Example 2

Analysis of a slab floor



ELPLA-Tutorial

Content

1

-2.2-

11
1.2
13

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Page

Description of the Problem............ooriii e 3
(o= 1o ES3R= T [o Bo 10 41=T 0 70 L= PSP 3

S F= Lo I T 1 (T - 1 P 4

YN P VST ISIR= T (o B oo Tod =3 (=T (=S o | o PSS 4
Creating the PrOJECL. .. ... i eeeei e eeme e e e e e et et smmme e eeannnes 4
Calculation METhOU.........ooiiiii e ee e e rrneeeeeeeesd 4.

L (o T T=T o L= o 3o 11T o S 9

L e N = | = PP PPRPRRPPPPPN 9
LT o [T 16
Supports/ Boundary CONAItIONS..........ceeeeiiiiiieiiiieeer et e e e e e s arees e e e e e e e eeeeeaeeeeaan s anrennnnns 21

I F= Lo TN (0] o 1= (- 27
ReINfOrCEMENDALA.........veii e a e 29
0 = Vo SRRt 31
Carrying out the CaldatioNS. ............ciiiiiiiii e eeeeeeee e 35
Viewing data and reSUM............uiiii i eree e ———— 37
0 1= 39



Example2

1 Description of the problem

An example of a slab floor with girders is selected illustrate some features &LPLA
for analyzing slab floors.

1.1 Loads and dimensions

The slab floor has a thickness of 10 [cm] and carries uniform ladtisdifferent intensitiesas
shown in Figure 2.1 All girders have the same dimensions of 15 [cm]60 [cm].
Own weight of the girdeis 1.875 [KN/m].

|
|
3.00 | P,=3.5 [KN/nf]
|
|
|

6.00 [m]
B +— = —. - — - — (B
0.94 | | |

0.06' 3.94

o

Figure2.1 Dimensions of the slab with loads

-2.3-



ELPLA-Tutorial

1.2 Slab material

Material of the slab isoncrete (C 30/37) that has tledldwing parameters

Young'smodulus otheconcrete  Ep =3.2x 10" [KN/m?
Poisson'satio oftheconcrete Vb =0.20 [-]
Unit weight oftheconcrete o) =25 [KN/m?]

Shear modulus dheconcrete Gb=0.5E(1+vp) =1.3x10" [kN/m?
1.3 Analysis and concrete design

The concrete sections are designed according to EC2 code for the following parameters:

Concrete grade C 30/37

Steel grade BSt 500

Characteristic compressive cylinder strength of condgete = 30 [MN/m?]
Characteristic tensile yield strengthrefnforcementyx =500 [MN/m?]
Partial safety factor for concrete strenggh =15 [-]
Design concrete compressive strenfgikr foi/ oc =30/1.5=20 [MN/m?]
Partial safety factor for steel strength =1.15 [-]

Design tensile yield strength of reinforcing stgek fyi/ 2s = 500/1.15 = 435 [MN/m?]

This Tutorial Manual will not present the theoretical background of modeling the problem.
For more information concerning the method of analysis, a complete referencenferical
calculation methods welldocumented n t he Us &tPBAs Gui de of

2 Creating the project

In this section,the user will learn how to create a project for analyzing a slab floor. The example
will be processedraduallyto show the possibilities and abilities of the program. To enter the data
of the example, follow thmstructions and steps in the next paragraphs.

2.1 Calculation Method

To create the projecstart theELPLA and choose "NewProject’ command from "File" menu.
The "CalculationMethod wizard appearsFigure 2.2 As shown inthis Figure, he first form
of the wizard is théAnalysis Type' form.
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Calculation Method

Analysis Type:

F B

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

o &

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

Calculation method:

[7] Free vibration

[_Hep |

Figure2.2 "CalculationMethod" wizard with "Analysis type" form

In the "AnalysisType' form in Figure 2.2 define he analysis type of the probleds the analysis
type is a slab floor problem, select "Analysis of sfldor”. Then click "Next" button to go to
the next formThe next form is the "SysteBymmetry', Figure 2.3

In this form

Choose "Unsymmetric&ystem"
Click "Next" button
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Calculation Method

System Symmetry:

Unsymmetrical System

@

Symmetrical System About x-axis

B
Symmetrical SystemAbout y-axis

[ Save As... ] [ Cancel ] [ < Back ]

Figure2.3 "SystemSymmetry" form

The last form of the wizard assistant contains the "Ogtidist, Figure 2.4 In this list,
ELPLA displays some of the avable options corresponding to the used numerical model,
which differ from model to other.

