linear equations bynalnation)
(Isotropic elastic halspace soil mediumContinuum model)
6) Modulus of compressibility method for elastic raft
(Solving system of linear equations by iteration)
(Isotropic elastic haispace soil medium and layered soil mediuGontinuum model)
7) Modulus of compressibility method for elastic raft on layered soil medium
(Solving system of linear equations by elimination)
(Layered soil medium Continuum model)
8) Modulus of compressibility method for rigid raft
(Isotropic elastic halspace soil medium and layered soil mediu@ontinuum model)
9) Modulus of compressibility method for flexible raft
(Isotropic elastic halspace soil medium and layered soéddium Continuum model)
Calculation Method >

Calculation Methed:

() 1- Linear Contact Pressure (Conventional Method)

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

() 4- Modification of Medulus of Subgrade Reaction by Iteration
() 5 Isotropic Elastic Half Space

() B~ Modulus of Compressibility (lteration)

() 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 laysrs
() Modulus is defined by the user

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

Figure20 "Calculation methods" Dialog box
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5.1 Determination of modulus of subgrade reactions

In ELPLA it is possible to analyze the raft the modulus of subgrade reaction method in which
the modulus can be determinedhree ways:

a) Modulus is defined by the user
b) Modulus is calculated from Haffpact
¢) Modulus is calculated from soil laye

In item a), the user can define a constantinhas for the entire raft (Method 2) or a variable
modulus at nodes (Method 3).

In items b) and c) the modulus is calculated through the settlement calculation of the soil depending
on boring logs and soil properties.

It is possible to perform linear andmlinearanalyses of the soil models

5.2 Simple Assumption Model

There is no interaction between the subsoil and the foundaticgh6d@imple Assumption model
(Linear Contact Pressure methednethod 1). Therefore, the soil data are not required in this
method (only groundwater Gand foundation level fTare required). When soil properties are
required to be defined for calculation method 1 (Linear Contact Pressure method), the following
Dialog box ofFigure21 appears.

If the water table is located above the foundation, the foundation will be exposed to additional
negative pressure. In the Dialog boxFafure 21 define the groundwater depth under the ground
surface G in order to take the effect of groundwater pressure in the analysis.

Soil Properties >

Groundwater:

-

Groundwater depth under the ground surface Gw [m] [1.50

Cancel Help Load... Save s,

Figure21"Soil properties” Dialog box (method 1)
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5.3 Wi n kd Modeb

For the two methods of Constant and Variable Modulus of Subgrade Reaction (methods 2 and 3),
when the modulus of subgrade reaction is required to be defined by the user, soil prapdhnies

case will be the modulus of subgrade reactiayblksides its coordinates (X, y) in the global system
and groundwater depth under the ground surfage [iGthe nonlinear analysis is required, the

ultimate bearing capacity of the soikanust bedefined Figure22).

Soil Properties — O
Modul of  Uttimate | Save |
Boring Boring ¥-coordinate ‘fcoordinate subgrade bearing
log MNe. Log of boring of boring reactions capacity
| Label ] m] ke Qul | Genedd |
kMNs/m3] kM/m2] | -~ |
B 3.000 2000 0 "
2 B2 1.000 9,000 3000 0 | Copy |
B3 10.000 11.000 5000 0 | |

Groundwater:

Gw [m]

Groundwater depth under the ground surface

Figure22"Soil properties" Dialog box (methods 2 and 3)
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5.4 Isotropic Elastic Half-Space Model

When sd propertiesare required to be defined for calculation method 2 (Modulus of subgrade
reaction is determined from Hefpace) and calculation method 5 (Isotropic Elastic-Sakice),
the following Dialog box appears.

In the Dialogb o x , define the settHoissoiesnt r ateidaucdiont h
groundwater depth under the ground surfageas® the modulus of compressibility of the sail [E
the nonlinear analysis i s r ethacohesod ¢ ofthehsel mash gl e
be defined.
Soil Properties ot
Calculation parameters of flexibilty coefficients Bearing capacity factors
Geotechnical data of the layer:
Soil properties are defined by Modulus of Elasticity E '

Modulus of Elasticity of the =oil E [kNimZ] |'II}DDD |

|Init weight of the sail GAM [kM/m3] |'|g |

Angle of internal friction FHI [] |D |

Cohesion of the soil e [kNim2] |0 |

Poisson's ratio of soil (0 <= Nue <=0.5) Mue [-] |D.3 |

Main Soil Data:

Settlement reduction factor (Alfa == 1) Alfa [] |'| |

Groundwater depth under the ground surface Gw [m] |‘I,5DI} |

Save Cancel Help Load... Save As . .

Figure23"Soil properties" Dialog box (methods 2 and 5)

Settlement reduction factor
Based on experience, the real consolidation settlements are different from those calculated.

Therefo e , the settl ement s may be multiplied by
4019. According to the German standard DI N /¢
applied:

Sand andilt U = 0.66

Normally and slightlyover consolidad clay U=1.0

Heavily over consolidatedlay U=0.51.0

Flexibility coefficients for interior nodes

For rigid and elastic rafts, it is convenient to determine the flexibility coefficiethteafterior node
at the characteristic point of the loaded area on that nodea f@xible foundation, it is real to
determine the flexibility coefficient dheinterior node at that node.

