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Introduction
This web application can be used to analyze 2D frames, beams and trusses using the finite element
method. Calculation options are available for both static and dynamic analyses.

Static calculations can be performed according to first- and second-order theories. For dynamic
calculations, eigenvalues and eigenmodes can currently be determined.

The beam element named d2beam can account for shear deformations according to Timoshenko’s
theory. The truss member is a classic 2-node element. For calculations according to first-order
theory, the shape functions used correspond to the solution obtained after solving the differential
equation. Alternatively, the modal functions can also be obtained by assuming a 4-node straight
bending member, whose inner nodes are subsequently condensed [1]. For first-order theory
calculations, the element matrices correspond to the solution obtained from the differential
equation for the Timoshenko beam. The results are therefore exact in this case.

For calculations according to second-order theory, the same shape functions are used. Therefore, the
solutions are approximations, and depending on the magnitude of the normal force in the member,
member divisions are required.

The terms used are based primarily on [1], [2], [3], [4].
Additional features of the program:

= The cross-sectional area of the bars is constant for each element

= The members may have moment, shear, and axial force joints at their ends

= Translation and rotational springs for supports

= The supports can be oriented at any angle relative to the global coordinate system
= Specifying node deformations

Coordinate system and sign definitions

global coordinate system coordinate system for a rotated support
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Definition of signs for rotated supports

Sign of support

Rotated support

Support symbols

A

A O O O O

b c

Support symbols, from left to right

a) fixed support, u=w=0

b) horizontally movable support, w=0

c) clamping, u=w=¢p=0

d) horizontally movable plus rotationally fixed, w=¢=0

e) vertically movable plus rotationally fixed, u=¢p=0

f) only rotationally fixed, =0

Loads

The following loads are possible:

Nodal forces and moments

Trapezoidal line loads on members, in local and global directions, projection

Point loads and moments on a member

variable temperature load

Centric prestress and turnbuckle

Specified node deformations

For second-order theory: member and system imperfection, system imperfection due to the
first natural mode
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Load cases and combinations

Each load must be assigned to a load case. If a weight is specified for a cross-section, the self-weight
of the member is automatically considered as load case 1. It is therefore advisable to use load case 1
for permanent loads.

Calculations according to the first-order and second-order methods are handled differently. In the
first-order method, both individual load cases and combinations are calculated and saved, and can
thus be evaluated separately. The definition of combinations is optional here.

In the second-order method, only the combinations are calculated and saved. At least one
combination must be defined.

The combination matrix contains the multipliers by which the load amplitudes of the individual load
cases are multiplied. A value of 0 or an empty cell means that the load case is not included in the
combination under consideration. In practical applications, the multiplier consists of the partial
safety factor y and the combination coefficient . The load values in the individual load cases are
then derived from the characteristic values.

Dynamics
The number of eigenvalues to be calculated can be entered in the Dynamics tab after selecting the
“dynamic” calculation type in the Main tab.

Translational masses and moments of inertia can be specified for the nodes. The translational masses
are automatically assigned for the x and z directions.

In the Results tab, the Controls panel contains a Dynamics subitem for displaying the mode shapes
and masses. The mode shapes can be animated.

Tab Panel

The tab bar is located at the top of the window and is used to control the activities.

Main System Results Cross-sections Imperfection Combinations Output Pro Info Tables

Tab Main

This tab is used to select calculation types, create a new project, and start the calculation. It also
contains buttons for saving input data and importing existing input data. Project data is saved in
JSON format. JSON (JavaScript Object Notation) is a human-readable, text-based format that can be
exchanged between different operating systems and computers without conversion.

Note: Since a web app runs in the browser, saving on smartphones and tablets is performed as a
download for security reasons. Therefore, the browser always suggests the download directory and
appends .txt to the selected filename. This also applies when the app is installed.

The browser’s sandbox does not allow entered data to be automatically saved to the file system
(security). A user action is always required (clicking a button). On mobile operating systems (Android
and i0S) and Apple macQOS, saving always corresponds to a download.
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A new entry is started by clicking the “Start New Entry” button. This deletes existing entries in the

tables. The “Check Entry” button allows you to review data already entered in the “Graphics” tab

without performing a calculation.

A recalculation is required if the Calculate button is colored blue.

Tab System

In this tab, the static system is entered graphically using a finger, stylus, or mouse, depending on the

available hardware. The buttons for the most common activities are located in the horizontal bar.

The button labeled with the letter A allows additional activities to be displayed in an area on the

right-hand side. This area is normally closed again after a selection is made to save space. On large

screens with sufficient space, the area remains open after clicking the sticker (top left).

Fullscreen

Switches to full-screen mode. This hides the tab bar, providing more drawing
space.

Cancel button: Ends the current entry.

Undo Button: Deletes the last created element (node, member, support, node
load, or element load) and saves it in the internal recycle bin.