In this list
Check "SupporfsBoundaryConditions" check box
Check "SlabVith Girders" check box

Check "Concret®esign' check box
Click "Save" button
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e

Options:

,/Slab With Girders

[ ,5“ Addtional Springs

A, Supports/ Boundary Conditions

D ]fDetermining Limit Depth

E Concrete Design

]  Nonlinear Subsail Model

[[] Determining isplacements in Soil

D Determining Stresses in Soil

D Determining Strains in Soil

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

] Select All

NEar analysis or [

Cancel ]

Figure2.4 "Options" list

After clicking "Save" button, the "Save"atialog box inFigure 2.5appearsin this dialog box

Type a file name for the current project in the file name edit boxeXample type "Floor".
ELPLAwiIll use automatically this file name in all reading and writing processes

Click "Save" buttorto complete the dmition of the calculation method and the file name of
the project

ELPLAwi | | activate the nDatao Tab. I n additi ol
will be displayed instead of the word [Untitled] in tBEPLAtitle bar,
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Save As

23]

@D?J . & Tutorial

» 2-5Slab floor

- | 3 | | Search 2-5lab floor

ol

Organize -

@ Documents -
dﬁ Music

[ Pictures

B videos I

m

#4 Homegroup

Lol Computer
£, Local Disk (C:)
e Text (D)

-

Mew folder

Mame

Date modified

Mo iterns match your search,

4|

T

== - (7]

Type

File name: Flood

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

“« Hide Folders

Figure2.5 "Save as" dialo@pox
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2.2  Project Identification

To identify the project choose "Projdctentificatio’ command fronfi D a Tab drhe dialog box
in Figure 2.6appears.

In this dialog box

To describe theroblem,type the following line in the "Title" edit box:
"Analysis of a slab floor"

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

Type "dab floor" in the "Project” edit box

Click "Save" buton

Project Identification [ﬁ,l
Project Identification:
Title Analysis of a slab floor
Date 13/05/2021 -

Project  glab floor

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

Figure2.6 "Projectldentification” dialog box
2.3 FE-NetData

For the given problem, the slab has irregular shape and is divided»ocefements. Element size
in both x- and y-directions is 1.0 [m] as shown iRigure 2.1 ELPLA has different procedures
for defining the same problem. The easy procedure to define tHéeFBf this slab is generating
a mesh for the entire area fiestdthen removing the unnecessary nodes to get the slab shape.

To define the FENet for this slab, choose "FEet Data" command fronfi D a t a.dhe TREMNet
Generation" wizard appears as showrfFigure 2.7 This wizard will guide you through the steps
required to generatine FE-Net. As shown irFigure 2.7 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 constant sizexndmatirdirections.
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To generate the FEet

Choose the rectangular slab option in the "Sige" options
Type 7 in the "Length dRectangulaSlab" edit box

Type 6 in the "Width oRectangulaSlab” edit box

Click "Next" button to go to the next form

i )

FE-Met Generation

Slab Type:
Rectangular Slab:
Length of Rectangular Slab L[m] 7
Width of Rectangular Slab & [m] E—

Figure2.7 "FE-NetGeneration" wizard with "Slalbype" form

After clicking "Next" in the "FENet Generation" wizard, the following "Generatidiypée' form
appears Figure 2.8 ELPLA can deal with various tygeof generation with triangle and or
rectanguhr elements.

