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St 1 Introduction 1

1 Introduction

With this introductory example we want to show you the most important functions of the pro-
gram SHAPE-THIN. Like in any other software there are many ways to reach a goal in SHAPE-THIN.
Depending on the situation and your personal preferences, it may be useful to proceed in one
way or another.

The example describes a steel angle to which an unequal angle section is welded. We will deter-
mine the cross-section values, the stresses and the effective widths of the angle. Furthermore, this
simple cross-section should encourage you to discover the possibilities of SHAPE-THIN on your
own.

I]g Once the 90 day testing phase has expired, you can still enter and calculate the angle as the
restrictions for the demo version of a maximum of four elements are met.

The described buttons are given in square brackets; for example, [Apply]. In addition, they are
pictured on the left. Expressions appearing in dialog boxes, tables, and menus are set in italics.
This way you can better follow the explanations. Required input is written in bold.

To find a description of the program functions, read the manual of SHAPE-THIN that you can
download on our website.

The file Section.du8 including cross-section properties is also stored in the Examples project that
was created during the installation. However, for the first steps with SHAPE-THIN we recommend
entering the section manually.
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= 2 Cross-Section and Loads 2

2 Cross-Section and Loads

2.1 Cross-section

The example is a welded steel angle consisting of steel plates with a thickness of 12 mm and 10 mm
to which an angle section L 200x150x12 is welded.

(= 12 mm L 200x150x12 -
| o
|
weld 8 mm
406
/]
[t =10 mm
/] _1
200 150 _\
350

ﬁgure 2.1: Sketch of cross-section
The section is made of steel S 355.

2.2 Internal Forces

Load case 1: Tension and bending

In the first load case, a tensile force is applied together with biaxial bending. The internal forces
are acting in the direction of the member axes x, y and z.

N = 35 kN
¥
: V, = 15 kN
V, = —25kN
M, = 60 kNm
M, = 15 kNm

Load case 2: Compression and bending

In the second load case, we will analyze a compressive force together with bending moments.

N = —80kN
V, = —10kN
V, = —20 kN
M, = 40 kNm
M, = —5kNm
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3 Creating the Cross-Section

3.1 Starting SHAPE-THIN

We start SHAPE-THIN with the icon Dlubal SHAPE-THIN 8.xx on the desktop.

You can also start the program on the taskbar
Start — All Programs — Dlubal — Dlubal SHAPE-THIN 8.xx.

3.2 Creating the Cross-section
The SHAPE-THIN work window opens and we can see a dialog box. We are asked to define the
general data of a new cross-section.

If a section is already displayed in the window, we close it by using the menu File — Close. Then,
we open the General Data dialog box with the menu File — New.

Mew Model - General Data x

General History

Cross-Section Name Description
| Section | | Manual example ‘
Project Name Description
‘I;I Examples j | Example models ‘
Folder: ‘g

| C:\Users\Public\Documents\Dlubal\Projects\Examples ‘

Calculate Additionally

Plastic cross-section properties (no combined
loading conditions)

cft parts and effective cross-section properties

[ Plastic capacity design (with combined loading
conditions)

Positive Orientation of Y-Axis Template

(O To the left - [Jopen template cross-section:

(@) To the right l- -¥ g
z

Comment

| -] @

sSIEAEE T

ﬁgure 3.1: Dialog box New Model - General Data

In the Cross-Section Name text box we enter Section, and in the Description box we enter Man-
ual example. A model name must always be defined because it determines the name of the
SHAPE-THIN file. A description, however, does not necessarily need to be used.

Then, we select the Examples project from the list in the field Project Name if it is not preset. The
Description of the project and the Folder are shown automatically.

In the dialog section Calculate Additionally, we select the checkbox for c/t parts and effective
cross-section properties because we want to perform a classification.

We don’t change the Positive Orientation of Y-Axis, and we keep the default To the right.
Finally, we have defined the general data of the model. We close the dialog box with [OK].
The empty work window of SHAPE-THIN is displayed.
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4 Cross-Section Data

4.1 Checking Default Settings

Work window

Firstly, we maximize the work window with the corresponding button in the title bar. In the work

space, we see the axes of coordinates with the global directions Y and Z.

|ﬁ| To change the position of the axes, we click the button [Move, Zoom, Rotate] in the toolbar above.

&

The mouse pointer turns into a hand. While holding down the left mouse button we can now place
the work space in any position. For entering data we recommend moving the axes of coordinates
to the left in the direction of the navigator.

The hand also allows zooming in and out: Hold down the shift key and the left mouse button and
move the pointer up and down.

To close the function, you have different possibilities:
o Click the toolbar button again
e Press the [Esc] key

e Right-click into the work space

Units

For our example, we set the metric units. The units and decimal places can be changed anytime
during the input and evaluation. The values will be converted and adjusted automatically.

We open the dialog box Units and Decimal Places by clicking on the menu

Edit — Units and Decimal Places.

nd Decimal Places >
Program / Module Input  Results  Dimensions
----- SHAPE-THIN
Geometry Materials
Lnit Dec. places Lnit Dec. places
Lengths: mm ~ II 3 E-, G-Modules: N/mm™2 II o
Angles: : w E 2 Specific weight: kN/m™3 E 3
Yield stress: N/mm™2  ~ II =
| | Cross-Sections Loads
Load Profile e [mm w II = Forces: kN w E o
List of Profiles |:kg,-"m ~ II : Lengths for moments: m ~ E :
MName Default |:m"2,-"m ~ E = Load lengths: m e E 3
Imperial Oa
g K
2 / Corcs
r [
WINIE 5 ® oK Cancel

ﬁgure 4.1: Dialog box Units and Decimal Places

We click the [Load Saved Profile] button. In the Load Profile dialog box, we select the Metric profile.

© DLUBAL SOFTWARE 2017
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When clicking [OK], the modified units are set for the Input, Results and Dimensions.

We save our changes by [OK], thus closing the Units and Decimal Places dialog box.

Grid

| The grid forms the background of the work space. The spacing of grid points can be adjusted with
the button Settings of Work Plane, Grid/Snap, Object Snap, Guide Lines shown on the left.

Work Plane, Grid/Snap, Object Snap and Guidelines s

Origin of Work Plane

MNode No.: tﬂ E

Coordinates Y: [mm]
2 [ o0an]

Grid/Snap ObjectSnap Guidelines Background Layers Line Grids

Show Type Number of Grid Points
[v] Grid (@) Cartesian [ ] Dynamically according to size of model
[]Snap (O Polar
Distance Ij =[x o 5 -
Direction 1: IE = IE =
2 [ ] [ w2

Grid Point Spacing

space b [ 2005 fom
-

womon 3 [ 00E

Grid Line Spacing

Number nq: 10

? & [=

ﬁgure 4.2: Dialog box Work Plane, Grid/Snap, Object Snap and Guidelines

For our example, we adjust the grid point spacing to 20 mm. We close the dialog box with [OK].

sMAP [cRiD| For entering data later it is important that the control fields SNAP und GRID in the status bar are
set active. This way the grid becomes visible in the work space and the points will be snapped on
the grid when clicking.

Mouse functions

The mouse functions follow the general standards for Windows applications. To select an object
for further editing, we click it once with the left mouse button. To open its Edit dialog box, we
double-click the object.

When we click an object with the right mouse button, its shortcut menu appears showing us
object-related commands and functions.

By scrolling the wheel button we can maximize or minimize the current model representation.
The position of the mouse pointer is always taken as the center of the zoom area.

By holding down the wheel button we can move the model directly without previously activating
the button [Move, Zoom, Rotate]. The pointer symbols show the selected function.
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4.2 Changing Material

Steel A992 is preset as material. As our section consists of steel $S355, we have to change the
material.

In the navigator, we click on the &l symbol to open the materials. Then, we click on the entry
1: Steel A992 with the right mouse button.

In the shortcut menu, we select the Edit option.

Project Navigator - Data X
™ SHAPE-THIN
=% Section [Examples]

=@ Model Data

") 1: Steel A992 | ANSI/AISC 360-05:2005-03
[E Cross-Sections | & Edit.. N Enter |
e lcments Q New Material...
[ Point Elements
@ ¢/t-Parts f Go to Table
#) Welds ' Delete Del
[}'3 Load Cases and Combination
_4 Load Cases [ Select
=¥ Load Combinations oot :
-2 Internal Forces - Rl
3 Results EE Display Properties...

-2 Printout Reports
-3 Guide Objects

<
ﬂ[)a‘ra IgDisplay .ﬁ\"\ews

v

ﬂgure 4.3: Edit materials in shortcut menu of navigator

The dialog box Edit Material appears.

Edit Material s

Mo. Color Description

I [ steel A992 |

Material Constants ] Import from Material Library...

Maodulus of elasticity

m

109938.0 IN/mm]

Shear modulus

(]

76899.2 2¥) IN/mm]
Yield stress Fy ket 344.7 E [M/mm2]

Specific weight 78.50 E [kN/m#]

1.00 -

Partial safety factor

E

Limit Stresses

=1

Normal stress ax: 344.7 E [N/mm2]

=]
KD
=
g
&

Shear stress = 198.]

