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Analysis of plane frame
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1 Description of the problem

An example for analyzing a plane frame is selected to illustrate some features of ELPLA for
analyzing frames.

1.1 Loads and dimensions

The frame is shown in Figure 7-1. All frame members have cross section dimensions of 0.2 [m]
* 0.5 [m]. Geometry of the frame and loads are shown in Figure 7-1.
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Figure 7-1  Geometry of the frame and loads

1.2 Frame material

Material of the frame has the following parameter:

Young's modulus Enb, =2*107 [KN/m?]

1.3 Analysis of the frame

It is required to analyze the plane frame. 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 numerical calculation methods are well documented in the User’s Guide
of ELPLA.
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2 Creating the project

In this section the user will learn how to create a project for analyzing a plane frame example.
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 methods" wizard appears, Figure 7-2. The wizard will
guide you through the steps required to create the system data of the project. As shown in Figure
7-2, the first form of the wizard is the "Analysis type" form.

Calculation methods

—Analyziz bpe:
Analyziz of zlab foundation Analyziz of slab floor Analvsis of plane frame

b &

Analysiz of syztem of many slab

foundations Analyzis of grid Analyzis of plane stress
Load... |
Help | Save bz, | LCancel | < Each | Ment » | e |

Figure 7-2  "Calculation method" wizard with "Analysis type" form

In the "Analysis type" form in Figure 7-2, define the analysis type of the problem where ELPLA
can deal with different structural systems. As the analysis type is a plane frame problem, select
"Analysis of plane frame". Then click "Next" button to go to the next form.

The next form is the "System symmetry" (Figure 7-3). In this form

Choose "Unsymmetrical system"
Click "Next" button

The last form of the wizard assistant contains the "Option" list, Figure 7-4. In this list, ELPLA

displays some of the available options corresponding to the used numerical model, which differ
from model to other.
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In this list

- Check "Supports/ Boundary conditions™ check box
- Click "Save" button

Calculation methods

-

Unsymmetrical syztem

ﬁ

— Spstem spmmetny:

Symmetrical system about =-axis Double-zymmetrical system
.
Symmetrical system about v-axis Anti-zymmetrical ystem in x-axis

Help | Save fs... | Cancel | < Back | Save
Figure 7-3  "System symmetry" form
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[ i Comcrete design
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7 Select &l
Help | Save bz | Cancel | < Back et Save

Figure 7-4  "Options" list

After clicking "Save" button, the "Save as" dialog box appears, Figure 7-5.
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In this dialog box

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

Click "Save" button to complete the definition of the calculation method and the file
name of the project

ELPLA will activate the "Data™ menu. Also the file name of the current project [Frame] will be
displayed instead of the word [Untitled] in the ELPLA-Data title bar.
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File name: | Frame Save I
Save as type: [|solated slab foundationfiles [*POT) =l Cancel |

Figure 7-5  "Save as" dialog box
2.2  Project identification

To identify the project, choose "Project identification” command from "Data" menu of ELPLA-
Data. The dialog box in Figure 7-6 appears.

In this dialog box

Type the following line to describe the problem in the "Title" edit box:
"Analysis of a plane frame"

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

Type "Frame" in the "Project" edit box

Click "Save" button

Project identification

Project identification:

Title |.&na|}lsis of a plane frame
Date  |Dierstag, 31. Jaruar 2008 =l
Froject |frame{

Save | LCancel | Help | Load... | Save bz |

Figure 7-6  "Project identification" dialog box
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2.3 FE-Net data

To enter the frame geometry, an imaginary net must be first defined with suitable dimensions
and then the frame is entered lately by connecting the corresponding nodes on the net that define
the frame shape. To define the net for the frame geometry, choose "FE-Net data” command from
"Data" menu. The "FE-Net generation” wizard appears as shown in Figure 7-7. This wizard will
guide you through the steps required to generate the FE-Net. The first form of the wizard is the
"Slab type" form, which contains a group of templates of different shapes of nets (Figure 7-7).
These net templates are used to generate standard nets that have constant size in both x- and y-
directions.