In the "GeneratioMype" form

Choose rectangular elements
Click "Next"
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FE-Met Generation

Generation Type:

Ea N B
-+ - -

L e
B SR EE
_*__

RO

A s

E_

[ Cancel H < Back ][ Next = ]

Figure2.8 "GenerationlType" form

After clicking "Next" button in "Generation Type' form, the following "Grid Definition"

dialog box inFigure 2.9appears with default values of constant element size.
In thisdialog box
In "Grid in x-direction" frame, type 7 in the "No. of gridtervals' edit box

In "Grid in y-direction" frame, type 6 in the "No. of gridtervals' edit box
Click "Finish" button

ELPLAwill generate a FENet for a rectangular slab of 7 [m] length and 6 [m] width with square
elements of 1.0 [m] each side. The followinmdow Figure 2.10appears with the generateetn
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FE-Met Generation

Grid Definition:
Grids in x-direction:
Constant grid interval

Mo. of grid intervals 7 =
Grid Interval Dx [m] 1.000
Grids in y-direction:

Constant grid interval

Mo.of grid intervals ] =

Grid Interval Dy [m] 1.000

e ) <o ]

Figure2.9 "FE-NetGeneratioti dialog box
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B S BEEEER Y = | ELPLA - [test2] | [ |
FE-NetData = EditFEMet  Setting  View (]
E [P stab Comne: {4, Node Coordinates Bl Opening Come (), ZoomIn (8}, Zoom Window 7 Zoom Upper Right " Zoom Lower Left 5 E
[E® Opening Corne «% Connectivity Nodes 5 References () Zoom out (3 Move "\, Zoom Upper Left -
FE-Net ) o N Redraw | Close
EoEaiine [P refe B siab come (B, original Size  Zoom % 100 - | %, Zoom Lower Right
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6.000
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| | | | | |
| | | i | |
| | | | | |
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x[m]=9475 y[m]=2480

Figure2.10 Imaginary net of a rectangular area

Deleting nodes from the FENet

To select the unnecessary nodes, that are required to be removed from the net, first choose
"SelectNodes" command from thiedit FE-Net' menu(Double click anywhere wilalso activate

the select nodes modejvhen "SeleciNode$s command is chosen, the cursor will change from

an arrow to a cross haif.any node is selecteché commandDelete' in the "Edit FE-Net' menu

will be enabled, indicating the mode in which is being operated. Next, select the required nodes
by clicking on each node individually or selecting a group of nodes as showigure 2.11

A group of nodes can be selected by hajdime left mouse button down at the corner of the region.
Then, drag the mouse until a rectangle encompasses the required group of nodes. When the left
mouse button is released, all nodes in the rectangle are selected.
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H o0 REZ EE K 2 20 ™= [EPLA-[Foor o (5T e
FE-NetData | EditFE-Net Setting  View L7
-g1- Select Nodes | &, Select Object 4 Select Pointin Object | Ratate 4 Fiip vertical I3 Group Edit Comners BB} Merge Nets
¥ Delete B Select All J Edit Object ) Rotate Right90° 4 Flip Horizontal 17 Ungroup B Copy B spiit Met
+-Add Nodes  +}+ Move & Edit Node (D Rotate Left90° [ ] Free Transform fe Using Formula 8% Refining Mesh {8 origin Coordinates
Editing Arrange
oo 0.000 1.000 2.000 3.000 [4.000 5.000 /6.000 7.000 ‘a.uuu | ‘q.uuu 10.000 -
£.000
! ! ! ! ! !
| | I I I I
I I | | | |
| | I I I I
5.000 | | 1 1 1 1
_ I, R e B B B R B
! ! ! ! ! !
I I i i i i
I I i i i i
I I i i i i
4.000 i i i i i i
i I, I [ B B B R B
| ! ! ! ! !
I I i i i i
I I i i i i
I I i i i i
3.000 | | | 1 1 1
~ I, I [ B I B B N B
| I ! ! ! !
— | | i i i i
| | i i i i
| | i i i i
2000 : : H H H H
7 I, I [ B B B R B
| ! ! ! ! !
| | i i i i
| | | | | |
I I | | | |
: - | | | 1
| I | | | |
| | | | | |
| | | | | |
0.000 ! |
fi=1 fm=] fm=] == L L L
s = = =
< = +

