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1. Polygonal column

WinAgua can be used for creating a polygonal column as shown on the
Fig.1.1.

v

31.5

315

I

v 40 ¥ 15 ¥ 20 ¥
Fig. 1-1 Polygonal column

The column is made of B25 concrete and the same is reinforced with
standard reinforcement BST 420. The position of the reinforcement is

shown on the Fig.1.2.
K0
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Fig. 1-2 Reinforcement placement

Some previous preparations are necessary for creating column geometry in
WinAqua. For example user should define the position of the coordinate
beginning (0,0), the units in which the cross section will be entered, the
coordinate of the points which define column contour, the points where the
reinforcement is and the sections in which user would like to control the
share stresses.

WinAqua Version 10.21-99



1.1.Previous preparations:

Defining of the coordinate beginning and characteristic
points of the cross section:

Polygon column geometry will be described with six characteristic points
(1,2,3,4,5 and 6) with which the contour of the column will be defined. User
should define another five points with which the position of the single
reinforcement will be defined. These are points 101,102,103,104 and 105
shown on the Fig.1.4. The coordinates will be given in unit's meters [m]
from the S| system. The coordinates of the points from the cross section will
be defined in relation with previously determined coordinate system. For
this example the coordinate beginning will be taken as it is shown on
Fig.1.3. The points with which we will define the cross section are shown on
the Fig.1.4.

6] 105 104[5
® ®
1%1
<. — e e e
+y 1
Yz
Fig. 1-3 Fig. 1-4

The coordinates of the points with which the geometry of the column is
defining are given in the Table 1.1, and the coordinates of the points with
which the single reinforcement is defining are given in the Table 1.2
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Table 1-1 Table 1-2
. Coordinate . Coordinate As

Point Y 7 Point Y Z om?
1 0.000 0.000 101 -0.105 | -0.105 | 55.44
2 -0.400 0.000 102 -0.320 | -0.077 | 36.96
3 -0.550 -0.315 103 -0.673 | -0.392 | 24.64
4 -0.750 -0.315 104 -0.673 | -0.525 | 36.96
5 -0.750 -0.630 105 -0.105 | -0.525 | 36.96
6 0.000 -0.630

1.2.Solving the problem with WinAqua

1.21.

Form “Extras” menu select command “Settings” to define the main input
parameters of WinAqua for a new database.
Untitled_1
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Option window will appear

With “input units” user can define the units in which database file will be
drawn. If user selects a button located under “input units” a new window will
appear which will allow defining the main units for a database.

Dimensions

o
L
L
L
L
L
L
L
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User can define:

- Standard units of SI-System

- General structural engineering (e.g. cm instead of m)

- Steel construction, SI-System (e.g. mm instead of m)

- Concrete bridge construction, SI-System (e.g. MN instead of kN)
- Geo-techniques, SI-System (e.g. MN instead of kN)

- Hydrology

- Standard units of US-System

- General structural engineering in US-System

- Steel construction in US-System

- Concrete bridge construction in US-System

- Geo-techniques in US-System

For this example user should select System Sl, Standard mode so he can
use standard units like m and kN for defining new database.

User can define default materials, which will be included in the new
database. This can be done with “Generation of default materials” options in
a new database from option window.

Options

If the user selects “No default material” option then there will be no material
input in the new database.

If “Steel” option button is selected then WinAqua will automatically add only
default steel material Structural steel 235 (DIN 18800).

If “Steel + Concrete” option button is selected then WinAqua will
automatically add default Standard reinforcement steel BST500 (DIN 1045)
and standard concrete material B 25 (DIN 1045).

If “Steel + Concrete + Brick” option button is selected then WinAqua will
automatically add default Standard reinforcement steel BST500 (DIN 1045)
, standard concrete material B 25 (DIN 1045) , standard structural steel 235
(DIN 18800) and brick MZ4 | (DIN 1053-1).

For Example 1 user should select “Steel + Concrete”

From the tab “color definition” user can define visual parameters such as
type and color of the cross section lines, reinforcement lines, shear cut
lines, text height etc. More detail information about tab “color definition” are
given in Example 2 step 1
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1.2.2. Creating a new database file, changing default
materials

From “File” menu select “New database”.

= SOFISTiIK WinAqua - Untitled

#SOFISTIK WinAqua - Untitled 1

WinAqua will open a new database file Untitled_1.cdb
that will contain default materials previously defined in
step 1. User can explore which materials are inputted in
a new database file in a window database. By double
clicking on a material in database window, user can
change the default material and the designed code if is
necessary. In this example it is not necessary to change
concrete materials because B25 concrete shall be use
for the polygon column. User should change only
reinforcement steel because WinAqua added Standard
reinforcement BST 500(default material). To change
standard reinforcement user has to double click on a “2
* BST 500” from database window. A new window will

appear called “SOFiSTiK: Materials”.

SOFISTIK : Material x|

BST 500 [DIN 1045]

WinAqua Version 10.21-99 11



This window will allow user to change standard reinforcement steel
classification from 500 to 420.

-
| 22058 4]

420 =

450044,
| 4A0ME
By pressing on the button OK WinAqua will change standard reinforcement
steel from BST500 to BST420.

1.2.3. Creating Section

To create new section fr
walled]...” or select icon

m the menu “Edit” select “New section [thick
T.(rom “CDBase Toolbar”.

+=SOFISTIK WinAgua - c:Adocume]

A new window will appear allowing user to define some global parameters
for new cross section.

Polygon column

1B 25 [DIN 1045) B
2BST 420(DIN 1045) B
2 BST 420 (DIN 1045) -]

——

Here user can define number of the cross section by which the cross
section will be stored in a database, the name of a cross section (example:
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Polygon column) and the material for cross section, reinforcement and
stirrup. User can only select materials previously defined in step 2. Here the
user can define a unit if that is not previously done in step 1.

In a “Control values” tab the user can define some parameters such as:

Shear stress model
Default shear cut
Mesh size for integral equations

Section thickwalled

“Shear stress model” controls the computation of shear stresses in solid
sections:

1- force method

2- displacement method only for It and location of shear center (default for
concrete)

3- displacement method for torsion,

4- displacement method for torsion and shear, shear deformation areas are
determined (default for steel, timber).

Options 2 and 3 should be used for composite sections, but with caution.
For more details see aqua manual 2.7. Shear Stresses in Solid Sections.

“Default shear cut” allows the user to control how many of these standard
cuts will be generated (0/1/2). The cut can hit the cross-section several
times creating partial cuts. Each partial cut has a direction s and three
defined points of interest: beginning (A), middle (M) and end (E):

.

z

Im
>

y
o W SE\T
e

Thin wall equivalent
Sign convention cross section
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The internal forces perpendicular to the cut M and N act in such way that
positive axial forces cause tensile stresses, and positive moments cause
tensile stresses at the End-Point.

The shear stressing is described primary by the resistance module of the
shear stresses at the three points. Additional values are calculated for the
proportioning of reinforced concrete structural elements:

A mean torsion shear stress which, after being multiplied by the width of the
partial section, must be covered by reinforcement. This corresponds to a
section modulus for the shear flow.

e The total cut width, by which the shear stresses due to the shear
force must be multiplied in order to obtain the shear flow from shear
force. These distinctions are very significant in the definition of
equivalent hollow cross-sections.

“Mesh size for integral equations” controlled the fineness of the subdivision
for the integral equation method. This indicates how large an element may
be compared to the largest dimension of the cross-section.

0 No subdivision

1 maximum 1/2

2 maximum 1/4

3 maximum 1/8

4 maximum 1/16 (default)

By pressing the button “OK” a new item will appear in database window in
the folder “Section”.

4 Sections
----- 1 * Polygon column

Description:
Icon I-L—I-l shows the user that he used “thick walled” section

1 tells user that he selected No 1 for a cross section to be stored in a
database

* tells user that the changes in a data base are still not saved

! tells user that there is no calculated result for a cross section

Pol.. tells user the name that he selected for a cross section No 1

WinAqua Version 10.21-99 14



On the right side a new drawing area will appear where user can draw
section. In the right bottom of the drawing window WinAqua will show

selected unit for drawing a section.

0.20
|

— yERSION
file

ti-usar—/aulti-task-nods
512 datablocks vith length 540
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1.2.4. Drawing section

With WinAqua a cross section can be drawn using the menu “Section” and
all available options in this menu, or by using “Edit section” toolbar.

«S0F* " s Winm., 'a - c.idocuments

Contaur

Edit section x|

»le|0jo| =[P| 2|~ -]Z]
I v o N P P =)

Tools for drawing section can be divided in four groups:
Groups for defining contour of the cross section,

Icon Description
Contour

o

Circle contour

Polygonal hole

Circle hole

o]0

Groups for defining reinforcement of the cross section,

Icon Description
Single reinforcement

Line reinforcement

L

Circle reinforcement

Contour reinforcement

Steel shape
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Groups for defining characteristic shear cut, non effective parts and stress
point on a cross section,

Icon Description

= Shear cut

H= Non —effective part
= Stress point

Groups for defining help line for easier creating of cross section using on-
snap.