It is possible to determine the flexibility coefficient of the interior node due to a uniform load at that
node Figure24):
at the characteristic point of the loaded area, where rigid settlement is ethmafléxible
settlement
at the midpoint of the loaded area, where maximum settlement occurs
at the interior node on the loaded area

Flexibility coefficients for exterior nodes
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The arlier version of ELPLA determines flexibility coefficients for both interior and exterior nodes

by assuming uniform loaded areas on these nodes. This assumption requires the principle of
superposition for determining the flexibility coefficients. Now it is plies optionally to convert

the loaded areas on exterior nodes to point logagire 24. In this way, the program does not
follow the principle of sperposition in the analysis, making it much faster than the old analysis.
The new method of analysis is consequently faster and more efficient for problems that contain a
large finite element mesh.

Limit distance

If the distance between two nodes is togéa the settlement of a node due to a load on the other
will be small enough to be neglected. To reduce the time required for determining the flexibility
coefficients for great rafts, a limit distance between node i and j for determining the flexibility
coefficient c(i, j) may be defined.

Soil Properties ot

Sail Properties | | Calculation parameters of flexibility coefficients! |  Bearing capacity factars

Flexibility coefficient i, ij:

The flexibility coefficient (i, i) of the node | due to uniform load at that node is determined at

(®) the characteristic point of the loaded area, where rigid settlement egual to flexible settlement
(") the midpoint of the loaded area, where maximum settlement occurs

() the node i on the loaded area

Flexibility coefficient ci, j):

The flexibility coefficient c{i, J) of the node i is determined from
() point load at node |

(®) uniform load at node j

Limit distance between node i and | for determining the flexibility coefficient i, j) £r [m] |100.000
Save Cancel Help Load... Save As . .

Figure24 "Calculations parameters of flexibility coefficients" Dialog box (methods 2 and 5)

Bearing capacity factors
The bearing capacity factors used to determine the ultimate bearing gagactibptionally be
defined according to different codes and authors. These factors are required to carry out the
nonlinear analysis of the soil. The bearing capacity factors are defined accordiigyteZ5):

German Standard DIN 1054

Euro Code EC7
Egyptian code ECP
Terzaghi
Meyerhof
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Soil Properties ot

Sail Properties | Calculation parameters of flexibility coefficients | § Bearing capacity factors!

Bearing capacity factors:
Bearing capacity factors are determined according to
(@) German Standard DIN 1054
() Euro code EC 7
() Egyptian code ECP
() Terzaghi
() Meyerhof

Save Cancel Help Load... Save As . .

Figure25"Bearing Capacity factors" Dialog box (methods 2 and 5)

5.5 Layered Soil Model

A layered soil model is used in the analysis of the calculation methods shdailénl When soil
properties are required for one of the calculation methods shown in this fhebfe)lowing Soll
Properties Tab View appeaiSigure26).

Tablel Numerical calculation methods (Layered soil model)

Method |Method
No.
2 Constant modulus of subgrade reaction
Winklers model, Modulus of subgrade reaction is determined from soil layg
3 Variable modulus of subgrade reaction
Winklers model, Modulus of subgrade reaction is determined from soil layg
4 Modification of modulus of subgrade reaction by iteration
Winklers model/ Continuum model
6 Modulus of compressibility method fanelastic raft on layered soil medium
Solving system of linear equations by iteration,
Layered soil medium Continuum model
7 Modulus of compressibility method fanelastic raft on layered soil medium
Solving system of linear equations by elimination,
Layered soil medium Continuum model
8 Modulus of compressibility method farrigid raft on layered soil medium,
Layered soil nradium- Continuum model
9 Modulus of compressibility method fa flexible foundation on layered s
medium, Layered soil mediurnContinuum model
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B 000 REE EEE K 2 2 ™ 5| ELPLA - [Example]

Soil Properties Setting View

m E &, Zoom In @, original size m
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6 Piled raft

/4

e Toy ey ﬁéﬂf%’fw‘%

BQKC‘BI/W\U('ZQMV\)@VV(’ Pq/azkl = )M ter e

ELPLA is apowerful tool for analyzing piledaft foundations.Today, nearly every engineering
office has its own computer programs for the analysis and design of piled rafts. Furthermore, most
of the available programs under Windows are “fisendly and givevery excellent output graphics
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with colors. Consequently, theoretically a secretary not an engineer can use them. But the problem
here is how can man control the data and check the results.

Many practical problems are available which are analyzed inl thgtasing the prograreLPLA It

is important for the engineer to be familiar with this information when carryinga @oimputer
analysis of piled rafts. An understanding of these concepts will be of great benefit in carrying out
the computer analysis, @sing difficulties, and judging the acceptability of the results. Three
familiar types of subsoil models (standard models) for piled raft analyses are considered. The
models arethe Simple Assumption ModelWinkle® s M cadde Continuum Model. In the
andysis, rafts are treated as elastic or rigid. The Finite Elervimthod was used to analyze the

raft, in which plate bending elements represent the raft according to tkrdimeasional nature of
thefoundation.
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a) Piled raft 5 Pile;
@ Pile-soil interaction
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@ Raft-soil interaction
@ Pile-raft interaction

Ground surface
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c) Soil settlement

Figure27 Pile-raft-soil interactions
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6.1 Simple Assumption Model
The smple assumption model does not consider the interaction between the foundation and the soil.
The model assumes a linear distribution of contact preskanesath the foundation.

Defining pile groups — O *
Description
Pile Ple  of | Ok |
Group diameter length  pile groups
L

P
[

P1

Figure28 Defining pile groups for Simple Assumption Model
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6.2 Wi n k IMedeld s

Winklers model is the oldest and simplest one that considers the interaction between the foundation
and the soil. The model regsents the soil or piles as elastic springs. It is availabtbertwo
methods of Constant and Variable Modulus of Subgrade Reaction (methods 2 and 3).