To generate an imaginary net

In the "Slab type" options, choose the rectangular slab option to create an imaginary net
of a rectangular area

Type 10 in the "Length of rectangular slab™ edit box

Type 5 in the "Width of rectangular slab" edit box

Click "Next" button to go to the next form

FE-Het generation

— Slab type

o ® 0

— Rectangular slab:

Length of rectangular zlab
? ? Lim  [f0

Width of rectangular slab
. Blnl |5

Help | Cancel | < Hack | Mewut » | sk |

Figure 7-7  "FE-Net generation™ wizard with "Slab type" form

After clicking "Next" in the "FE-Net generation” wizard, the following "Generation type™" form
appears, Figure 7-8. ELPLA can deal with various types of generations with triangle and/ or
rectangular elements.

In this form

Choose rectangular elements
Click "Next"

-7
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— Generation type

e A IR | B B e
- - - A - N L T K-t - % -+ -3
oo P
AR | | R
Help | Cancel | < Back | Mewut » sk
Figure 7-8  "Generation type" form
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After clicking "Next" button in "Generation type" form, the following "Grid definition" dialog

box in Figure 7-9 appears with default values of constant element size.

In this "Grid definition" dialog box

Type 10 in the "No. of grid intervals™ edit box for grids in x-direction
Type 5 in the "No. of grid intervals” edit box for grids in y-direction

Type 1 in the "Grid interval Dx" edit box
Type 1 in the "Grid interval Dy" edit box
Click "Finish" button

ELPLA will generate an imaginary net for a rectangular area of 10 [m] length and 5 [m] width
with square elements of 1.0 [m] each side. The following embedded program in Figure 7-10
appears with the generated imaginary net.

FE-Het Generation

— Gnd definitian:

— Ginids in w-direction:
[¥ Constant grid intersal
Mo of grid intervals |1 0 :Il
Grid interval Dx [ri] |1‘|:||:|

— Gnids in p-direction:
[¥ Constant grid intersal
Mo. of grid intervals |5| :l|
Grid interal Dy [ri] |1‘|:||:|

Help | LCancel | < Back | et | Finish
Figure 7-9  "FE-Net generation" dialog box
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Figure 7-10  Imaginary net of a rectangular area on the screen

After finishing the generation of the imaginary net, do the following two steps:
Choose "Save FE-Net" command from "File™ menu in Figure 7-10 to save the data of the
imaginary net

Choose "Close FE-Net" command from "File"™ menu in Figure 7-10 to close "FE-Net"
embedded program and to return to the main window of ELPLA-Data

2.4 Girders

To define the frame members, choose "Girders" command from "Data"” menu of ELPLA-Data.
The following embedded program in Figure 7-11 appears.
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Figure 7-11  "Girders" embedded program
To enter the cross section of the girders
Choose "Girder groups™ command from "In table™ menu in Figure 7-11.

The following option box in Figure 7-12 appears
In this option box, select "Rectangular cross section™

Click "OK" button
Crogs section definition E
Cross section definition:

* Fectangular cross sectior
LCancel |

= General crozz section

" Create a new element group as T/L-girder Help |

Figure 7-12  "Cross section definition” option box

After clicking "OK" button in the "Cross section definition” option box, the following list box in
Figure 7-13 appears.

In this list box
Enter the material properties of the girder, cross-section dimensions and the girder weight
as indicated in Figure 7-13. This is done by entering the value in the corresponding cell

and press "Enter" button
Click "OK" button

7-10



Group | EModulus | Height | 'Width | Gider :
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i 2E+07 050 020 000 st |
Copy |
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Hew |
Help |
Excel |

Figure 7-13  "Defining girder groups" list box

Defining the girder locations on the net

ELPLA-Tutorial

Defining girder locations on the net may be carried out either graphically or numerically (in a
table). In the current example the user will define 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 7-14. When
"Add girders” 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 and drag the mouse until
the end node of that girder (Figure 7-14). Then, click on the end node. The "Girder

elements” dialog box in Figure 7-15 appears

7-11
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Figure 7-14  Add girder by mouse
In this dialog box

Select the group No.
Click "OK" button

Girder elements X |
Group M. [-] |1 vl
Start from node Mo, [-] |1
End at node Mo [-] |28

Cancel | Help |

Figure 7-15 "Girder elements” dialog box

Now, the first girder is defined as shown in Figure 7-16. Note that ELPLA has typed
automatically the girder type on it indicating the No. of girder group.
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Figure 7-16  First girder on the screen

Repeat the previous steps to add the remaining girders on the net. After you have completed the
definition of all girders, the screen should look like the following Figure 7-17.

