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1. Introduction
1.1 About CRANEWAY

Dear user of CRANEWAY,

this program expands DLUBAL'S product range by the crane runway girder design. Thanks to
the well-known user-friendliness of Dlubal programs, you can carry out even complicated
analyses according to EN 1993-6, DIN 4132, and DIN 18800 in an easy and comprehensible
way.

The crane runway girder is specified in the CRANEWAY module. Based on the defined loadings,
the program creates load cases that are combined in load positions. Each load position results
in three load combinations. Each load combination is calculated with three loading levels in
order to determine the internal forces for the general stress design, the deformation analysis,
or the fatigue design. The internal forces are determined according to the second-order analy-
sis for warping torsion. With these calculated internal forces, CRANEWAY provides the appro-
priate analyses according to EN 1993-6, DIN 4132, or DIN 18800.

CRANEWAY includes the following features:

e Input
Clearly structured input options
Graphic representation and 3D visualization of nearly all input data
Import of cross-sections from the extensive RSTAB/RFEM cross-section library
Import of cranes from the crane library or a user-defined crane database

Calculation of eigenvalues considering loading with automatic assignment of the eigen-
values as imperfections

Automatic determination of stress points and assignment of detail categories

Numerous parameters for control of calculation

e Results
Clear summary of all results
Clear structure of separate results windows for each analysis
Representation in result tables: overall, by x-location, by stress points
Easy verification of the results by means of the detailed intermediate values
Results evaluation in tables as well as in the corresponding graphic
Printout report with individual layout options

Export of graphics to the printout report
We hope that this program will make your work easier. Please do not hesitate to share your
ideas, remarks, or suggestions on how to improve CRANEWAY.
We hope you will enjoy working with CRANEWAY.

Your DLUBAL Team
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1.2 CRANEWAY Team
The following people were involved in the development of CRANEWAY:
Program coordination
Dipl.-Ing. Georg Dlubal Ing. Marek Posch
Programming
Ing. Marek Posch Ing. Martin Deyl
Program design, dialog box figures, and icons
Dipl.-Ing. Georg Dlubal MgA. Robert Kolouch
Program supervision
Dipl.-Ing. (FH) Steffen Clauf3 Ing. Jakub Harazin
Dipl.-Ing. (FH) René Flori Ing. Marek Posch
Manual and translations
Dipl.-Ing. (FH) Steffen Clauf3 Mgr. Petra Pokorna
MA SKT Anton Mitleider Dipl.-Ing. (FH) Robert Vogl
Technical support and quality management
M.Eng. Cosme Asseya Dipl.-Ing. (FH) Ulrich Lex
Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (BA) Sandy Matula
Dipl.-Ing. Moritz Bertram Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Steffen Clauf3 M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Stefan Frenzel Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Walter Fréhlich Dipl.-Ing. (FH) Lukas Sihnel
Dipl.-Ing. (FH) Bastian Kuhn Dipl.-Ing. (FH) Robert Vogl

1.3 Using the Manual

Topics such as installation, graphical user interface, results evaluation, and printout reports are
described in detail in the manuals for RSTAB/RFEM and will not be introduced here. Instead,
this manual focuses on the particular features of CRANEWAY.

The description follows the order and structure of the input and output windows. The text of
the manual shows the described buttons in square brackets, for example [View mode]. At the
same time, they are depicted at the left margin. The Expressions used in program dialog box-
es, tables, or menus are emphasized by italics so that the explanation is easy to follow.

At the end of the manual, you can find an index. If you still cannot find what you are looking
for, please check our website www.dlubal.com where you can go through the FAQ pages and
find a solution for the problem by using various criteria.
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1.4 Installation Process

The program CRANEWAY is delivered on the DVD Stand-Alone Applications. This DVD contains
the stand-alone programs RX-TIMBER, CRANEWAY, COMPOSITE-BEAM, and PLATE-BUCKLING.

Before you install CRANEWAY, close the applications running in the background.

Please make sure that you are logged on as administrator or have administrator rights for in-
stalling the program. When working with CRANEWAY, user rights will be sufficient. For detailed
instructions, see the Assignment of user rights video on our website.

On the back side of the DVD case, you can find installation instructions.

e Insert the DVD into your DVD-ROM drive.

e The installation process starts automatically. If this does not happen, the autorun func-
tion is probably deactivated. In this case, start the file setup.exe on the DVD by using the
explorer or by entering the command ,D"\setup.exe in the input field of the start menu
(D' stands for the drive letter of your DVD drive).

e Inthe start dialog box, select the language.

| =)
—
Stand-Alone ——a
Applications =
RX-HOLZ | RX-TIMBER Espaiol |
KRANBAHN | CRANEWAY Francais |
VERBUND-TR | COMPOSITE-BEAM taliano |
FE-BEUL | PLATE-BUCKLING Polski |
=t Porugues )
PyccKuit )

£2012 ingeieur Software Dlusal GmbH = wune AT

Figure 1.1: Language settings

e Inthe next dialog box, select the CRANEWAY program version (64-bit or 32-bit).

e Follow the instructions of the Installation Wizard.

Connect the dongle to a USB port of your computer only after the installation is complete. The
dongle driver will be installed automatically.

The DVD also contains installation instructions and the CRANEWAY manual as PDF file. To view
it, you need the Acrobat Reader, which you can install from the DVD.
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CRANEWAY as full or trail version

If you start the program after the successful installation for the first time, you have to specify if
you want to use CRANEWAY as full version or as trail version (30 days).

To use this program as full version, you need a dongle (hardlock) and an authorization file
Author.ini. The dongle is a plug-in device that you have to connect to a USB port of the com-
puter; the authorization file contains coded information for your license(s). Usually, we send
you the Author.ini file via e-mail. You can also use the Extranet on www.dlubal.com to access
the authorization file. Save this Author.ini file on your computer, an USB flash drive, or in the
network.

The authorization file is needed for every work place. You can copy the file as often as you like.
If, however, the content of this file is changed, the authorization becomes invalid.

The full version of CRANEWAY can also be run as a softlock license without a dongle.

1.5 Start CRANEWAY

Direct start of CRANEWAY

To start the program, use the Windows start menu or the Dlubal icon on the desktop.

RSTAB or RFEM navigator

You can also start CRANEWAY in RSTAB or RFEM in the project navigator: In the Data navigator,
select

Stand-Alone Programs —> CRANEWAY 8 - Design of crane runway girders.

Project Mavigator - Data x

E™ RSTAB

—F@ Introductory Example According to DIN EN 1993-6
-2 Model Data

+_J Modes

+y Materials

+£J Cross-Sections

: =] Member End Releases

&5 Member Eccentricities
i) Member Divisions

+_._J Members

+AJ Modal Supports

] Member Elastic Foundations
) Member Monlinearities

+-| 4 Sets of Members

] _J Load Cases and Combinations

; -] Loads

] Results

Printout Reports

+- 1) Guide Objects

- Add-on Modules

5.3 Stand-Alone Programs

T SHAPE-THIM 7.5 - Design of thin-walled cross-sections
:8 SHAPE-MASSIVE 6.5 - Design of massive cross-sections

CRANEWAY & - Design of crane runway girders

i@ RX-TIMBER5 - Design of timber members

ﬁData é"Display ﬁ\-‘iews

Figure 1.2: Data navigator of RSTAB: Add-on Modules — CRANEWAY 8 - Design of crane runway girders
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2.

When you have started the program, the CRANEWAY window appears. A navigator on the left
manages the available input and output windows. All settings required for the design are en-
tered in the six input windows of the program.

Input Data

To go to a particular CRANEWAY window, click the corresponding entry in the navigator. In
addition to that, you can use the button shown on the left to set the previous or next window.
Alternatively, you can also use the function keys [F2] (next) or [F3] (previous) to browse
through the windows.

By clicking [Details], you open the Details dialog box for specific calculation settings (see chap-
ter 3.1).

With the [3D-Rendering] button, you can visualize the input data as 3D graphic (see chapter
6.3).

To save the input and results data before you exit CRANEWAY, click [OK]. To exit the program
without saving the data, click [Cancel].

In the results windows, you can use the [Graphics] button to check the internal forces, defor-
mations, stresses, etc. in the work window of RSTAB or RFEM (see chapter 6.3.2).

2.1

The 1.1 General Data window manages the general specifications for the material, design
standard, and crane type.

General Data

CRANEWAY - [Introductory Example] ]
File Settings Help
Inpul Data 11 General Data
- General Data
Geomety Waterial Standard / National Annex (NA)
Cross-Section Description: EHEN 13336 -
- Loading = —y—
lemo e Steel § 235 [EN 10025.2.2004-11) - HEcen BEIE
Imperfections
Crane Type
@ Biidge orane
Suspension crane >
I fo—@ w AL
Design of crane
runway girders:
- DIN 4132
- EN 1993-6
Comment
EAREENEY Csloulation | | Detalb.. | [30 Rendering] | Nat. Annen Graphios Cancel

Figure 2.1: Window 1.1 General Data

Material

In the Description drop-down list, you can select one of the materials stored in the program.
It contains the steel grades, which are dependent on the selected standard.
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The parameters of the steel grade are stored in a [Library], which you can access by clicking the
corresponding button.

r 1
Material Library &J

Fitter

Material to Select
Standard it

I aterial Description

M aterial categary group:

W tetal
, W Steel S 275 E EN 10025-2:2004-11
el el B Steel 5 355 B EN 100252200411
M Steel M Steel 5 450 B EN 10025-2:2004-11
W Steel S 155 E EN 10025-2:2004-11 =

Standard group:

En I EN 10025-2:200411
-

& EM 10025-2:2004-11
& EM 10025-2:2004-11
B EN 10025-2:2004-11
I EN 10025-2:2004-11
& EM 10025-2:2004-11
& EM 10025-2:2004-11
Wl Steel 5 35500 B EN 10025-2:2004-11
Il Steel 5 3552 & EM 10025-2:2004-11 8

Steel 5 235 | EN 10025-2:2004-11

[ Steel 5 235 JR
[ Steel S 235.00
[ Steel 5 2352
M Steel S 275 JR
[ Steel S 2750
[ Steel 5 2752
M Steel S 355JR

Standard:
B EN 10025-2:2004-11 -

Include invalid...
[] Favarites anly...

Material Properties

[ Main Properties -
Modulus of Blasticity E 21000.00 | kN/em2
Shear Modulus G 8076.92 | kN/cm2
Poisson’s Ratio v 0.300
Specific Weight 7 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C =

[l Additional Properties
Coefficient for Limiting Stresses of Welds Ow 0.950
Comelation Factor for Fillet Welds Bw 0.800

[ Thickness Ranget < 16.0 mm
Yield Strength fy 23.50 | kN/cm?2
Ultimate Strength Fu 36.00 | kN/cm2

[ Thickness Range t > 16.0mm and t < 40.0 mm
Yield Strength fy 22.50 | kN/cm?2
Utimate Strength Fu 36.00 | kN/cm2

[ Thickness Ranget > 40.0mm and t < 100.0 mm
Yield Strength fy 21.50 | kN/em2
Utimate Strength Fu 36.00  kN/om?2 |+

o

L% 4

] [ Cancel

Figure 2.2: Material Library

The material properties are also included in the library. There, you can select a material, and
then import it to window 1.1 by clicking [OK].

If you calculate according to DIN 4132, it is not possible to define a new steel grade in the li-
brary: According to this standard, only materials with defined allowable stresses for the fatigue
analysis may be selected. In contrast to that, you can define your own materials in a calculation
according to EN 1993-6. Notice that all parameters necessary for the design are preset or else
are to be defined.

Standard / National Annex

In the drop-down list of this section, you select a standard for design and, if necessary, the ac-
cording National Annex (NA). You can select either the standard EN 1993-6 or DIN 4132.

If you design according to EN 1993-6, you can also select a National Annex whose parameters
will be used for the design. The list of the design standards will be extended as we continue to
develop CRANEWAY.
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To check and, if necessary, adjust the current default parameters of the Standard or National
Annex, click [Edit]. This is particularly useful if you want to modify the partial safety factors and

combination coefficients for the combination rules.

To create a user-defined national annex, click [New].