Defining pile groups — O >
. Description

Pile Ple  Stffness pil“: of | Ok |
Group diameter length  of Files load pile groups

Pz | Cancel |
[
Pi | Insert |

|Sen:|tuE:mel|

| Paste from Excel |

T

Figure29Def i ning pil e groups for Wi nklerés Model
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6.3 Continuum Model

The ontinuum model is the complicated one. The model considers also the interaction between all
foundation elements and soil. It represents the soil as a layered continuum medium or isotropic
elastic haspace soil medium.

Although the ontinuum model proviels a better physical representation of the supporting soil, it
has remained unfamiliar, because of its mathematical difficulties where an application of this model
requires extensive calculations. Practical application for this model is only possiktenipauter
program or appropriate tables or charts are available. These tables and charts are limited to certain
problems.

A general computerized mathematical solution based on Finite elemetiied was developed to
represent an analysis for pile foundagsoon the real subsoil model. The solution can analyze
foundations of any shape considering holes within the foundation and the interaction of external
foundations.

6.3.1 Nonlinear analysis using hyperbolic function Model

In this model, all forces acting on thaft will be transmitted nonlinearly on the piles usihg
hyperbolic function for Loadettlement.

Defining pile groups — O *
. Description
Pile Pile “.I"‘“ of | Ok |
Group diameter length Ipl Ed pile groups
No. D L G"f
fm] mp Pz | Canced |
fN] 3
[
8 10000

Figure 30 "Defining pile groups" Nonlinear analysis usirtge hyperbolic function for load
settlement
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6.3.2 Nonlinear analysis usingGerman standard DIN-4014

In this model, all forces acting on the raft will be transmitted nonlinearly on the piles@esrngan
standard DIN4A014

Defining pile groups >
Pile group Mo. 1from 1 pile groups:
&
Geotechnical data of the layer: ~
Cancel
Copy Layer The values of the table 4 or 5 from DIN 4014 are taken into account
e Layer thickness L1 [m] Mew
Skin friction Tau [kM/m2]
Delete Layer o Help
() Penetration resistance qs [kN/m2] |
(® Undrainage cohesion Cu [kM/m2] W

Soil data under the pile tip:

Copy Pile Group
The values of the table 1 or 2 from DIN 4014 are taken into account

File tip resistance (s/Df = 0.02) Sig [kMim2] Insert Pile Group
File tip resistance (s/0f = 0.03) Sigl [kMim2]
PFile tip resistance (s/Df = 0.1) SigG [kMim2]

Send to Excel
(®) Penetration resistance under the pile tip as [kNim2] 17500
(O) Undrainage cohesion under the pile tip Cu [kMN/m2]

Pile diameter D [m
File toe diameter Df [mi
Description of pile groups

< >

Figure31"Defining pile groups" Nonlinear analysis using Gerrstandard DIN4A014

6.3.3 Nonlinear analysis using German recommendations EAiles

In this model, all forces acting on the raft will be transmitted nonlinearly on the piles using German
recommendations ERiles.

Defining pile groups *
Pile group Mo. 1from 1 pile groups: |
Ok
Geotechnical data of the layer: -
Cancel
Copy Layer The values of the table 5.13 or 5.15 from EA-PFiles are taken into account
e L Layer thickness L1 [m] New
Skin friction Tau [kN/m2]
Delete Layer o Help
() Penetration resistance qs [kMimd] g
(® Undrainage cohesion Cu [kM/m2] v
Soil data under the pile tip: Table values:

Copy Pile Group
The values of the table 5.12 or 5.14 from EA-Files are taken into account | |

(®) lower table values

ile fip resistance (s/Df < 0.02) . \im2l Insert Pile Grou
PFile tip resistance (s/Df = 0.02) Sig [kMNim2] P ) upper table values
File tip resistance (s/Df = 0.03) Sigl [kN/m2]
File tip resistance (s/Df =0.1) SigG [kNim2]
Send to Excel
(®) Penetration resistance under the pile tip g5 [kNim2] (17500
(_) Undrainage cohesion under the pile tip Cu [kNim2]

Pile diameter D [m]
Pile toe diameter Df [ml
Diescription of pile groups

£ >

Figure32 "Defining pile groups” Nonlinear analysis using German recommendatio+3ilE#\
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6.3.4 Nonlinear analysis using a given loagettlement curve

In this model, all forces acting on the raft will be transmitted nonlinearly on the piles aising
specifiedLoadsettlement curveThe lbadsettlement curve for pile group and piled raft can be
obtained fromtwo resistanceettlement relations as follows:

a) Skin resistance with tip resistansettlementFigure34.

b) Pile resistancésettlementFigure35.