x[m]=8370 y[m]=2765

Figure2.11 Generated FilNet after selectinghe unnecessary nodes

To remove the selected nodes, chotd3elete' commandfrom "Edit FENet' menu The action of
this command isndicated inFigure 2.12To leave thgraphic mode, press "Escék
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B! S RFEFERER T )0 (™M = | EPLA-[Foor ol
FE-NetData | EditFE-Net Setting  View @
-3~ Select Nodes| 75, Select Object 4 Select Point in Object Rotate 4 Fiip vertical  I37Group & Edit Corners B Merge hets
¥ Delete IS selectAll 7 Edit Object zontal I Ungroup B copy B spiit et
+- Add Nodes love & Edit Node sform e Using Formula {§ Refining Mesh {E Origin Coordinates
Editing Arrange

ooo 0.000 1.000 2.000 3.000 14.000 5.000 6.000 7.000 ‘S.UUU | ‘E.UUU 10.000 -

6.000

5.000

4.000

3.000
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1.000

]
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< v
x[m]=8.360 y[m]=4415

Figure2.12 Final FENet after deleting the unnecessary nodes

After finishing the generation of the A¥et, do the following two steps:

Choose "Save" command from "File" menu iRigure 2.12 to save the
data of the FENet

Choose Closé command from "File" menu ifrigure 2.12t0 close "FENet" Window and
return toELPLA main window
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2.4 Girders

To define the girders choost&irders' command from i D a tTabo The following Window
in Figure 2.13ppears.

B SO R HE K = | ELPLA - [Floor] =|ET)
Girders Setting 7]
~ : (A ), Zoom In @, original Size Y
d | 3 remove Girders / Girder Groups m d @&
Bx Girders |—1 = (=) Zoom Out Zoom % 100 - - L_'ﬂ
Sendto Copy | View Cartesian Redraw | Close
Girde ¥ Add Girders Word Grouping  Grid (&) Zoom Window
Graphicall In table Sending options Nindow Refresh
5
------------- +------------1—------------1:-------------1-------------1—-------------1-------------
L3
X[m]=851 Y[m]=393
H n H n H
Figure2.13 "Girders"Window

To enter the cross section of the girders

Choose"Girder Groups command from Ih tablé' menuin Figure 2.13 The following
option box inFigure 2.14appears

In this option box, select the option of cross section definition. Although the cross section
of the girder must be defined whether it is T or L girder typefdonusimplicity a rectangular

cross section is chosen in this example to define the girder cross section
Click "OK" button
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[—
Cross section definition

Cross section definition:

@ Rectangular cross sedion ok
i) General cross section
Cancel
(7 Create a new element group as TfL-girder
Help

(I—

Figure2.14 "Cross section definition" option box

After clicking "OK" button in the "Cross section definitiomption box, the following ikt box
in Figure 2.15appears.

In this list box

Enter the material propertied the girder, cross section dimensions and the girder weight
as indicated irFigure 2.15 This is done by enting the value in the corresponding cell
and pressEntet' button

Click "OK" button

r
Girder Groups ! E@ﬁ
i Bl
E-Modulus  G-Madul Height Width Girder ’ ok ]
Group of girder of girder of girder ofgirder  weight =
No. E G h b pb
[kim2] [kM/m2] [m] [m] [k /m] ’ Cancel ]
1 32000000 13000000 0.60 0,15 1.8?5[
’ Insert ]
[ Copy ]
’ Delete ]
T
’ Send to BEucel ]
’ Paste from Excel ]
| He
;

Figure2.15 "Defining girder groups" list box
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Defining the girder locations on the net

Defining girder location®n the net may be carried out eitheagnically or numerically (in a table)
In the currenexamplethe user will learmow todefine girder locations on the net graphically.