Icon Description

0 | Help Point
| 1 I Help Line
| O I Help Circle

During the use of these commands it is necessary for user to pay attention
on the command window in the bottom of the WinAqua window. Command
window will be guide for correct use of all these commands.

[vv:odb Polygon column [ [ feebd[ Koo Vi Zoofs

1.2.5. Description of the section drawing command
(necessary for defining cross the section in Example 1)

ﬂ Contour

WinAqua Version 10.21-99 17



After activating the command “Contour”, WinAqua will expect the user to
define first and the last point of a contour of the cross section. Points can be
added in the drawing by clicking with mouse on the drawing area or by
typing y,z coordinates in the command window. The command will be active
until closed polygon is created. By pressing escape, the command will be
canceled and WinAqua will automatically create closed polygon by
connecting the first input point with the last input point.

For Example 1 user can activate command contour and can define cross
section by inputting coordinates of six characteristic points of a cross
section defined in Table 1.1 in the command bar

Command:

New Polygon, first point [m] 0,0

New Polygon, next point [m] -0.4,0

New Polygon, next point [m] -0.55,-0.315

New Polygon, next point [m] -0.75,-0.315

New Polygon, next point [m] -0.75,-0.63

New Polygon, next point [m] -0.,-0.63

[Press ESC to close the couture or press right mouse button and select
Close command]

WinAqua Version 10.21-99 18



Another way to draw a section is by using local coordinate system instead
of global. Local coordinate system is activated when in front of the y,z
coordinates user puts sign “@”, then WinAqua will place the local
coordinate system in the last input point in the drawing.

Command:

New Polygon, first point [m] 0,0

New Polygon, next point [m] @-0.4,0

New Polygon, next point [m] @-0.15,-0.315
New Polygon, next point [m] @-0.20,0
New Polygon, next point [m] @-0,-0.315
New Polygon, next point [m] @0.75,0

[Press ESC to close the couture or press right mouse button and select
Close command]

To define point name entered in a drawing, simply double click on a point
that was drown. The first click with the mouse will select a point. The
second click on the selected point will show “Polygon vertex” window where
user can define name of the point, redefine it's coordinates if necessary or
user can give transverse stress in a selected point.

Polygon vertex

|

=
o
—

o .
-
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Naming of a point will allow easier further control of stresses in a cross
section. After naming all points in a drawing, numbers will appear on every
point.

o

z

By double clicking on a line, WinAqua will select a line and “line property”
window will appear. Here user can define material and name of the selected
line.

Single reinforcement

By activating the command for “Single reinforcement”, WinAqua will ask the
user to input coordinate for single reinforcement. Coordinate can be define
by clicking in the drawing area or by typing global y,z coordinates in a
command window. After inputting the coordinate “Bewehrungspunkt”,
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window will appear in which the user can define the name of reinforcement,
material for reinforcement, layer, coordinate etc.

Bewehrungspunkt

O Mirimum 2 BST 500 [DIN 1045) =)
40104339 0.104339

For more detailed description for other parameters (reinforcement area,
max. reinforcement area, reference area, pre-stress, torsion effect,
diameter etc.) see aqua manual paragraph 3.37. Reinforcement.

For Example 1 user can activate the command “Single reinforcement” and
can define single reinforcement with the appropriate parameters given in
Table 1.2.

Command:

New Single reinforcement [m] -0.105, -0.105

B ewehrungspunkt

m

0 Minimurm 12 B5T 500 (DM 1045) =]
-0.104533
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New Single reinforcement [m] -0.320,0.077

B ewehrungspunkt

102

0 Minimum la B5T 500 (DM 1045) M
-0.313339 0.077

36.96

(his

01 oz

Shear cut
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By activating the command for “Shear cut’, WinAqua will ask the user to
input two coordinates, which will define a line (section) in where shear
stresses will be analyzed.

In Example 1 user should examine four shear cuts. The first two shear cuts
will be parallel with y axe (with z coordinate z=-0.311 and z=-0.11). The
next two shear cuts will be parallel with z axe (with y coordinate y= -
0.322448 and y=-0.55).

Start the command “Shear cut”, WinAqua will ask the user for the first and
last point of the shear cut line.

Command:

New shear cut, first point [m] 0.32,-0.31

New shear cut, next point [m] -0.75,-0.31

[Press ESC to end the command or press right mouse button and select
Abort command]

Double click drown line, line properties window will appear.

Line properties No 7

1B 25 [DIM 1045) =
2BST 420 [DIN 1045) =

o e e ...
i S

-
P
P___
o
O
[
r
r—
r
P__|

[ o ] coen |
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Here user can define some control parameters for shear cut calculation.
More details for these parameters can be found in aqua manual in
paragraph 3.28. CUT - Shear Sections

The same way as mentioned above the rest of the shear cut will be inserted
in WinAqua drawing.

B g

(H5 b+

¢h03

1.2.6. Saving database

From the “File” menu select options in “Save”.

 SOFiSTik WinAqua - ¢
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Standard save-as window will appear. Give the name and define the path in
which database should be saved. WinAqua will create database file
name.cdb in the selected path.

1.2.7. Calculating cross section
From the “File” menu select options in “Calculate”. If you have defined more

then one cross section in the same database then you can select option
“Calculate all”.

= SOFISTIK WinAqua - ¢

WinAqua will do the calculation for the section and the result will be stored
in the name.cdb database. If you want to check the result double-click on
the section in a database window. As it was described, “Section tick walled”
window will appear. Select “Values” tab to view result of calculation.

Section thickwalled
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Now file name.cdb is ready for further use in SOFiSTiK static calculation.

WinAqua Version 10.21-99
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2. Ereely defined solid with circle holes

A freely defined solid cross-section consists of any number of outer and
inner perimeters in the form of circles or polygons, as well as of
reinforcement elements. Structural steel shapes can be integrated. The
Example 2 is consisted of two outer (plate) and three inner (circles)
perimeters.

In this example a composite cross section made of prefabricated plate with
three holes and in site cast plate should be created.

2.1. Concrete Reinforcement

|-

area=10cm’ ;010

area=10cm’ ;010

O O O

area=10cm’ ;020

2.2.Solving the problem with WinAqua
2.2.1. Default property setting

When the new project is stated, WinAqua created by default a dtabase

named “Untitled_1" with two predefined materials: B 25 (DIN 1045) and
BST 500 (DIN 1045).

“iJi: SOFISTiK WinAqua - Untitled_1

File Edit Section Wiew Extras F

| D|=(@| zT|T|T||
| Databazes b4

7 = Untitled_1

-7 * Materials

1 * B 25(DIN 1045)
: 2 * BST 500(DIM 1
Lo Sections

This option can be changed with the command Settings

Menu: Extras—Settings
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The “Options” window appears on the screen and the user can choose one

of the four options to generate the default materials in new database.

Database | Calaur definitionsl Generall

Inputunits

| Structural Steelwork. [S1] [mm] i

Generation of default materials——
in new databases

Mo default material
" Steel

% Steel + Concrete

7 Steel + Concrete + Brick

ok |

Cancel |

With the help of the “Options” windows the user can change several default

properties also. Clicking on the command button Structural Steelwork

(SH[mm] input units can be changed. The new window Dimensions appears
on the screen and the user can choose between several System and Model

units described in Example 2.

Dimensions :

ey

— Model
" Standard model

™ Shuctural Enginesring

% Shiuctural Steelwork:

" Bridge Enginesring

" Geotechnics

™ Hydrology

" Mechanical Engineering

" Uszer defined

Cancel

— Suztem

+ 5
s
" BS

WinAqua Version 10.21-99

28



The tab “Color Definitions” of the “Options” window, gives the opportunity
some property of the graphical entities to be changed.

Databaze Colour definitions | Generall

Contour Thinwalled parts

Hole Longitudinal welding
Stress location Pairtt of reinforcement

Shearcut line: of reinforcement

Mon-effective Wwidth circle of reinforcement

Shape

Selection

Help construction

oK I Cancel |

For example, clicking on the picture Couture, the Line Style and the color of
the contour can be changed.

Cancel
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The Tab page General is used for setting the language, toolbars that will be
showed on the screen, saving interval, coordinate latency, picking size,
current font in protocol view, screen and printer defaults.

Databasel Colour defiritions  General I
Saveinterval [min] IE
Coordinate latency |5DD

Ficksize I? Language

Current font in protocol view

Courier (10] |

" Deutsch
% English

A restart is required to activate this.

Toolbars

Screen ISc:reenBIack_DefauIt VI
Printer IPrinterCoIor_DefauIt 'l

Colour definition |

Cancel

2.2.2. Material definition

The process of crating a new section begins with definition of the materials.
The section is made of three materials: (EC2) Standard Concrete
Classification 30 and 40, and (EC2) Standard reinforcement Steel
Classification 500. At the beginning the property of the material 1 will be
change. Double click on the name of the material 1 opens the SOFiSTiK
“Material” window.

SOFiSTiK : Material x|
Mumber: 1 Title: |B 25 [DIW 1045]
— Matenial Definitions -
Froperties ... |
Design Code: |D|N j

Strength .. |
Type: I [1045] Standard Concrete j
Bedding ... |
Classification: IE ""I
Stress Shains .. |

Special... |

Ok LCancel |
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In the combo boxes “Design Code”, the “Euro code” standard should be
selected. The type is set to “(EC2) Standard Concrete” and Classification
is set to 30.