Equivalent stress Tequ 3447 E [MmmZ ]

=]

Comment

| | @]
Lok | Gl |

ﬂgure 4.4: Dialog box Edit Material with access to library
We click the [Library] button to access the material library.
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Material Properties

Material Library X
Filter Material to Select
Material category group: Material Description Standard ~
|.Meta| v| [l Steel 5 235 B EN 1993-1-1:2005-05
[ Steel 5 275 B EN 1993-1-1:2005-05
Material category: [] Steel S 355 < EN 1993-1-1:2005-05
|.Steel v| I Steel S 450 B EN 1993-1-1:2005-05
[l Steel S 275 N B EN 1993-1-1:2005-05
Srapdadiooups I Steel S 275 NL HE EN 1993-1-1:2005-05
|H EN V| [l Steel S 355N B EN 1993-1-1:2005-05
Standard: [l Steel S 355 NL B EN 1993-1-1:2005-05
[l Steel S 420 N B EN 1993-1-1:2005-05
| EN1003-1-1:200505 | B Steel S 420 NL B EN 1993-1-1:2005-05
[ Steel S 460 N B EN 1993-1-1:2005-05
[l Steel S 460 NL B EN 1993-1-1:2005-05
[l Steel S 275 M B EN 1993-1-1:2005-05
[l Steel S 275 ML B EN 1993-1-1:2005-05
[l Steel S 355 M B EN 1993-1-1:2005-05
[ Steel S 355 ML B EN 1993-1-1:2005-05
[]include invalid... & | |HsSteels420m B EN 1993-1-1:2005-05
[ E——— ! Steel S 420 ML E EN 1893-1-1:2005-05 v
h o h = Search: | ®

Steel S 355 | EN 1993-1-1:2005-05

Bl Main Properties ~
Modulus of Elasticity E 210000.0 | Nfmm2
Shear Modulus G 80769.2 | Njmm2
Poisson’s Ratio v 0.300
Specific Weight T 7850 | kN/m?2
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C

B Additional Properties

B Thickness Range t<40.0 mm
Yield Strength ‘fy | 355.{]|N,fmm2
Ultimate Strength ‘fu | 490_{]|N,fmm2

B Thickness Range t>40.0 mm and t < 30.0 mm
Yield Strength Ty | 335.0 | Njmm2
Ultimate Strength fu | 4700 | Nimm?2

B Thickness Range t> 80.0 mm and t < 100.0 mm
Vield Strength fy | 3150 N/mm2
Ultimate Strength ‘fu | 4?0_0|mem2

B Thickness Range t> 100.0 mm and t = 150.0 mm
Yield Strength Ty | 295.0 | Njmm2
Ultimate Strength fu | 4500 | Nfmm2

B Thickness Range t> 150.0 mm and t = 200.0 mm
Vield Strength fy | 2850 N/mm2 |+

- o
A

ﬁgure 4.5: Selecting Steel S 355 in the library

The dialog section Filter offers several categories so that we can restrict the materials according to
certain criteria. We set the filters as shown in the figure above. We can see that the list Material to
Select becomes clearer.

We click on the material Steel S 355. In the dialog section below, we can check the Material
Properties including the different ranges of element thicknesses.

We use the [OK] button in both dialog boxes to import the changed material properties.

Now we can start to enter the cross-section geometry.

[ N ©DLUBAL SOFTWARE 2017
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4.3 Defining Elements

It is possible to first define the nodes graphically or in tables, and to later connect them with
elements. For our example, however, it is better to use the direct graphical input of elements
where nodes are created automatically.

4.3.1 Placing Elements

We open the dialog box for placing an element graphically on the menu

Insert — Model Data — 1.4 Elements — Polyline — Graphically — Continuous
| 1;1 ,| or use the corresponding button in the toolbar, which is faster.

The dialog box New Element (Polyline) appears.

New Element (Polyline) *
Element No. Node No.
o (I
Reference Coordinates.
) CumrentCS Y 20005 [mm]
(@) Grid origin z 005 [mm]
(O Lastnode
. R _/ a Length
o N Ls B 5[]
B F
ol@ Oser
o c’ U i_. AL = | [rm]
ralkY

Thickness

t o

Effective thicki forsh
] Effective thickness for shear -

transfer 100 -~ (5 ¥ [rarm]
Bend
[JAvailable

Bend radius r | [mm]

Material

‘l1|SteeIS355|EN1‘393—]-12005-05 v|LI.I imlil==]

LIV

ﬁgure 4.6: Dialog box New Element (Polyline)
The Element No. 1 and the Thickness of 10 mm are preset. The Material is Steel S 355. We accept
these settings because we will adjust the flange thickness subsequently.

When we move the mouse across the work space, we see the coordinates of the pointer displayed
in the window. The reticle snaps at the points of the 20 mm grid.

With a click on the left mouse button we place node 1 as the initial point in the zero point (Y/Z-co-
ordinates 0.0/0.0) .

With another mouse click we define node 2 in the grid point 200.0/0.000 as the element’s end
point.

As we have chosen the Continuous option, node 2 represents the initial node of our next element
no. 2. Thus, we can go on with placing node 3 in the grid point 200.0/400.0.

We close the function with a right mouse click into the empty work window or with [Esc].

[ N ©DLUBAL SOFTWARE 2017
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Changing the view

For the full screen view we select on the menu
View — Show All.

|Q| We can also use the corresponding toolbar button or the function key [F8].

Displaying numbers

Before we enter more data, it is recommended to activate the numbering of the nodes and ele-
ments. The quickest way is to right-click into an empty area of the work window.

A shortcut menu with useful functions appears. We click the entry Show Numbering.

Repeat - Show Numbering Enter
User-Defined View »

|@| Show Numbering

;.Q Show Results

‘) Show Dimensions

" | Show Comments

ﬁ

i
A==

|_I%| Enable Drag & Drop

Lock Guidelines

|E| Auto Connect Elements

39 Coordinate System...
# | Work Plane, Grid/Snap, ...

E Select Special...

Colors in Graphics According to »

gﬂ Display Properties...

ﬁgure 4.7: Activating the numbering in the shortcut menu

4.3.2 Editing Elements

When we go to element 1 and hover the pointer over it briefly, the quick info shows us, among
other information, the element thickness t of 10 mm.

7-17%#%/?/ 7 e,

=]

| Element No. 1; Nodes No. 1,2; L: 200 mm; d: 10.0 'Tm| ’
L

PR,
al T T T

ﬁgure 4.8: Quick info of element
As our flange has a thickness of 12 mm, we need to correct it. We double-click element 1 to open
the Edit Element dialog box.

[@ Please make sure to double-click the element on its edge to avoid “catching” the blue c-t zone!

[ N ©DLUBAL SOFTWARE 2017
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We correct the Thickness tto 12 mm.

Edit Element >
General
Element Mo. Element Type
[ | Polyline ~|
List of Nodes Element Type 'Polyline'
12 | @

Y
Material
W 1| steel s 355 | EN 1993-1-12005-05 MIEE=NED 7

Thickness

Thickness t: 120 VEE' [mm] -
| Effective thickness for shear transfer |

e [ 100 D]

Comment

| v|[@]
@ OK || Cancel

ﬁgure 4.9: Dialog box Edit Element

After [OK] the model represented in the work window is refreshed.
4.4 Defining Angle
Now, we connect an unequal angle 200x150x12 to the horizontal element.

4.4.1 Placing Section

-.I' We open the cross-section library with the button shown on the left.

BT L |Z||0 @ @ W
[o][e][e][et==] [T [o | 5 =1 1S 0| il il O
AEFEIDERET R . E
EEDD I EEEE
Butt o [o][n][n = @ @ m
I (x| [e] [=]| [=] [2][+ ] 15 1S I I | [ I
(=[x ][] [ g | B
o EE@ I m
Leq., Luneq., KL eq., KL uneq,, LS, ... User-Defined From Cross-Section Program
E; £l 5

ﬂgure 4.10: Cross-Section Library

In the dialog section Rolled, we click the button [Angles].

[ N ©DLUBAL SOFTWARE 2017
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In the dialog box Rolled Cross-Sections - Angles, we select the cross-section L 200x150x12 in the

Table LU.

Rolled Cross-Sections - Angles

To Select

L 200x150x12 | EN 10088-1:1893

Cross-Section Type To Select
Table
SNSRI |
L
/L
ERE -
-L | . Lw
=2
Filter

Manufacturer/Standard group:

Manufacturer/Standard:
Al v

Cross-section shape:

All v

Cross-section note:

Manufacturer/Standard
[ EN 10056-1:1998
EN 10056-1:1998
I Euronorm 56-77
[ Euronorm 57-78

Cross—Sect\oﬁ\
L 100x65x7
L 100x65x8
L 100x65x10
L 100x75x8
L 100x75x10
L 100x75x12
L 120x80x8
L 120x80x10
L 120x80x12
L 125x%75x%8
L 125x75x10
L 125%75x12
L 135x65x8
L 135x65x10
L 150x75x9
L 150x75x10
L 150x75x12
L 150x75x15
L 1509010
L 150x90x12
L 150:90x15
L 150x100x10
L 150x100x12
L 200x100x10
L 200x100x12
L 200x100x15

L 20015015 v | L 200x150%12 | EN 10056-1:1998 \

2000

a

Material

[mm]

[&][F]la

|.1 - Steel S 355 | EN 1993-1-1:2005-05 V|

[ AN

Al
[indude invalid... =
D Favorites group:
~ ;h E
D @ % 28

Cancel

ﬁgure 4.11: Selecting angles in the library

We can check the properties of the angle with the [Info] button.
Furthermore, Steel S 355 is preset as Material. We confirm the dialog box with [OK].

The dialog box Set Section appears.

Set Section
Section Mo.

Section

| L 200x150x12 | EN 10056-1:1998

IME=IE]

Material

|l 1 ‘ Steel S 355 | EN 1993-1-1:2005-0¢ v| o= | =

Offset Point Location

y: 41392 -5 [mm]  Note:
z: 301 -5
Cross-Section Location
@Y: 443 S mm]
Z: [-155 % [mm]

[mm]  picture.