To define the girder locations on the net graphically

Choose "Add Girders" command from the Graphically menu in Figure 2.13

When "AddGirders' command is chosen, the cursor will change from an arrow to a cross hair
Click the left mouse button on the start node of the first girder. Then drag the mouse until
the end node of thajirder Figure 2.1$ and click on the end node. The "Girder elements”
dialog box inFigure 2.17appears

==l S REG R RER WY (M < | ELPLA - [Floor] o o[ S
\e K-’ N / Girder Groups | (8 Zoomn Zoom Win " Zoom Upper Right /" Zoom Lower Left m ) E
B Girders (&) Zoomout 3T Move ™. Zoom Upper Left -

Undo-Girder Redraw | Close

irders B hdd Girders (), Original Size  Zoom % 100 - |, Zoom Lower Right Groups -

000 0.000 1.000 2.000 |3‘uuu | |4‘uuu |5‘uuu |a.uuu ‘muu ‘a.uuu 5.000 10.000 -
6.000
! ! ! ! ! !
| | | | | |
! ! ! ! ! !
| | | | | |
5.000 | | 1 1 1 1
I A S J A B B B A A B
! ! ! ! ! !
| | | | | |
! ! ! ! ! !
| | | | | |
4.000 i i i i i i
i A S J I B B B . B
! ! ! ! ! !
| | | | | |
! ! ! ! ! !
| | | | | |
3.000 | | I I 1 1
i A A J A B B A B A A B
! ! ! ! ! !
| | | | | |
! ! ! ! ! !
| | | | | |
2.000 : : H H H H
I A S J A B B B A B
! ! ! ! ! !
| | | | | |
| | | | | |
— ! ! L : :
| | | | |
1.000 : i ; H % %
I I
| |
| |
0.000
— L L
4 ]

x[m]=3780 y[m]=1385

Figure2.16 Add girderby mouse

In this dialogbox, click "OK" button.
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il |
Girder elements I&

:

Start from node Nao. [[1 22
End atnode No. [[1 25

ok ] [ concel |

Figure2.17 "Girder elements” dialog box

Now, the first girder is defined as showrFigure 2.18Note thatELPLA has typed automatically the
girder type on it indicating the No. of girder group

B O REE S R Y ™= | EPLA-[Foorl] SN x
Girders Setting View (7]
i +) &) »
~ K-Remmc"dm / Girder Groups | &) ZoomIn (&) Zoom Window ' Zoom Upper Right ~ Zoom Lower Left n ‘: L—d
B~ Girders () Zoom out B Move R\, Zoom Upper Left
Edit Undo-Remove | Redraw | Close
Girder B add Girders (@) original Size  Zoom% 100 - | ™\, Zoom Lower Right ergo
Graphically In table Window Undo Refresh | Close
| | |u.uu 1.00 2.00 3.00 ’wu Hs‘uu |a‘uu 7.uu| -
6.00
| | | | | |
| | | i | i
| | | i | i
| | | i | i
5.00 . ! ! H ! H
- ——————————— S SR - B Al S J SR —— .
| | | | | |
| | | i | i
| | | | | |
| | | i | i
4.00 : : : :
— ———————e - A d e A N -
— | | | | | |
i i i i i i
| | | i | i
| | | i | i
3.00 ! . ' :
— ————— e A A . A e -
| | | | | |
| | | | | |
I I I i I i
| | | | | |
2.00 | | i !
— ———— e e e e e e -
| | | | | |
I I I i I i
I I I i I i
| | | i | i
1.00 ; : : ;
— 1 [ P Ao B
| |
I |
I i
| 1
0.00 |
E— L 1

Figure2.18 First girder

Repeat the previous steps to add tbmaining girders on the net. After you have completed
the definition of all girders, the screen should look like the follovFlggire 2.19
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B! S PEFEREK ¥ (M = | ELPLA - [Floor] =) 8|
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Figure2.19 Girders

After entering all data and parameters of girders, do the following &ps st

Choose "Save"amnmandrom "File" menu inFigure 2.190 save the data of girders
Choose Closé commandfrom "File" menu inFigure 2.1%o close the "GirdersWindow

and return t&eLPLA main window
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2.5  Supports/ Boundary Conditions

In general, columns under the slab are considered as rigid supports. These supports are defined
by the "SupportsBoundaryConditions command.To define supportshoose'Support¢ Boundary
Conditions commandrom i D a Tad. dhe followingTabin Figure 2.20appears.