Redo Button: Recovers the last item placed in the recycle bin.

Delete button: Deletes a clickable element and saves it in the internal trash
can.

Select button: Click on an existing element. A dialog box will then appearin
which changes can be made.

Node button: Enter node coordinates (x, z) using a dialog box. Note: Entering
nodes is only necessary if a member node does not fall at the intersection of
grid lines.

Edit Node Button: The coordinates (x,z) of existing nodes can be changed here.

Member button: A member is defined by start and end nodes. The following
snapping rules apply: First, existing nodes are searched for within the snap
range (the lengths of the cursor lines indicate the snap range) and the node
closest to the cursor cross is used. If nothing is found, the blue grid points are
used. If nothing is found within the snap range here either, the current position
of the cursor, rounded to 1 mm, is used.

Support button: Entering supports. Note: Supports can only be set at existing
nodes.

Nodal load button: Enter nodal loads. Note: Nodal loads can only be set at
existing nodes.

Element load button: Entering member loads. Note: Member loads can only act
on existing members.

Nodal mass button: Enter nodal masses and mass moments of inertia. Note:
Nodal masses can only be set at existing nodes. They are only considered if the
calculation type dynamic has been selected in the Main tab.

DOODER B EBEEEE§I

Settings button: Here you can configure settings that are useful for graphical
input.
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Reset button: The system is redrawn. Zoom and drag are reset.

Info Button: Opens a dialog box with general information about graphical input.

A menu with additional activities appears on the right side of the screen.

Default cross-section combo box: The cross-section name displayed is used for
FE)CVI | the next member entry. Any number of cross-sections can be defined in the
Cross-sections tab.

I | |

Info Button B

Important information about working with the graphical user interface is provided.
Touchscreen input using a finger

To ensure precise input, the input cursor is positioned next to your finger. Place your finger on the
screen, move the cursor to the desired location, and then lift your finger off the screen. Lifting your
finger here has the same function as clicking the left mouse button. If, as with entering the end of a
bar, further input is required, place your finger back on the screen and move the cursor to the
desired location. Lifting your finger again ends the input. You can change the distance and position
(sign) of the cursor relative to your finger under GUI Settings.

Node input and grid lines

Entering nodes via the dialog box is not mandatory. When entering the start and end points of a
member, the program first searches for an existing node within the snap range (the line lengths of
the cursor define the snap window). If no node is found, the next grid point (intersection of the grid
lines) is selected, provided it lies within the cursor’s snap window. A found grid point is displayed as a
blue rectangle. Otherwise, the cursor’s coordinates are used. The spacing of the grid lines can be
changed under GUI Settings.

Grid area

The grid area, which can be configured in the Settings GUI, is intended solely as a guide for data
entry. Normally, it is set so that the entire system can be displayed within it.

Settings Button £
In this dialog box, you can set preferences that can be changed at any time or saved as presets for
future projects.
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Settings GUI
1 No finger recognition when using a stylus for system input
Do not display units in graph
2 Pen input like finger input
Cursor capture width: 0.25 [m]

Factor for support symbols: 1 []

3 Cursor offset factor for touch (finger) input (at 0, the cursor is
directly under the finger):

Factor for dx: 0 [-]

Factor for dz: |-1 [-]

grid offset grid
4 dx: 1 [m] x 0.0 [m]
dz: |1 [m] =z 0.0 [m]

Initial grid area to be displayed

Xmin -1.0 [m]  Xmax|10.0 [m]

Zmin|-1.0 [m]  Zmax|9.0 [m]
Save selection as default values in browser

ok cancel

Re 1) When this option is selected, touches to the touch surface made with a finger or the palm of
the hand are ignored. Input is only possible using the stylus (or mouse).

Re 2) When this option is selected, the stylus behaves like a finger. The stylus first touches the screen
and is then moved to the target. Afterward, the stylus is lifted until contact is lost.

Re 3) Since the contact area is obscured during finger input, making precise input impossible,
entering dx and dz creates a virtual contact point, represented by a (cursor) cross. In the setting
above, the cursor point is located above the finger. These factors should be adjusted depending on
screen size and resolution.

Re 4) Here, the spacing of the grid lines is defined. With a grid offset of 0, 0 as shown above, the grid
lines pass through the coordinate origin (red and blue arrows). An offset can be used to shift the grid
lines relative to the coordinate origin. The grid points (blue rectangles), which can be snapped to
during input, are located at the intersection of the grid lines.

Tab Cross-sections
A cross-section must be assigned to each member. This is done using the cross-section dialog. Any
number of cross-sections can be defined.

If a value is entered for the weight, the member's self-weight is automatically calculated using the
cross-sectional area and considered as load case 1.