(O Edge of element (O]
Mo.: O ‘1:;!
Distance
52 = [mm]
Location:
Left Right

Select offset point in the section

Section Rotation

Parallel to the
element

Nodes

offset point

/Té%ﬁ//f/////////ﬁ)

[+] Ausiliary points

Perpendicular

Rotation Options
B: -90.00 3 [°] Connect section with null element
° Ay
Reduce section into individual
elements
Snap

I

%)

ﬂgure 4.12: Dialog box Set Section

[ N ©DLUBAL SOFTWARE 2017
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We specify a Section Rotation (3 of -90° to put the section in a more favorable position.
In addition, we tick the check box Reduce section into individual elements.

When we move the angle with the mouse across the screen, we see that the current “auxiliary
point” (offset point) for placing the section lies in its centroid. In the angle’s section sketch, the
auxiliary point is shown in red.

Because we want to connect the section with its long leg, we change the offset point. In the sketch,
we click the red node at the left section end so that it is shown in light red.

Now, to place the section, we go to node 2 in the work window. As soon as the node is displayed
with its coordinates in the status bar, we press the left mouse button.

AN

ol - 1 ,},2 P
‘T/// 74 7% % ‘

ﬁgure 4.13: Placing angle at node 2
A message appears documenting the result of the section reduction to elements and point ele-
ments.

I]g Strictly speaking, it would be correct to connect the angle to the element’s edge. But then another
element of the thickness zero would be created ensuring the shear stiff connection. The demo
restrictions of a maximum of four elements would be exceeded for our example.

We close the function with a right mouse click into the empty work window or with [Esc].

[ N ©DLUBAL SOFTWARE 2017
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4.4.2 Rotating Section

We adjust the position of the angle with the Mirror function.

Selecting objects

Before we can use the editing functions (copy, rotate, mirror), the relevant objects must be deter-
mined or “selected”.

We draw a window across the section that has just been set - from the left to the right. It is
necessary that the window completely includes the elements 3 and 4.

ﬁgure 4.14: Selecting elements with window

@ How to select objects:

o [f you pull up the window from the left to the right, the selection contains only objects that
are completely within this window. If you pull up the window from the right to the left, the
selection additionally contains those objects that are cut by the window.

e The selection is acting “alternatively”: When you click an object (node, element, point ele-
ment), the selection of an already selected object will be canceled. Only the new object is
selected. To add the object to an existing selection, hold down the [Shift] key when clicking.

[ N ©DLUBAL SOFTWARE 2017
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Mirroring objects
d:h. We open the Mirror function with the button shown on the left.

Mirror bt
Option
Y
[Jcreate copy
Mirroring Axis Through z P(Y.2)
(@) Point and parallel axis:
TR TPEY EEECRTEE r—
(O) Two points e e e fooseaitim
\ \ f /
\ /
Definition of Mirroring Axis \ \ / /
A\ \ f |
1st paint 2nd point \ \ / f
\ T SRR S /
Y | G'OEE” | - " [mm] | e R B
z [ ooEh | 2 )
5 5
Numbering Increment for
MNaodes: 1= Continuous
Elements: 1= Continuous
Paint elements: 1= Continugus
Sections: 1= Continuous
YWelds: 1= Continugus
o] ome

ﬁgure 4.15: Dialog box Mirror

It is important that the check box for Create copy is not ticked in the Mirror dialog box.
Now, we mirror the angle around the origin (0.0/0.0) and the parallel axis Y.

After [OK] we see that SHAPE-THIN has put the angle into the correct position.

e
Ry
=

B

ﬁgure 4.16: Mirrored angle

[ N ©DLUBAL SOFTWARE 2017
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4.5 Defining Welds

Now, we adjust the connection zone between the elements. Then, we model the weld connections.

4.5.1 Deleting Point Elements

|@| We zoom in the zone of the connection between the elements and the angle. For zooming in we
~can use the wheel button or the button [Zoom with Window].

We see an opening in the connection zone which has been caused by the mirrored angle. We
eliminate it by right-clicking the point element 4 and selecting the option Delete Point Element
in the shortcut menu.

Edit Point Element...

Delete Point Element

Q
o

Move/Copy...
Rotate...

Mirror...

Display Properties...

B4 | visibility by Selected Objects
B8 | Visibility by Hiding Selected Ohjects

ﬁgure 4.17: Deleting Point Elements

4.5.2 Placing Welds

We define a double fillet weld of 6 mm between the web and the flange.

|=;7 | With the button shown on the left or selecting on the menu
' Insert — Model Data — Welds — Graphically,

we open the dialog box Set Weld.
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Set Weld

Weld No.
1

Parameters

Thickness a: 6.0 vE [mm]
0

Position

Coordinate Y: 205013 [mm]
z 605 [mm]
Comment
@ Apply

ﬁgure 4.18: Dialog box Set Weld

We change the Thickness to 6 mm. To set the weld, we go to the point with the coordinates
(205.0/6.0) in the work window. As soon as the reticle is snapped in the corner (red square on the
pointer), we press the left mouse button.

For setting the second weld we change the Rotation o to 90.0°. Then, we place the weld at the
point with the coordinates (195.0/6.0).

b
68 i

Set Weld

Weld No.
2

Parameters

Thickness a: [mm]
Rotation o 1
Span angle oD 1

Position

Coordinate Y 195.013 [mm]
z 6012 [mm]

Comment

\ M=

@

ﬁgure 4.19: Dialog box Set Weld

We close the function with a right mouse click into the empty work window or with [Esc].

Finally, we have entered all geometry data.
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4.6 Checking Cross-Section Parts

Checking data in navigator and tables

All entered objects can be found in the directory tree of the Data navigator and in the tabs of the
table. The entries in the navigator can be opened with a click on the It sign. To switch between
the tables, we click on the table tabs.

| | “:” We can hide and display the navigator as well as the tables by selecting View — Navigator or
Table on the menu. We can also use the corresponding toolbar buttons.

In the tables, the objects are organized in various tabs. The Cross-Section L 200x150x12 is missing
as we have selected the option Reduce section into individual elements in the settings.

Checking c/t parts

SHAPE-THIN automatically creates cross-section parts that are required to determine the c/t ratios
according to Eurocode 3. At the same time, the support conditions (outstand flanges or internal
compression parts) and the reduced lengths due to point elements and welds are identified.

In the graphic, the c/t-Parts represented in the center lines of the elements are shown in light blue.
In table 1.7, the data is listed numerically.

Graphics and tables are interactive: For example, to find a c/t part in the table, we go to table
1.7 Cross-Section Parts for Classification According to EN 1993-1. When we click a ¢/t part in the work
window, its corresponding table row is highlighted in color.

17 %2

M o—

Project Navigator - Data x

SHAPE-THIN ~
IE!'EJ Section* [Examples]
-8 Model Data
(-2 Nodes
-5 Materials
=) Cross-Sections
-2 Elements
[#- B Point Elements
-4 ¢/t-Parts

(- Welds w
fData & Display 4 Views

1.7 Cross-Section Parts for Classification According to EN 1993-1 X

p—— - | i R
FEEEEEIEGEE R E e I R I
B c [ D E [ F G H 1 J ~
c/A-Part cA-Part Reestraints Subtr. Length [mm] Width Thickness Aail.
No Elements Type Start End Astart Aend ¢ [mm] t [mm] cA Comment
1 1 Straight O ¥ 0.0 13.5 186.5 120 15.543
2 |2 Straight M O 145 0.0 3855 10.0 38.551
3 Straight ¥ ¥ 135 2.0 1595 120 13.293
4 4 Straight ¥ O 210 0.0 123.0 120 10.250 v
|
|Modes |Materials | Cross-Sections | Elements | Point Elements |Welds | Cross-Section Parts for Classification According to EN 1993-1

ﬁgure 4.20: ¢/t parts in graphic, navigator and table

Saving data

Now, we have finally entered all model data. We save our cross-section by clicking on the menu
File — Save

|U| or we use the corresponding button in the toolbar.
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[ Load Cases and Combinations
_4 Load Cases
¥ Load Combinations

_

5 Loads

The Data navigator lists two entries in the folder Load Cases and Combinations:
e Load cases

e Load combinations

In load cases, it is possible to define the internal forces, for example, due to self-weight, snow
or wind load. In load combinations, we can organize the internal forces of load cases that are
superimposed with partial safety factors according to particular combination expressions.

Now, we define the internal forces in two separate load cases as specified in Chapter 2.2.

5.1 Load Case 1: Tension and Bending

Creating a load case

We use the button |4/ to create a new load case.

E File Edit View Insert Calculate Results Tools Table Options Window Help
N@IREVRDAAQAQAFEDE BT 2
WAy T A-FE RERA AT

ﬁgure 5.1: Button New Load Case

Q| New Load Case

The dialog box Edit Load Cases and Combinations appears.

Edit Load Cases and Combinations X
Load Cases [oad Combinations
Existing Load Cases LC No. Load Case Description Use
D_JiC] Tension and bending | 1 ‘ Tension and bending V|
General
Action Category
‘Dead w |
< > Comment
~
: (=1
=l D ED R |

ﬁgure 5.2: Dialog box Edit Load Cases and Combinations, tab Load Cases

Load case number 7 is preset with the action category Dead. We enter the Load Case Description
Tension and bending.

Then, we confirm the input with [OK] and close the dialog box.
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Defining internal forces

In the tables toolbar, we click the button || .