B! S PEFEREK = | ELPLA - [Floor] o (5T e
Supports/ Boundary Conditions | Setting  View @
. Remove Sup Conditions | il Column Types (¥} ZoomIn (&), Zoom Window " Zoom Upper Right /" Zoom Lower Left 5 E
B, node restraints | (5} Zoom Out 3 Move "\, Zoom Upper Left -
Redraw | CI
(), original Size Zoom % 100 - | ™ Zoom Lower Right
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| | | | | |
I I i i i i
| | | | | |
3.000 | | 1 1 1 1
i A A J A B B A B A A B
! ! ! ! ! !
| | | | | |
| | i i i i
| | | | | |
2.000 : : H H H H
I A S J A B B B A B
! ! ! ! ! !
| | | | | |
| | | | | |
| | | | | |
1.000 i i ; H % %
I I
| |
| |
0.000
— L L

‘
x[m]=10495 y[m] = 4190

Figure2.20 "Support$ BoundaryConditions"Window

ELPLAcan display girders, supports, loads, etc. in one view together. The advantage of this option
is that the user can control easily locations of supports or loads arttivehen entering the rest
of the data.

To view the girder on the FEet when defining the other data
Choosée'View Grouping” commandn fiViewo menuin Figure2.2Q The "View Grouping"
check group box ifrigure 2.2lappears

In this check group box, check "Girdgysteni check box
Click "OK" button

-2.21-



ELPLA-Tutorial

-

View Grouping

Selectitems to display

Girder system

Select All

Figure2.21 "View Grouping" check group box

After clicking "OK" in the "View Grouping" check group bgxthe screen should look like
the followingFigure 2.22

Bl 050 REE S TE K ® o0 ™= [ELPLA-[Floo] T
Supports/ Boundary Conditions  Setting  View L7
B Combination From Many Projects W J Eﬁ i Jree e
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T T T
! ! | i | |
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| | | | | |
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| | | i | |
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Figure2.22 Girders in the window of the "SupparBoundaryConditions Window
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Defining supports on the net

Defining supports orboundary conditions on the net may be carried out either graphically
or numerically(in a table). In the currenéxample,the user will learrhow to define supports
on the net graphically.

To define supports on the net

Choose "SelecNodes" command fromiSupports BoundaryConditions Tab in Figure 2.22
When "SelecNodes" command is chosen, the cursor will change from an arrow to a cross hair
Click the left mouse button on negithat have supports as showrrigure 2.22

After selecting nodes ofupports, choose "Addupports Boundary Conditions
command from'Graphically menu(Figure 2.22. The "Supports/ Bounda@onditions"

dialog box inFigure 2.24appears

In this dialog box

Type 0 in the "Displacememt” edit box to define a rigid support
Click "OK" button

ELPLA can calculate the punching stresses due to reactions of column supports. In this example,

data corresponding to columnmnsions are not required. Therefore, the user can take these data
from the default column dimensions and consider all supports have column type 1.
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Figure2.23 Selection of nodes that have supports
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il - |
Supports/ Boundary Conditions @
ey
Mode restraints:
Column Types []
Displacement w[cm] 0
Rotation Thetax [Rad] F
Rotation Theta y [Rad] F
Column label CZ g1
o) Cone) (o
B
W
B |
W I r)

Figure2.24 "Supports/ BoundarZonditions" dialog box

After you have cormpleted the definition of the supports, the screen should look like the following
Figure 2.25
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Figure2.25 9 Supports on the screen

After entering supports, do the following two steps:
Choose "Save"ammandrom "File" menu inFigure 2.230 save the data of supports

Choose Closé¢ commandfrom "File" menu inFigure 2.23to close the "Supports/
BoundaryConditions"Window and return t&eLPLA main window
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