Crane Type

With CRANEWAY, you can design bridge cranes as well as suspension cranes. To select the de-
sired crane type, use the respective option buttons. The graphic will be automatically adjusted

according to the crane type.

For the design according to DIN 4132, only bridge cranes are available.

Type of the Crane
(@ Bridge crane

Suspension crane

I for @

[w

Figure 2.3: Crane type Bridge crane

Type of the Crane
Bridge crane

@ Suszpension crane

—

I r—@

Figure 2.4: Crane type Suspension crane

Comment

In this input field, you can write your comments.

Comment

Figure 2.5: Comment

il
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2.2 Geometry
1.2 Geometry
Total girder length:
L: 10,0001 [m]
Supports | Spring Ennstantsl Releases St\ffener:l
A B C e E F 1 G 1 H ] 1 J K | L
Support | Location Displacement in Rotation about Support W
No % [m] Type of Support X Y Z X Y zZ Warping Release Stiffener Width a [mm]
1 0.000 Hinged | ¥ = = O O d d Rigid
2 2.000 Free O O O O O O O d Non-igid
3 4.000 | Lateral on upper flange O & C C C C a a None 200.0
4 6.000 | Latersl on bottom flange O =l O O O O O O Non-igid
ﬁ 8000 User-defined O [Song -] © = 0 0 g a None 2000
3 10.000 Hinged movable O [ [ C C a O Rigid
L7 1

[ml

Figure 2.6: Window 1.2 Geometry

Total girder length

First, you must define the Total girder length for the one-span or continuous girder. If there are
already entries in the Supports tab for the location x of the supports, the total length may not
be less than the maximum distance of the x-location from the beginning of the girder. Other-

wise, the maximum distance x will be automatically reduced to the total length.

Supports

In this tab, you define the support locations and degrees of freedom of the supports. By plac-

ing the cursor inside a row, you can define the Location x of the support manually.

Supports | Spring Constarks | Azleases | Stifeners |

A B C D [ E F [ G [ H T | J L
Support | Location Displacement in Rotation about Support

o * [m] Type of Support X Y z X A Z Warping Release Stiffener Width @ fmm]
1 0.000 Hinged & & & & O O O O Figid
2 2.000 Free O O O O O O O O Non-igid
3 4000 | Latersl on upper flange O A O O O O O O None 200.0
4 6.000 | Lateral on bottom flange O [ O O O O O O Non-igid
5 8.000 Userdefined O | Sping = = O O O O None 200.0
[ 10.000 Hinged movable O E | O O O O Rigid

Figure 2.7 Window 1.2 Geometry, tab Supports
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In column B, you assign the Type of Support to the respective support by using the drop-down
list. You can select from the following types:

e Hinged

e Hinged movable

¢ Rigid

e Free

e Lateral on upper flange

e Lateral on bottom flange

e User-defined

The types of support Hinged and Hinged movable do not allow any changes in the displace-
ment or rotation definition (columns C through H).

A lateral spring support on the upper or bottom flange of the girder cross-section can only be
assigned if you select the options Lateral on upper flange or Lateral on bottom flange. The corre-
sponding spring constant is to be specified in the following tab.

For the User-defined type of support, you can specify the displacement, rotation, or warping re-
straint manually. To define the possibility of displacement or rotation as well as spring behav-
ior, you can use the lists or check boxes in columns C through I. This is possible for an elastic
support, elastic restraints, and warping.

Furthermore, it is possible to apply Releases at the supports. To assign a release, select the
check box in column J of this tab. The release properties are then to be defined in the Releases
tab. In this way, you can, for example, create a chain of one-span girders.

For each support, you can specify manually if there is a stiffener (end post). You can select from
the options None, Rigid, and Non-rigid. The type of stiffener has an influence on the plate-buck-
ling analysis of the girder, as it influences the shear buckling resistance of the web.

If no stiffener is defined, you must specify the Width a of the support in order to perform the

stress, fatigue, and plate-buckling analyses.

Spring Constants
The second tab becomes available if you select a spring in the Supports tab.

Supports  Spring Constarts | fl=leases | Stifeners |

[ A [ C [ D [ E [ F [ G [ H [ ! [ J
Support | Location Translational Spring [lkM/m] Rotational Spring [<Nm./rad] ‘Warping Spring Lateral Flange Spring [lkM/m]
No x [m] Cux Cuy Cuz CoX Cov Co.Z Cg [kNm?] Cu.y upper Cu,y bottom
3 4.000 50.000
[ 4 ] 6.000 s720 ] 25.000
5 8.000 7.500 15.000 15.000

Figure 2.8: Window 1.2 Geometry, tab Spring Constants

By placing the cursor in the relevant row, you can define the constants for the translational, ro-
tational, or warping spring.

The stiffness of the warping spring is dependent on the type of warping restraint. This calcula-
tion can be done automatically in CRANEWAY. If you click in a cell of column H, the [...] button
appears. By clicking this button, you open a new dialog box. After you specify the relevant pa-
rameters, the resulting stiffness is shown (see the following figure).

12
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-
Calculate Warping Spring

Calculate Warping Spring Due to

@ End plate () Connecting column
() Channel section () Cartilevered partion
) Angle

Material

Steel S 235

End Plate Dimensions

“wiidth b 150.00 [rom]
Depth h: 300.00° [ram]
Thick. d: 2000 [mm]

Warping
zpring

C-Orm:

9.720 [khm3)

ak. ] [ Cancel

\.

Figure 2.9: Dialog box Calculate Warping Spring

The input options in this dialog box differ depending on the type of warping spring. You de-

fine the spring type in section Calculate Warping Spring Due to. Then, you can define the ge-

ometry.

Releases

The third tab becomes available if you select a release in the Support tab.

Suppolts] Spring Constants  Releases WStiffeners]

A [ E [ C [ D [ E F [ G | H
Support | Location MN-/V-Release T-/M-Release Warping
Ho x[m] N Vy Vz Mt My Mz Mg
3 4.000 [} ] 0 ] 0 ]
8.000 0 Q Q a Q

Figure 2.10: Window 1.2 Geometry, tab Releases

In this tab, you define the degrees of freedom or release properties at the relevant x-locations.

You can define a release by selecting the relevant check boxes.

Program CRANEWAY © 2013 Dlubal Engineering Software
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Stiffeners
In the last tab, you can specify the number and arrangement of the stiffeners in the panels.

Suppmls] Spring Ennslanlsl Releases Stiffeners I

B Option
Sﬁzﬂ i Humber of Typs.nf [ The locatian of intemal stiffeners is related ta the supports limiting the:
El] L HoEE Location degree of freedam in the Z-direction
1 2000 3 Regularly
[ 2 | 2000 4 \Userdefined 1]

3 2000 1 User-defined
4 2,000 3 Regulary

5 2000 3 User-defined

Figure 2.11: Window 1.2 Geometry, tab Stiffeners

The defined supports divide the girder in internal panels. Now, you can further modify the ar-
rangement of the stiffeners in these panels. Column C provides two options of how to arrange
the stiffeners.

By using the Regularly option, you generate a uniform distribution in respect to the number of
internal panels. If the number of internal panels is one (minimum number for division), the
stiffeners are always arranged at the support. If the number of internal panels is 2, one more
stiffener is considered in the middle of the span. If the numbers is 3, the stiffeners will be
placed in the third-points of the span. The stiffeners influence the plate buckling analysis.

To specify different distances of the stiffeners in the span, you can select the option User-
defined. If you click in a cell of column C, the [...] button appears. By clicking it, you open the
following dialog box where you can specify the stiffener locations for the selected span.

Location of Stiffeners &J
Span No. 2 - Length 2.000 m
Stiffener Location
MNo. x[m]
[ s
2 0.500
3 0.750
4 1.750
5 2.000
[3

\

Figure 2.12: Window 1.2 Geometry, tab Stiffeners, dialog box Location of Stiffeners

The Option dialog box section provides you the possibility to position the stiffeners: By select-
ing this check box, the stiffeners will be arranged only between those supports that restrain
the degrees of freedom in the Z-direction. The division is carried out based on the selected
number of internal panels. The following figure illustrates this option:

-

Y C T

: |r,_-~——- P

Figure 2.13: Regular positioning of the stiffeners only between the supports acting in the Z-direction

14
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2.3  Cross-Section

In this window, you select the cross-section parameters, define rails, and specify requirements
for the fatigue and weld designs.

1.3 Cross-Section

Girder Addttional Designs. KB(L) HE B 300-50v30 | DIN 1025-2:1995
@ Rolled section: | Perform fatigue design
HE-& 300 mi:) Detai Categoies
) 300.0 .
“welded section: Perform weld geam design a 200
I 400/180/13.5/8.6/180/13.5 = O a
Thickness of welds between
Rail Section @
Rt a0 g
S 45 [wom-out] 5 ]
o
EO alz
@ Splice o &
a 50002 [mm]
b 40012 from)] 8 .
2
Additional Section Intermittent weld seam between rail and flange:
Ativate
1000 [mm]
Angles: — - ——
3
L 5045 a a ) (=] [
28001 Options.

Rolled charnel
V| 25% reduction of the splice section due to wear

UPE 400 o

Congider rail section for the cross-section properties
‘welded charnel:
UL 100410041 0/410410/400 = O

Cross-Sections Description
HE B 300 | DIM 1025-2:1935 + 50/30

Figure 2.14: Window 1.3 Cross-Section

Girder

In this section, you define the cross-section of the crane runway beam.

Girder

@ Rolled section:

HE-E 300 mir:)
welded section:
1L 400/180/13.5/8.6/180/13.5 = O

Figure 2.15: Section Girder

You can select the following cross-section types:
¢ Rolled section

e Welded section

For a rolled section, you can open an extensive [Library] of I-sections by clicking the according
button. In the new dialog box, you can find the following I-section series (tables): |, IPE, IPEa,
IPEo, IPEv, HE-B, HE-A, HE-M, HE-AA, etc. Having chosen an |-section series, you can then select
the desired cross-section from the series. By clicking [Info], you can see the detailed information
about the cross-section.

Program CRANEWAY © 2013 Dlubal Engineering Software
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Rolled Cross-Sections - I-Sections

Fitter
Manufacturer/Standard group:
All -

Manufacturer/Standard:

Al -

Crass-section shape:

Al -

Crass-section note:

Al

Includs invalid...
[T Favarites group
=

To Select
Table Manufacturer/Standard =
I HE
T HE&A
T HEA -
N E
T HEM -
T HsL
THP - L
TuB 5l2 BS 44
Tuc 2 BS 441 L4
TIPN drbed
IIPE Arbed
THE Arbed
THD Arbed
THL tubed
THP Arbed
Iw Arbed
I WM Arbed
Tuc Arbed
IIPN = DIN 1025-1:1335
TIPE ¥ DIN 102551994
THEE = DIN 1025-2:1935
THEL 9 DIN 102531954
THEM 9 DIN 102541994
IHE ZI British Stesl
TIPE
IIPER
I
TuB
T UBF 2 Bish Steel *

To Select

CrossSection
HEB 100
HEE 120
HEE 140
HEE 160
HEB 120
HEB 200
HEE 220
HEB 240
HEE 260

HEEB 320
HEB 340
HEEB 360
HEE 400
HEE 450
HEE 500
HEB 550
HEE &00
HEB E50
HEB 700
HEE 00
HEB 900
HEE 1000

HEB 300

3000

HEB 300

Figure 2.16: Cross-section library for Rolled sections

If you select a Welded section, you can define a uniaxially symmetric I-section by using the

[Edit] button.

-

Welded Cross-Sections - I unsymmetric

==

Parameters

h (o]
be: 180,005 [mm]
b 13.565x| [mm]

M
[ 192020 o
th: [rrn]
a [ 00 o
ab: [mm]

I 400418041 3.5/8.6/180/13.5/0/0

2777777
4

T T

T

ok ] [ Cancel

L%

Figure 2.17: Parametric input for Welded sections

The dimensions must be defined manually, but you can also import them by using the [\]
button from the rolled |-sections. You can save the defined cross-section in the user-defined
library by clicking [Save]. The saved sections can be loaded from the library by clicking [Load].