SOFiSTIK : Material x|

Mumber: 1 Title: |C30ECZ)

— Material Definitions .
Properties . |
Dezign Code: |[2E)es ]
Strength ... |
Bedding ... |
Streszs Shrains .. |

Special.. |

Type: I[EC 2] Standard Concrete j

Classification: | 30 =l [

ak. Cancel |

In a similar way the property of the material 2 will be changed to “(EC2)
Standard” and the reinforcement to “Steel Classification 500”.
New material in the database can be added using command

Menu: Edit—->New material... or

Icon: #ZZNew material
The (EC2) Standard Concrete, Classification 40 will be selected to the
material 3

2.2.3. Section creation

The new section can be added to database with the command

Menu: Edit—New section

There are several options to create the new section: standard, “thinwalled
and “thick walled” type. In this example the “thick walled” type should be
selected. Firstly the plate with three holes will be created.

The contour of the cross section should be drawn with command

Menu: Section—Contour
Icon: ﬂContour

The contour’s point can be input by mouse or by typing in the command
window.
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Command:

New polygon, first point [cm]: 0,0

New polygon, next point [cm]: @0,-34
New polygon, next point [cm]: @92,0
New polygon, next point [cm]: @0,34

[Press ESC to close the couture or press right mouse button and
select Close command]

The material property for this contour can be set by double mouse click
over contour, or by right mouse click and choose the item Properties... from
the floating menu.

Line properties No 10 i ﬂ

it

Contour | Geometric Propertiasl

Polygon |3

b aterial 3C40(EC 2]

Cancel |

In the next steps several help line should be created. At first, two help lines
that connect the mid points of the opposite sides of the plate should be
created. The command

Menu: Section—Help line
Icon: = | Help line

draws the construction line between two points. The temporary “object
snap” toolbar can be used for precisely definition of the mid points on the
line.

The Move command is used to change the position of some object or to
make a copy of the same.

With the Move icon | n toolbar “Selection” = B
vertical help line should be offset on the distance 27 crr— .l /L=l
line should be selected by pointing with the mouse on it. After that the Move
command is started

Command:
Form point:

[Select intersection between vertical and horizontal mid line]
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To point:@27,0
Delete old element <1>yes <2> no (2):2 [not delete the original]
The prefix “@” is used to set coordinate relatively to the last drawn point.

Mirroring the previously created line, the last help line should be created.
The mirroring process begins with selection of the line that should be
mirrored and activating the command Mirror ~ from toolbar Select’?ﬁl.
Command:

First point of axis or axis [cm]:

[select the first point of the mirror axis “that is bottom point of the first drawn
help line”]

End point of the axis [cm]:

[select the second point of the mirror axis “that is upper point of the first
drawn help line”]

Delete old element <1>yes <2> no (2):2 [not delete the original]
There are several ways to create hole in the section. One is to use

Menu: Section—Hole (circle)
Icon: |£| Hole (circle)

Another way is by clicking on the screen with the right mouse button. The
floating menu appears

Abort ESC
Return Chrl+a

Properties.,.

Edit

Prompt For individusl properties
Select with box

Stress location

Single reinfarcement
Lin of reinforcement
Cut Circle of reinforcement

IMoye Selection
Mirror Selection

Copy Shear cut
Paste Mon-effective parts
Delete Shape

Perimetric reinforcement
Unda
Redn help point

help line:
help circle

Selecting
New—Hole(Circle)

the process of creating the new hole started. In the our example the three
holes are created as a follow

Command:

Center Point for circle [m]: 19,-17 [center of hole]
Point on radius [m]: 19,-25 [radius 8]

Segments <10>: [Press Entry to accept this]
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Center Point for circle [m]: 46,-17
Point on radius [m]: 46-,25
Segments  <10>:

Center Point for circle [m]: 73,17
Point on radius [m]: 73,25
Segments  <10>:

The plate cross section with three circle holes was created.

AN 1N 0N
NNV

2.2.4. Reinforcement setting

The top and bottom reinforcements are presented with as distributed line of
reinforcement. They can be insert in the section by command

Menu: Section—Line of reinforcement
Icon: |e of reinforcement

In our example two line of reinforcement should be set.
Command:
New line of reinforcement, start point [m]: 4,-4

New line of reinforcement, end point [m]: @84,0
New line of reinforcement, end point [m]:
[Press Enter to not start next segment]

Chose reference point:
[Press Entry to not start next line by ref.]
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When the line of reinforcement is drawn, a Line property window appears
on the screen

Line properties No 8 ‘ x|

Bewehrungslinie I Geometic Properties

Harmne
Laper | OMinimumla 5 500(EC2) =]

Reinforcement area [crma/m) |1D Reference area [m) ID
Mar. reinforcement area [om2dm] ID Layer stirup IU

[~ Torsional effective

Diameter [mm] I1 2

Ok I Cancel |

The reinforcement’s name, area and diameter should be inserted in the
appropriate text boxes.

In a similar way the second line of the reinforcement is inserted in the
section.

Command:

New line of reinforcement, start point [m]: 30,4

New line of reinforcement, end point [m]: @88,0

New line of reinforcement, end point [m]: [Press Entry to not start next
segment]

Chose reference point:  [Press Entry to not start next line by ref.]
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Line properties Mo 9 ::._':‘ x|

Bewehmningslinie | Feometnc Properties

WE = B ottom Lave

Layer | OMirimumla S 500(EC2) |

Reinforcement area [cm2dm] |2EI Reference area [m] IEI
taw. reinforcement area [cm2dm] ID Layer stirmup ||:|

[” Torsional effective

Driameter [mm] IEEI

K I Cancel

2.2.5. Upper part of the cross section

To create the upper pert of the cross section a new contour should be
drawn.

Menu: Section—Contour
Icon: i Contour

A four-point contour is drawn.

Command:

New polygon, first point [cm]:0,0

New polygon, next point [cm]:@0,-20

New polygon, next point [cm]:@92,0

New polygon, next point [cm]:@0,20

[Press ESC to close the couture or press right mouse button and
select Close command]

The new contour inherits the default property of the cross section. In this
case the material number is 3 C40 [EC 2]. The material property can be
change with right click over one of the contour segments, and from floating
menu the item “Property...” should be selected
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Abort ESC
Return Chrl+a
Properties, .,

e 3
Edit 3

Prompt For individual properties
Select with box
[Move Selechion
[Mirrar Selection

2k

Copy
Paste

[eleke

ndam
Reds

The Section “thick walled” window appears on the screen

Section thickwalled : f

Properties | Contralvalues | more contralvalues I Layers I Yalues I

Mumber |1—

Mame ||

Material | 3canEca

Reinforcement | 25 600(EC2)

stirup material | 25B00[ECZ)

Inputunits Stuctural Engineering [S1) [em] |

o]

Cancel

In the combo box Material the appropriate material 1 C 30 (EC 2) should be

selected.
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At the end the line of reinforcement, named Bottom layer 2, with area 10
and diameter 10 is drawn.

Boitoe layer

Top layer

Botton layer

2.2.6. Control points

Stress location points

Resistance module for all stresses is only available at distinct points of the
cross-section. Two points for stress calculation will be defined: point 101
placed at the middle of the upper cross section’s edge and point 102 placed
at the middle of the down edge.

Menu: Section—Stress location
Icon: Stress location

Command:

New stress location point [cm]:0,-10 [use the temporary object snap toolbar
to point middle of the upper and down edges or input the coordinates of the
points]

The Stress location window appears on the screen.

x

Carncel
Material | 3C40[EC2) =l —I

Y [cm] 0.0g Z [em] |-1 0.00
Transverse stress [MPa] ID

K.erbfall I ﬂ sig-d ID tau-d ID
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The Name should be set to 101. Entering the coordinates of the next points
should continue the process.

Command:

New stress location point [cm]: 0,-44

New stress location point [cm]:

[Press Entry two times to stop entering]

All the points entered by one Stress location command should have the
same name, in our example 101. The number, the material and the location
of the points can be changed with double click on the point. To change the
number of the down point, double click on the point. The Stress location
window will appear and the number and the material should be change.

2.2.7. Shear Cuts

The user uses the command CUT to define a so-called cut through the
sectional geometry where a check of the shear stresses should take place.
Each cut is assigned identification with three characters. The cut can be
defined as parallel to an axis or as a freeform polygon line. Every segment
has its own material number and it will cut only through cross-section
elements with the same material number. Gaps between the segments will
be closed by means of virtual connections. A width of the substitute
torsional cross-section is available as a special option for the description of
equivalent hollow cross-sections of reinforced and pre-stressed concrete.
Two partial cuts are generated for each section in this case.

If the user does not supply any input, one or two axis-parallel cuts will be
created through the gravity center. This generally is not sufficient even for a
simple T-Beam, or for composite sections, where the reference material
number of the section is not necessarily represented at that location. The
user will see a warning for general sections therefore.

In the Example 2, one shear cut section will be defined. It will split the cross
section through the centers of the holes.