== ELPLA-Data - [Frame] - [Girders] HEE
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Figure 7-17  Girders on the screen
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After entering all data and parameters of girders, do the following two steps:

Choose "Save girders" command from "File" menu in Figure 7-17 to save the data of
girders

Choose "Close girders" command from "File" menu in Figure 7-17 to close the "Girders"
embedded program and to return to the main window of ELPLA-Data

2.5  Supports/ Boundary conditions

To define supports, choose "Supports/ Boundary conditions™ command from "Data” menu of
ELPLA-Data. The following embedded program in Figure 7-18 appears.

g ELPLA-Data - [Frame] - [Supports/ Boundary Conditions] MEE
: File Miew Graphicaly Intable Options  Fomat  indow  Help vil
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Figure 7-18  "Supports/ Boundary conditions" embedded program

ELPLA can 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 on the net when entering
the rest of the data. In the case of analysis of girder problems, ELPLA displays girders during
input of other data. As shown in Figure 7-18, girders are drawn with the actual thickness.

To view girders as simple lines

Choose "Plot parameters” command from "Options™ menu. The "Plot parameters™ dialog
box in Figure 7-19 appears

In the "General plot parameters™ tab, uncheck the "Draw thickness" check box in the
"Girder systems" dialog box

Click "OK" button
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Plot parameters:

General plat parameters | Soil plot parameters I

— General plot parameters r— Girder systems

[~ Display node numbering ¥ | Colar giiders

[~ Dizplay coordinates wiy

[~ Dizplay element numbering

r— Cartesian grid

Dizpl I I . . .
B gl sty gz [+ Dizplay cartesian grid

Dizplay FE-Met i ted el £ ) .
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— Element aroups: — Shap:
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" Snap to cartesian arid

" Snap to node

Ok | Save | LCancel | Help |

Figure 7-19  "Plot parameters™ dialog box

After clicking "OK" in the "Plot parameters™ dialog box, the girders are drawn as simple lines as
shown in Figure 7-20.
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Figure 7-20  Girders are drawn as simple lines
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Defining supports on the net

Defining supports or boundary conditions on the net may be carried out either graphically or
numerically (in a table). In the current example the user will learn how to define supports on the
net graphically.

To define the fixed support

Choose "Select nodes™ command from the "Graphically" menu in Figure 7-20. When
"Select nodes” command is chosen, the cursor will change from an arrow to a cross hair
Click the left mouse button on nods that have the fixed supports as shown in Figure 7-21
Choose "Add boundaries™ command from "Graphically" menu in Figure 7-21.
"Supports/ Boundary conditions" dialog box in Figure 7-22 appears

g ELPLA-Data - [Frame] - [Supports/ Boundary Conditions] HEE
: File Miew Graphicaly Intable Options  Fomat  indow  Help v,ﬁl
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=
Kl | i
[#[m]=843 y[m]=-055 09.06.05 | 21:40

Figure 7-21  Selection of fixed support node

In this dialog box
Type 0 in the "Displacement u™ edit box to define the horizontal supports
Type 0 in the "Displacement w" edit box to define the vertical supports

Type 0 in the "Rotation Theta" edit box to define the moment supports
Click "OK" button
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— Mode restraints:
Dizplacement u [cm)] ID—
Dizplacement 1 [om) ID—
Rotation Theta [Rad] ID—

Ok LCancel Help | < Less |

Figure 7-22  "Supports/ Boundary conditions" dialog box

To define the hinged support, repeat the steps used to define the fixed support except that the
support is free to rotate. To make the rotation of the hinged support is free, type "F" in the
"Rotation Theta" instead of typing "0".