16
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Rail Section
For a bridge crane, you can specify the crane rail in this dialog box section.
Rail Section
@ Rail:
5445 (@]
) Splice
50,0
400
Figure 2.18: Dialog box section Rail section
Rolled rails can also be selected from the [Library].
Rolled Cross-Sections - Crane Rails [
To Select To Select SA 45 | DIN 538-1 (b: 0.00 %)
Table Manufacturer/Standard Crass-Section B
54 | DN 5361 54 45
=5F = DIN 5352 5455
= SA I+l CaN/CSASTE01 SAES
=R 0 15 34431980 5475
xR 15 34431980, A 54100
=R 0 15 34431980, B 54120
54150
Fitter
Manufacturer/Standard group
Al -
Manufsciure/Standard
Al =
Crozs-section shape:
Al -
Cross-section note:
Al
Inchude invakd..
[ Favorites group:
BRI b ] 54 451 DIN 536-1 (b2 0.00 %)

Figure 2.19: Cross-section library for Rolled Cross-Sections - Crane Rails

For Splices, you must define the dimensions manually.

Any girder cross-section with a rolled or welded section can be combined with any rail or
splice.

If the selected rail section is too large for the girder or the girder section too small for the rail,
the input cannot continue until a plausible runway girder section is selected.

Program CRANEWAY © 2013 Dlubal Engineering Software
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Additional Section
For a bridge crane, you can arrange additional cross-sections on the runway girder.

Additional Section
Activate

) Angles:
L 05 NG

@ Rolled channel:
UPE 400

() Welded channel:
UL 100/100410410104400 =[O

Figure 2.20: Dialog box section Additional Section

The following options can be selected:

e Angles
e Rolled channel
e Welded channel

The additional sections can be selected from the [Library] in the same way as for girders.

Rolled Cross-Sections - Channel Sections =5
To Select To Select UPE 400 | DIN 1026-2:2002
Table Manufactuer/Standard | | Cross-Section
Cu B DIN 102641953 UPE 80
[ UPE arbed UPE 120
L usP L1 NF A 452551383 UPE 140 NERERRN
L UPH trbed UPE 160
Cu 22 British Stesl UPE 180
Cu - GOST 524072 UPE 200
Cu - G0ST 1942574 UPE 220
CUP - G0ST 824072 UPE 240 o
Fiter Cu W GE/T F07eE UPE 270 B,
Cu = PH-BG/H-53403 UPE 300
Manufacturer/Standard group: Cu == Malaysia L UPE 330
Al -~ ||Cu ® 5G9 UPE 360
i Cu ) KS D 3503, 3515/3
Manufacturer/Standard: Cc I+ CAM/CSASTED]
Al T CHe [40 CAM/TSASTB01
Crass-ssction shape: Cu =5 DIN 1026-1:1%63 (R
a ol |Eu - GOST 524097
CUP - G0ST 824047
Cross-section note: Cuc = GOST 824097
al Cue = GOST 5267.1490 (mm]
s 15 608 1989
Cac o 15 8051999
Ll 15 EnE138S
[ MCP i 15 8081989
Inchuds invalid Cec Arcelorits]
L MC ArceloMittal
[T Favarites group
C UE Arcelorittal
% | | une == 575 2 UPE 4001 DIN 102622002

Figure 2.21: Cross-section library for Rolled Cross-Sections - Channel Sections

The selection and input in this dialog boxes is done in the same as for the girder cross-sections.
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At the end of the input fields for the individual section as well as the total cross-section, you
find the [Info] button. The button opens the dialog box Info About Cross-Section with the prop-
erties of the selected cross-section.

B ' Info About Cross-Section KB(L) HE B 300-50/30 | DIN 1025-2:1995 &J
Crogs-Section Property Symbol Walue Unit + | KB(L} HE B 300-50/30 | DIN 1025-2:1995
: R T
Shear area Ay 9567 | cm?
Shear area Az 3010 | em?
Distance to center of gravity =23 164.9 | mm
Momert of inertia ly 29291.50 | crm# -
Momert of inertia Iz 9591.25 [ cm# =
Palar moment of inertia lp 3742270 | ot
Gaverning radius of gyration Ty 1327 | mm L
Gaverning radius of gyration Iz 724 | mm 3
Palar radius of gyration o 151.2 | mm
weight it 128.7 | kg/m g -
Surface Asurf 1.790 | m3/m B g ¥
Torzional constant J 231.00 | cm* .
Distance from the shear center to the cent | 2u 14.5 | mm
‘warping constant refeming to M Cw 1.696E+0G | cm®
Fade factar L 0.000724 | 1/mm
Elastic section modulus Sy max 1750.03 | em? T
Elastic section modulus Sy min A1751.97 | cm? v
Elastic section modulus Sz 572.75 | cm® :
Warping section moduluz Sw 8013.24 [ cm*
Statical moment of area Gy max 1046.07 | em?
Statical moment of area Oz,max 214.70 | em® mmil
Momalized warping constant Wno 211.68 | em2
“warping statical moment Ow 3016.48 | em* iz S
v K — ! =
EETlIlEy ?‘?I?Tefr according ta Kindem K.Kmdem 25? En?1 il = c/t-Parts
\ J

Figure 2.22: Dialog box Info About Cross-Section

This dialog box provides also information about the Stress points and c/t-Parts.

The buttons below the graphic have the following functions:

Button Function

Displays or hides the stress points

Displays or hides the c/t-parts

|

Displays or hides the numbers of stress points or c/t-parts

Shows details of the stress points or c/t-parts

o Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

|||

Shows entire graphic of the cross-section

Table 2.1: Buttons in the dialog box Info About the Cross-Section
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If you activate the buttons [Stress Points on/off] and [Numbering], all automatically created
stress points are displayed in the cross-section graphic.

If you click [Details of Stress Points], a dialog box opens showing the coordinates, statical mo-
ments of area, thicknesses, and warping ordinates of the stress points.

Stress Points of KB(L) HE B 300-50/30 | DIN 1025-2:1995 I@
B | o [ D [ E | F [ G KB(L) HE B 300-50/30 | DIN 1025-2:1995
StressP Coordinates Statical Momerts of Area Thickness Warping

Mo. y [mm] z [mm] Qy [em?] Qz[cm?] t [mm] Wno [cm?] Qa [cm*]

[ 1 | -164.9 0.00 0.00 30.0 41.09 0.00

2 0.0 -164.9 -112.42 5.38 30.0 0.00 -154.10

3 250 -164.9 0.00 0.00 30.0 -41.09 0.00

4 -150.0 -134.9 0.00 0.00 19.0 209.82 0.00

5 325 -134.9 -279.62 -203.66 19.0 45.46 -2849.53

6 -325 -1349 -279.62 -203.66 19.0 4546 -2849.53

7 0.0 -134.9 -361.28 -214.70 19.0 0.00 -2589.89

8 325 -1349 -279.62 203.66 19.0 -45.46 2849.53

9 325 -134.9 -279.62 203.66 19.0 -45.46 284553

10 150.0 -134.9 0.00 0.00 19.0 -209.82 0.00

11 0.0 -88.9 598.62 0.00 11.0 0.00 0.00

12 0.0 119.1 946.44 0.00 1.0 0.00 0.00

1E] 0.0 0.0 -1045.98 0.00 11.0 0.00 0.00

14 -150.0 165.1 0.00 0.00 19.0 -211.68 0.00

15 -32.5 165.1 -M7.41 203.66 19.0 -45.86 -2874.88

16 0.0 165.1 -448.52 21470 19.0 0.00 -3016.48

17 325 165.1 -347.41 -203.66 19.0 45.86 2874.88

18 150.0 165.1 0.00 0.00 159.0 211.68 0.00

J

L

Figure 2.23: Dialog box Stress Points

After you activate the buttons [c/t-Parts] and [Numbering], the c/t-parts of the cross-section
are displayed in the cross-section graphic.

You can display the width c to thickness t ratio of all ¢/t-parts in a table by clicking the [Details]
button. These values can be compared for example with [1] Part 1, Table 12.

[

c/t-Parts of KB(L) HE B 300-50,/30 | DIN 1025-2:1995
B [ ¢ [ o [ E [ F [ G [ H ] 1 [ J

cA-Pat | Restrained c t chA Coordinates Start Coordinates End Average Statical Moments

No Shape fmm] fmm] H ¥ Imm] z jmm] ¥ [mm] 2 [mm] Qy [em?] Qz[em?]
MR =S | 1175 19.0 6.18 325 1343 -150.0 1349 139.81 12371
2 One Side 1175 19.0 6.18 325 -1349 1500 -1345 135.81 12371
3 One Side 1175 19.0 6.18 -325 165.1 -150.0 165.1 173.70 12371
4 One Side 1175 19.0 6.18 325 165.1 1500 165.1 173.70 12371
5 Both Sides 208.0 11.0 18.91 0.0 8839 00 1191 1020.72 0.00

KB(L) HE B 300-50/30 | DIN 1025-2:1995

Figure 2.24: Dialog box c/t-Parts
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Perform fatigue design

In addition, you can perform a fatigue design.

Additional Designs
/| Perform fatigue design

Detail Categories...

| Perform weld seam design

Thickness of welds between
- Rail and flange

a: B.0F [mm]

B0

B0

Intermittent weld seam between rail and flange:

100.0-

25005

Figure 2.25: Section Fatigue design (for EN 1993-6)

Additional Designs

/| Perform fatigue design
Detail Categories...

| Perform weld seam design

Thickness of welds between
- Rail and flange

ar: B.0F [mm]

B0

Figure 2.26: Section Fatigue design (for DIN 4132)
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Detail Categories... ] If you select this check box, the [Detail Categories] button becomes available. By clicking it,

you open the Edit Detail Categories dialog box, where you can specify settings for the relevant
stress points.

Edit Detail Categories Ié]
Detail Categories on Entire Girder Length HE B 300
B | ¢ [ Db | E [ F [ G
Stress Coordinates [em] Thickness Detail Category
Poirt No ¥ z t [em] Existing for ox for oz for Tz
[ 1 -15.00 1.50 160 100
2 325 -15.00 1.50 125 a0
3 0.00 -15.00 1.90 ] 160 100
4 325 -15.00 1.90 125 20
5 15.00 -15.00 1.90 160 100
6 15.00 15.00 1.90 160 100
7 3.25 15.00 1.90 O 160 100
8 0.00 15.00 1.50 ] 160 100
3 325 15.00 1.50 ] 160 100
10 15.00 15.00 1.50 160 100
11 0.00 -10.40 1.10 160 160 100
12 0.00 10.40 1.10 160 160 100 =
13 0.00 0.00 1.10 160 100
Detail Categories at Stiffeners
B[ € [ D [ E [ F =
Stress Coordinates [cm] Thickness Detail Category Allocation Distance
Poirt No ¥ z t [em] Existing for ox e [em]
-13.10 1.50 a0 0.00 T
-13.10 1.50 20 0.00
13.10 1.50 20 0.00
13.10 1.90 20 0.00 -
Symmetrical layout of detail categaories Diztance
e 0,004 [cm]
Detail categony:
QK ] [ Cancel

L% 4

Figure 2.27: Dialog box Edit Detail Categories

The upper table lists the automatically generated stress points including the automatic assign-
ment of the detail categories for the fatigue design. If you select a stress point in column D
Existing, the appropriate detail category can be assigned.

Due to the great additional normal stresses o, it is necessary (unlike for the upper flange) to
specify a detail category for stress in z-direction.

D If you click in a cell in column E or F to specify the detail category, the buttons [¥] and [...] ap-
pear in the cell. [ ¥v] opens a drop-down list in which you can select the desired detail category;
[...] opens a dialog box with an abstract from [2] or [8]. This dialog box also allows you to select
the appropriate detail category.
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B ' Allocate Detail Category for Sigma-x according to EN 1993-1-9

Detsil -
ol Structural Detail Description
Rolled and formed products:
—— 1) Plate and wide flats.
m 2) Rolled cross-sections
® ,:-.H L \‘.\\‘\L_‘\{ } 3) Seamless hollow rectangular or round
M | /| cross-sections.