Defining pile groups >

Select a resistance-settlement relation to define:

Skin resistanceTip resistance-Settlement File resistance-Settlement

Figure33 "Defining pile groups" Nonlinear analysis using a given ieattlement curve
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Defining pile groups
Pile group Mo 1from 1 pile groups:
Skin friction part:

Skin friction:
Layer thickness L1
Skin friction =

File head settlement for a skin resistance SigRg

End bearng part:

File tip resistance

File tip resistance

File tip resistance

Pile head settlement for a tip resistance Sig
Pile head settlement for a tip resistance Sigl

Pile head settlement for a tip resistance SigGr

[

Pile diameter

Description of pile groups

<

Pile toe diameter Df

mijos |
mijos |

2
e —

Srg

Sig
Sigl
SigGr
5

51
SGr

Send to Excel

~
Copy Layer
Insert Layer
Delete Layer ™

=

i o—
e —
e —
=
o
S o—

Copy File Group

Insert Pile Group

|P1

Cancel

< Back

EXis Ok

Figure34 "Defining pile groups" Skin resistance with tip resistasettlement
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Defining pile groups >

Pile group Mo 1from 1 pile groups:

Pile resistance:

Pile resistance Qrg L)
File resistance Q (k]
Pile resistance Q1 (k]
Pile resistance QGr [kM]

File head settlement:
Pile head settlement for & pile resistance Grg oo [em]

Pile head settlement for a pile resistance O S [cm]

Pile head settlement for a pile resistance Q1 S [cm]

Pile head settlement for a pile resistance QGr SGr [cm] III

Copy Pile Group

File length Lp [ml] _
Pile diameter D [m]
File toe diameter Df [m] Delete Pile Group
Description of pile groups Send to Excel

Insert Pile Group

< >

Help e < Back Hext> 0Ok

Figure35 "Defining pile groups" Pile rediance-settlement
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7 Geometryand loads

It is possible to consider raft with any arbitrary shape including hbBlgare 36. It is alsopossible to
consider raft with variable thicknesg;igure37. Loads on theaft can be applied independently on the
mesh at any position. Loads may be defined in different types such as point loads, linandads
polygon uniform loadgrigure38.

Bl oo oh@Eag G @9 s | EPLA- [Curved aft] - o x

FE-Net Data Edit FE-Net Setting View % O

@ r Slab Corners = i?ﬂ Mode Coordinates ? Opening Corners GlZm]m In aZuum Window /' Zoom Upper Right / Zoom Lower Left n A E
-

F Opening Corners ~ .‘_.' Connectivity Nodes ? References ~ Glzanm Out 53 Move \_ Zoom Upper Left

Ge:eEr-:t\esn - r Reference Corners = ? 5lab Corners @ Original Size Zoom % \ Zoom Lower Right Un'do Redraw | Close
FE-Met Generation Graphically In table Window Undo Refresh Close
e e e e e e e e ~
R e ey v e weiy o O (o o SR L BT EE B
ST vie e i
T hk NN
[ N ol [
REREEN Ll I
. e
O U e R e I - S U
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x[m]=20.79 y[m]=0.60
Figure36 Arbitrary shape of raft with hole
B Oos0RE@F GhE R 0 &0 ™| epLa-Eample - o x
Foundation Properties Setting View Ll o
g‘ Element groups rx Unit weight M Foundation Level QZoom In @lzaom Window /' Zoom Upper Right / Zoom Lower Left q z r!m

Q‘Element groups FGmup Regions e Foundation Depth l!jLiquid Properties QZoom Out EQ Maove \_Zoom Upper Left
Undo- Redraw  Close
3‘% Origin Coordinates @‘ Original Size Zoom % \ Zoom Lower Right Zoom In=
Graphically In table Foundation Properties Window Undo Refresh Close
- A
. W
< >

Figure37 Variable slab thickness
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Figure38 Arbitrary type of loads

Different element types are developed to generate thNdif the slab according the Grid-based
approach for both triangular and rectangul ar el
for triangular elements.

A new FENet is created. When choosing the Fildlew command and the following templates for
different types of FENet appearKigure39). Using theseamplates, FENet can be generated according
to the following features:
- Generating the FRlet for square, rectangujand irregular slabs using 6 different types of
nets,Figure40.
- Generating the Filet for circular and ring slabs using 15 different types of fegsire41.
- Generating an irregulalab with openings and arc boundaries using a mfimesh,Figure
42,
- It is possible to use combined rectangular, quadratid triangular finite elements at the
same time for the slabjgure43.
- ltis possible to create slab corners, opening coraasreference corners graphically using
CAD-style, which lets the definition of the net quick and e&syure44.
- In ELPLA, there are two alternative methods to define slab corners, opening, and references
either by Mouse or by editing in a tapfegure45.
- lItis possible to optimize the dimension of-REt by making all elements having nearly the
same area as possiblebysthe option "Smoothing the meslhFigure46.
- It is possible to direct and arrange all elements on the slab boFiguse47). This option
is useful to present contact pressures at raft edgegand manner when analyzing the raft
by Continuum model, in which the contact pressures at raft edges are higher than that at the
middle.
- Itis possible to refine the mesh in a spedfregion such as around supports, springs and
piles to present the concentration of stress, maonagmt settlement in this regiofigure
48).
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By sekcting the"Merge Nets commandfrom the "Arrang€ group, two or more nets
(Figure50) can be combined into a n&ligure49.

By selecting the'Split Net' commandfrom the"Arrang€ group, the FENet (Figure 49)
can be divided ito two or more netgFigure50.

Reference points, reference lines, reference corners, Reference ppiylithesirvegFigure
51) can be imported int&ELPLA from a DXF file (AutoCAD Drawing Exchange File)
Figure52.

The user can gerste a finite element mesh using #etoCAD commandas"3DFACE’,
Figure53. 3D Face can be imported i PLA, Figure54.

An existed FENet can be added to the current “REt". This option enables the user to
analyze a system of many foundations together in one combindtEEigure55.