Menu: Section—Shear cut
Icon: EI Shear cut

Command:
New shear cut, first point [cm]: -50,-27
New shear cut, first point [cm]: 50,-27

New shear cut, first point [cm]:

[Press Esc to stop entering]
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The shear cut section should be named. Double click on the shear cut
section opens the Line property window that allows the user to enter or
change the name and some other properties.

Line properties No 16 1[
Shearcut | Geometric Propertlesl
Marme ICut1|
Material | 3canEca =l
Reinforcement I 25500(EC 2] j
width Default -
Output midpoint [
Dutput startpoint Transverse normal force ID
Dutput endpairt [ Transverse bending ID
Inclination stimups to beam ID
-striess not for reinforcement [
Inclination ID
Torsion always unfavourable [~
Resist torsion middl IU
Shear alwaps unfavourable r Sesance forsian meck u|
i i s r Add, resistance torsion [1/m3] ID
Mo full shear I Part of total y-shear [ IEI
Flange " Pait of total z-shear r IU
Working joint r Reduction of area by ducts [cm] I'S-SSSSE"D
1] I Cancel |

The effects of the last two commands are shown on the figure that follows.

0]
=

Betton layer

~
=

Botton lover

Bzl
FiN

2.2.8. Calculation — cross section property

After section creation, the cross section properties should be calculated.
There are to commands that calculate cross section properties.

e Calculate - only the property of the actual cross section will be
calculated
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e Calculate all - all sections in the database will be calculated
In this example the command Calculate is activate and the property of the

cross section are calculated. The results of the calculation are shown at the

following
Jh022-2ECEION WO 1
Static proopecbics of ccoas aeckion
vl a Alwm2| Ayrhzihyz IyfIzfIyx yarza  yfz-ac modulaa o
Bida LE[ind]| 1] | | | em| | enn] |#iBa] | W2 |
3 &.2270E-01 1.090E-02 o.on o.on 24535 10.91
2 9.371E-03 3.104E-02 16.13 16.46 14326
Rdditional ababic peopeecbics of ceows azebion
Rlfa-t i zinia Ty RN WE Tau-1 Tau-y
i e TitE hxmin hE Tau-E Tau-x
| em | em | em | 2| 11¢m3| | 17m2|
1.0E-03 -46.00 -26.13 2.38E-01 2 1.77E+01 1.28E-07
46.00 27.837 4.26E-01 5.46E+00
Bacbial ceous seckions
il o Alm2| Ayrhzihyzr IyfIzfIyz yarza modulea gam
Wi a IElinal L] | v | | el leiBal kMl
2 2.524EE-01 2.917E-02 o.o0 24535 6.21
2 9.371E-03 1.902E-02 27.00 14386
1 1.2400E-01 2.367E-01 6.133E-04 o.o0 3189319 4.60
2 0.000E+00 2.300E-01 1.382E-02 o.oo 132202
Ogaign waluea of ccoas aecEion
Wil o Alwmd| Ayrhrihyr TyfIzfIys ETES modules o
B e LE [ink]| |t | v | | eo| |wiBa| | kM |
3 4.2270E-01 2.114E-01 1.080E-03 o.oo 22017 10.91
9.571E-02 2.960E-01 Z.104E-02 16.12 9580
Rddibianal Deaign Daka
ciccun-0 ciccun-I E-min E-max am.packa Ehak-p Ehak-y Ehak-x
Lind fml Lind finl I eml I eml lafal 1 Emd fonl 1 Ema ¢ onl 1 Em fin
4.7a80 1.502 o.o 1.022 o.323 o.200
Reinfoaceement glohal walues
Layee w3 wfL scga  lowse-h  uppac-h yL zL L-toca
| em2| lem| lem2| | einl | einl | einl
a 2 2 iz.8 22.8 o.oo 25.00
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2.2.9. Using already defined cross section

Already defined cross section can be used in the process of creating the
new section. Using Cut and Paste command one can simplify creation of
the new section that has similar form with already defined sections. In this
example the same cross section will be created using previously defined
cross sections.

Step 1 - The down part of the cross section (plate with holes)
The standard plate cross section will be use to start creation of this part.

Menu: Edit—>New section (standard)...
Icon: ﬂ New section (standard)

The General Cross-Section window appears on the screen.

General Cross-Seck x|

Mo |1|
Lancel |
Crogs-section-values
Plate:
Fectangle

T-Beam section

Circle / annular section
Tube

Cable section

Ruolled steel
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The number of selection is set to 1. After selections of the plate type the
window SOFiSTiK: Plate Section will be ready to accept the property of the
section

SOFISTiK : Plate Cross Section No: 5

Material |JETSENEEE] =
Height [er] a4 ¥ enforced Cancel
width [em] 32

x|
e |
o |

Material

I Factor for Taorsional moment j I‘I

IV_I,I Factor for shear deformatiorj |D

IVz Factor for shear deformatiorj IU

Position of origin: ITop center 'l

Reinforcement

Material [ zss00(EC2) =l

Type of enfarcement Itwo-sided withaut tarsian j

Distance [em] Area [em2]  Diameter [mm]

Top |4 |1 0 I1 2
Bottomn |4 |2U IZD
Section title: IH =3 em

Some of the properties should be changed:

Material: [3 C 40 (EC2)]
Height: 34
Width: 92

Position of origin: Top center
Reinforcement

Distance Area Diameter
Top 4 10 12
Bottom 4 20 20

The other parameters should remain unchanged.
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The section appears in the graphical area of the WinAqua environment.

po ]

In the similar way the upper part of the section is created

Menu: Edit—New section (standard)...
Icon: ﬂ New section (standard)

General Cross-Secki x|
Mo |2

it

LCancel

Crosz-zection-values
Plate

Rectangle

T-Eeam section

Circle # annular zection
Tube

Cable zection

Rolled steel
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The general cross section Plate should be selected.

SOFISTIK : Plate Cross Section No: 4 |
Material | 1C30(EC2) =l
Height [zm] |2U ¥ enforced Cancel |
Width [cr] |92

Material |

I Factor for Torsional moment j |1

IV_I,I Factar for shear defolmatiorj ID

IVz Factor for shear defolmatiorj IU I:I

Position of origin: IBottom center 'l

Reinforcement

Material [ zsE00EC) =l

Type of enforcement Itwo-sided withaut torsion j

Distance [cm] Area[cm2]  Diameter [mm]

Top |2 IU |28
EBottam |3 I'ID I‘ID
Section itle: IH =20cm

Same of the property should be changed:

Material: [1 C 30 (EC2)]
Height: 20
Width: 92

Position of origin: Bottom center

Reinforcement

Distance Area Diameter
Top 2 0 28
Bottom 3 10 12

The upper part of the section is created.

il 30
n

]

In the next step the standard cross sections, previously created, will be
used to create the composite section of the Example 2.
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New section type “thick walled” should be started.

Menu: Edit—New section (thick walled)...
Icon: F7 New section (thick walled)

Using “Copy” and “Paste”, the standard sections will be copied into the new
thick walled section. In the Database, section 1 should be selected.

FSOFISTIK WinAqua - Untitled_1 11 ==X

Fie Edit Section Wiew Extras Help

T =T = i e e =) e e e o e i

o[ s | B s | alaaal@@@e]] | @)
| Databases x
3 " Unlitled_1
1 * Materials
=7 4 Seclions
T

ik itk 0 g:_
itk

) 0
1

0 an i

(0.00

t0.00 20.00 0.00 -20.00 ~t0.00
| | |

|
=

Ready [Untited_1 H =34 em | | lGioat | ®oo00  [v-Bes0 Z-19.078

Using the icon Select with box J from the toolbar Selection

3| || %|E|@<|the cross section will be selected. If the Selection
toolbar I1s not active, one of the graphical objects should be select (simply
mouse click). That will made the g; tlection toolbar active. Pressing the icon
copy will put the selected scowon into the clipboard. In this moment a
window dialog box will appears on the screen

The standard section has to be converted to an editable section,
‘fou should do this only, if the provided custom shapes can nok meet your reguirements.

Should i conwert this section ko an editable section #

The “Yes” command button should be pressed to convert the standard
section into an editable section. After that the content of the clipboard
should be pasted into the section 3.

Select the section 3 in the Database
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Paste the clipboard into the graphical editor.
During the “Copy” and “Paste” process some properties of the standard
cross section should be missed. The contour of the cross section should be
turned in the help line.

B =l8lx|

wle|r|o| E|®| || «|x| =|~|o| C|F[] |~ |o uxfx@e-yqvﬁqmﬂ
| alajajal@a]@(n]] | @l

w Edras Help

] 2l

-20.00

o
0 Help line o

10

20.00

il S0

t0.00 20.00 0.00 -20.00 -t0.00
i | | |

|

T[S E

Ready [ttt [ kel | Koo [z 227015

The user must once again to draw the contour of the plate and set their
property.

Menu: Section—»Contour

Icon: Contour

The contour of the down plate should be redrawn over the help line.
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In the next steps the material for that contour should be set. Double click on
one of the contour’s segment will activate the Line properties windows.
Sometimes WinAqua selects the help line instead of contour. In that case
after drawing the contour one help line should be erased and the contour’s
segment that pass over this line should be selected.