160 ® @ [©) Details 1) to 3):
Sharp edges and surface and rolling defects
are comected by grinding until a smooth transition
is reached.
Scissored surfaces or surfaces cut by oxygen:

N 4) All visible edge asperities will be removed.
O “_':--.H Cut surfaces will be machined and grinded and all
— slivers removed. All scratches can be

140 @ only in lpading direction.
Edges machine-cut by oxygen:

O . ‘:_‘____m 5) Mawl_'ial l;:l Tgnualtly mr oxy?;n w:g :::sequent

- ~ OCEeSSIN all wreguiantes a m: es.
q,%::&dﬁ;; pr 9 eg
125

LS

Figure 2.28: Dialog box Allocate Detail Category according to EN 1993-1-9

i AN
I
Dlubal

Engineering Software

s ™
B Allocate Detail Category for Sigma-x According to DIN 4132 u
Notch | Indenture Description Picture Symbol

Category| MNumber
Components with ordinary surface integrity and with
O lateral surfaces as rolled edges or saw notches, if
superposed geometric notch effects do not exist or have
wo wol been taken into account for the stress analysis, eg.
first cuts. Thermal cut surfaces must at least be of quality
as required in DIN 2310 Part 3, edition February 1975,
subclause 2
‘Components with scissor or thermal cut surfaces with at
O least quality 23 according to DIN 2310 Part 3, edition
February 1975, subclause 2, if superposed geometric
wi wil notch effects do not exist or have been wmken into
account for the stress analysis, e g. cut-outs.
Components connected by ordinary-quality butt-weld,
o bevel seam with fillet or double bevel seam with double ¥
fillet along the force direction. X
Ko 0zl v
Components connected by double level web seam with [+
(@) double filet. single bevel groove plus raot face with fillet, K
double level groove along the force direction. 74
Kl 123 B
e -~ v
ey
b
. J

Figure 2.29: Dialog box Allocate Detail Category according to DIN 4132

In the lower table of the Edit Detail Categories dialog box (see Figure 2.27), you can define the
stress points at stiffeners with the corresponding detail categories for fatigue design. Only the
stress points at the x-locations of stiffeners are considered. The relevant detail category must
also be assigned to these stress points. By clicking [...], you access the abstract from [2] or [8],
which can help you with the selection of the detail category.
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The stress points and detail categories are preset for the stiffeners; you can, however, edit their
coordinates and numbers. If you select the option Symmetrical layout of detail categories, the
data for the distance e and the detail categories for all stress points of the stiffeners is changed.
Then, you can use the input field Distance e and the Detail category drop-down list located be-
low the table with new stress points.

Detail Categories at Stiffeners.

Mrwm B8 [ C [ D [ E [ F ]
Stress Coordinates [cm] Thickness Detail Category Allocation Distance

z t [cm] Existing for ox e [cm] L
-13.10 1.0 80 0.00 3
1 -13.10 1.0 80 0.00
16 -15.00 13.10 1.0 a0 0.00
17 15.00 13.10 1.0 a0 0.00 -
Symmetrical layout of detail categories Distance
e 0.008 [cm]

Dretail category:

Figure 2.30: Section Notch Categories at Stiffeners for Symmetrical layout of notch categories

If you clear the selection of the check box Symmetrical layout of detail categories, the columns E
and F for each stress point of the stiffeners become available. They allow you to define a detail
category and a distance e for each stress point.

By clicking [Details] in this section, you open a dialog box with the coordinates and static prop-
erties of these stress points arranged in a table.

Stress Points at Stiffeners &J
Stress Points
B [ ¢ [ Db [ E | F [ G
Stress | Coordinate [cm] | Statical Moments [cm?] | Thickness Wamping Coordinate|  Warping Area

Point No. z Qy Qz t [om] @ [em?2] Ag lem#]

[ 18 -10.37 0.00 0.00 1.0 205.87 0.00
19 -10.37 0.00 0.00 1.0 -205.87 0.00
20 15.83 0.00 0.00 1.0 -215.63 0.00
21 15.83 0.00 0.00 1.50 21563 0.00

(] 3 ] [ Cancel

L% 4

Figure. 2.31: Dialog box Stress Points at Stiffeners
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Perform weld seam design

If you select the check box Perform weld seam design, you can define the thickness of the weld
seam between rail and flange. For a welded cross-section, you can also specify the weld thick-
nesses between rail and flange.

Additional Designs

/| Perform fatigue design
Dretail Categories...
| Perform weld seam design

Thickness of welds between

- Rail and flange

a: B.0M [mm]
B0

B0

V| Intermittent weld seam between rail and flange:

-‘weld seam length
Lu: 100,002 [rmm]

- Interruption length
Li: 250,005 [mm]

Figure 2.32: Section Additional Designs

The Intermittent weld seam is appropriate for cases in which the weld seam between the crane
rail and flange is not continuous. A parallel opposing arrangement is assumed. After you select
the check box, you can specify the length of the weld seam and the interruption. These speci-
fications are considered in the design.

Options
This section provides two check boxes relevant for rail sections.

Options

/| 25% reduction of the rail section due to wear

Consider rail section for the crogs-section properties

Figure 2.33: Section Option

If you select the check box 25% reduction of the rail section due to wear, a reduced cross-section
will be considered for the rail or splice. In this way, the cross-section SA 45 (worn-out) for rail
SA 45 or the splice 50/30 for splice 50/40, for example.

If you select the check box Consider rail section for the cross-section properties, not only the in-
creased cross-section properties will be considered, but also the crane loads will be related to
the upper rail edge.
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24 Loading
In Window 1.4, you define the loadings applied to the crane runway girders.
1.4 Loading
MNumber of cranes: Girder buffer Additional loads Additional loads at:
1 - Left: 0.000 Permanent q: 0.00r2 [kMim] Bath girders [W-max and ‘W-min]
Right: 0.000 Lateral W 000421 [kM/m] @ Only girder with \W-max
Crane No. 1
Crane Parameters Crane Loads
Crane description: Girder i =1 [w-max]
= ﬁ L1 Fode Vertical Whee! Loads Honzontal Whesl Loads -
S-Class: Number of Jegp Qe | QN HTijlkNl | HsijlkN] | HraijlkN]
e e o sane aes - 800 57.00 ET) 0.00 0.00
5253 - Ea| [~ = 18.00 57.00 8.60 2000 0.00 |
Dynamic coefficients @ ... % Axle distances:
i
Crane buffers
Left aL 0.05015 [m]
Right aR: 0.060H [m] <
Distance Skew force Distance from axle j:
e o :H 0000k [m]  5: 0.00p] KNl |1 -
Load Increment
Increment of crane
[M:m positions: 0.5001% [m]
i
Direction 1
of Mation Mumber of generated
GTJl - Crane positions: 31
- Load combinations: 156
A A
T Li T a

Figure 2.34: Window 1.4 Loading

By using the Number of cranes drop-down list, you can define how many cranes can travel to-
gether on the same crane runway girder (the maximum is three cranes). If there are Girder buff-
ers keeping the crane from driving outside the girder on the left or right end, the number of
the load combinations is reduced.

In addition to the loading due to crane operation, two Additional loads can be defined: perma-
nent load g and lateral load w (wind). The self-weight need not be defined as permanent load,
because it is considered automatically. The lateral load is applied as variable line load in the
center of gravity.

The two options in the right upper corner help to differentiate between the loads applied on
the crane runway girder: If the design of the crane runway girder with the maximum wheel
loads is sufficient, you can select the Only girder with Wnax option. However, if it is not clear,
which loads are governing on which girder, the conservative option Crane loads at both girders
(Wmax and Wimin) should be selected. Thus, the number of load combinations also increases.

The middle part of this window includes two sections, where you can define the Crane Parame-
ters and Crane Loads.

By clicking [Copy], you can copy the input parameters of the crane No. 1 to the second or the
third crane. You can always switch between the cranes by clicking the respective tab.

You can select a crane by using the [Library] button that opens the according dialog box. For
DIN 4132, a Database with cranes from the producers DEMAG and KUHNEZUG is available. The pa-
rameters can also be user-defined and [Saved] for later usage.
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Crane Parameters

The input fields of this section are dependent on the selected standard.
DIN 4231

Crane Parameters

Crane description:

=M
Hoisting class: Stress group
Dynamic coefficient Mumber of crane axles:
Girder 95 110k [ 2 ~)E
Support 95 1006 [
Center distances
Crane buffer at: 3600 % [m]
Left aL: 0.05042 [m] az: 1.000 -
Right aR: 0050 [m] a3 1.000 -

Figure 2.35: Section Crane Parameters

The Hoisting class (H1 through H4) determines the value of the Dynamic coefficient. The selec-
tion of the hoisting class becomes available after you select the check box. Otherwise, you en-
ter the Dynamic coefficient for the girder and the support manually.

The Stress group (B1 through B6) influences the value of the allowable stresses for the fatigue
design. If the stress group is B4 to B6, the program considers the eccentric load application at
Y4 of the rail head width according to [2].

For one crane, the Number of crane axles cannot be higher than four. Furthermore, you can en-
ter the Axle distances and the distance of Crane buffers.

EN 1993-6

Crane Parameters.

Crane description:

= Em
S-Class: Mumber of crane axles:
5253 2 ==
Dynatmic coefficierts @ ... % Arle distances:
i aj [m] -
Crane buffers 3600

Left aL 005005 [m]
Right aR: 0,050 [m]
200 <2

Figure 2.36: Section Crane Parameters

In the S-Class list, you can select the relevant stress group (damage group). For the stress
groups S4 (S3 according to DIN) through S9, CRANEWAY considers the eccentric load applica-
tion of ¥ of the rail head width according to [5] and [8].

You can specify up to 20 Crane axles for each crane. In the table or the input fields below, you
can enter the according Axle distances and the distances of the Crane buffers.

By clicking [Grouping Wheels], you open a dialog box where you can define wheel groups. The
dialog box is shown in the following figure.

Dlubal ———
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Grouping Wheels &11
Groups Parameters of Craneway
Mumber of groups: Crane buffers
215 aL:
ar:
Distance between groups
5 2,000 [m]
Total length of the craneway
L:
Wheels in Group
MNumber of wheels:
3 =
Distance between wheels
a: 1.250 (4 [m]
OK ] [ Cancel

Figure 2.37: Dialog box Grouping Wheels

buffers used.

cording to [5].

.
Dynamic Coefficients &J

Crane Mo. 1

Dynamic Coefficient for

-‘weight of crane Q1 1.100 =
- Load lifting 9z 1130 =
- Sudden pull-off weight [N 1.000 =
- Crane travel Q4 1.000 =
- Diriving force [ 1.600 =
Option

[ &pply values to all cranes

. [ Ok ] [ Cancel

Figure 2.38: Dialog box Dynamic Coefficients

Crane Loads

Crane Loads
Girder with -max
Fode Vertical Wheel Load Horizortal Wheel Loads
1 W omax [kN] Hu [kN] Hs [kN]
e 0.00 0.00
2 75.00 0.00 20.00
3
4
Distance Skew force Distance from axle:
e Q000R [l 5 000} k]

Figure 2.39: Section Crane Loads according to DIN 4132

The input of the Crane Loads differs depending on the selected standard:

| |
Dlubal —

Engineering Software

In the Groups section, you specify the number and distance between the groups. In the Wheels
in Group section, you can specify the number of wheels and the distance between them (axle
distance). The Parameters of Craneway section shows the resulting crane length with the crane

By clicking [Edit Dynamic Coefficients] in the Crane Parameters section (Figure 2.36), you open
a dialog box where you can specify the dynamic coefficients ¢ of the crane runway beam ac-
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@ Both girders MW-max and 'W-min]

Only girder with ‘W-max
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Crane Loads
Girder i =1 [w-max)
Fode Vertical Wheel Loads Horizortal Wheel Loads -
i QH,ijkN] HrjijkN] | HsijkN] | HtaijkN]
1 3 } 57.00 -8.60 0.00 0.00| .
2 18.00 57.00 8.60 20.00 0.00 |~
]
4
]
6
7
8
9 -
Digtance Skew force Digtance from axle
e 0.0004% [m] S 00002 [kM] 1 -

Figure 2.40: Section Crane Loads according to EN 1993-6

For each wheel, all applied loads must be specified. For the calculation according to DIN 4132,
these are the maximum Vertical Wheel Loads W and the Horizontal Wheel Loads from the inertial
forces caused by operation Hu and the Skew force Hsand S.