FE-Met Generation

Slab Type:
Rectangular 5lab:
Length of Rectangular Slab L [m]
wihdth of Rectangular Slab B [m] 14.000
Cancel Back Mext = Finish

Figure39 Templates for different types of Aiet
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FE-Met Generation

Generation Type:
T T T Gl Gl T T T L T Ly T
1 1 1 L T T L LY R R IV B
L - - R L~ k- k- - 3 A ST
1 1 1 Eoa L A B R L s L I R Y
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- Tl
Cancel < Back Mext =

Figure40 Generation type for square, rectangular and irregular slabs

FE-Met Generation

Generation Type:

Cancel

< Back

Einish

Figure41 Generation type for circular and ring slabs
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Figure42 Irregular slab with triangular finite elements

/ Ll
Figure43lrregular slab with combined rectangular, quadratic and triangular finite elements
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Figure44 Drawing slab cornergraphically by mouse
Edit Slab *
Slab Mo. 1from 1 slabs:
Segment data: s
Start poistion x1 [m] [0.171
N
End position x2 [m] [12.870
2
[] Use arc data
Arc radius R [m] |0.000
Min. arc radius Rmin [m] 6433
- Copy Segment Inzert Segment Delete Segment 4
Copy Slab Insert Slab Delete Slab
L4 >

Cancel Help Hew Refresh In table

Figure45 Defining slab corners in a table
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Figure46 Smoothing the mesh
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Figure47 Directing border ements
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Figure48 Refining the mesh around specified nodes
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Figure49the merged mesh

-47-



Description of the program ELPLA

ELPLA - [Curved raft]
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Figure52 DXF references as ELPLA references
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Figure53 Finite element mesh created by command "3DFACE" in AutoCAD
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Figure54 FE-Netas "3DFACE" AutoCAD type is imported into ELPLA from a DXife
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Figure55 Two FENets together
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8 Boundary conditions

It is possible to define elastic or fixed rotations and displacements on thé-igafte 56. Also,
translational or rotational springs may be defined.

| : % [ N ™ < | - [Example! —
= s g T K ELPLA - [Example] m} X
“ Supports/ Boundary Conditions Setting View 0
& emove Supports/ Boundary C &P columnTypes (2, Zoom In (@), Zoom Window 7 Zoom Upper Right " Zoom Lower Left - F
i #_ Add Supports/ Boundary Conditions B, nNoderestraints (G ZoomOut 53 Move ™. Zoom Upper Left ¢ 8
Select Redraw Close
Nodes Aﬂ Edit Supports/ Boundary Conditions @ Original Size Zoom % 136 ~ ™, Zoom Lower Right
Graphically In table Window Undao Refresh Close
A
! ; ! ! ! ! ! ! ! ! | Support3 | !
..... PR ++44444444®4
e T T T e
H H H H | Support 1 | H
_____ ++_&_@‘%%_@‘%%
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v
£ >
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Figure56 Elastic and fixed rotations amtisplacements
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9 Soil

The solil is defined by a number of boring&ch one has multilayers with different soil materials,
Figure57. Variable thickness and discontinuous soil strata can be considégade 60. Loading and
reloading ofthe soil modulus can be taken into account by the anaBigigte61. It is possible to draw

soil layers by different symbols according to the German Standard DIN fé02#sy identification.

Also, the limit depth of soil layers can be determined. Variable foundation levels can be considered in
the analysisKigure60).

Three different methods are used to determine the flexibility coefficients or the modulus of subgrade
reaction:

1. Interpolation methodRigure57)

2. Subareas methgFigure58)

3. HandDivision of boring logs to nodggigure59)

B oo RESE B BE R 7 a0 (™ s | BPLA- [Example] - o x
File Boring Fields Setting View A e
- Select Nodes '@5 Zone Type Il . Interpolation Method Ei Zone type | aZocm In @\Zocm Window /' Zoom Upper Right ,/ Zoom Lower Left q A r‘ﬂ
)oZone type | . Subareas Method ?ﬁ Zone Type |l QZocm Qut EZ Maove \ Zoom Upper Left V
Undo-Boring  Redraw Close
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Graphically Boring Fields In table Window Undo Refresh Close
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E1(400,3 40

< >
x[m]=1894 y[m]=11.60

Figure57 The soil is defined by a number of boringysterpolation method
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Figure59 The soil is defined by a number of boringkandDivision of boring logs to nodgs
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Figure60 Variable thickness soil strata
Soil Data
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Layer Mo. 1from 4 layers:
Soil and rock symbals: Geotechnical data of the layer: S
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Figure61 Loading and reloading soil modulus are considered
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10 Design ofthe slab

The design of the slab for determining reinforcement and punching stress can be carried out according
to the following design codes:

- EC 2

- DIN 1045

- ACI

- ECP

European Committee for Standardization, Design of Concrete Structures
Eurocode 2

German Instute for Standardization, Design and Construction
of Reinforced Concrete

American Concrete Institute Building Code Requirements
for Structural Concrete

Egyptian Code of Practice for Design and Construction of
Reinforced Concret8tructures

Design Code Parameters

Partial safety factors:

Save

DIM 1045 ACI ECP Minimum steel

Partial safety factor for internal forces W
Partial safety factor for steel strength Vs 115
Partial safety factor for concrete strength Vo
Factors:

Reduction factor for sustained loading it
Factor for obtaining depth of compression block g

Limitation of compression zone depth:
(@) According to EC 2 (xi_lim=0.35 for >=C 40/50, xi_lim=0.45 for >=C 35/45)
i) Ratio of the neutral axis depth is defined by the user E_.].Lm

b

=
[¥5]
(%]

Cancel Default parameters Help

Figure62"Design code parameters" Dialog box
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Reinforcement (Design for flexural moment) >
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() Another () BSt 220 i) BSt 420 (®) BSt 500 () BSt 550 () BSt 600
Concrete cover+ 1/2 bar diameter:
¥-direction top dlx [em] (5.0 = l ! iy
— & ¥ ¥ ¥
X-direction bottom d2x [em] [5.0 - fl T
Y¥-direction top dly [em] 6.0 B 1) 1
=% __ 8% _ & _ %
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Cancel Help Load... Save As .