Line properties No 13

Cantaur | Geometric: Properties I

Pualygon |1

3C40(EC)

b aterial

ak. I Cancel

In the Material combo appropriate material is selected.

The process repeats with upper part of the section
At the end the three holes should be inserted into the section using the

standard procedure.
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3. T-beam

The program WinAqua should create two T-beam cross sections.
Geometrical characteristics of the first T-beam section are given on the
Fig.3.1. Second T-beam section is given on the Fig.3.2 and this section has
the same geometrical characteristics as the first section but here we will
have non-effective part on the flange. Both sections are made of B55
concrete and standard reinforcement BST 500. The position of the
reinforcement is shown on the Fig.3.3 for the first T-beam section and on
the Fig.3.4 forma second cross section.

100

100

80

20

—*
Fig. 3-1T-Beam section Fig. 3-2 T-Beam section with non-effective part

e 90 PR - 100
* *4 *

p10 10
+

100
100

80
80

* *
E 2 i

Sy 10 45 S 10 5

Fig. 3-3 Reinforcement Fig. 3-4 Reinforcement

Section shown on the Fig.3.1 will be drawn using “standard cross
sections” from WinAqua. Because of that user do not need to do some
previous preparations for drawing units. By default WinAqua will set units to
meters [m] from the Sl system for this section.
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To draw section shown on the Fig.3.2 coordinate beginning will be taken as
it is shown on Fig.3.5. The Cross section is symmetric so we will use mirror
option to draw symmetrical part of a section. We will select and use units’
centimeters [cm] from the Sl system for this section.

--—

+ 3N T T !
Y : 161:16‘2 :_l
| | |
TR 6 | |___IJ

L
|
|
|
o
I .
Do
B
|
|
|

193|124-
I

7_‘_.J
V+z

X Section point
X Reinforcement point

Contour of a section
— « === Contour which will be drawn with mirror command
- == = AXes
Fig. 3-5 Position of the drawing
The coordinates of the points with which the geometry of the T-beam
section is defined are given in the Table 2.1, and the coordinates of the
points with which the line reinforcement is defined are given in the Table 2.2

Table 3-1 Table 3-2
. Coordinate . Coordinate As
Point v Z Point v Z .
1 0 0 101 8 5
2 40 0 102 8 5 | 12
3 50 0 103 8 95
4 50 20 104 8 o5 | 62°
5 40 20
6 10 20
7 10 100
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3.1.Solving the problem with WinAqua

3.1.1. Defining default units and materials in database file
(and creating a new database file)

This step was described in details in Example 1. For section shown on
Fig2.1 we will use standard WinAqua section and for this option there is no
need to define the units because the option uses default units meters [m].
Do not forget to change default materials form B 25 to B 55 as it was
described in step 2 from Example 1.

3.1.2. Drawing section 1
(shown on Fig2.1) using standard sections

From menu “Edit” select “New section [standard]...” or select icon

from toolb

7+ SOFISTiK WinAqua - Untitled_2

r “CDBase Toolbar’.

WinAqua will open a new “General Cross-sections” window. User

General Cross-S5echions x|

Crozz-section-values
Plate

Rectangle

T-Beam zection

Circle / annular zection
Tube

Cable gection

Rolled steel

WinAqua Version 10.21-99

can here define number “No” of the
cross section, with which section will be
stored in a database. User selects the
type of a section. Depending on a
selected type, different window will
appear after pressing button “OK”. For
Example 2 user should select “T-Beam
section”. A new window will appear
which will help user to define geometry
of the T-beam section.
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SOFRISTIK : Crozs-Section T-Beam No: 1

Factor for Torgional moment |_
Wy Factor for shear defalmatian

Wz Factar for shear defu:urmatiu:un

I
R
O
O

Center of grawvity |_

ZBST 500(DIN 1045) =
two-sided 3]

[ O
[N O

BAHABOAHO 100100/20420 cm

To define geometry of a section see Fig2.6.

Overall width of flange

¥
*

Tickness of flange

Overall height

Width of web
—r

Fig. 3-6 Parameters for defining T-Beam section
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b aterial

From this option user can select
the type of material for the

section. In this list box only materials previously defined in step 1 will be

stored.
Overall height [m] I'I
“width of weh [rm] [o:2 Parameters  for defining T-beam
Thickness of flange [m] ID.2 geometry
Overall width of flange [m] I‘I

Using Invert T-beam

[ Inverted T-Beam

Using position of origin

Center of gravity Top right

i

Top center Right

i

Bottom center Bottom right

Top left

Bottom left

WinAqua Version 10.21-99
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Plate center Plate right Plate left

For more details about other options in this window see Aqua manual
paragraph 3.17. SREC - Rectangle, T-beam, Plate.

) SOFISTIK WinAqua - Untitled_2
Fle Edi Secion View Exas Heb

elaERlEafaln] - plpdolepslsl x|
Dlsla] pivlsle]] | ols1o] slElel) s 5] plelnio] =] 21] =[] [ o] clslel /1 (o]

| Databases

0 50 0

0

20

0.00

20

0

RO ar Lo

o s o
Resty [Untd 2B/ [ [Gibal [ [KO000 V0137 2052

Linear reinforcement is automatically defined with the parameters, which
were given in the Cross section T-beam window.

Note: “Edit section toolbar’ is unavailable if you create a section using
“Standard cross section”.
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3.1.3. Drawing section 2
(shown on Fig3.2) using thick walled section

From Edit menu select “New section [thick walled]...”. Set text box

“‘Number” to 2 and set section name to “T-beam with reduced flange”.

Section thickwalled

T-beam with reduced flangd |

1B 55 [DIN 1045) =l

2BST 500 [DIM 1045] =
2BST 500 [DIM 1045] =

Click on the button by the “Inputs” and select units [cm] as it is shown on
the next figure.

Dimensions

A new drawing area will be opened ready for inputting a new thick wall
section.

Start the command “Couture” from the menu “Selection” or by selecting
icon form ‘ggit section” toolbar. Enter the coordinates for section 2 given in

Table 2.1.
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Command:

New Polygon, first point [cm] 0,0
New Polygon, next point [cm] 40,0
New Polygon, next point [cm] 50,0
New Polygon, next point [cm] 50,20
New Polygon, next point [cm] 40,20
New Polygon, next point [cm] 10,20
New Polygon, next point [cm] 10,100

[Press right mouse button and select Mirror all points ]

WinAqua will ask you to define the mirror line

First point of axes or axes [cm] 0,0
Last point of axes or axes [cm] 0,100
Command:

20.00
I

40,00

60.00
I

80.00
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3.1.4. Defining non-effective part of a section

To defining non-effective part of a section select the menu “Section” and
select “Non-effective parts” command or select
icon from Edit section toolbar. i

 SOFISTIK WinAqua - Untitled_2

Edit section o=

ple|rjo| XeYe|s| - |z
I o o s B A Tl -1

WinAqua will ask from the user to define rectangular area where the non-
effective area is placed. Non-effective rectangular area is defined with two
diagonal points (defining diagonal of a rectangular) see Fig 3.7.

Fig. 3-7
There are two ways to define non-effective area. User can define non-
effective area by giving the coordinates with clicking the mouse in a drawing
area, or by typing the coordinates in the command window.

User will define the first non-effective area (on the left side of flange) in this
example by using the mouse and for the second non-effective area (on the
right side of flange) user will define it using the coordinates typed on the
command window.

3.1.4.1. - First non-effective area on the right side of flange
Start the command “Non-effective parts” as it was described above.
Activate “end point” snap from “temporary object snap” toolbar or by

pressing F3 key. Approach with the mouse towards the point 4 in a
WinAqua drawing. Press the left mouse button and WinAqua will
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automatically place the first corner of non-effective area in the point 4.
Activate “end point” snap again and approach towards point 2. Press the
right mouse button again and WinAqua will define the last point of non-
effective area.

3.1.4.2. - Second non-effective area on the left side of
flange

Start the command “Non-effective parts” as it was described above. In
command prompt type the coordinates of the point 5’ and after that
coordinates of the point 3.

Command:
New noneffective width, start point [cm] —40,20
New noneffective width, end point [cm]—50,0

This is the second way to define non-effective parts of a cross section.

s
T 1 18MEOMO
T

T 3

50.00 40,00 20,00 0.00 -20.00 -40.00 -60.00
L 1 | |
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3.1.5. Defining linear reinforcement

To define linear reinforcement use the command “Single reinforcement”
from menu “Section” or click on the icon from the “Edit sein” toolbar.

SOFISTIK WinAqua - c:\documents|

Ec ! x|
»lgrjo| =& ¢ =|z|
L) | ZA7le] - -] o]

Linear reinforcement is defined with coordinates of the two points (at the
beginning and in the end of linear reinforcement line). User can enter these
coordinates by typing them in the command line or by clicking with the
mouse in the drawing area.

Start the command “Linear reinforcement” as it was described above.
Enter the coordinate given in the Table 2.1.

Command:

New line of reinforcement, start point [cm] 8,5

New line of reinforcement, start point [cm] -8,5
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A window will appear that will ask the user to define the name of the
reinforcement line (which will be used in further stress and reinforcement
analyses), Reinforcement area [cm2/m], Diameter etc.