For EN 1993-6, you must define the maximum Vertical Wheel Loads Q. (due to self-weight of
the crane) and Qu(due to hoist load), the Horizontal Wheel Loads Hr (due to acceleration and
braking of the crane bridge), Hrs (due to acceleration and braking of the crane trolley or the
hoist), and the Skew forces Hs and S.

All loads act on the top of the rail: The skew force can be applied independently of other loads
(for example for guide rollers) with a different distance from the axle. In such a case, you define
the Distance e of the load application point of S to the selected Axle.

If you activate the option Additional loads at both girders (Wmax and Wnin), a second tab be-
comes available. There, you can specify the minimum Vertical and the according Horizontal
Wheel Loads.

Crane Loads
Girder i =1 [w-max] | Girder i = 2 [W-min]
Fode Vertical Wheel Loads Horizontal Wheel Loads -

i Qc,ijkN] Qh,ij kN] HrijkN] | HeijkN] | Hra,ijlkN]

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

m

Do) ||k

Digtance Skew force Digtance from axle

e 0000k m] S 0.00}2 [kN] 1 -

Figure 2.41: Section Crane Loads if option Additional loads at both girders is selected

Load Increment
This section controls the increment of the crane load positions.

Load Increment

Increment of crane
positions: 0.500-% [m]

Mumber of generated
- Crane pasitions: 756

- Load combinations: 381

Figure 2.42: Section Load Increment

The default distance is 50 cm. When defining the load increment, remember that all generated
load combinations must be calculated. The Number of generated crane positions and Load com-
binations is dependent on the geometry of the runway beam, the loads to be considered, and
the load increment.
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2.5

The dynamic 1.5 Load Cases window provides an overview of the action situations with all
loads and load combinations.

Load Cases

1.5 Load Combinations

Load C i Load Cases
B | c [ D [ E [ F | « B
co Location of 15t Wheel of Crane [m] Load LC
No. Girder Crane 1 Crane 2 Crane 3 Description No. Description
CO58 | Max 5.100 76 (LCT + LC91) + 70 LCYE + 00 LC2 ELCT i Sef-Weight + Permanent Load
CO59 | Max 5100 4@ (LCT + LC93) + 7 (LC95 + LCYR) + yao LC2 2 Additional loads |ateral
CO60 | Max 5100 76 (LCT + LC93) + 7 (LC9S + LCI7) + 7o LC2 Lc107 Qo
CO61 | Max 5.100 76 (LCT + LC93) + 7o (LCSS + LCHE) LC108 Qecas
CO62 | Max 5.600 7@ (LCT + LC100) + 7o {LC102 + LCT04) + oo LC2 LC109 Qco4
CO63 | Max 5.600 76 (LC1 + LCY9) + 7o LC104 + 7o LC2 LC110 Qnmax(pz, 93}
CO64 | Max 5.600 76 (LCT + LC101) + 1o (LC103 + LC104) + 0o LC2 Lcim Qno4
CO65 | Max 5.600 78 (LCT + LC10T) + 7o {LC103 + LCT05) + oo LC2 LC112 HTos
CO66 | Max 5.600 76 (LCT + LC101) + 7o (LC103 + LC106) LC113 (H=+5)
Mz 6.100 76 (LCT + LC108) + 1o (LC110 + LC112) + oo LC2 LC114 Hts
Max 6.100 7@ (LCT + LC107) + ya LCT12 + y00 LC2 -
For: Resistance hd
LiE s COBT| | coB7: 1 35°LC1+1 35°LCI08+ 35°LCT0H 35°LC112
B Partial Safety Factors = || Loads [kMin], [kN]
Permanent Actions 16 1.350
Variable Actions - Crane 10 1.350 86.954
Variable Actions - Cther 100 1.500
Combination Factor W 1.000 26730 cEcEY
Addttional loads permanent [1] 0.00 | kN/m
Additional loads lateral w 0.00 | kN/m
Bl Crane No. 1
Dynamic Coefficient Q1 1.100
Dynamic Coefiicient 02 1.130 =
Dynamic Coefficiernt 93 1.000
Dynamic Coefficient 95 1.500
& Wheel No.1
Pasition x1 6.100 | m
Qco1 LC108 19.80 | kN
Qn'gz LC110 6441 | kN
HTos LC112 -12.90 | kN
[ Whesl No.2
Posttion X2 2500 m
Qo1 LC108 19.80 (kN | ~

Figure 2.43: Window 1.5 Load Cases

Load Combinations

The row selected in this section determines the content of all other sections. The correspond-
ing load cases, details, and load graphic are dynamically displayed for the selected load com-

bination.
Load combination for calculation

From the drop-down list located below the Load Combinations table, you can select the design
situation whose load combinations you want to be displayed: Resistance, Fatigue (EN 1993-6),
Deformation, and Support Forces.

Load Cases

This section lists all load cases which are used in the current load combination (that is, the CO
selected in the table to the left).

Details

This section lists the partial safety factors and dynamic coefficients as well as the loads of the
current load combination. When you select another load combination or design situation, the
graphic is updated.

30

Program CRANEWAY © 2013 Dlubal Engineering Software

Dlubal —



2 Input Data N —

F
b
=

EE

!

&

Engineering Software

Preview

The graphic shows the current design situation in 3D-rendering.

The load action and load values can be displayed or hidden by using the [Loads] and [Show
Value] buttons.

Use the mouse wheel to zoom, move, or rotate the view. The position of the pointer is always
assumed as center of the zoom area.

Press the wheel button to move the model directly within the workspace, that is, without pre-
viously activating the toolbar button [Move, Zoom]. If you additionally press the [Ctrl] key, you
can rotate the model. Rotating the model is also possible by moving the mouse while pressing
the wheel button the right mouse button at the same time. The mouse pointer symbols are
indicating the selected function.

Dlubal ———
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2.6 Imperfections

In this window, you can define the initial imperfections of the girder according to EN 1993-1-1
[7] or DIN 18800 Part 2 [1]. They are needed for the second-order flexural-torsional buckling
analysis. The imperfections will be created from the camber rise of the local bow imperfection.

1.6 Imperfections

Type of Definition

*) Calculate automatically with the sigenvalue
method

Bscz:  |b
@ Define manually : o
Imperfection Parameters w HW HS
[ A —— 3 ey
co Eigenmode | Refer Length | Camber Rise ’f'* s 9 A r Y
No. No. Lim] wolem] £ S |
[CO" W 6000 1500 ‘ L |
cozx 1 6.000 0.800
oF | T S
= ; . Buckling Camber
%Z_ } g-ﬁ g-;ﬁ Stress Curve wg
cor 1 6000 0800 ! & ces
cos* 1 £.000 0.800 2 a Liaon
Ccog* 1 6.000 0.800 =
conr 1 5.000 0.800 : °
Co11* 1 6.000 0.800 4 c Li200
coiz 1 6.000 0.800 - d :
co1F 1 6.000 0.800 ° Len
Co14* 1 6.000 0.800 according to EN 1093-1-1, Table 5.1
CO15* 1 6.000 0.800 Selecting lateral torsional buckling curve
CO16” 1 6.000 0.800 i
[ . Buckiing Stress| Camber(k eg)
coiT 1 6.000 200 e Limits |5 s
co18* 1 6.000 0.800 I <=
o1 1 6.000 0800 Rolled bz | b 11e0
Co20° 1 6000 0800 sections b > 2 e 11400
coz21* 1 6.000 0.800
hib <= 2 17400
CoZF 1 6.000 0800 Wielded = °
023" 1 5.000 0.800 lsedtions hib > 2 d 143200
C024” 1 6.000 0.800
o5 1 5000 0200 according to EN 1883-1-1, Table 8.5
CO26* 1 6.000 0.800
cozr 1 6.000 0.800 7
=)=

Figure 2.44: Window 1.6 Imperfections

Type of Definition

If you select the option Calculate automatically with the eigenvalue method, CRANEWAY deter-
mines the appropriate imperfection (shape, camber rise, and direction) for each load combina-
tion. They are considered in the second-order analysis, always applying the first eigenmode.

If you select the Define manually option, you first decide whether the imperfections should be
determined automatically first.

CRANEWAY

GQuestion:
Should the imperfections be calculated automatically
at first and then set as default?

" A

Figure 2.45: Question for option Define manually

Then you can manually define or edit the imperfection parameters.

The Buckling stress curve Bsc: is always automatically preset. It is dependent on the selected
cross-section with consideration of the rail section. The [Info] button opens the Info About
Cross-Section dialog box, where the buckling stress curve of the cross-section is also listed
(see Figure 2.22, page 19).
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Imperfection Parameters

In this section, you can edit the imperfections for all load combinations. For the type of defini-
tion Calculate automatically with the eigenvalue method, the table is disabled and filled with
question marks before the calculation.

Cateulat After the calculation or by clicking [Calculation], the question marks will be replaced by the
SICLalion . . .
determined imperfection parameters.

For the type of definition Define manually, the imperfection parameters are available so that
the higher eigenmodes can be used. For the selection of the eigenmode, you can use a list,
which you open by clicking [ ¥].

Imperfection Parameters.

B [ c [ -
Cco Eigenmode | Refer. Length Camber Rise
No. No. L m] wo [em] E
[ COT" | NI 6.000 1.500
coz  [ELs 6.000 0.800
[ 6.000 0.800
o4 |3 6.000 0.800
CO5" |4 6.000 0.800
COE" |5 6.000 0.800
o7 |6 6.000 0.800
cog”_ |7 6.000 0.800
coF |8 6.000 0.800
coir |9 6.000 0.800
coit* |10 6.000 0.800
co1zr 1 6.000 0.800
co13 1 6.000 0.800
CO14 1 6.000 0.800
CO15° 1 6.000 0.800
CO16 1 6.000 0.800
cot7 1 6.000 1.200
Co18 1 6.000 0.800
o1y 1 6.000 0.800
Co20 1 6.000 0.800
cozT 1 6.000 0.800
cozzr 1 6.000 0.800
CoZ3 1 6.000 0.800
CO24 1 6.000 0.800
CO25° 1 6.000 0.800
CO26 1 6.000 0.800
CoZ7 1 6.000 0.800 -
=

Figure 2.46: Selection of Eigenmode

D Using the manual definition, you also can determine the camber rise according to [7] or [1]: By
clicking the [...] button in a cell of the camber rise or the [Edit] button at the end of the table,
you open the following dialog box.

Determine Camber Rise of the Imperfection &J

Imperfection Parameters

Local bow imperfections:
1 Define Wi 0,800 -

@ Calculate according to EM 1993-1-1

Feference or zpan length L: 6.000 3 [m]
Buckling strezz curve of the
Cross-gechion Bsca:
Local bow imperfection according
to EM 1993-1-1 Table 6.5 L/250
Resulting local bow .
imperfection - 0.800 [om]
[ (] 8 ] [ Cancel ]

L% S

Figure 2.47: Dialog box Determine Camber Rise of the Imperfection

If you open the dialog box from a Camber Rise cell, the determined value will be assigned only
to the current load combination. If you open this dialog box clicking [Edit] at the end of the
table, the value will be assigned to all load combinations.
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3. Calculation

3.1  Detail Settings

Before you start the [Calculation], check the design details first. To this end, open the accord-
ing dialog box by clicking [Details]. This button is available in all windows.

Dietails... The content of this dialog box depends on the Standard selected for design.