Figure63 "Reinforcement"” dialog box
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Figure64 Area ofa critical section of punching shear
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11 Graphical drawing of data and results

You can display, plotand print data and results graphically usihg"Graphic¢ tab. It is possible to
draw raft geometry, boring locations, soil profiles, loading, boundary conditions, settlement,
deformation, contagiressure, moment, shear, modulus of subgrade reaatidnmeinforcementHigure

65to Figure76).

The results and data can be presented graphically as follows:
- Data in the plan

- Data in isometric view

- Boring locations

- Boring logs

- Limit depth

- Arrangement of rafts including neighbor foundations
- Result values in the plan

- Distribution of results in the plan

- Results as contour lines

- Results in isometric view

- Results as circular diagrams

- Principal moments as streaks

- Support reactionas arrows

- Deformation

- Girders

The graphical drawing, if desired, can be saved as VW#MF in which it can be exported into other
Windows applications to prepare reports, slide presentations or add further information to the drawing.
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A7 (A 7 ’w. :‘f k] Seale = Title (#) Zoom In (8), Zoom Window " Zoom Upper Right .~ Zoom Lower Left . r!
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— —‘J'\ b J [ Set Range ﬂ Page No. 'c?\ZoDm Out EC Move '\ Zoom Upper Left Zoom% |117 - a
Page Print Print Send to Send to Copyto the Send to ELPLA 0 Redraw Close
Setup Preview Word Excel Clipboard  -Section 1, Axes b view Grouping (0, Original Size £} Viewing Angle ™, Zoom Lower Right -
| Print Sending COptions Window Refresh Close
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=] Project Identfication NEethod (0] (Layered 51 mode, o
T FE.Net Data Modiiins gf Comp 1 (Terarion)
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Boring Fields o oo
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: Display Multiple Projects Together i s
=1 g Graphic o
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i
R
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L
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R R
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Mz, = 2 e 97, Min. mx =-314.8 at node 76
GEOTEC Safrware Inc
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Figure65 Results can be tabulated on the mesh
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Figure67 Moment distribution on the raft can be plotted
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12 Drawing sections

Furthermoreyou can display, ploaand print results at specified sections graphically ugirgSectiori
tab It is possible to draw settlements, contact pressures, deformation, internal forces, modulus of
subgrade reactigrand reinforcementHigure 77 to Figure 81). It is also possible to determine extreme
values of the results from many load cases. The results can be presented graphically as follows:

- Section in xdirection

- Max./ Min. values irthe x-direction

- Overlapping in xdirection

- Section in ydirection

- Max./ Min. values irthey-direction

- Overlapping in ydirection

- Arbitrary section
Also drawing sections, if desired, can be saved as VWWiiat files, in which they can lexported to

other Windows applications to prepare reports, slide presentations or add further information.
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13 Tabulation of data and results

You can list data and resulisingthe "List" tah Listing the data and results can be displayed first on
the screen and then can be sent to the priktgue82 to Figure83). The results and data cha listed
as follows:

- Display tables of data

- Print tables of data

- List tables of data through Tekditor

- Display tables of results

- Print tables of results

- List tables of results through Tekditor
The listed results and data, desired, can be saved as AS@iimat Files, in which they can be
exported to other Windows applications to prepare reports or add further information.
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Symbol for soil type and rocks after DIN 4023: S,g
Level of layer under ground z [m]

Modulus of Elasticity of the soil (Loading) [N/m2]
Modulus of Elasticity of the soil (Reloading) W [xN/m2]
Poisson's ratio of soil Hus  [-]
Unit weight of the soil Cama [kN/m3]
lAingle of internal friction FHI [°]
Cohesion of the soil e [xN/m2]

Layer No.: 2
Symbol for soil type and rocks after DIN 4023: S,g

Level of layer under ground z [ml
Modulus of Elasticity of the soil (Loading) z [EH/m21
Modulus of Elasticity of the soil (Reloading) W [:M/m2]
Poisson's ratio of soil Mue [-]

Unit weight of the soil Gama [kN/m3]
Angle of intermal friction FHI [°1

Cohesion of the soil e [:W/m2]

'F"ig{j}'ééz Data can be tabulated
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BosPEEaaERE 2 &9 Lt ELPLA-[Torhaus LPR]