After you have completed the definition of supports, the screen should look like the following
Figure 7-23.
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Figure 7-23  Supports on the screen
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Defining hinges for frame members

Defining element hinges on the net may be carried out either graphically or numerically (in a
table). In the current example the user will learn how to define element hinges on the net
graphically.

To define the element hinged, choose "Edit hinges” command from the "Graphically” menu in
Figure 7-20. When "Edit hinges" command is chosen, the cursor will change from an arrow to a
cross hair. Double click on the element that has hinges. "Edit hinges™ dialog box in Figure 7-24
appears.

Edit Hinges x|
Hinge types and J Hinge
Start from node Ma. | = |23
End at node Ma. J= |55
Ok | Lancel | Help | << Less |
‘f”,fflfffff?
I
Ele. I-1)

Figure 7-24  "Edit hinges" dialog box

In this dialog box, choose "I and J Hinge" from the hinge types list to define both ends of the
element as hinges. Then click "OK" button.

After you have completed the definition of element hinges, the screen should look like the
following Figure 7-25.
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Figure 7-25  Supports and hinges on the screen

After entering supports and hinges, do the following two steps:
Choose "Save supports/ Boundary conditions” command from "File" menu in Figure 7-23
to save the data of supports
Choose "Close supports/ Boundary conditions” command from "File" menu in Figure 7-

23 to close the "Supports/ Boundary conditions™ embedded program and to return to the
main window of ELPLA-Data

2.6 Loads

To define the concentrated load, choose "Loads" command from "Data" menu of ELPLA-Data.
The following embedded program in Figure 7-26 appears with girders on the net.
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Figure 7-26  "Loads" embedded program

To enter the concentrated load at nodes, choose "Select nodes” command from "Graphically"
menu in the window of Figure 7-26. When "Select nodes" command is chosen, the cursor is
changed from an arrow to a cross hair. Choose a node to be loaded as shown in Figure 7-27.

g ELPLA-Data - [Frame] - [Loads] HEE
S File Wiew [Graphicaly Intable Options  Fomat  Window  Help vﬂ

DEde .4y 8. =%~a_ caaam-da. suwn|@.
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=
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Figure 7-27  Selection of loaded node
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Then choose "Add nodal loads" command from "Graphically” menu, the "Nodal loads™ dialog
box shown in Figure 7-28 appears. In this dialog box, type 100 in the "Load Pv" edit box to
define the vertical nodal load and then click "OK" button. The node should be loaded as shown
in Figure 7-29.

Nodal loads [ x|
~ Modal loads
Load Py [kM] Img
Load Ph [kM] ID,DDD
tarnent M [kM.m] ID,DDD
Ok LCancel Help | << Less |
R
P

Figure 7-28  "Nodal loads" dialog box

g ELPLA-Data - [Frame] - [Loads] HEE
: File Miew Graphicaly Intable Options  Fomat  indow  Help .
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| Definition of lads is ended 09.06.06 | 21:43

Figure 7-29  Vertical nodal load

Another node to be loaded is chosen as shown in Figure 7-30. Choose "Add nodal loads"
command from "Graphically" menu, the "Nodal loads" dialog box shown in Figure 7-31 appears.
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Figure 7-30  Selection of loaded node

Hodal loads E

— Modal loads
Laad P [kM] W
Load Ph [kM] ng—
Moment M [kM.m] W

Ok LCancel Help | << Less |

Figure 7-31  "Nodal loads" dialog box

In this dialog box, type -80 in the "Load Ph" edit box to define the horizontal nodal load then
click "OK" button. The loaded node is shown in Figure 7-32.
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g ELPLA-Data - [Frame] - [Loads] HEE
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Figure 7-32  Horizontal nodal load

To input the uniform distributed load, choose "Edit member load" command from "Graphically"
menu. When "Edit member load" command is chosen, the cursor will change from an arrow to a
cross hair. Double click on the element that has the uniform distributed load. "Edit member load"
dialog box in Figure 7-33 appears. The loaded member is shown in Figure 7-34.