3.1.1 EN1993-6

Calculation

Details - EN 1993-6 - DIN ==
CRANEWAY | FE-LTE | Standards Used
Calculation of Internal Forces Rail-Flange Connection Reduction of Imperfections
@ Fast Calculation The rail iz immovably connected with V| 0.5 reduction for lateral-torsional
Calculation of the governing load pogitions in flange buckling according to EM 1933-1-1,5.3.4
E'LTB . @ The rail iz movably connected with
Detailed Calculation flange Modify imperfection values for

Calculation of all load positions in FE-LTE 0.7 =5t £1.3 according to

The rail iz lving on the elastomeric bearing

pad DIMEM 1933-1-1.5.3.4

Allowable Deformation
Wertical: L/ B00-: V| Method 1 Determination of horizontal deformations

Dreformation relative to the undeformed system congidering the column height according to
Horizontal: L/ 200 [recommended for rigid supports) EM 1333-6, Tab. 7.1 b

3.000 -
Hoisting class: HCA -
Method 3 Aszzessment of outdoor craneway
Dreformation relative to the Iine_ connecting inflection according to EN 13393-6, Tab. 7.1 d

points of deformed member axis

Damage Equivalent Coefficients Lambda+

Category 5 So ET S2 Sa 54 S5 S8 57 S8 S3
0.250 0.315 0.397 0.500 0.630 0.794 1.000 1.260 1.587
Shear Stress 0.436 0.500 0.575 0.660 0.758 0.871 1.000 1.145 1.320
i3
@) (@@ @ o) [ cocel |

L% A

Figure 3.1: Dialog box Details, tab CRANEWAY for EN 1993-6

Calculation of Internal Forces

You can choose between two calculation methods. The Detailed Calculation analyzes all load
combinations according to the second-order analysis for warping torsion, while the Fast Calcu-
lation only according to the linear-static analysis. From these results, the governing load com-
binations are selected, which are then used for the second-order analysis for warping torsion.

Rail-Flange Connection:

The settings in this section control the effective width of the wheel load distribution on the
upper flange according to [6] clause 5.7. The equations implemented for these three options
are according to [6] Table 5.1.

Reduction of Imperfections

According to [7] clause 5.3.4, the camber rise of the bow imperfection about the minor axis of
the structural component can be reduced by coefficient k for lateral-torsional buckling. The
recommended value is 0.5.
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Allowable Deformation
For the determination of the limit deformations, you can select one of three methods:
Method 1: allowable deformations are relative to the undeformed system and its member axes.

This approach is suitable for rigid supports, because the displacements at the support nodes in
Z-direction are zero.

Method 2: limit deformations are determined relative to the deformed system. You can select
this check box only if you defined spring constants for the supports.

Method 3: inflection points of the deflection curve are calculated and the allowable defor-
mations are relative to the according lengths.

In addition, the allowable deformations can be determined considering the column height. Op-
tionally, it is also possible to perform an Assessment of outdoor craneway according to [6] Table
7.1d.

Damage Equivalent Coefficients A;

These coefficients are required for the calculation of the damage equivalent stress range in fa-
tigue design and are taken from [5], Table 2.12. The default coefficients can be edited, if neces-

sary.
3.1.2 DIN4231
Details - DIN 4132 et
CRAMEWAY | FELLTE
Calculation of Internal Forces Localized Plasitification
@) Fast Calculation . o . Exceed equivalent stesses or.d by 10 %
Calculation of only the governing load positions in FE-LTE [torzional according to DIM 18800 Part 2, Element (743)
buckling second order theony] :
Detailed Calculation -
Calculation of all load positions in FE-LTE Assumption of Loads
Handle lateral loads az principal loads according to DIM 4132,
Subclause 3.1 for the stress analysiz
Allowable Deformations
@ Accarding to Bases of Calculation for Craneways, Swiss Central Handle lateral loads as principal lnads according to DIM 4132,
Office of Steel Construction, 1973 Subclause 2.1 for the serviceability limit state design
Uszer-defined
Wertical: L/ | 700k
Harizartal: L/ | 800
Reduction of Imperfections
| 2/3 reduction according to DIN18300 Part 2, Element [201)
for elastic-elastic design
V| 0.5 reduction accaording to DIN 18300 Part 2, Elerment [202)
for lateral torsional buckling
@I @I@ @ Ok ] | Cancel

L%

Figure 3.2: Dialog box Details, tab CRANEWAY for DIN 4132

Calculation of Internal Forces

This section is described in chapter 3.1.1.

Allowable Deformation

The values of limit deformations can be defined According to Bases of Calculation for Craneways,
Swiss Central Office of Steel Construction [15] or User-defined for the vertical and horizontal direc-

tions.
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Localized Plastification

If you select this check box, the equivalent stresses ora can be exceeded by 10 %. In the stress
analysis, the stresses 6x and ceqv are then compared with the increased limit stresses. The
stresses oz, on the other hand, are compared to the usual (not increased) limit stresses.

Assumption of Loads

The Calculation of Internal Forces (see dialog section to the left) controls which check boxes can
be accessed here.

The option Handle lateral loads as principal loads for the stress analysis specifies that the hori-
zontal inertial forces caused by operation and the wheel loads will be regarded as one load. If
they occur simultaneously, these actions will therefore not be multiplied by the combination
coefficient y in the determination of the internal forces.

The option Handle lateral loads as principal loads for the serviceability limit state design specifies
that the horizontal inertial forces due to operation will be considered in the fatigue design.
Thus, not only the load combination with vertical wheel loads (fundamental combination 1),
but also the load combinations with the horizontal inertial forces due to operation (fundamen-
tal combination 2) will be analyzed in the fatigue design.

While the first two check boxes need to be selected only rarely, it is always recommended to
select the option Increase lateral loads Hs and S by 10% and ignore lateral loads Hu. However, this
check box is accessible only for the Detailed Calculation option (see dialog section to the left).

According to [2], the possible superposition of the lateral forces from operation and from skew
forces may be considered in this way. Only the increase of skew forces by 10% is carried out in
CRANEWAY. The Fundamental combinations 1 and 2 remain unchanged. Therefore, only the
internal forces for fundamental combination 3 will change.

Reduction of Imperfections

The settings in this section have an effect only on the automatic determination of the imper-
fections. Smaller camber rises of the bow imperfections can be achieved by both options 2/3
reduction for elastic-elastic design and 0.5 reduction for lateral torsional buckling.
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3.1.3 FE-LTB

The second tab of the Details dialog box is independent of the selected design standard. It
controls the calculation parameters of the integrated module FE-LTB.

-

Details - DIN 4132 [

CRAMNEwY | FE-LTE
Calculation Parameters Settings for terations
V| Calculate critical load factors of all load M aximum number of equilibrium

combinations iterations: :
| Consider secondary shear stresses

M aximum factor nu: 10.000 -
Target length of Increment: 2000 %
Finite elements: 0.500 12 [m] Break-off limit: 0.00700 -
Mumber of buckling modes to be
caloulated for the effective
imperfections: 101
@I @I@ @ Ok ] | Cancel

Dlubal ———

L%

Figure 3.3: Dialog box Details, tab FE-LTB

FE-LTB is an analysis core that determines the internal forces according to the second-order
analysis for warping torsion and therefore is suited for the lateral-torsional analysis of crane
runway beams.

Calculation Parameters

You have to select whether or not CRANEWAY should Calculate critical load factors of all load
combinations. If you select this check box, the program checks whether or not a stability failure
occurs under the defined external action: If the critical load factor is less than 1, a warning ap-
pears and the calculation is stopped.

The check box Consider secondary shear stresses applies for the shear stresses due to the sec-
ondary torsional moment M. If the check box is not selected, only the shear stresses due to
the shear forces and the first torsional moment Mr,, are determined.

The Target Length of Finite Elements check box controls the length of the finite elements of the
crane runway girder. The length of the element should not be greater than '/s of the span:
Usually, 8 elements for each girder span are enough to calculate the deformations with a devi-
ation of less than 5% relative to the precise solution.

The Number of buckling modes to be calculated for the effective imperfections defines how many
eigenmodes for the imperfections of the load combinations will be calculated (see Figure 2.46,
page 33).
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Settings for Iterations

This section controls the calculation of FE-LTB. The iterative determination of the deformations
stops when the ratio of the displacement difference to the determined displacement in an iter-
ation is smaller than the Break-off limit. At the latest, the calculation stops when the Maximum
number of equilibrium iterations is reached and shows the result. The recommended values are
50 for the number of iterations and 0.001 for the break-off limit.

The values in the fields Maximum factor nu and Increment represent additional break-off crite-
ria for the determination of the critical load factors and the increments of the load increase.
CRANEWAY proceeds in the following way: First, it performs a calculation with the given load-
ing. Then, in the determination of the critical load factor, the load is incrementally increased
until the maximum factor nu is reached. As soon as the stability failure occurs, the program
tries to distinguish more accurately between the two last increments of loading to determine
the critical load factor as precisely as possible.

The recommended values are 10 for the maximum factor nu and 2 for the Increment.

3.2  Start Calculation

To start the calculation, click the [Calculation] button, which is available in all input windows of
CRANEWAY.

The process of the calculation is then displayed in a dialog box.

r ~
Calculation... [&J

-

Running

RSTAE - Calculation

Calculation of Load Combinations Co139

-

g Partial Steps.
Calculation Stages 46 /46 | Mumber of supports: 3
— | Initializing... MHumber of members: 2
~ | Determining imperfections. .. Number of cranes: 1
= | Internal forces - second order theory. .. Mumber of stress paints: 12

Mumber of load combinations: 139

— | Stress analyses...
— | Internal forces - second order theory. ..
— | Serviceability limit state design...

- | Deformations - gecond order theory. ..

~RS-SOLVER _

Cos5
— | FE-LTE Calculation co14
.=

| | Cancel

L% A

Figure 3.4: Dialog box Calculation
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4. Results
After the calculation, the 2.1 Design Summary window appears.
CRANEWAY - [Introductory Example According to DIN EN 1993-6.cr8] (e S|

File Settings Help

@ Goveming Irtemal Forces CO140 : 1.35°LF1+1.35"LF221+1 35°L F223+1 35°LF225

Maxdmum Normal Stress T, exist -19.18 [ kN/em2

Limting Normal Stress Gxim 21.36 | kNfem?
Design Crteron Dox 0858 <10

5 Normal Stresses -
Govering Member Member No 2
Goveming Sress Pairt Stress Pt N 12
Mezamum Nomal Stress Gzt 767 kNiem?
Limting Normal Stress Gzim 21.36 | kNfem?
Design Crteron Doz 0359 <10

5 Shear Stresses ©
Govering Member Member Mo i
Govering Location in Nember x 5600 m
Govering Sress Paint Stress Pt N 1

EGoveming Intemal Foroes COB2 - 1.35'LF1+1 35°LF100+1 35°LF102+1 35-LF104

Mamum Shear Stress G 557 [kN/em?
Limting Shear Stress Tim 1233 kN/iem?
Design Citeron b. 0452 <10

B Equivalent Stresses aeqy
Govering Member Member No 2
Govering Location in Member x 3400 m
Govering Stress Pt Stress Pt [

Colculation | | Detals.. | [30 Rendering] [Wat Annex.| [ Graphios

1) Maximum wtilization: 0.898 in stress paint 1

Input Data 21 Design Summary
- Gieneral Data
- Geometry Y s B | C [ D [ E F
Eomite Member | Location | Design Crterion Goveming
- Loading Type of Desian No. ximl | edsting | lmiting co
e B 2.4 Siress Analysis P2 3400 0898 <1.00 C0140
Imperfections 25 Deformation Analysis - Horizortal 2 3400| 769180 >600000| CO140
Fesults 25 Deformation Anialysis - Vertical 2 3400 1164822 >800000| CO112
Do = 256 Fatigue Design 1 0500 0253 <1.00
Intemal Farces - Capacity 2.7 Plate Bucking Andlysis 1 0500 0594 <1.00
- Intsrnal Forces - Fatigue 2.8 Welds - Stress Analysis 1 6000 0870 <1.00 cos2
Support Ferces 2.5 Welds - Fatigue Design 1 5600  7.590 >1.00
Shiess Analysis 210 Crtical Load Factors 1 7531 > 1.00 cos2
- Ee"’”"ag”" Andlysis 2.4 Stress Analysis.
atigue Design S 5 = =
Plale Buckling Analysis TR
Goverming Member Tember Mo 3
~elds - Stress Analysic
Goveming Location in Member 3 3400 |m
“w/elds - Faligue Design :
Goveming Stress Point Stress Pt N
Ciiical Load Faclors

m

HE B 300

e

®

Figure 4.1: Results window with designs and results details

The results of the analysis are sorted by various criteria in the results windows 2.1 through

2.10.

You can select every window by clicking the corresponding entry in the navigator. In addition
to that, you can use the buttons shown on the left to set the previous or next window. Alterna-

tively, you can press the function keys [F2] and [F3].