1.7 Cross-Section Parts for Classification According to EN 1993-1

2 | DI © | (] (] (3] | | ¢

Table 3. Load B c_[ D
c/-Part e oacs c/-Part Restraints
No. Elemerts Type Stat | End

ﬁgure 5.3: Button Table 3. Loads

The table 3.7 Internal Forces is displayed.

We enter the forces and moments as follows.

3.1 Internal Forces X
@ == €| © | (B 3] [3]] ]| K &= s | [ 55 2] Bt 24 @] LC1-Tensionand ~ | <
B C D [ E F [ G H | | J K ~
Location| Member | Location | Axial Force Shear Forces Torsional Momerts Bending Moments Bimoment
No Mo. x [mm] M [eN] W kNl Vo kNI Wsep lkNm] Mses feNm] My [chm] My [eNm] Mo flem 2] Comment
1 0.0 35.00 15.00 -25.00 0.00 0.00 60.00 15.00 0.00
3
4 W
Internal Forces |

Please enter the member number.

ﬁgure 5.4: Table 3.1 Internal Forces

I]g The analysis requires the definition of a Member number and a Location x. For our example, however,
this data is not relevant. The allocation of members and member design locations is especially
important for the import of internal forces from RSTAB/RFEM.

The algebraic signs of forces and moments are determined in SHAPE-THIN by the following rules:

positive area of cross-section

ﬁgure 5.5: Definition of internal forces

The bending moment M, is positive if tensile stresses occur on the positive member side (in the
direction of the z-axis). M, is positive if compressive stresses occur on the positive member side (in
the direction of the y-axis). The sign definition for torsional moments, axial forces and shear forces
conforms to the usual conventions: These internal forces are positive if they act on the positive
section in a positive direction.

Ug As we can see in the column titles of the shear forces and the moments in table 3.1, the internal
forces are not related to the global axes y and z as specified in Chapter 2.2 but to the principal axes
u and v. We will adjust it later (see Chapter 6.1, page 23). The entered values won't be converted;
only the column titles will be changed.
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5.2 Load Case 2: Compression and Bending

We create a new load case for the second constellation of internal forces. We can use the menu

Insert — Loads — New Load Case

|ii| or the button in the table toolbar (to the left of the load case list).

Dead
D [Dead
EEH Weight of Ice
I3 Earthquake
Fluids - Well-defined
Fz Flood
H  Lateral Earth Pressure
Live
Roof Live
M Rain
SN Snow
Self-Straining Force
Il Wind
@ Wind on ice
M Imperfection
User-defined

Edit Load Cases and Combinations

Load Cases Load Combinations

Existing Load Cases LC No. Load Case Description Use
LCL Tension and bending ‘ 2| Compression and bending V‘
D_MEA Compression and bending
Action Category
mEmoea: -

ﬁgure 5.6: Dialog box Edit Load Cases and Combinations

We enter the Load Case Description Compression and bending.
Then, we change the Action Category and select Dead loads in the list.

This time, we enter the internal forces in a dialog box that we open on the menu

Insert — Loads — 3.1 Internal Forces — Dialog Box.

The forces and moments are as follows as described in Chapter 2.2:

New X-Site

No. Member No.
N

Location

Location X [mm]

Internal Forces

Aual force N: ]
Shear forces Vu: [kN]
£ My
Torsional moments Myp - [kNm] P
Bending moments My : [kNm]
Bimoment Mg : [kMm2]
Comment
| V[
? @ =

ﬂgure 5.7: Dialog box New X-Site

We confirm the dialog box with [OK]. Then, we check the result in the table 3.7 Internal Forces.
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5.3 Checking Load Cases

Now, both load cases are defined. In the table, we can use the buttons € and = to switch
between the load cases.

3.1 Internal Forces

X
e — c : = = RS, | & ” . 3 3
= EE = B © | [ [3] (3] D5 | I &= o [ =5 [ B | %9 M| 10~ Compressio ~ [J< > 4 54
B C D | E F | G H | 1 1] LS ~
Location| Member Location | Awial Force Shear Forces Torsional Moments Bending Moments Bimoment
Mo Mo x [mm] N [kN] Vu eN] Vi kN] M [kNm] Maxs lkNm] My feNm] My [kNm] My, kNm?2] Comment
1 00 -B0.00 -10.00 -20.00 0.00 0.00 40.00 5.00 0.00
2
3
)
5
[ v
Internal Forces |

ﬁgure 5.8: Switching between load cases

Again, the data entered for the internal forces is reflected in the tree of the Data navigator.

Project Navigator - Data

E SHAPE-THIN
2]-4¢] Section [Examples]

&3 Model Data
E—Ja Load Cases and Combinations
) _4 Load Cases
-2 LC1: Tension and bending
-2 LC2: Compression and bending
-oF Load Combinations
R Jinternal Forces
@ LC1: Tension and bending
Ea Internal Forces

“xd 121, 0.0 mm (35.00, 15.00, -25.00, 0.00, 0.00, 60.00, 15.00, 0.00)
=3 LC2: Compression and bending

Ba Internal Forces

“-x4 1: 1, 0.0 mm (-80.00, -10.00, -20.00, 0.00, 0.00, 40.00, -5.00, 0.00)

-2 Results
-2 Printout Reports
(-3 Guide Objects

ﬂData IgDisp\ay _ﬁ\.l’iews

ﬁgure 5.9: Load cases and internal forces in Data navigator

We don't define any internal forces for Load Combinations.

ﬁj It is recommended to [Save] the entered data again.
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6 Calculation

Before we start the calculation, we check the calculation parameters and the input data.

6.1 Adjusting Calculation Parameters

We access the calculation parameters by selecting on the menu

Calculate — Calculation Parameters
|ﬁ| or by using the corresponding button in the toolbar.

The dialog box Calculation Parameters opens.

Calculation Parameters X

Global Calculation Parameters c/t-Parts and Effective Cross-Section

Settings Stresses Options
Internal divisions for calculation: Determine stresses for: [[] Automatic calculation after every change
Elements: 20 5 (@) Most unfavorable element edges
i | Consider averlapping elements anly once in calculation
et T (") Element center lines only
Point elements: - oy A et
Shear stresses on null elements: Principal axis inclination ¢
[]Keep the postion of the principal axes relative to the (@) Redistribute shear stresses from null elements to [ Transform principal axes such that lu (major @s) is
section geometry when rotating the section normal elements always greater than Iv (minor axis)

(O) Calculate and display shear stresses on null elements
without redistribution

Plastic Analysis Internal forces relative to:
() Principal axes u, v
Calculation of equivalent stresses cequ :
Maximum total number of simplex @ Axesy, z

subelernents: l:| @Vun Mises

eEF el DR O T Calculation of torsional constant J:

across thickness of elements: |:| () User-defined (@ Analytic

Correction factor

() Finite element method

Simplex method settings

Ftan 3.00 2
Lateral Restraint Point D

[ Activate Cross-Sections with More Materials

Reference material:
‘I 1 ‘ Steel S 355 | EN 1993-1-1:2005-05 V‘
o B =

ﬁgure 6.1: Dialog box Calculation Parameters, tab Global Calculation Parameters

In the first tab, we change the relation of the internal forces to the Axes y, z. The entered forces
and moments won't be converted.

In the second tab, we check if the Code EN 1993-1-1 and EN 1993-1-5 is set.

Global Calculation Parameters ¢/t-Parts and Effective Cross-Section

Code ch-Parts Effective Cross-Section

According to Standard: Geometrical criterion to determine end restraints of Determine y for cross-section classification
(@) EN 1993-1-1 and EN 1993-1-5 c/t-parts according fo Table 5.2:
O EN 1999-1-1:2007 Restraint is to be created for ¢/t-part if an element O Eixed oN, increase oM to reach fyd
connects at an angle greater than:
(_)DIN 18800 (Elastic-Elastic method) L (® Increase on and om uniformly

PENCA0TE Oy or rectngu9ar fonoy sections, doubly 45.00 = [°]

or singly symmetric I-sectione, Us, C-, Z-sections, [ nerease limiting ¢/t for Class 3 by modified material
top-hat sections, trapezoidal hollaw ribs factor e according to EN 1993-1-1, 5.5.2(9)

[ set ¢/t-parts manually

Element is "significant” if the length s [ Effective widths according to Annex E EN1993-1-5

greater than:

Axis yiu - c v [% of the diameter] [] Fire resistance (= = 0.85)

Axis ziv - c v

Assign buckling curves

Element is "straight" if the length is greater Maximum number of iterations:

Default correlation factor pw: dizne 10 &

B [% length of connecting line]

Maximum difference:
Partial safety factor ymz: )
e ;

ﬁgure 6.2: Dialog box Calculation Parameters, tab c/t-Parts and Effective Cross-Section

We confirm the changes with [OK].
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6.2 Checking Input Data

SHAPE-THIN offers several possibilities to check data.

6.2.1 Plausibility Check

We select on the menu
Tools — Plausibility Check

|'H| and define the following settings in the dialog box Plausibility Check.

Plausibility Check k4
Check Type of Check
Model data ONormaI
~|Load data (@ With wamings

() None. only statistic
Which Load Cases

() Currentload case

@Al

®

ﬁgure 6.3: Dialog box Plausibility Check

If the program does not detect any inconsistencies after clicking [OK], a message appears showing
a summary of the cross-section and load case data.

6.2.2 Checking Interconnecting Elements

Now, we check if there is an interconnecting cross-section. We can access this checking option by
selecting on the menu

Tools — Model Check — Check for Interconnecting Elements.