Data Solver Results Setting View List

% E g,f E!w X a 3 Copyto the Clipboard [ i Pa— 2 {} Next Page @ FistPage ™y §AFind
= - == Delete G Previous Page = Last Page ﬁ‘ Find Mext
Page Print  Print  Sendto Paste - Undo Close
Setup Preview Word c i select Al Page MNo.|1 23 Replace -
Print Sending Clipboard Font Paragraph Page Undo Editing Close
Data =
B% Calaulation Method 5] Resulis (6) x | {F] Pile results (5) x | ] Data () X ¥
[=] Project Identification GEOTEC Software Inc ~
FE-Met Data DO Box 14001 Richmond Road PO, Calgary AB, Canada T3E TY¥7
Soil Properties
Foundation Properties Settlements Page 1
u Loads ITitle: Comparison with Reul/ Randolph (2003): Piled rafts in overconsoclidated clay
0 Pies Date: 14-12-200€
[ Combination From Many Projects Droject: Torhaus piled raft in Frankfurc am Main, Cermany
Display Muttiple Projects Together File: Torhaus_LER
B List
& Data (4) Znalysis of slab foundation
B Pile resuts (5) by the program package ZLFLA
E—L Version 12.0
(Calculation method:
Method (€) (Layered soil model)
Modulus of Compressibility (Iteration)
Linear analysis
Settlements
Node Distance Distance Total Reloading Loading
Ho.
I = v s su se
-1 [m] [m] [cm] [em] [em]
1 2.00 0.00 €.41 0.44 5.387
2 45.00 0.00 €.41 0.44 5.587
K 45.00 24.50 €.37 0.44 5.53
2 0.00 24.50 €.37 0.44 5.93
5 1.78 0.00 €.87 0.49 €.08
€ 3.15 0.00 €.70 0.53 €.18
7 4.55 0.00 €.83 0.55 €.25
8 5.95 0.00 €.96 0.57 €.39
E 7.35 0.00 7.08 0.53 €.50
10 2.75 0.00 7.20 0.5% €.€1 “

Figure83 Resultscan be tabulated
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14 Display Multiple Projects Together in a Single View

ELPLAallows the user to display data or results of multiple projects together in a single view. For
example, the following figure presents four different projects solved by different methods in the
same view.

Display Multiple Projects Together — O x
List of projects to be displyed Together:
== |
Project Mo, File name of the project Project dentification
b Method 3 | Cancel |
> gbd Method 4 | Add Project |
3 gb5 Method 5
4 ab6 Method & | Bemove Project |
| Load... |
[ e
| Pastefrom Bxcel |
Send to Excel
Drawing options: | i = |
Number of projects per row ! IEI | Save As |
Distance between the projects Sd[m] |1.00 EI | Help |
Figure84 "Display Multiple Projects Together" input Dialog box
BogUPESaaEdl B &9 | caphec  LLPLA-[5h2) - o X
Data Solver Results Setting View Graphic -~ 9
@ Page Setup @ @ Send to Excel @ Scale |:| Title QZoom In (@‘Zoom Window _/' Zoom Upper Right / Zoom Lower Left » r!
@Printprwim - Qa Copy to the Clipboard _’,E Set Range Page Mo, QZoom Cut EC Mave '\_Zoom Upper Left Zoom % v n
ﬂ Print Sﬁodréo 4 Send to ELPLA-Section imAxes ﬁ\u’iew Grouping ®\ Original Size % Viewing Angle '\, Zoom Lower Right Redraw Clnise
Print Sending Options Window Refresh Close
£l e Data e -
% Combination From Many Projects J Settlements (1) X | v
EG?‘::,,:E: Muttiple Projects Togethe Dispiay Miuitiple Projects Together .
B settlements (1)
| B
|
| B
[ESTS
I
(IR
. 3.5 fmi]
. 3,05 ]
eSS
[ EE
. 1684 ]
| R
|
GEOTEC Sefiware Isc
PO Box 14001 Fickuosd Read PO. Calpary AB. Camada TIE T¥7
Scab 118 | Tide: Awirresslar raft o irresslar ssbed
Fie: i Date 130715%
PageNo: | Projece Metked? v
£ >« >
x[m]=3086 y[m]=-528

Figure85 Combination of many projects
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15 Combination of Results of Many Projects in Diagrams

The option combination from many projects allows the user to display diagrams from different
loading cases, soil models, calculation methods, taperties boundary conditionsand special
cases at a specified section or area in one chart.

Combination From Many Projects — | x
List of projects to be combined:
L s |
Project Mo, File name of the project Project dentification
1 gb3 Method 3 | Cancel |
2 gh4 Method 4 | Add Project |
3 gh5 Method 5
4 ab6 Method & | Remove Project |
5 gb8 | Load... |
| New
| Pastefrom Excel |
| SendtoBxcel |
-
Figure86 "Combination of many projects” input Dialog box
BoshDE@ gBHEE 2 &9 | sadon ELPLA-[gh3] - o X
Data Salver Results Setting View Section ~ o
." s i o Scale |:|Tit|e QZoomln @Originalsize A
& ﬁ @ @ ﬁﬁSetRange Page No. QZoum Out Ei Move - r‘m
SPeata; pf:‘l,?:w Frint 55\;1:,;0 SEEXHSJO Cargbt:aEZe {W,Axes [izh View Grouping @Zoom Window Zoom % Redraw Clgse
Print Sending Options Window Refresh Close
= Data e P — —
% Combination From Many Projects J"Sﬁﬂemﬂ) 2 | v
[E) Display Multiple Projects Togethel ~
E_‘Section Mociins of subgrace reaction is caleuiated fFam sail igyers
= Settlements (1) Method (3} (Layeredsail model)
*\lﬂw
=
4\Nlu.|l.(
E
T w0 ]
I ]
[T 1
1] ik
NN HorEontai section at ycoordinae =3.50 fu]
EEEN Settiements 3 fom]
mnxmmfﬁm c«bu:\mnubm w7
Scak 1:75 | Tidle: Asirregelar raft en irregelar zsbusd
Figh | Dxe L30715%
PigeNo: | Prajecchlededd v
< 3¢ >

x[m]=10.88 y[m]=0.15

Figure87 Combination of many projects



ELPLA

16 Export Project Elements to BIM

Object Viewer option allows the user to read and view Building Information (BAbijels of the
roject in the IFC format.