Chapter 4 Results presents the results windows in their order. This chapter describes the results

obtained according to EN 1993-6.
To save the results and exit CRANEWAY, click [OK].
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4.1  Design Summary

The upper part of the window shows a summary of designs sorted by the governing design
criteria. It provides an overview of all designs: Thus, you can see immediately which checks are
satisfactory and which failed.

The lower part contains more detailed data about stresses, deformations, weld seams, etc. for
the design selected in the upper part.

2.1 Design Summary

A [ B [ C [N E | F HE B 300
Member | Location Design Criterion Goveming
Type of Design No x [m] existing limiting Co

3.400 <100 CO140
3400 769.180| »600.000 CO140
3400 1164822| »800.000 CO112
0.500 0253| <1.00
0.500 0594 <1.00

2.4 Stress Analysis

2.5 Deformation Analysis - Horizontal
2.5 Deformation Analysis - Vertical
2.6 Fatigue Design

2.7 Plate Buckling Analysis

JEPY Y Y DY Y Y 1Y Y

2.8 Welds - Stress Analysis 6.000 0.870 | <1.00 Co62
2.9 Welds - Fatigue Design 5.600 7.590| >1.00
2.10 Critical Load Factors 7531| >1.00 Coe2
2.4 Stress Analysis
il Normal -1 ~
Goveming Member Member No. 2
Goweming Location in Member 3 3400 | m
Goveming Stress Point Stress Pt. M 1

[ Goveming Intemal Forces CO140 - 1.35°LF1+1 35°LF221+1 35°LF223+1 35" F225

Maximum Normal Stress Ox.exist -19.18 | kM/em2
Limiting Momal Stress T im 21.36 | kN/em?
Design Criterion Dgx 0.898 | <1.0
E1 Nermal Stresses o:
Goweming Member Member Na. 2
Goveming Stress Point Stress Pt M 12
Maximum Momal Stress Oz,exist <767 | kN/ocm2 E
Limiting Mormal Stress Gz lim 21.36 | kN/cm2 (& | (@] 3
Design Criterion Dgz 0359 | <10 a s
[ Shear Stresses t©
Goweming Member Member No. 1
Goveming Location in Member X 5600 m
Goveming Stress Point Stress Pt M 13
Goveming Intemal Forces COB2 : 1.35°LF1+1.35°LF100+1.35°LF 102+1.35°LF 104
Madmum Shear Stress T 557 | kN/em2
Limiting Shear Stress Tiim 12.33 | kN/cm2
Design Criterion D. 0452 | <1.0
Gl Equivalent Stresses equ
Goveming Member Member No. 2
Gowveming Location in Member 3 3400 | m
Goveming Stress Point Stress Pt. M 1 -

Figure 4.2: Window 2.1 Design Summary

Type of Design

The column shows the performed designs.

Member No.
This column displays the number of the member with the highest design criterion.

Location x
At this location of the member (relative to the member start), the maximum value was found.

Design Criterion

In columns D and E, the conditions of the design check are given according to the selected
Standard. If the design criterion is not satisfied, the values will be displayed in bold black font.

Governing CO

The last column provides information about the load combinations whose internal forces are
relevant for the respective designs.

I Program CRANEWAY © 2013 Dlubal Engineering Software




| |
Dlubal

4 Results

Engineering Software

4.2 Internal Forces

The internal forces are shown in two windows for the ultimate limit state (capacity) and fatigue
design (if selected in module window 1.3 Cross-Sections).

4.2.1 Internal Forces - Capacity

In this window, you specify the internal forces of the calculated load combinations (load posi-
tions) that were determined for the ultimate limit state designs. You can show either All inter-
nal forces or Only max/min- values.

2.2.1 Internal Forces - Capacity

B [ C [ D [ E [ F [ G [ H [ 1 [ J [ K [ -
Member | Location Govem. Forces [kN] Moments [kMm] Momerts lkNm 2, kcNm] 3
No x [m] co Vy Vz MT My Mz Mg MT.pri MT s=k b
0.000 co1 0.00 4.03 0.03 0.00 0.00 0.00 -0.02 0.01
Co47 1.1 131.50 268 0.0 0.00 0.00 0.26 242
C057 10.45 59298 170 0.m 0.00 0.00 0.67 1.03
Co62 963 75.56 168 0.m 0.00 0.00 093 075
Co70 13.32 53.58 270 0.01 0.0 0.00 176 0.94
C075 10.88 40.87 224 0.m 0.0 0.00 1.59 0.65
cosz2 565 21.80 1.06 0.00 0.00 0.00 0.86 021
Ccoss 647 19.85 1.34 0.00 0.00 0.00 1.06 028
Co107 067 8.2 0.05 0.00 0.00 0.00 0.04 0.01
cot112 013 9548 0.06 0.00 0.00 0.00 005 401
Cco1z22 -1.40 -8.38 0421 0.00 0.00 0.00 .18 0.03
CO140 251 485 033 0.00 0.00 0.00 027 0.05
0.5001 co1 0.00 313 .03 17 0.00 0.0 002 0.0
Co47 11.80 130.60 267 65.55 590 123 013 254
C057 10.64 92.06 170 46.26 5.32 053 0.61 1.09
Co62 9.86 7464 168 3755 493 0.38 0.89 079
Co70 13.62 52.61 270 26.54 £.81 043 17 0.9
CO75 11.09 33.91 224 20.19 5.54 033 1.56 068
cosz2 571 2089 1.06 1067 -2.86 0.1 0.85 022
C085 6.53 18.93 134 9.69 326 0.14 1.04 0.30
Co107 067 812 0.05 4.34 033 0.00 0.04 0.01
conz .12 -10.37 .06 -4.96 0.06 0.00 .05 4.0
co122 -1.39 8.7 41 441 070 0.02 0.18 0.03
CO140 -250 574 033 -265 125 -0.03 027 0.05
0.500r co1 0.00 313 £0.03 1.79 0.00 0. 002 4.0
C047 5.70 16.97 065 65.54 5.90 123 013 078
COo57 10.64 92.06 170 4626 532 053 061 1.09
Co62 9.86 7464 168 3755 493 032 0.8% 079
Co70 13.62 52.61 270 2654 6481 043 17 0.9
Co75 11.09 399 224 2019 554 033 1.56 0.68
Co82 571 20.89 1.06 1067 286 0.11 0.85 022
C085 6.53 18.93 134 9.69 326 0.14 1.04 0.30
Cco107 067 972 0.05 434 033 0.00 0.04 0
Co112 012 -10.37 0.06 496 0.06 0.00 0.05 0.01 >
Display. @ &l ) Maxdmin only @

Figure 4.3: Window 2.2.1 Internal Forces - Capacity with option All Internal Forces

The internal forces are design values, that is, when determining these internal forces, all rele-
vant partial safety factors, dynamic coefficients, and combination factors were taken into ac-
count. These internal forces are used for the stress analysis, the plate-buckling analysis, and the
calculation of the critical load factor.

If you select the option All, CRANEWAY displays all determined internal forces at all x-locations
for the considered load combinations (dependent on the calculation method Fast Calculation
or Detailed Calculation).

If you select the option Max/min only, only the internal forces of the x-locations with the ex-
treme values are displayed for each member.
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2.21 Internal Forces - Capacity
B | ¢ [ D E [ F G [ _H [ 1 J [ K1 L [
Member max Govem. Location Forces [icM] Moments lkNm] Moments [kNm 2, kNm]
min co x [m] Wy Vz MT My M= My MT pri MTsek

max Wy cor 25001 14.36 43.81 291 127.60 -36.01 364 0.19 272
min Vy coss 4.000r 2194 -88.22 -3.89 6466 -26.89 3.15 065 324
ma Wz Co47 0.000 11.71 131.50 268 0.0 0.00 0.00 026 242
min ¥z Cos2 6.000 563 -162.60 217 -79.08 450 0.20 £.10 227
max M1 co7o 25001 14.36 48.81 29 127.60 -36.01 364 0.19 272
min Mt Cosgs 4.000r -21.54 -88.22 -3.89 64.66 -26.89 35 065 324
max My Cos2 20001 10.30 71.89 1.89 147.40 -20.62 205 0.18 171
min My cosz2 6.000 -11.76 -102.60 215 -128.80 0.92 002 1.3 .88
max Mz Co7s 6.000 -16.12 7113 -2.86 -50.79 15.75 -1.50 054 -1.52
min Mz co7 25001 14.36 43.81 291 127.60 -36.01 364 0.19 272
mizd Mgy co7o 25001 14.36 48.81 291 12760 -36.01 364 0.19 272
min Mg Co8s 6.000 -20.53 5214 -3.82 -115.60 15.2 -2.15 -1.02 -2.80
max MT.pri Cco7 0.000 13.32 53.58 270 0.01 .01 0.00 1.76 094
min MT,pri Coss 5.1001 2122 -90.37 -3.86 -33.45 -0 0.15 -1.39 247
max MT,se con 25001 14.36 43.81 291 127.60 -36.01 364 0.19 272
min M7 sek coss 4.000r 2194 -88.22 -3.89 6466 -26.89 3.15 065 324

2 man Wy Co40 3.4001 15.52 53.01 275 128.70 -36.45 406 0.4 2.89
min Wy Co140 34001 -13.97 47.54 -2.86 128.70 -36.45 406 .14 272
max Wz co1o7 0.000 978 159.20 1.76 B1.57 401 033 0.15 192
min ¥z co1z2z 6.000 11.85| -135.60 207 0.01 0.00 0.00 025 232
max M1 Co140 0.000 14.21 59.47 292 £1.30 15.06 20 0.56 185
min M1 Cot4n 6.000 -1279 5253 -3.03 0.01 0.0 0.00 -159 -1.04
max My Co1o7 4.1001 -8.07 38.06 -1.41 146.50 20.27 -245 0 -1.72
min My Cos2 0.000 -1262 110.20 243 -128.80 0.52 .02 3 -1.18
max Mz cosz 1.6001 -13.84 107.20 254 4498 2163 233 .58 -1.596
min Mz Co140 34001 15.52 53.01 275 128.70 -36.45 406 .14 2.89
max Mg CO40 34001 15.52 53.01 275 128.70 -36.45 4.06 .14 2.89
min Mg coo7 4.1001 -8.07 38.06 -1.41 146.50 20.27 -2.45 on -1.72
max MT,pri Co140 1.3001 14.85 56.97 250 14.45 -3.58 0.06 147 143
min M7 pri Col4n 6.000 -127% 5253 -3.03 0.01 0.0 0.00 -1.99 -1.04
max M7 ek Co40 3.4001 15.52 53.01 275 128.70 -36.45 406 0.4 2.89
min M1.sek Co140 34001 -13.97 -47.54 -2.86 128.70 -36.45 406 .14 -2.72
Display: 0 a0 @) Mau/min only

Figure 4.4: Window 2.2.1 Internal Forces - Capacity with the option Max/min only

4.2.2

Internal Forces - Fatigue

The display of the internal forces and the sorting options are identical to the previously de-
scribed window 2.2.1 Internal Forces -Capacity.

The internal forces in this window are also design values: In the calculation of the internal forc-
es, all relevant partial safety factors, dynamic coefficients, and combination factors are taken

into account.

These internal forces are used for the fatigue design of the girder as well as the weld designs.