SHAPE-THIN displays the following result.

. SHAPE-THIN
/L information No. 35639

The cross-section is interconnecting.

ﬁgure 6.4: Result of model check

I@ If this was not the case, SHAPE-THIN will calculate the cross-section according to the theory of
stiffening shear wall systems without considering the parallel axis theorem (Steiner).

6.3 Calculating the Cross-Section

We start the calculation on the menu

Calculate — Calculate All
|W| or by using the corresponding button in the toolbar.

The results are displayed immediately after the calculation.
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Repeat - Save Model
User-Defined View

[E Show Numbering
‘§| Show Results

\({; Show Dimensions

| Show Comments

Enter

»

7 Results

7.1 Graphical Results

The statical moments Q,, are represented as isobands on the cross-section. These gradients are
related to the cross-section’s principal axis u that is also represented in the graphic. Table 4.7 Gross
Section Properties lists the cross-section parameters.

5 SHAPE-THIN 8.07.06 x32 - [Section, LC2] - m} %
E® file Edit View lnsert Calculate Results Jools Table Options Window Help _ = x
= Q = # °% ¢y 4 o)
D2 ERRIDASAQR S B & wo-comesons = < > (@2 & 15 YD AXEB @
YDy I A-FE ARSI TR E TR 5| POB( L N - Memper © 9 5 Loction: 00 s>
Project Navigator - Results. o % | statical Moments -u[ema]
LC2 : Compressian and bending et x
= [EF SHAPE-THIN
- E Ordinates Statical Moments
] 2
Oy Qu [em?]
LOFz 31550
Omu 24180
ory 1608
SEm TED
oM Qy 2069
-OF Qz 5302
®r Qu 12672
elpfe 20042
SEM 27412
O Coordinates om 4783
OF Areas Qom 2153
SEA -495.23
~Of ox I Max : 315.50
Om ¥ Min : -495.23
O oeqy
O Utilization Ratio
O Shear Forces :
M Q-u: 315 50, Min Q-u: 485 23 om™3 ae
4.1 Gross Section Properties nx
AEEEC @2 38 = PIE=E EY
B C ] E ~
Ea 4
Description Symbol Value Unit Comment
Gross-sectional area A 104,32 | cm?
Ageom 10432 | cm? geometric area (not ideal)
Shearareas Ay 3430 om?
A 3161 [em?
A 35,10 | om?
Ay 2888 om?
Centrod postion yco 2314 [em reative to zemo port
2co 885 om v
< >
Gross Section Properties [Gross Statical Moments | Gross Warping Statical Moments | Stresses on Gross Section | Welds on Gross Section |
[Data (& Display 4 Views ' Results

€S Global Y- $0mm Z 1797mm |

fEiam GRoyyeae fAshise fene )
ﬁgure 7.1: Cross-section with gradient of statical moments and principal axes (gross section)

Workplane

Now, we hide the numbering of nodes and elements again: With a right-click in an empty space
of the work window we open the general shortcut menu (see Figure 4.7, page 10) where we
deactivate the entry Show Numbering.

Displaying effective cross-section

| C | With the button [Effective Parts] we can switch between the result values of the gross cross-section

(button “off”) and of the effective section (button “on”). To evaluate the effective cross-section, we

switch this function on.

Options Window Help
||D| 3 LC2 - Compressiona ~ |£|:‘5| Gf I‘}E (55 H ‘If!‘ D“' C") dh x & . ﬂ.“
%- I |55 @ S POIBIC N - woroers - < >

Effective Parts I

ﬁgure 7.2: Button [Effective Parts]

Load case LC2 Compression and bending was last set. SHAPE-THIN displays the cross-section values
taking into account the failing parts available in this constellation of internal forces. In the left
flange, we can see the reduced width of the cross-section part subjected to compression (see
Figure 7.3). The statical moments change accordingly.
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Panel x

Statical Moments
Ou [em?]

361.72
284.40
207.07
12974
5241
-24.91
-102.24
-17957
-256.90
-33422
-41155
-488.88

Max : 361.72
Min :-488.88

A

ﬁgure 7.3: Statical moments Q,, for LC2 on effective cross-section

Selecting load cases

LC2 - Compressiona © 4 > | We can switch between the results of the load cases with the buttons @ and # in the toolbar (to
LC1_Tension sndbending the right of the load case list) as we already know from the input. It is also possible to use the list.

LC2 - Compression and bending

Selecting results in navigator

|'Q.| A new navigator, the fourth in its series, manages the result categories for the graphical display.
We have access to the Results navigator only when the results display is active. The results can be
displayed and hidden in the Display navigator. We can also use the [Show Results] button.

Project Navigator - Results X

= E‘ﬂ"ﬂ SHAPE-THIN
=+ EM Ordinates

OMYy

oMz
OFu
O v
=-mEe
-OM Qy

oM Qz
- ®F Qy
- OF Qy
E-EA
O Coordinates apm
O Areas QoM

~Or Utilization Ratio
-0 Shear Forces

QData [& Display AViews ' Results

ﬁgure 7.4: Results navigator

With the control fields we can set the cross-section properties and stresses available in both load
cases for the graphical display.
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Normal stresses
|E: In the Results navigator, we select the results category Stresses o,. We can also use the button
shown on the left.
LC1 - Tension and be = In the toolbar, we set load case LC1.
Stresses sigma-x [Nnm*2]
LC1 : Tension and bending (:]M

Panel
Co

Je Stresses
: ay [M/mm? ]

ivaz

} 328 Options n
‘ (2 Refer to

| -18

‘ -19.1 ® Max/min

} -363 (O Customize... =

‘ 536 (O Limits:

| [+ =

} Max @ 136.4 ’ =

| Min : -53.6 =38 =

|

Smooth color transition )

/j Show level curves with
interval
¥

‘ ) 500.0 -5 [mm

: BEa 4

Max sigma-x: 136.4, Min sigma-x: -53.6 Mimm*2

ﬁgure 7.5: Normal stresses o, with smooth color transition

When we click the button in the panel, another dialog box opens where we can activate
Smooth color transition for the stress graphic.

In the cross-section of LC1, which is subjected to tension, all cross-section parts are effective.
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Shear stresses

lil We set the results category Stresses T in the Results navigator. We can also use the button shown
on the left.

e = Then, we click the list button [Results As Isobands] to switch Off the surface representation. Now,
E leobande|  the shear stresses are displayed with hatching.

K, OF Stresses tau [Nim2]

LC1 : Tension and bending

o7

Panel X

Display Factors

f g

Element diagrams:

Lo =
/

g
Max tauw 9.5, Min tauw 0.0 Mimm*2

ﬁgure 7.6: Shear stresses 7 with scaled up diagrams

In the panel tab Factors, we can use the spin buttons I to scale the Element diagrams.

Toolbar

The Results toolbar offers more functions for evaluating results.

Results x
\E’ﬁf S Bo |5 T B % v 4|¢||[:||’LvMember:1 r € B lostion: 00 |7 4 B

ﬂgure 7.7: Toolbar Results

The buttons next to the symbols of the section diagrams and stresses have the following meanings:
‘il Shows the element thicknesses or only the center lines

Displays and hides the inertia ellipse

Displays and hides the control panel

C Shows the cross-section with or without effective widths

ﬁ v| List button: shows the diagrams as isobands or two-colored lines
.

ﬁ\ble 7.1: Buttons in Results toolbar
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7.2 Results Tables

The results are also numerically available and listed in tables.

We set Table 5.4.Effective Section Properties to check on the section properties of the effective
cross-section. They depend on the load case because the effective widths are taken into account.

5.4 Effective Section Properties X
EE|CI| %e =22 \‘F'”&“ # | LC1-Tensionand * | €@ > | Member: 1 S
B C D E ~
Description Symbol Value Linit Comment
Cross-sectional area A 104.32 | cm2
Ageom 104.32 | cm2 geometric cross-sectional area {not ideal)
Shear areas Ay 3490 |cm?
Az 3161 |cm2
Au 39.10 | em2
Ay 29.84 | cm2
Centroid position yC.0 2314 | cm relative to zero poirt
zc.0 8.85 | cm
Moments of inertia ly 1434738 | cm* about centroidal axes y, z
Iz 11728.50 | cm*
lyz 515.05 | cm*
Inclination of principal axes a 1074 | ° clockwise
Principal moments of inertia lu 1444504 | cm4 about principal axes u, vin C
Iy 11630.84 | cm*
Polar momerts of inerttia lp 26075.88 | cm*
lp 4220893 | cm* about shear center M
Radii of gyration iy 11.73 |cm relative to centroid C
iz 10.60 | cm
iyz 222 |cm
Principal radii of gyration iu 11.77 |em about principal axes u, vin C
iv 10.56 | cm
Polar radii of gyration ip 15.81 |cm
oM 2011 |em about shear center M
Warping radius of gyration MM 248 cm
Torsional constant J 4378 |em* calculated analyticall
Secondary torsional constant Js 2466.74 | cm*
Location of the shear center ¥M0 20.30 | cm relative to zero point
M0 -3.28 |cm
M -2.84 | cm relative to centroid C
™ -1213 |cm
Warping constants la.C 214757056 | cm® relative to centroid C
lea Mt 259207.84 | cm® about shear center M
Auwiliary value for wamp rotation oo M -0.405
Section moduli Sumax 461.68 [cm?
S u,min -1163.05 | cm? in distance -124 2 mm
Sy max 660.97 | cm? in distance 0.0 mm
S v,min 47478 | cm? in distance -245.0 mm
Sy.max 460.52 | cm? in distance 311.5mm
Sy, min -1519.01 |em? in distance -94.5 mm
Szmax 695.77 | cm? in distance 168.6 mm
Sz,min 506.78 | cm? in distance -231.4 mm
Warping section moduli S M max 3509.49 | cm* innode 4
59 M,min -1292.47 | em* in node 5
Torsional section modulus St 36.48 | cm?
Stability fy 5,76 | cm
rv 047 | cm
M. 949 [cm
T™,v 32.55 | cm
Reduction factor M 0.01 | 1/cm
Max. plastic bending moments Mei,y.4 323.494 | kNm
Mz 289767 | kNm v
Classfication of the Cross-Section According to EN 13931 | Effective Widths According to EN 1993-1 | Effective Section Propeties | W rn

Surface area of the entire cross-section

ﬁgure 7.8: Table 4.1 Section Properties

We can go to the other results tables by clicking the table tabs.