Line properties Ho 16

100

O Minimurn la BST 200 (DIM 1045) |

For more detailed description of parameters in this window see aqua
manual paragraph 3.37. Reinforcement.

In the same way linear reinforcement will be defined at the bottom section.

3.1.6. Saving and calculating section database
(This step was described in step 5 and 6 in Example 1.)

Note: For calculation use the command “calculate all’. This way the

section 1 and section 2 will be calculated. If user uses the command
“calculate”, then only the active section will be calculated.
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4. Thin-walled steel box

A twin walled non-symmetric steel box with different plate thickness is
examined. Geometrical characteristics of the thin walled steel box are given
on the Fig.4.1. The section is made of structural steel S37 (DIN 17100).

v Sy 40 M 16 M 16 v
A A A 2 A
t=1.6cm t=1.6cm t=1.6cm t=1.6cm 5
3
=) g g
Q Q Q
< A8 < "
— — N o
L L X
t=1.6cm t=1.6cm N
s
v 40 v 16 M
a 1 21

(t- thick of a thin wall element) Fig. 4-1Cross section

For this section user should define coordinate beginning and all
characteristic points that define thin-walled steel box. For this example we
will select and use units’ meters [m] from the S| system for this section. In
WinAqua thin-walled steel box will be defined as it is shown on the Fig4.2.
For easier stress analysis we recommend you to define name of a thin wall

element as is shown on the Fig4.2.
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The coordinates of the points with which the geometry of the T-beam
section is defined are given in the Table 4.1

104

103

102

101

5

303

202

302

201

301

Fig. 4-2
Table 4-1
Element Point - Coordinate .
s =
W
e =
L S R
201 6 0.00 0.35
7 0.16 0.35
22— s o
301 2 8:88 %_ 3950
I i
303 g 01-%6 01.0000
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4.1.Solving the problem with WinAqua
41.1. Defining default units and materials in database file
(and creating a new data base file)

This step was described in details in Example 1.

Do not forget to change default materials from structural steel S 235 (DIN
18800) to structural steel S 37 (DIN 17100) as it was described in step 2
from Example 1.

4.1.2. Drawing section using thinwalled sections

From menu Edit select New section [thinwalled]... or select
Ii icon from toolbar CDBase Toolbar.

< SOFSTIK WinAqua - Untitled_2

[ Ibar =l

PECEL Y

1 [thinwalled]... »

WinAqua will ask the user to define two points (start point and end point of
a thin walled element). Enter coordinate given in the Table 4.1.

Command:
New thin walled element, start point [m] —0.16,0
New thin walled element, end point [m] 0,0

A new window will appear asking the user to input name of a thin-walled
element, thickens of a element.

Line properties No 1

157 37 (DIN 17100) B

esemete ] fauomatc 3

(o ] Coredl |
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Enter the name of the first thin walled element, as described in the Fig4.2
(701) and input the thickens of a element as is was shown in the Fig4.1
(0.016).

Repeat this procedure for all element defined in table 4.1

4.1.3. Saving and calculating section database
This procedure was described in step 5 and 6 in Example 1.

4.1.4. Exporting result in to plb file and using program Ursula

For more detailed result reports user should use program “Ursula”. To use
“Ursula” first you have to create “*.plb” file. With command “Export PLB
file” WinAqua will create “name.plb” file by exporting already created
“name.cdb’ file. From “File” menu select command “Export PLB file”.

SOFISTIK WinAqua - c:\documents
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After activating command “Export PLB file” a new window “Export for
Ursula” will appear. Here user can select export parameters.

Export for Ursula

After creating file “hame.plb” user can view the result in Ursula. From “File”
menu select command “Start Ursula”.

SOFSTIK WinAqua - c:\documents|

siymln SOFSTKAG * Lcense o 4140001 Poge 1
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This is a detail report from all calculation made in WinAqua.

No. 1 8T 37 (DIN 17100)
Youngs-meoedulus 210000 [MPa]
Poisson-Ratio 0.30 [-]
Shear-modulus 81000 [MPa]
Compression modulus 171821 [MPa]
Weight 78.5 [kN/m3]
Weight buoyancy 0.0 [kN/m3]
Temp.elongat.coeff. 1.20E-05 [-1
static properties of cross section
MNO A[m2] Ay/Rz/Ayz Iy/Iz/Iyz ys/zs
MNs It[md] [m2] [md] [mm]
1 3.7030E-0Z 1.75ZE-02 6.031E-04 218.2
1.25%E-03 1.281E-02 1.638E-03 152.1
-2.793E-01 B.226E-05

Gafetyfacter 1
rYield stress fy 240
Tens. strength ft 370.
Ultim. plast. strain 0.
Relaxation at .55ft 0.
Relaxation at .70ft a.
national boend coeff. 0.
ECZ kondcoeff. Kl 0.
Hardening modulus 0.
Dynamic stress rangs 0.

v/z-sc modules gam

[mm] [MPa] [kN/m]

182.6 210000 2.91
171.5 g1000

1.6456E-03

Main moments of inertia 7.9511E-04 [m4]
Additional static properties of cross section
Alfa-T ymin Zmin hymin RK MB Tau-T Tau-¥y
ymax Zmax hzmin AB Tau-B Tau-¥z
[mm] [mm] [mm] [m2] [1/m3] [1/m2]
1.2E-05 -378.2 -1a7.1 1.90E-01 2.66E+02 6.91E+01
391.8 198.9 1.46E+03 8.80E+01
Section walues for warping
Wmin [m2] Wmax [m2] CHM[m&] CMS [md] ASwyy[mé] ASwzz[m6] ry[mm] rz[mm]
-8.024E-03 1.9242E-02 &.004E-07 5.488E-05 2.073E-06 Z.285E-07
Design walues of cross section
MNo A[m2] Ay/Az/Byz Iy/Iz/Ty=z ys/zs modules gam
MNs It[md] [m2] [md] [mm] [MPa] [kN/m]
1 3.7030E-02 1.75Z2E-02 &.031E-04 218.2 190909 2.591
1.259E-03 1.281E-02 1.638E-03 159.1 73636
8.226E-05
Full plastic force and moments
(K/D = characteristic/design)
H[kN] ¥y [kN] ¥z [kN] Mt[kNm] My[kNm] Mz[kHm] y[mm] z[mm] BUCK
K 8887.2 2948.64 2182.38 536.82 1209.46 1548.79 163.2 137.7 B B
K -453.4 1214. 43 0.00 0.0 159.1 COMB
K 1573.5 0.00 1612.14 218.2 0.0 COMB
D g079.3 Za80.58 1983.99 488.02 108%2.51 1407.%9 163.2 137.7
D -421.3 1104.03 0.00 0.0 152.1 COMB
D 1430.5 0.00 1465.58 218.2 0.0 COoMB
Additional Design Data
c¢ircum-0 circum-T t-min t-max sm.parts thet-p thet-y thet-z thet-y=
[m2/m] [m2 /m] [mm] [mm] [e/o] [tm2 /m] [tm2/m] [tm2 /m] [tmZ/m]
4.76a0 in0.0 20.0 0.0 0.1%2 0.063 0.1z%2 0.006
4 m un =
=£
By 5t 7]
H ®@
18 7
¥ son son. won. [% -zm wn
I I I 1 1
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5. Polygonal box section

The program WinAqua can be used to create polygonal box section as it is
shown on the Fig.5.1

L 350 75, 550 75, 350

I
2 2 A 1 A a
oF
v;m
N
vy
o~
N
Oé¢
e 3
L 400 50, 500 50, 400 .
2 A~ A A 1

A
Fig. 5-1Cross section

The polygonal box section is made of B25 concrete. User should analyze
shear stress in four characteristic cuts as shown on the Fig.5.2.

7 7 7 7z 7 7 7 7 z 7

S S S S S S S

< S /), s/, ./, S Z
22 0 L

Fig. 5-2 Position of shear cut
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The section will be oriented as shown on the Fig5.3

+; - N
[
|
|
|
|
|
f
1
|

V+iz
Fig. 5-3 Orientation of the cross section

For this example user should use units meters [m] from the Sl system. To
define geometry in WinAqua, program AutoCAD2000 will be used. User
should draw section in AutoCAD in y-z plane as shown on the Fig5.4. All
units must be in meters [m].

Fig. 5-4 Cross section in AutoCAD

This drawing should be exported in dxf file. Procedure for exporting
AutoCAD drawing in dxf file is:

- From “File” menu select “Save As”.

[ AutoCAD 2000 - [dxf]
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- Select a name for exported drawing (for example DXF input) and
select “AutoCAD 2000 DXF (*.dxf)’save as type.

Save Drawing As

-

_1%oaiking examples

) it

DRFimpt
AutoCAD 2000 DRF [+ i) BV,

5.1.Solving the problem with WinAqua

5.1.1. Drawing polygonal box section in WinAqua

After creating database file from the “Edit” menu select “New section[
thick walled]...” or select  icon frorq-DBase Toolbar

+=SOFISTIK WinAqua - c:\docums
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A new item will appear in database window under “Section” folder. Point
with the mouse on a section name in database window and click on the

right mouse button. A new floating menu will appear. Select command
“Load section from DXF”

+SOFISTIK WinAqua - c:\documents and settings\a

1 ¥ c\documents and ssitingsha
B0 Materiaks
B 1 Sections

Warning message will appear. WinAqua warns user that all previously
drawn line in selected section from database will be deleted.