E BIM Viewer - [C:\Users\Mahmoud\Documents\ELPLA 12 Projects\Analysis of Piled Rafts\Burj Khalifa\Burj Khalifah.IFC] - O X

File View Camera

la

Spatial view v [ | 3D View |
PILE No. 125 - Pile #36212 ” ‘
PILE No. 126 - Pile #362128
PILE No. 127 - Pile #36224
PILE No. 128 - Pile #36230
PILE No. 129 - Pile #36236
PILE No. 130 - Pile #36242
PILE No. 131 - Pile #36248

PILE No. 132 - Pile #26254
PILE No. 133 - Pile #36260
PILE No. 134 - Pile #26266 |

Properties v Qx|

Properies | Quantities |
Object Type | Materials |
[] Verbose E |
@ General o
Ifc Label #36236
Type IfcPile
Globalld 1PeejxFT
OwnerHistory #1L£19
Name PILE No.
ObjectPlacement = 36233 ¥
p i £36235 <
P d el e IVt FSLIONAN M E3n 24
#36236 |

Figure88 Export Project Elements to BIM system
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17 Exporting data and results

It is easy to expodata and result® MS Wordas text, tables or drawingsigure89.

It is easy to expodata and result® MS Excelas tables odiagramsFigure90.

By "Copy to the clipboartdcommand, the current drawing can be copied in Met&flenat

to Clipboard. Then it can be inserted directly to other Windows programs such as Word and
AutoCAD, Figure9l.

The user can create a D>He from the finite element mesh or any graphic in theNeE

mode (Figure 92). FE-Net in DXF format (AutoCAD Drawing Exchange File),che
created by the "Make DXFile" command from the "File" menu of the fNet, Figure93.

The User can create a 3DFAEHe from the finite element mesh oéctangular elements
Figure 94. This option enables the user to further work in the finite element mesh for
enhancing it, modifying it, or adding elements.-RE&t in DFACE format (AutoCAD
Drawing Exchange File), can be created by the "Make 3DFARE command from the

"File" menu of the FENet, Figure95.

Documentf - Word mahmoud El gendy ﬁn ) —

Insert Design Layout References Mailings Review View Help EndNote X5 Grammarly Q Tell me what you want to do

e
i - | A AT - | A H a
0 Calibri (Body) K & Aa =oiE-% == w8 T nasbeene| asebcene AaBbCc ®
Paste | B I U-sex.x|A-P-A-B===- =-|&-8- TNormal | TNoSpac.. Heading1 |- | Editing Open
© v Grammarly

Clipboard s Font ] Paragraph ] Styles P Sensitivity Grammarly o~
L 'E' V20 40 60 B0 1100 120 o4 1360 180 1200 1220 1240 126 4028 -
N Mehuad 25
N
- -
- . 2|

o~
- O
@ o
N o -
| (R
@ -
2 0

B e
: =
Z —
o
=
o

s
| Fille: €
o
= Fage

-

Page1of 1 Owords [  English (United States) EEl B - ] + 60%

Figure89 Exporting drawing to Word
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Bookl xlsx - Bxcel mahmoud El gendy ﬂb &l

Page Layout Formulas Data Review View Help Teamn Q Tell me '!:_'-;_ Share
C = =
B I U A % % -
L $ Cells | Editing
A P i 08 . .
Clipboard Font Alignment Mumber Styles Sensitivity -~
- Jx
Sestlements [om) -
Le8 284
|
% 137
= 1%
1 — 4l
:=; Iod
= —28
p—
ol )
B
280
pan )
k)
288
242
pd -
Length &= 16549 [m]
GEOTEC Software Inz
Tithe: Analysis of a raft with straight and cusved borders
[ase: 15.08.2004
Project: Tutorial Maneal
File:
-
Table 1(1) | Table 1 | @ [ »
Workbook Statistics (&Accessibility: Investigate H m - 1 + G

Figure90 Diagram from ELPLASection in MS Excel
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Method (6) (Layered soil model)
Moadulus of Compressibility (Iteration)

. 1866[cm]

. 1643[cm]
B -<oen

0.974[cm]

Settlements s [cm]
Max. s = 3.757 at node 211, Min. s =0.862 at node 9

GEOTEC Software Inc
PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Scale 1:115 Title: Analysis of irregular raft on irregular subsoil
File: Example Date: 14-06-2003
Page No.: Project: Example

Figure91 Drawing can be copied directly from ELPLA
B oo R@EaE hE R a9 ™| EPLA- [Curvedraft] - o x

FE-Met Data Edit FE-Met Setting View ~ 0

@ E‘ Slab Corners iﬁ;Node Coordinates @Opening Corners QZoom In @Zoom Window /'Zoom Upper Right l/ Zoom Lower Left m » r!n

[P Opening Corners &% Connectivity Nodes @Refarences QZoom out g Move . Zoom Upper Left ¢
FE-Met Undo Redraw  Close
Generation = [EP Reference Corners %:‘ Slab Corners @ Original Size Zoom % | 206 = | ™, Zoom Lower Right
FE-Met Generation Graphically In table Window Undo Refresh Close
~

€ >
x[m]=2079 y[m]=060

Figure92 Finite element mesh to be imported into DR&rmat
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Figure93 FE-Net is imported into AutoCAD from a DXxHle

Figure94 Finite element mesh required to be in 3ADFAEB& Mat
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