Statical moments, warping statical moments and stresses are displayed numerically each on the
start and end nodes as well as in element centers.
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Filtering stresses

|£| We navigate to Table 5.7 Stresses on Effective Section. With the table button [Result Filter] we can
adjust the results rows in a separate dialog box.

Table Filter *
Select Values Select Locations
D oy N ~ [ Start value
- oy Mu - [J® Center value
-1 ox My ~[1® End value
D oy My -9 Max. Value
[ oy Mz - Min. Value
- oxm -~ MAX. Value
-1 oxN+m [l MIN. Value
O oxMa
¥ ox
.. vy
O Ty
D 1vy
[ Ty
.. 1S 1 v
=
‘ ok | concel

ﬁgure 7.9: Dialog box Table Filter

We can remove all check marks by clicking the button . Then, we select some relevant stress
types (see Figure 7.9). Furthermore, we want to display only the MAX and MIN values of the entire
section.

After clicking [OK], Table 5.7 Stresses on Effective Section shows only the extreme values of the
selected stresses.

5.7 Stresses on Effective Section x
@ m E' E_| | %ie! === WEi| \F l§| E #) LC1-Tensionand * | € 2 | Member: 1 | Q@
B c | D | E | F
Element Mode Distance Stresses [N/mmZ]
No No. 5 [mm] Symbol | Value | Limit | Ratio
Mazoe/Min in Whole Cross-Section
1 1 0.0 | MAX ax.n 34 355.0 oo
1 MIN 5x,4 34 385.0 0.0
2 3 400.0 | MAX a2 1y 129.8 355.0 037
1 MIN 2,0y 438 385.0 012
1 1 0.0 | MAX ax 1z 301 355.0 0.08
4 MIN g3z -21.7 355.0 0.06
2 3 400.0 | MAX ox 136.4 355.0 038
3 MIN 53 -536 355.0 015
3 38.8 | MAX tvy 47 205.0 oo
K MIN Tvy 14 205.0 0.00
3 2 0.0 | MAX tvz 32 205.0 o
2 MIN Tz -84 205.0 0.02
Effective Section Propetties | Effective Statical Moments | Efective Warping Statical Moments | Stresses on Effective Section | 1 4[]0

ﬂgure 7.10: Table 5.7 Stresses on Effective Section with filtered results

As in the graphics, we can use the buttons € and = to switch between the two load cases.
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Checking classification

The details of the classification are listed in Table 5.2 Classification of the Cross-Section According to

EN 1993-1.
5.2 Classification of the Cross-Section According to EN 1993-1 X
@E'E“ |%'E| :._‘*’:‘Fll%“ ) LC1-Tensionand = | € 2 | Member: 1 |4 >
B cC [ D E F G H | J A
c/t-Part Restraint Subtr. Length [mm]| Width | Thickness
No. Elements Type Astart Aend c [mm] t [mm] Description Symbol Walue LUnit
1 One side 0.0 13.5 186.5 12.0 | Nommal stress Tx,start -10.4 | N/mm2
Normal stress Ox,end -30.8 | N/mm <
Boundary stress relative to fy g o1 355.0 | Nfmm2
Boundary stress relative to fy.g o2 1195 | N/mm2
Stress ratio W 0337
Material factor dependent on fy 5 0.814
Compression zone factor [ 0591
c/tatio ot 15.543
Limiting propartions 2 7323
iz 8.136
43 11.391
Class of the c/tpart 4
2 |2 One side 145 0.0 3855 10.0 | Normal stress Tx,start -24.4 | Nfmm2
Normal stress Ox,end 1364 | N/mm2
Boundary stress relative to fy g a1 355.0 | N/mm?2
Boundary stress relative to fy g o2 -1985.8 | N/mm<
Stress ratio W -5.554
Material factor dependent on f,, s 0.814
Compression zone factor [ 1.000
c/tratio ot 38551
Limiting propartions I5 7323
¥ 8.136 -
i3 223166 | -
Class of the c/tpart 3 W
Classification of the Cross-Section According to EN 1993-1 [ Effective Widihs According to EN 1993-1 | Effective Section Properties | [ r]m]

ﬂgure 7.11: Table 5.2 Classification of the Cross-Section According to EN 1993-1 for LC1

In Table 5.3 Effective widths according to EN 1993-1, we can check the details which are relevant to
determine the effective widths.

5.3 Effective Widths According to EN 1993-1 X
@E'E“ I%'e' :._‘f:‘?ll%“ ) LC2 - Compressio ‘ <2 |Member:1 ‘|€ >
B cC [ D E F G H | J A
c/t-Part Restraint Subtr. Length [mm]| Width | Thickness
No. Elements Type Astart Aend c [mm] t [mm] Description Symbol Walue LUnit
1 One side 0.0 135 186.5 12.0 | Normal stress Tx.start -57.9 [ N/mm2
Normal stress Ox,end -42.7 | N/mm<
Boundary stress relative to fy g o1 57.9 | N/mm2
Boundary stress relative to fy.g o2 427 | N/mm<
Stress ratio W 0737 |-
Buckling factor kg 0453 |-
Euler relative stress Te 785.7 | N/mm2
Max. compressive stress o 57.9 | N/mm2
Plate slendemess ipa 0999 |-
Reduction factor P 0813 |-
Effective width beii 151.5 | mm
2 2 One side 145 0.0 385.5 10.0 | Nomal stress Tx,start -35.7 | N/mm2
Normal stress Ox,end 80.0 | N/mm2
Boundary stress relative to fy 4 o1 357 | N/mm<
Boundary stress relative to fy.q a2 -80.0 | NfmmZ2
Stress ratio W -2.240 |-
Buckling factor ks 58.736 |-
Euler relative stress Te 127.7 | N/mm2
Max. compressive stress o 357 | N/mm2
Plate slendemess hpg 0.168 |-
Reduction factor p 1.000 |- W
Classffication of the Cross-Section According to EN 1393-1 | Effective Widths According to EN 1333-1 | Effective Section Properties | ]

ﬁgure 7.12: Table 5.3 Effective widths according to EN 1993-1 for LC2
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7.3 Multiple Windows View

The cross-section diagrams and stresses can be displayed side by side in different windows. To
access this function, we click on the menu

Results — Arrange Result Windows.

Show Results in Multiple Windows *
Select Results Option
E|Ii|[1‘=l1 SHAPE-THIN .
£ [EF Ordinates [] Update view and results

?| [@)[®

ﬁgure 7.13: Dialog box Show Results in Multiple Windows

In the dialog box Show Results in Multiple Windows, we tick the check boxes selecting only the
statical moments Q, and Q,,.

After [OK] we see both cross-section diagrams displayed next to each other in windows.

3 Section, LCT =Bl | B section, 101 [==]ER]

Statical Moments Geu [em?3] Statical Moments Qe [om™3]
LT : Tension and bending LCA : Tension and bending

Max G-ur 31550, Min G-ur -485 23 cm*3 Max G-w: 3900, Min Q-w: -400.75 cm*3

ﬁgure 7.14: Statical moments Q,, and Q, of gross cross-section
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8 Documentation

8 Documentation

8.1 Creating Printout Report

SHAPE-THIN offers a print preview for the documentation, which is called printout report. There,
we can define the input data and results appearing in the report. Moreover, it is possible to add

graphics, descriptions and scans.

We start the printout report with the button [Current Printout Report]. We find it in the toolbar to

the right of the printer button.

A dialog box opens where we can choose a Template for the new printout report.

MNew Printout Report

No. Description

X

| l‘ |Inputdata and reduced results

=

Printout Report Template

1-Input data and reduced resulis

2=

?

Cancel

ﬁgure 8.1: Dialog box New Printout Report

We accept the template 7 - Input data and reduced results and create the print preview with [OK].