SOFISTIK

Import command will be canceled if user selects “No”.If button “Yes”is

selected WinAqua will ask for path and name of dxf file. Find and select
previously created “DXF input.dxf” file.

Dpen - [.dxf]

Swnoe  H

D4 ot E &
[=F-Files(* dxf] |— C:ADocuments and Settings\Administrator'
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WinAqua will draw section in the drawing window using help lines.
Note: Command “Load section from DXF” is available only for “thick-walled”
sections!

Jewanpl &.cdb Polpgon b secton [ | [abal | <0000 |v 2283 |

Position and orientation of a section in WinAqua will be the same as it was
defined in AutoCAD. The section will be drawn whit help lines.
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To define section suitable for calculation user should define section by
using “contour” command and appropriate snap. Help line will help user for
easier defining outer contour of the section.

* ¥
x
*
3
0
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5.1.2. Defining inner contour of a polygon box section.

Using “Hole” command user can define the inner contour of the section.
From the “Section” menu select command “Hole” or select  icon from

“Edit section” toolbar.

«SOFiSTiIK Winfqua - c:\documents

Edit sectir x|

Pyl =l#| 2| -]z|

N I o o ] N P F )

This command works exactly like
command “Contour’ as previously
described in Example 1 in step 4. Use snap and command “Hole” to define
inner contour of a section.
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5.1.3. Defining shear cut

This procedure was described in step 2 paragraph “Shear cut” in Example

6.00 +.00 2.00 0.00 200 600 600
L I

5.1.4. Saving and calculating section database

This procedure was described in step 5 and 6 in Example 1.

5.1.5. Exporting result in to plb file and using program Ursula

This procedure was described in step 4 in Example 4.

Materials
He. 1 B 25 (DIN 1045)

Youngs-modulus 30000 [MPal gafetyfactor 1.00 [-1
Peiszon-Ratio 0.20 [-1 Strength fa 17.50 [MPal
Shear-modulus 12500 [MPa] Momin. strength fen 25.00  [MPa]
Compression modulus 16667  [MPa] Tens. strength  fetm 2.56  [MPa]
Weight 25.0 [kN/m3] Tens. strength  fotk 2.14  [MPa]
Weight buoyancy 0.0 [kN/m3] Tens. strength  fotk 3.08  [MPa]
Temp. elongat . coeFE. 1.00E-05 -1 Compr.failure energy 20.00  [kNM/m]
Tens.failure energy 0.05 [kN/m]
Friction in crack 0.20 [
No. 2 BST 500 (DIN 1045}
Youngs-modulus 210000  [MPa) gafetyfactor 1.00 -1
Poisson-Ratio 0.30 -1 vield stress £y 500.00  [MPa)]
Shear-modulus 80769  [MPa] Tens. strength  ft 550.00  [MPa)
Compression modulus 175000 [MPa) Ultim. plast. strain 0.00 [o/oo]
HWeight 78.5 [kN/n3] Relaxation at .S55ft 0.00 -1
HWeight buoyancy 0.0 [kN/n3] Relaxation at .70ft 0.00 -1
Temp.elongat.coeff. 1.20E-05 -1 national bond coeff. 200.00 -1
EC2 bondcoeff. K1 0.80 -1
Hardening modulus 0.00  [MPa]
Dynamic stress range 240.00  [MPa]
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Static properties of cross section
MNo A[m2] BAy/Az/Ayz Iy/Iz/Iy=z ys/zs

MHs Tt [md] [m21 [ma] [m]
1 1.4650E+01 3.068E+01 0.000
2 5.495E+01 1.675E+02 1.456
Tt of
Alf ym. Zmi: hymi AK
ym. ma hzmi AB
[m] [m] [m] [m2]
1.0E-05 7.000 1.456 1.60E+01
7.000 2.544 1.46E+01

v/z-sc
[m]
0.002
1.886

MB

modules gam
[MPa] [MH /m]
30000 0.366
12500

Tau-vy

Tau-B Tau-Yz
[1/m3] [1/m2]

2 6h.26E-02 2.00E-0Z

2.22E-01
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6. Composite Section

The program WinAqua can be used for creating composite section. With
WinAqua a square steel shape with concrete core should be made.
Geometry of this composite section is as shown on the Fig.6.1.

ST 37

Fig. 6-1 Cross section

Material from which this section is made is given on the Fig.6.1. In WinAqua
the section will be oriented as is shown on the Fig.6.2.

1 1’

2'

V+z

Fig. 6-2 Orientation of the section

The main geometry of this section is defined with coordinates are given in
Table 6.1.
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Table 6-1

. Coordinate

Point Y 7
1 0.15 -0.15
1’ -0.15 -0.15
2 0.15 0.15
2 -0.15 0.15
3 0.14 -0.14
3 -0.14 -0.14
4 0.14 0.14
4 -0.14 0.14

Note: The sectional values can refer to steel or concrete material. For
example, the area can be calculated:

E;

fe

reffered material is steel with E

A=A, , +

i Steel

E,,, =210000MPa E

concrete

reffered material is concretewith E,

4=

Steel . A

If section values refer to steel material

., =210000MPa E

concrete

Steel

concrete A

concrete

teel

=30000MPa
=210000MPa

30000

=0.0228 + ———-0.0784 = 0.0228m’
210000

If section values refer to concrete material

E

Steel
concrete

WinAqua Version 10.21-99

30000

=30000MPa

=30000MPa

oncrete

~ 210000

concrete

-0.0228 +0.0784 = 0.1596m’
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6.1.Solving the problem with WinAqua

6.1.1. Drawing composite section in WinAqua

Create new database and import two materials (B25 and ST 37) for the
composite section. From the “Edit” menu select “New section[thick
walled]...” . Before starting to draw the section user should define current
material for the section. Double click on the section name in the “Section”
folder from “Database” window.

«SOFISTIK WinAqua - c:\documents

1 * c:vdocuments and zettingshadminiztral
* Materials
1 B 25(DIW 1045)
17100]
I Sections

“Section Thick walled” window will upper.

Section thickwalled

1B 25 [DIN 1045) I

TA001

Set current material to “2 ST 37(DIN 17100)”. Note list box for reinforcement
and stirrup is empty because there is no reinforcement in this section. After

defining the default material user should draw outer (steel) contour of t

he

section using command “Contour’. To complete steel part of the section

user should activate command “Hole” and draw inner contour of t
section.

WinAqua Version 10.21-99
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Start command “Contour”

Command:

New Polygon, first point [m] 0.15,0.15

New Polygon, next point [m] 0.15,-0.15

[Press right mouse button and select command Mirror all points]
first point of axis or axis [m] 0,0

last point of axis or axis [m] 0,0.15

Outer (steel) couture of the composite section will be drawn.

Start command “Hole”

Command:

New hole, first point [m] 0.14,0.14

New hole, next point [m] 0.14,-0.14

[Press right mouse button and select command Mirror all points]
first point of axis or axis [m] 0,0

last point of axis or axis [m] 0,0.15

As it was previously described prepare drawing area for drawing concrete
part of a composite section by setting current material to “1 B 25(DIN
1045)".

Section thickwalled

25T 37 (DIN 17100) =
1B 25 [DIN 1045]

To complete all composite section user should activate command
“Contour” and draw contour of the concrete part of the section.

Start command “Contour”

Command:

New Polygon, first point [m] 0.14,0.14

New Polygon, next point [m] 0.14,-0.14

[Press right mouse button and select command Mirror all points]
first point of axis or axis [m] 0,0

last point of axis or axis [m] 0,0.15

Save database and the section is prepared for calculation.
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6.1.2. Calculating composite section

For calculating section values user should set to which material the section
value will refer to. This operation can be done using current material.

If current material is “1 B 25(DIN 1045)” concrete sectional values will refer
to the concrete.