If the value 0 is entered for the shear factor, the beam is calculated as a shear-rigid Bernoulli beam.
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Enter the cross section

Name (unique): R 40x30
Definition of cross-section

Cross-section height: [em]

30 [cm]
b femy
I fem’]
e COI i |
E-module [MN/m?]
specific weight C] [kN/m?] u
Shear coefficient C} [
Poisson’s ratio [
Thermal-coefficient o [1/K]
Axial stiffness factor: [l u

EA = 3.600.000 kN

ok cancel
El = 48.000 kNm?

Picture: Cross-section dialog

Tab Combinations

This table is used to define load case combinations. For each combination, enter the load factors in
the load case columns; these factors are used to multiply the loads of the load cases.

For linear analyses, combinations are optional, since individual load cases are also calculated. For
second-order design, only combinations are calculated; therefore, at least one combination must be
defined.

Combi Comment Ie1 le2

[

1 only Icl
2 1.1%lc1 + 2.3%Ic2 (1.1 2.3

Picture: combination matrix

Tab Results

The Controls panel controls the graphical display of the system and the results. Most options should
be self-explanatory.

For second-order theory calculations with imperfections, only the relative deformations are
displayed under “Deflection”. If you want to see the total deformation including imperfection, check
the “Total Deformation” box under “Options.”

Normally, the equilibrium internal forces are displayed for normal force and shear force (internal
forces in the directions of the undeformed member). If the “Equilibrium Internal Forces” option is
deselected, then for Second-Order Theory, the rotation of the cross-section is considered and the
design internal forces are displayed.

Tab Pro

In the Pro tab, you can set calculation options that apply to the current project. A recalculation is
always required after making changes.
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In addition, the element matrices and the system of equations can be displayed. For dynamic
analysis, the mass matrices are also displayed. The currently selected element is highlighted in blue
within the overall system. Note: The assignment of equation numbers to nodes and elements is
shown in the Results tab.

Important: To optimize memory usage, only the most recently calculated load case (i.e., the highest
load case number) is displayed for first-order analysis, and only the last combination is displayed for
second-order analysis.

Tab eee - Settings

The three languages—German, English, and Spanish—are available for selection.
In this tab, the user can adjust the font size to their personal preferences.

For touchscreens, the selection of cells in tables for copy and generation tasks can be enabled or
disabled globally. Selection using the mouse is always possible; it is triggered by a right-click.

The selected settings initially apply only to the current session, but can also be permanently saved as
default values in the browser’s local storage by clicking the “Save selection as default values in
browser” button. You can clear these settings using the button below.

Installation

This application is a web application, or PWA (Progressive Web App), so it can be installed on
desktops across all operating systems. For this purpose, an icon is created on the desktop. As a result,
the app behaves as if it were installed from a store. D2beam continues to run in the installed
browser, but without user interface elements, such as the address bar. The installation process varies
depending on the operating system, version, and browser.

After launching D2Beam GUI in the browser for the first time on an Android device using the Chrome
browser, select the "Install App" option from the application menu (three-dot menu) in the top-right
corner. A dialog box will appear; confirm it. You can then close the browser. A new icon named
d2beam-gui will appear on the desktop.

The Safari browser is the one you need to use if you want to install it on iOS. Here, the command is
"Add to Home Screen" with a plus sign.

Installation on Microsoft Windows is similar to installation on Android. In the Edge browser, this
option is available in the application menu (the three-dot menu) or in newer versions of Chrome, you

B

may be asked directly if you want to install it; see the icon on the right side of the address bar = :
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Browser address bar B v

ﬁ Install D2BEAM GUI app
Publisher: d2beam.fea-apps.de
Use this site often? Install the app which:

+ Opens in a focused window

- Has quick access options like pin to
taskbar

+ Syncs across multiple devices

Install Not now

This installation is not currently supported by the Firefox browser.
On Microsoft Windows and Linux, you can switch to full-screen mode by pressing the F11 key.

To uninstall the program, simply delete the icon on the desktop or use “Apps & Features” in
Windows, as is standard for native programs.
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FAQ

| entered a few too many nodes that | no longer need. Do | need to delete them?
Answer: No. Nodes with no elements “attached” to them are ignored.

How do | get the latest version of d2beam-gui?
Answer: When web apps are installed and their content is still in the cache, the browser engine
displays that content directly before checking the internet for a newer version. If a newer version
is available, it loads in the background. However, the new version does not appear immediately.
Instead, it appears only after the app has been closed and restarted. Simply moving the app to
the background (minimizing it) is not enough. On desktop operating systems like Windows and
Linux, you can force a webpage to reload by pressing Ctrl + Shift + R; on macOS, press Cmd + Shift
+R.

On Android and iOS, first launch the app, then remove it from the list of running processes. Then,
restart the app. The system checks for a newer version after the first launch and, if available,
downloads it but does not display it.

Glossary

First-order theory: The deformations are so small that the equilibrium is determined based on the
undeformed system.

Second-order theory: The equilibrium is determined based on the deformed system, but the
deformations are still small. Also called P-A effect.
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