Q, Printout report - PR1: Input data and reduced results* - O x
File View Edit Settings Insert Help
5 3 o
BRRRO e =B, o- RR EDEE0ILSAQ
Printout Report Navigator x ~
-8 Printout Report
-8 SHAPE-THIN Bavaria Construction Fage L]
[T Model - General Data o= Joseph Street 10, 98765 Rainbow Valey Shest !
=38 Model PN MODEL
-[3 1.1 Nodes
-[7] 1.2 Materials Projece | Examoles. Vodsl: Secion ‘Daz 11218
[ 1.2.1 Materials - Limit Stress » NZ“I':')‘E”S"*E s srare
[3 14 Elements Node | Comainaie | Reference Wode Cosrdinates
-[7 1.5 Point Elements Ho. System Nods Y [mm] , 2 [mm] u [mm] v [mm] Comment
1 Car L 0.0 0 9
-~ 15 Weds == =B
resie
«[5] 1.7 Cross-Section Parts for Classificatio 5 | Carksim 3940 00 a0 1173
(2 Loads & | Garesan 940 1440 s 242
®
=128 Results - Load Cafes, Load E?mbmallcns 1.2 MATERIALS
- [ 4.1 Gross Section Properties Msterial Thaterial Wodulus of Elssti| Shesr Modulus | SpecificWeight | Safety Factor
[ 4.2 Gross Statical Moments Desaription ELa] S TLC] mH
- N R 1 | SteelS 355 | EN 19831-12005-05 I Fil 807682 wE | 1l
-[7] 4.3 Gross Warping Statical Moments
~[7] 4.5 Stresses on Gross Section 1.2.1 MATERIALS - LIMIT STRESS
BT 4.6 Well n Gr ion Waterial aterial Element Thigness [mm] | Vi=ld Stress Timit Stress [Wmme]
[7] 4.6 Welds on Gross Sectio =
e . . No. Desaiption From To fix [Nimm] 3 T ™
[T 5.2 Classification of the Cross-Section 4 O cied 5355 | EN 15551120055 551 i) ] == =7
[T 5.3 Effective widths according to EN 194 £ 5 B B e B
-[7] 5.4 Effective Section Properties o ey 20 =0 e =0
-[7] 5.5 Effective Statical Moments e =80 e e e e
5.6 Effective Warping Statical Moments|
@ ping statice; 4 ELEMENTS
[ 5.7 Stresses on Effective Section [Elemant Matarial | Thidne= | Length
-[7] 5.8 Welds on Effective Section He. Type Mocles o Ho [mm] [mm] Comment
1 Pohdine 12 1 120 2000
2 |Poyine 23 1 100 1000
3 Pohine 25 1 120 1940
4 | poyine = 1 120 1440
1.5 POINT ELEMENTS
Element Wisterial Pasition Spacin Retation Reea
Mo. Status Type MNo. Yimm] , Z[mm] | vafmm] , bimm] BIl Almm?]
T [hert Receng 1 ] =0 €0 &0 XY 0
2 Insert Rounding 1 3880 80 150 20.00 483
3 |Remoe Rounsing 2880 40 75 0 21
1.6 WELDS
Weld Thidkness Pasition Rotation | Span Angle
No. Type aimml | Yimm | Zimml 1 ] Comment
1 Fillet | 60 ‘ 260 wl 0.00 ‘ 00 ‘ |
2 Fillet &0 160 a0 8000 .00
v
< < >
MODEL | LOADS Pages:s  |Page:l

ﬁgure 8.2: Print preview in printout report
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8.2 Adjusting Printout Report
On the left, we see the navigator listing the selected chapters. When we click a navigator entry,
the content of the corresponding chapter is displayed on the right.

The contents set by default can be adjusted individually. For our example we change the output of
cross-section values: We right-click the chapter Results - Load Cases, Load Combinations and select
Selection on the shortcut menu.

Printout Report Navigator X

[=-& Printout Report
=@ SHAPE-THIN
(-3 Model
=+ Loads
i 3 2.1 Load Cases
3 3.1 Forces and Moments

[=R=]Results - Load Cases, Load Combinations

7 4.1 Section Properties Remaove from Printout Report
7 4.2 Statical Moments Start with New Page
4.3 Warping Statical M t
=] arping Statical Moments Selection..
[ 4.5 Stresses B I}
Properties...

3 5.1 Welds
: 7 6.2 Classification of the Cross-Section According to EN 1993-1
.73 6.3 Effective widths according to EN 1993-1

ﬂgure 8.3: Shortcut menu Results - Load Cases, Load Combinations

In the dialog box Printout Report Selection, tab LC/CO Results, we remove the check marks of Tables
5.5 Effective Statical Moments and 5.6 Effective Warping Statical Moments.

Printout Report Selection - PR1 X
Program | Gobd Selection Model Data Loads LC/CO Resuks
(SHAPETHIN:
Tables to Display
Digplay Table Al Mumber Selection (g.g. "1-4,8)
¥ | 4.1 Gross Section Properties & A
Wl |42 Gross Statical Moments WAl
Wl |4.3Gross Warping Statical Moments WAl
¥ | 4.4 Gross Cell Areas ¥ Al
W] |45 Stresses on Gross Section WAl
Wl | 4.6 Welds on Gross Section WAl
] | 4.7 Shear Wall Section Properties ¥ A
W] |48 Shear Wall Section Forces ¥ Al
&1 | 4.9 Plasticity EE
] |5.1Check of the c/-Parts According to DIN 18300 ¥ Al
Wl |52 Classi 1 of the Cross-Section According to EN 1953-1 M A
Wl |5.3 Effective widths according to EN 19531 WAl
\ W] |[5.4 Effective Section Properties & A
| O |55 Fffective Statical Moments & A
5.6 Effective Warping Statical Moments ¥ [Al
W] |5.7 Stresses on Effective Section & A
Wl |58 Welds on Fffective Section WAl
Display
[] Cover sheet &=
[ Conterts
] Infa pictures
u - %£ € X
ppercase titles
(,D Cancel

ﬁgure 8.4: Deactivating statical and warping statical moments by using the Printout Report Selection

After we have confirmed the dialog box, the print preview is adjusted accordingly.
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. SHAPE THIN
/b information No_ 20155

Do you wantto save the printout report?

Ies‘; MNo Cancel

2]

It is possible to move chapters in the navigator to another position by using the drag-and-drop
mouse function. To delete a chapter, we can use the shortcut menu (see Figure 8.3) or the [Delete]
key.

8.3 Printing Graphics in Printout Report
Often, graphics are integrated in the printout illustrating the documentation.

Printing statical moments

We close the printout report with i,

Then, we answer the query for saving the changes with [Yes] and return to the SHAPE-THIN work
window.

The result diagrams of the statical moments Q, and Q, were set last (see Figure 7.13, page 32). We
print these two graphics in the printout report by selecting on the menu

File — Print Graphic
or by using the corresponding button in the toolbar.

In the dialog box Graphic Printout, we set the print specifications as shown in Figure 8.5. In addition,
we enter Statical moments as the Header of Graphic Picture.

When printing several windows we can adjust the Window Arrangement with the button [=]. We
set option 3) to print the two graphics one below the other.

Graphic Printout k4

General Qptions Border and Stretch Factors

Graphic Picture Window To Print Graphic Size

() Current only () As screen view

() Directly to a printer... o
PRL: T (@)More...

(C) Mass print... E=|

@To a printout report:

() To the Clipboard

Graphic Picture Size and Rotation Options

Use full page width

(@) Use full page height

() Height: 100 3

Show results for selected x-location in
diagram
[ Lock graphic picture (without update)
[% of page]
Show printout report on [OK]

Rotation:
Window Arrangement b4

Arrangement of Graphics on Page
(O As on Current Screen

() PageFilling

? On @F] @3 m
!

Header of Graphic Picture

| Statical moments

4) 5) 6)
1 1 1 L L

1 1

1 ‘ 1 ‘ 1 L U 1 1

@

ﬁgure 8.5: Dialog boxes Graphic Printout and Window Arrangement
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Printout Report Navigator X
(=@ Printout Report
[+ SHAPE-THIN

3 Model

[#-3 Loads

=} D Results - Load Cases, Load Combina;

[T 4.1 Section Properties

& Y statical moments|
[0 4.5 Stresses
[ 5.1 Welds
[T 6.2 Classification of the Cross-Se
*--[ 6.3 Effective widths according to

2=
icalis

L

Isobands

XK

Off

8 Documentation

We don't change the default settings of the other tabs.

Finally, we print both statical moment diagrams in the printout with [OK]. The graphics are placed
at the end of chapter Results - Load Cases, Load Combinations.

Q, Printout report - PR1: Input data and reduced results* - O X

File View Edit Settings Insert Help

BBkl e ve § L0 - WNREOCD FPQ

Printout Report Navigator X ~

[=-& Printout Report
@ SHAPE-THIN
=3 Model
[ 1.1 Nodes Im o P
-3 1.2 Materials STATICAL MOMENTS
-3 1.2.1 Materials - Limit Stress
= 14 Elements
-3 1.5 Point Elements
B 1.6 Welds
[ 1.7 Cross-Section Parts for Classificatiol
-3 Loads
[~ Results - Load Cases, Load Combinations
[ 4.1 Section Properties
-®
[ 4.5 Stresses
-3 5.1 Welds
- [7 6.2 Classification of the Cross-Section A
[T 6.3 Effective widths according to EN 19

. '

RESULTS

Bavaria Construction
JosE0n SRt 10, 33765 RENOON VDY

LG 1: Tenson anaperg.
RSN

507 mm

2
M GHE 315.50. MIN GHr 49523 o

_
o7 Teewon monearg
i e
o
N s07mm
Wiy C4c 39,00, M G 40075 —_
¥
T HAPE TN 2.7 po— Im.ﬂlnlm
v
< b IR >

RESULTS |Pages:d  Page'4

ﬂgure 8.6: Statical moments in printout report

We move the graphic up to the entry Section Properties by using the drag-and-drop function (hold
down left mouse button).

Printing equivalent stresses
We close the printout report and save the modifications.

Now, we close one of the windows in the SHAPE-THIN work window with =S fa query for
saving the data appears, we confirm it with [Yes].

We maximize the remaining window with (=

Then, we set the window filling view and show the whole model with the button [ or the function
key [F8].

Now we display the equivalent stresses 0 qy Of load case LC2. Furthermore, we switch the display
of the Effective Parts on.