-10.00

10.00

¥ 30.00 20.00
I I I I I I I

Materials
No. 1 B 25 (DIN 1045)

Youngs-modulus 30000 [MPa] safetyfactor 1.00 -1
Poisson-Ratio 0.20 [-1 Strength fc 17.50 [MPa
Shear-modulus 12500 [MP&] Nomin. strength £cn 25.00 [MPa]
Compression modulus leee7 [MFa] Tens. strength fctm 2.56 [MPa
Weight 25.0 [kN/m3] Tens. strength fctk 2.14 [MPa
Weight bucovyancy 0.0 [kN/m3] Tens. strength foctk 3.08 [MPa
Temp.elongat.coeff. 1.00E-05 [-1 Compr.failure energy 20.00 [kN/m]
Tens.failure energy 0.05 [kn/m]
Friction in crack 0.20 -1
Ne. 2 5T 37 (DIN 17100)
Youngs-modulus 210000 [MPal safetyfactor 1.10 [-1
Poisson-Ratio 0.30 -1 Yield stress fv 240.00 [MPa
shear-modulus 81000 [MPa] Tens. strength ft 370.00 [MPa
Compression modulus 171821 [MPa] Ultim. plast. strain 0.00 [o/oo]
Weight 78.5 [kN/m3] Relaxation at .55ft 0.00 -1
Weight buovancy 0.0 [kN/m3] Relaxation at .70ft 0.00 [-1
Temp.elongat.coeff. 1.20E-05 -1 national bond coeff. 0.00 [-1
ECZ2 bondcoeff. K1 0.00 [-1
Hardening modulus 0.00 [MPa]
Dynamic stress range 0.00 [MPa]
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static properties of cross section

Mo
MNs It[mé]
1 1.5960E-01
1.106E-03

A[m2] Ay/Az/Avz Iv/Iz/Ivz

[m2] [md]
1.652E-03

1.652E-03

ys/zs
[em]
0.00
0.00

v/z-sc
[em]
Q.00
0.00

Additional static properties of cross section

Alfa-T ymin zmin hymin BEK MB
ymax zZmax hzmin AB
[en] [em] [em] [m2] [
1.0E-05 -15.00 -15.00 8.95E-02 5.5
15.00 15.00 7.84E-02
Partial cross sections
MNo A[m2] Ay/Rz/Avz Iyv/Iz/Iyz ye/zs modules
Ms It[md] [m2] [mad] [em] [MEa]
2 1.1600E-02 1.628E-04 0.00 210000
0.000E+00 1.628E-04 0.00 81000
1 7.8400E-0Z 5.122E-04 0.00 30000
1.106E-03 5.122E-04 0.00 12500
Design wvalues of cross sectieon
MNo A[m2] Ay/Rz/Avz Iyv/Iz/Iyz ye/zs modules
MNs It[mé] [m2] [md] [cm] [tPa]
1 1.5222ZE-01 1.476E+00 1.548E-03 0.00 30000
1.106E-03 1.476E+00 1.548E-03 0.00 12500
Full plastic force and moments
(K/D = characteristic/design)
N[kN] vy [kN] Vz [kN] Mt[kNm] My [kNn]
K -4156.0 31851.00 31851.00 460.63 334.67 334.
K -686.0 30768.68 350.90 0.
K -586.0 30768.68 0.00 350.
K 2784.0 Z29686.36 Z25686.36 34%9.74 -334.87 -334.
K 0 30768.68 0
K
D -5 29152.25
D -686.0 28069.9%2 323.
D -686.0 28065.92 0.
D 2530.% 26587.59 26987.59 317.%4 -306
D -686.0 28069.5%2 -323.
D -586.0 2B065.52 a.

modules
rPal
30000
12500

Tau-T
Tau-B

1/m3]
SE-10

gam
[kN/m]
0.91

gam
[kN/m]
3.81

Mz [kNm] y[cm]

&7 4.73
00 0.00
S0 0.00

.73
Q0

gamn
[kN/m]
z2.87

Tau-vy
Tau-v¥z
[1/m2]

COMB
COMB

COMB
COMB

If current material is “2 ST 37(DIN 17100)” steel sectional values will refer to

the steel.

¥ 30.00
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Static properties of cross section

MNo Alm2] Ay/az/Ayz Iy/Iz/Iyz
MNs It[md] [m2] [md]
2 2.2800E-02 2.360E-04
1.106E-03 2.360E-04

Additional static preoperties of cross

Alfa-T ¥min zmin hymin
ymax zmax hzmin
[mm] [mm] [mm]
1.2E-05 -150.0 -150.0 8
150.0 150.0 7
Partial cross sections
MNo Alm2] Ay/Az/Ayz Iy/Iz/Iyz
MNs It[m4] [m2] [md]
2 1.1600E-02 1.628E-04
1.106E-03 1.628E-04
1 7.8400E-02 2.142E-01 5.12ZZE-04
0.000E+00 2.142E-01 5.122E-04
Design values of cross section
MNo A[m2] Ay/Az/RAyz Iy/Iz/Iyz
MNE It[m4] [m2] [m4]
2 2.3%20E-02 1.083E-02 2.433E-04
1.106E-03 1.083E-02 Z2.433E-04
Full plastic force and moments
(K/D = characteristic/design)
N[kN] Vy [kN] vz [kN] Mt[kNm]
K -4156.0 137&6.37 1376.37 460.63
K -686.0 1325.80
K -686.0 1325.60
K 2784.0 1282.83 1282.83 349.74
K -686.0 1325%.60
K -686.0 1329.60
D -39%02.9 1259.73 1259.75 4z28.84
D -686.0 1212.58
D -686.0 1212.98
D 2530.9% 1166.21 1166.21 317.%4
D -686.0 lz1lz.98
D -686.0 1212.98

yva/zs y/z-sc modules
[mm] [mm] [MPal
g.0 0.0 210000
a.o 0.0 81000
section
AK MB Tau-T
AB Tau-B
[m2] [1/m3]
.95E-02 5.5%E-10
.84E-02
vs/zs modules gam
[mm] [MPa] [kN/m]
0.0 210000 0.91
0.0 81000
a.o 30000 1.96
0.0 12500
ys/zs modules gam
[mm] [tFal [kN/m]
0.0 130%0% 1.88
g.0 73636
My [kNm] Mz [kNm] y[mm]
334.67 334.67 47.3
350.90 0.00 0.0
0.00 350.850 0.0
—-334.67 -334.67 -47.3
-350.%90 0.00 0.0
0.00 =-350.80 0.0
306.10 306.10 50.3
323.37 0.00 0.0
0.00 323.37 0.0
-306.10 -306.10 -50.3
-323.37 0.00 0.0
0.00 -323.37 0.0

gam
[ki9/m]
2.87

Tau-Vy

Tau-Vz
[1/m2]

BUCK

COMB
COMB

COMB
COMB

COMB
COMB

COMB
COMB

6.2. Composite Section (steel profile + concrete plate)
The program WinAqua can be used to create composite section that is

made of steel profiles and concrete sections as shown on the Fig.6.3.

N 100 ,."
g 50 L 50 .
a A 2

IPE 300 (ST 37)

Fig. 6-3 Cross section

Materials from which this sections are made are given on the Fig.6.3.

WinAqua the section will be oriented as shown on the Fig.6.4
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Fig. 6-4 Orientation of the section

The main geometry of this section is defined with coordinates given in Table
6.2.

Table 6-2
. Coordinate
Point Y 7
1 0.5 -0.25
0.5 -0.15
3 0.075 -0.15
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6.3.Solving the problem with WinAqua

6.3.1. Drawing composite section in WinAqua

Create a new database and import two materials (B25 and ST 37) for the
composite section. The “Section Thick walled” should be created in the
database. To import steel shape section user should use “Steelshape”
command from “Selection” menu. This command can be run from the icon

placed in “Edit section” toolbar, too.

= SOFISTiK WinAqua - c:\document:

[

~D0- 0D

=l &

“wleiniol =l#] +1-| (=]
1 vt o

=

mE-L

After starting “Steel shape” command “Profile” window will appear.
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S0Fi5TiK : Profiles

All parameters that define steel profile can be set in this window:

Title: Here user defines a profile name. WinAqua automatically gives a
name in the title text box (depending on the selected profile).

Material: From this list box user can select and set structural steel material
for steel profile. If there is no structural steel material defined in the
database then this list box will be empty, so WinAqua cannot create steel
profile!

Type: With this option user can select type and dimension of a steel profile
(IPE,HEA,HEB,HEM, U, etc.)

Reference point: With reference point WinAqua defines base point for
inserting the profile. For example, if reference point is top center then base
point for placement of a section will be as shown on the next figure.

Cursor
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If reference point is set to center of gravity then base point for placement of
a section will be as shown on the next figure.

Cursor
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Angle: Defines angle of the section.

If the Angle=0° then WinAqua will insert section as it is shown on the next
figure.

If the Angle=45° then WinAqua will insert section as it is shown on the next
figure.

Buckling curve: User can set buckling curve for selected profile (D, A/B,
B/C, C/D). Usually WinAqua automatically sets buckling curve when user
selects appropriate steel profile.

Option Custom: This option gives user opportunity to define his own
dimension for the steel profile.

= Dimension
B |4EIEI T
] |EIE|IZI 1]
S |1E5 1]
T |31 ]
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Option button “full” and “half”

If the option button is set to “full” then WinAqua will import a full steel
profile. If the option button is set to “half’ then WinAqua will import a half
steel profile as it is shown on the next figure.

Button static value: This button gives the main elastic and plastic
geometric characteristics for the selected profile.

SOFISTiK : Profiles x|
35T 37 (DIN 17100) =

]
o B poos

Center of gravity |—

By clicking on the button “OK” WinAqua will ask the user to define the
position point for the steel profile.
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In this example user should select profile IPE300 with base point “center of

gravity” and he has to place the profile in a coordinate 0,0.

Drawing concrete plate will be done by using “Contour” command.

Command:
New Polygon, first point [m] 0.5,-0.25
New Polygon, next point [m] 0.5,-0.15
New Polygon, next point [m] 0.075,-0.15
[Press right mouse button and select command Mirror all points]
first point of axis or axis [m] 0,0
last point of axis or axis [m] 0,0.15

TV S q
0

H

L.
¥

The calculation process will be same as it was explained in Example 6,
paragraph 6.1 Composite Section (step 2).
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