E dit member load x|
Load type ISeIf weight 7|
tember loads p (kM) IED
Start from node Mo, | = |24
End at node Mo, J= hg

LCancel Help | <{ Less |
I N N T R
STTHT T T T I
LR

Figure 7-33  "Edit member load" dialog box
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Figure 7-34  Loaded member

Use the same steps to input the uniform distributed load on the inclined member. After you have
completed the definition of the load data, the screen should look like the following Figure 7-35.
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Figure 7-35 Frame load on the screen
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After finishing the definition of load data, do the following two steps:

Choose " Save loads" command from "File™ menu in Figure 7-35 to save the load data
Choose "Close loads™ command from "File™ menu in Figure 7-35 to close the "Loads"
embedded program and return to the main window of ELPLA-Data

Creating the project of the frame 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, switch 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 in Figure 7-36 appears.

-: ELPLA-Solver - [Frame]

© File Caloulation  “iew Help v;_v
Ry e wt B

| [O1. 0208 [1&3z

Figure 7-36  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. Also, ELPLA will active the "Calculation" menu.
This menu contains commands of all calculations. Commands of the calculation depend on the
analysis type. For the current example, the items, which are required to be calculated, are:

Preparing the calculation
Analysis of plane frame

These calculation items can be carried out individually or in one time.
7-25



ELPLA-Tutorial

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

Analysis progress

Analysis progress menu in Figure 7-37 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.

Analyszis of plane frame E

Solving the syztem of inear equations!

Time remaining = 00:00:01
| =17 from 198 steps =
[[1] | L

Figure 7-37  Analysis progress menu

4 Viewing data and result graphics

To view the data and results of a problem that has already been defined and analyzed graphically,
switch 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 in Figure
7-38 appears. 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.
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= ELPLA-Graphic - [Frame] = |5}
: File “iew Graphic DOptions Fomat  Window  Help YE_Y
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Figure 7-38  Opening screen of the sub program ELPLA-Graphic

To view the results of girders, choose "Beam results" command and then "Distribution of
internal forces (in plane)" command from "Graphic" menu of ELPLA-Graphic. The following
option box in Figure 7-39 appears.

In this option box

Select "Beam-Bending moments Mb" as an example for the results to be displayed
Click "OK" button

Distribution of Internal Forces [in plane]

Select one item to draw

" Beam-Mormal forces N * Beam-Eending moments ME

" Beam-Shear forces Os
" Vertical dizplacements w
" Horizontal displacements u

" Rotation

LCancel

il

= Frame deformation Delta Help

Figure 7-39  Distribution of internal forces (in plane)" option box

The bending moments are now displayed for the frame as shown in Figure 7-40.
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Figure 7-40  Frame bending moments
5 General remarks about two-dimensional frame problems

51 Introduction

This section describes directions of coordinate systems and singes of input actions such as
element loads and nodal loads or sings of results such as reactions, displacements and internal
forces, which are used when modeling two-dimensional frame problems by ELPLA.

5.2  Coordinate systems

There are two different coordinates for two-dimensional frame problems, global coordinate
system and local coordinate system (Figure 7-41). Each of these coordinate systems is used to
describe certain data such as the location of nodes or the direction of loads, displacements,
internal forces and reactions. Understanding these different coordinate systems is essential to the
user to being able to properly define the problem.
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|

5

Local coordinate

&
X

Figure 7-41  System Coordinates

53  Element Loads

As shown in Figure 7-42, ELPLA uses a different vertical direction for defining loads. The
positive value of load means that it is a downward load. Nodal loads are applied on global

coordinates where element loads are applied in three different cases as follows:

Self weight
A vertical uniform load distributed along the length of the element

Snow load
A vertical uniform load distributed along the horizontal projection of the element

Wind load

A uniform load distributed along the length of the element with a direction perpendicular to the
element (local x™ axis)
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Load coordinate

|

P [kN/m]
& [kNm] _HHHHHHH&/X. W kN/]
J j j
"\
i - )
| a) Self weight Ib) Snow load Ic) Wind load

V [kN]

M [kN.m]

RM [kN.m]

i
d) Nodal loads RV [kN] e) Nodal Reactions

Figure 7-42  Cases of element loads, nodal loads and nodal reactions with directions

5.4  Graphical output

Graphical outputs of results such as displacements, rotations and internal forces (bending
moments, shear forces and normal forces) are drawn in locale coordinate.
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