Then, we select the [Isobands] again for a colored representation of the stresses.

We click the button |iz| to open the dialog box Graphic Printout again (see Figure 8.7).
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Printout Report Navigator x

= Printout Report
(=@ SHAPE-THIN
3 Model
(3 Loads
(=& Results - Load Cases, Load Combina
= 4.1 Section Properties
~@ Statical moments
[ 4.5 Stresses
L ] ceqy, LC2: Compression and ben|
[ 5.1 Welds
[T 6.2 Classification of the Cross-Se«
~[7 6.3 Effective widths according to

8 Documentation

Now, for the printing we set the Height of the graphic picture to 50 %. Thus, the graphic will use
exactly a half page in the printout report. We want To Scale the graphic with 1:5.

Stresses sigma-eqv [MNnm"2] [+
LC2: Compression and bending M

Graphic Printout

General Options Color Scale Border and Stretch Factors

Graphic Picture Window To Print Graphic Size

() As screen view

() Directly to a printer... [ (@) Current only

(@) To a printout report: PR1: I ~ More... 5 () window filling

() Mass print... 2 @To scale 1: |5 ~ )

OTo the Clipboard

Graphic Picture Size and Rotation
Use full page width

Options

Show results for selected x-location in result
diagram

(C)use full page height

C@ Height: Q? [% of pageD
Rotation: II =1 71

[]Lock graphic picture (without update)

Show printout report on [OK]

Header of Graphic Picture

| <sigma=><sub>eqv</sub>

»
]

ﬁgure 8.7: Printing the equivalent stresses

Cancel

We click [OK]. The graphic is printed in the printout report where it is placed again at the end of
the chapter Results - Load Cases, Load Combinations. We move it to the entry Stresses.

ﬁ.‘}. Printout report - PR1: Input data and reduced results* - O X
File View Edit Settings Insert Help
BERRd <e v BLfL2L- AR DEDODILSAQ
Printout Report Navigator x il 1 Wncle e Secn || oo 0. ~
1 50 | WAK 20 =0 3550 a0
[ Printout Report : s 200 Mker a3 3ik0 [
=@ SHAPE-THIN H s Teaa | e B o
=& Model : s P b | | oom
I 1.1 Nodes ' : 2000 o | 2
= 1.2 Materials i : 2000 e Te| o he b
[311.2.1 Materials - Limit Stress : R e e o
= 1.4 Elements
. Ceqv
= 1.5 Point Elements G 2 Corpression and bending —
7 1.6 Welds Stresses sigmereav s
[ 1.7 Cross-Section Parts for Classifi 3
[ Loads ! o
[=-3 Results - Load Cases, Load Combina o
3 4.1 Section Properties o
@ Statical moments -
3 4.5 Stresses. o
L 4 Geqy, LC2: Compression and beng - %
= 5.1 Welds
= 6.2 Classification of the Cross-Sec
[T 6.3 Effective widths according to
2 100 mm
Max sigma-eqv: 80.0, Min sigma-sqv: 0.0 Nimm* M15 A
< > < >
RESULTS Pages:3  Page:5

ﬁgure 8.8: Graphic of equivalent stresses in printout report
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Printing the printout report
|@| Now, we can send the printout report to the printer by using the [Print] button.

The integrated PDF printer enables printing data of the printout report in a PDF file. We use this
function and select on the printout report’s menu

File — Export to PDF.

The Windows dialog box Save As opens where we specify the storage location and the file name.
We click [Save], and then a PDF file is created with bookmarks making the navigation in the digital

document easier.

= Sectionpdf - Adobe Acrobat Reader DC - O X
File Edit View Window Help
Home Tools Section.pdf x @ Sign In

® 8 XEQ @ /e RMO® o - R BEAT ©L

-~
@  Bookmarks X o mon -
Joseph Street 10, 98765 Rainbow Valley st !
2 =3 MODEL
N = % i
N ‘
[A— - ]
@ S s s
o] Printout Report 11NODES
Bl o e Lo oo | |
T[S : = = =5 =
of] SHAPE-THIN s = = o — i i ‘
e E = 5 = o
=} ﬂ Model
1.2 MATERIALS
= = [ ] R T e
4 H Loads vo. Bescrezen | & mimmy @ mummay D ‘ )
T | see e e T T | s | T
u} ﬂ Results - Load Cases, 1.2.1 MATERIALS - LIMIT STRESS
o T e e = e ‘
Load Combinations te. Descreton fom T bt | e L =
D E—e = == == ==
. S B HEEEE
D 4.1 Section ‘ ‘:.‘?‘ =8 i;éﬂ‘ = w0 =
b I = = OB =
Properties s =R E I - -
il 1.4 ELEMENTS
[ Statical moments 14E T = l
- e noasno | e we | e —
T [ = T =5 =
ﬂ 4.5 Stresses 4 3| 2 i = o | 4
I E H S
{:] sigma-eqv 1.5 POINT ELEMENTS
Eement ‘ Material | Pasiion ‘ Spacng. | Rotation | Area
u 5.1 Weld ™ e T ne vem | zem | eaem o, sme prl Agme
-1 Wvelds B g | b ‘ = H £ ‘“‘ B =
El = Sy = = = =
ﬂ 6.2 Classification of 16 WELDS
: L= == Rt | Sen e
the Cross-Section == ‘ el | vem 2w | ar wrl | Gomment ‘
According to EN = ) — — |
19931 1.7 CROSS-SECTION PARTS FOR CLASSIFICATION ACCORDING TO EN 1993-1
. X e ek | Suor g b | W [ Tictmess | vt
[ 6.3 Effective widths o | e | semens [ o, s se | coomy | ooy | onta
. B E=aE BB g s =] E| ==
according to EN N E=-NH BB | B | EE OE| S
| [T T e B I ] =
1993-1
21 LOAD CASES
oo =
= = [ =] —— [
1 |'r==mmmnq ‘ a8 ‘Pﬂmm ‘ |
=3 1 FORCES AND MOMENTS
e | Locten | e e =T S o S
NS S el v el b
[~ T 1) sm| =] =] om | am| cm | 1500 om
[F===r 0 f ol w0 | -z x| om | am | = =00 | |

ﬁgure 8.9: Printout report as PDF file with bookmarks
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—— 9 Outlook 9

9 Outlook

Now, we are at the end of our example. We hope that this introduction helps you to easily find
access to SHAPE-THIN and makes you curious about unknown functions. Find a detailed program
description in the user manual of SHAPE-THIN that you can download on our website.

You can access the program’s online help on the Help menu or with [F1] and search for certain
expressions as seen in the manual. The online help is based on the SHAPE-THIN manual.

You can also contact our hotline team and ask any question by e-mail. Or have a look at the FAQ
and the Knowledge Base pages on our website.

I]g It is possible to import the cross-section of our example to an RSTAB or RFEM model. You can also
use it for designs in the add-on modules RF-/STEEL or RF-/STEEL EC3.

Mew Cross-Section x

No. Color Cross-Section Description [mm] | [TITIE][E] 2] 8 1] o
\PE | |FEW | |HE®B | |HEM| oR0 | AR | | REC | |REC

(S0 @ | | &l 1T P P 1 1 Tl
An | [ R || T u 8 || ar

Cross-5ection Pr

Impaort Cross-Section from SHAPE-THIN x
Cross-Section Py
Moments of ine SHAP_F_—THIN Cross-Sections SHAPE-THIN SECTION
) =2 C\Users\Public’Documents\DlubalProjects"\Exar M
Torsion - SECTION
Bending

Cross-sactional
Hodial

Shear

Inclination of pri
Angle

Overall dimensiol

Width < > bl [af
Depth = W (K il

Description of SHAPE-THIN Cross-Section

Comment

L |

| Manual example |

j D] @ Cancel ||
Lﬁ ﬁ Cancel

T

ﬂgure 9.1: Importing SHAPE-THIN section to RSTAB/RFEM

ﬁgure 9.2: Deformations in RSTAB/RFEM model

_ © DLUBAL SOFTWARE 2017

EEE
39


https://www.dlubal.com/en-US/downloads-and-information/documents/manuals?category=cross-section-properties-software
https://www.dlubal.com/en-US/support-and-learning/support/faq
https://www.dlubal.com/en/support-and-learning/support/knowledge-base

	1 Introduction
	2 Cross-Section and Loads
	2.1 Cross-section
	2.2 Internal Forces

	3 Creating the Cross-Section
	3.1 Starting SHAPE-THIN
	3.2 Creating the Cross-section

	4 Cross-Section Data
	4.1 Checking Default Settings
	4.2 Changing Material
	4.3 Defining Elements
	4.3.1 Placing Elements
	4.3.2 Editing Elements

	4.4 Defining Angle
	4.4.1 Placing Section
	4.4.2 Rotating Section

	4.5 Defining Welds
	4.5.1 Deleting Point Elements
	4.5.2 Placing Welds

	4.6 Checking Cross-Section Parts

	5 Loads
	5.1 Load Case 1: Tension and Bending
	5.2 Load Case 2: Compression and Bending
	5.3 Checking Load Cases

	6 Calculation
	6.1 Adjusting Calculation Parameters
	6.2 Checking Input Data
	6.2.1 Plausibility Check
	6.2.2 Checking Interconnecting Elements

	6.3 Calculating the Cross-Section

	7 Results
	7.1 Graphical Results
	7.2 Results Tables
	7.3 Multiple Windows View

	8 Documentation
	8.1 Creating Printout Report
	8.2 Adjusting Printout Report
	8.3 Printing Graphics in Printout Report

	9 Outlook