42
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This results window offers three sorting options for the display.
2.3 Support Forces
B = D | E [ F G | H -
Node Govem. Support Forces [kM] Support Moments [lkMm]
Ma. LC/CO LC/CO Description Px Py Pz My Mz
LC2 Wind Load
1 co1 Seff-Weight + Permanent Load 0.00 0.00 299 0.00 0.00
co2 Total. ya (LC1 + LC4) + 7o (LCE + LCB) + 700 LC2 0.00 0.00 2] 0.00 0.00
co7 Total, 15 (LC1 + LC12) =+ 7 (LC14 + LC16) = yog LC2 0.00 -10.78 7333 0.00 0.00
cos Total, v6 (LC1+LC11) +ya LC16 + 700 LC2 0.00 -10.79 1811 000 0.00
Co42 Total, 6 (LC1 + LC68) + 7o (LC7D + LC72) + 7o LC2 0.00 -362 26.86 0.00 0.00
C047 | Total, 76 (LCT + LCT6) + 7o (LC78 + LCBO) = oo LC2 0.00 210 91.04 0.00 0.00
CO50 Total, y6 (LC1 +LC77) + o (LC79 + LCB1) + 7o LC2 0.00 17.90 27.10 0.00 0.00
C052 | Total, 15 {LC1 +LCB4) « 7o (LC86 + LCEE) = 700 LC2 0.00 7.70 77.35 0.00 0.00
Ccos2 Total, ya (LCT +LC132) + ya (LC134 + LC136) + oo LC2 0.00 391 1525 0.00 0.00
COM0 | Total, & (LCT +LC173) + v (LC175 + LC177) + 7ao LC2 0.00 0.75 -6.10 0.00 0.00 =
C0112 | Total. ya (LC1 +LC180) + o (LC182 + LC184) + roo LC2 0.00 -0.09 634 0.00 0.00
C0122 | Total, 6 (LCT + LC196) + v (LC198 + LC200) + oo LC2 0.00 .95 -6.58 0.00 0.00
C0165 | Total. ya (LC1 +LC261) + o (LC263 + LC265) + 1o LC2 0.00 -0.08 267 0.00 0.00
max 0.00 17.50 51.04 0.00 0.00
min 0.00 -10.79 634 0.00 0.00
LC2 Wind Load
2 col Seff-Weight + Permanent Load 0.00 0.00 995 0.00 0.00
coz2 Total, 76 (LC1 + LC4) + o (LC6 + LCB) + 700 LC2 0.00 0.00 9.95 0.00 0.00
co7 Total, 16 {LC1 + LC12) + 7 (LC14 + LC16) + oo LC2 0.00 -1.51 1974 0.00 0.00
cos Total, 76 (LC1+LC11) + 7 LC16 + 700 LC2 0.00 -1.50 1219 0.00 0.00
C042 | Total, 7@ {LCT + LC68) < yo (LC70 + LC72) = yoo LC2 0.00 962 7212 0.00 0.00
Co47 Total. y6 (LC1 + LC76) + 7o (LC78 + LCBD) + oo LC2 0.00 -8.98 8768 0.00 0.00 |
CO50 | Total, y6 (LCT + LC77) + 7o (LC79 + LCB1) + oo LC2 0.00 253 M2 0.00 0.00
Co52 | Total. y6 (LCT + LCB4) + v (LCBE + LCBE) + 100 LC2 0.00 817 102.00 0.00 0.00
C082 | Total, v (LCT +LC132) + o (LC134 + LC136) + oo LC2 0.00 .60 147.70 0.00 0.00
Co110 | Tetal. yo {LCT + LC173) + v (LC175 + LC177) + 700 LC2 0.00 1983 11860 0.00 0.00
CO112 | Total. y&(LCT +LC180) + ya (LC182 + LC184) + yao LC2 0.00 741 112.30 0.00 0.00
C0122 | Total, 75 (LC1 + LC196) + v (LC198 + LC200) = 7o LC2 0.00 9.12 84.66 0.00 0.00
CO165 | Tetal, y& (LCT +LC61) +yo (LC263 + LC26E) + 7ao LC2 0.00 0.50 11.82 0.00 0.00
max 0.00 19.83 147.70 0.00 0.00
min 0.00 962 995 0.00 0.00
LC2 Wind Load
3 co1 Seff-Weight + Permanent Load 0.00 0.00 2939 0.00 000 ~
Display: @ Al (1 Masdmin only (71 Only maw/min advanced

Figure 4.5: Window 2.3 Support Forces with option All support forces

If you select the first option, the window shows All determined support forces of the load com-
binations. Additionally, the load case 2 Wind Load is displayed, so the support forces of the in-
dividual components (crane, permanent load, and wind) can be calculated backwards.

2.3 Support Forces
B [ o[ E [ F G | H ] 1
Node max Govem. Horizontal Suppert Forces P [kN] Vertical Support Forces Pz [kN]
Ma. min co Total Due to Crane|Due to Wind Total Due to Crane| Permanent
1 max Py Cos0 17.90 17.90 0.00 87.10 41 298
min Py cos -10.79 -10.79 0.00 19511 16.13 258
max Pz Co47 810 210 0.00 91.04 88.06 298
min Pz Co112 0.09 0.09 0.00 634 533 258
2 max Py Co110 19.83 19.83 0.00 118.60 108.65 995
min Py Co42 -9.62 962 0.00 7212 62.17 9.55
max Pz Ccos2 060 060 0.00 14770 13775 995
min Pz co1 0.00 0.00 0.00 9.95 0.00 9.55
3 max Py CO165 19.58 19.58 0.00 76.42 7343 298
min Py Co122 -8.17 -8.17 0.00 93.86 90.88 298
max Pz Co122 8.17 8.17 0.00 93.86 50.88 258
min Pz Cos2 047 0.47 0.00 -6.40 938 298
Display: (0 Al @) Maxmin only (71 Only maw/min advanced

Figure 4.6: Window 2.3 Support Forces with option Max/min only
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If you select the option Max/min only, only the extreme values of the support forces are dis-
played for the respective directions, that is, the characteristic support forces multiplied by the
corresponding dynamic coefficient for supports.

2.3 Support Forces

(5 [ D [ E [ F [ G [ H [ 1 -
Node Govem. Horizontal Suppert Forces P eN] Vertical Support Forces Pz [kN]
Mo co Total Due to Crane| Due to Wind Total Due to Crane| Permanent Comment
i Extreme in Node No.1 - max Py
1 CO50 17.50 17.50 0.00 87.10 841 258
2 CO50 253 253 0.00 8421 7426 9.95
3 CO50 043 043 0.00 539 -8.38 298
Extreme in Node No.1 - min Py
1 cog -10.79 -10.79 0.00 1911 1613 298
2 cos -1.50 -1.50 0.00 1219 224 955
3 cog 0.25 0.25 0.00 261 037 298
Extreme in Node No.1 - max Pz
1 CO47 8.10 810 0.00 51.04 88.06 2598
2 Co47 898 -8.98 0.00 8768 PIFE] 995 E
3 co47 0.88 0.88 0.00 -5.79 -8.77 2598
Extreme in Node No.1 - min Pz
1 coti2 -0.0% 0.09 0.00 6.34 533 258
2 coti2 741 74 0.00 11230 102.35 9.95
3 Co112 -732 -7.32 0.00 66.93 63.94 298
Extreme in Node No.2 - max Py
1 cotio 075 075 0.00 -5.10 -8.09 298
2 cotio 19.83 19.83 0.00 118.60 108.65 9.95
3 cotio 0382 052 0.00 5240 4542 298
Extreme in Node No.2 - min Py
1 Co42 -362 362 0.00 26.86 23.88 2598
2 C0o42 -9.62 9.62 0.00 7212 6217 995
3 Co42 1.20 1.20 0.00 -4.55 -7.53 2598
Extreme in Node No.2 - max Pz
1 cos2 391 39 0.00 1525 1227 258
2 cos2 060 060 0.00 14770 137.75 995
3 cos2 332 -3.32 0.00 10,02 7.03 298
Extreme in Node No.2 - min Pz
1 Co1 0.00 0.00 0.00 298 0.00 298
2 Cco1 0.00 0.00 0.00 995 0.00 9.95
3 Co1 0.00 0.00 0.00 238 0.00 298
Extreme in Node No.3 - max Py
1 CO165 -0.08 0.08 0.00 267 0.31 298 52
Display: All tax/min anly @) Only max/min advanced

Figure 4.7: Window 2.3 Support Forces with option Only max/min advanced

If you select the display option Max/min only advanced, the table shows the extreme values of
the horizontal support forces (with components from crane and wind load) and vertical (with
components from crane and permanent load).

The support forces will be combined in the same way as the internal forces from the load cases
taking into account the dynamic coefficients. Thus, the support forces (except for LC1 and LC2)
are multiplied by the ratio of the dynamic coefficient of the girder to the dynamic coefficient of
support and added using the LC criterion, since the wheel loads, starting from LC3, already in-
clude the dynamic coefficient of the girder.

The support forces are from the calculation according to the second-order analysis for warping
torsion. Hence, not all load combinations are available in the Fast Calculation method but only
those according to second-order analysis for warping torsion.
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This window offers three display options controlled in the Method of Output section.

2.4 Stress Analysis Overall

AT [E] F | & | HE B 300
Member | Location | Stress | Goveming Stress Stress Member No. 2, % 3.400 r [m]
No x[m]  |Point No Type | kMN/cm?E] Ratio L
3400r| 1 Geqv 19.18 0.898 Ei
Member No. 2
i Normal Gx
Gowveming Member Member No 2
Gowveming Location in Member x 3400 (m
Gowveming Stress Point Stress Pt. N 1

[# Goveming Intemal Forces CO140 - 1.357LF1+1.357LF221+1 35°LF223+1.357L F225

Maxdmum Nommal Stress Tx.exist -19.18 | kN/ecm2
Limiting Normal Stress T fim 21.36 | kN/em?
Design Criterion Dgx 0.898 | <1.0

E Normal Stresses o>
Gowveming Member Member No. 2
Gowveming Stress Point Stress Pt. N 12
Maxdimum Momal Stress Oz.exist -767 | kM/cm2
Limting Normal Stress Tz im 21.36 | kN/em?
Design Criterion Doz 0.359 | <1.0

B Shear Stresses 1
Gowveming Member Member No 1
Gowveming Location in Member x 5600 |m
Goveming Stress Point Stress Pt. N 13 Min: 324 kNlem”2 (13)

[# Goveming Intemal Forces CO62 : 1.35°LF1+1 35°LF100+1.35°LF102+1.35°LF 104

Max:  19.18 kNiem"2 (1)

Maximum Shear Stress T 557 |kN/cm2 al[# [l =)
= —| =
Limiting Shear Stress Thim 12.33 | kN/cm2 \gl li/ \EI
Design Criterion D+ 0452 (<10 Mode of Output
E Eguivalent Stresses Geqv
Goveming Member Member No. 2 @ Overal
Goveming Location in Member x 3400 | m By #location
Gowveming Stress Point Stress Pt. M 1 By shess point
[ Goveming Intemal Forces CO140 - 1.35°LF1+1.35°LF221+1.35°L F223+1 357 F225

Madmum Equivalent Stress
Limiting Equivalent Stress
Design Criterion

Geqv 19.18 | kN/cm2
21.36 | kN/cm2
0838 | <10

Figure 4.8: Window 2.4 Stress Analysis Overall

If you select the Overall method of output, the upper table shows only the x-location with the
governing ratio. To this end, all x-locations, stress components, stress points, and load combi-
nations are analyzed. Thus, this table displays also the governing stress points, governing load
combinations, and the type of stress, which lead to the maximum Stress Ratio (represents the
ratio of calculated stress to limit stress). The stress analysis is satisfied if the ratio is smaller than
one.

For the stress analysis, the internal forces according to the second-order analysis for warping
torsion are used, that is, the partial factors yr, combination factor y, and dynamic coefficient ¢
are considered.

Details - Stresses

Below the table, the detailed intermediate results leading to this ratio are shown. They include
the normal stresses ox and o, shear stress 1, and the equivalent stresses Geq. For each stress
component, you can see the maximum stress at this x-location and the underlying governing
internal forces.

If you click [+] at the beginning of a row with the load combination, you can see the internal

forces of this CO. The exception is the normal stress o, which is determined according to the
standard directly from the wheel pressure. The last row of each stress component shows the
design, which is compared with the value 1.

Stress graphic

On the right, you can find a graphic with the stress diagram for the cross-section. The graphic
depends on the selected design in the table. Thus, you can visualize the governing normal,
shear, and equivalent stresses at the current x-location.
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2.4 Stress Analysis by x Location
B [ C [ D TET F T G ] H | «| [HEB 300
Member | Location | Stress | Goveming Stress Stress Member No. 1, x: 0.000 r [m]
Mo x[m] Point No co Type | kN/em?2] Ratio L
aooor| 1 Co47 Gegv 10.69 0.500 1
05001 11 Co47 Tegv 551 0464
1.000r 1 CO57 Gegv 8.80 0412
1.5001 1 Cos7 Tegv 13.35 0.625
20001 1 Co62 Geg 14.95 0.700
25001 1 co7o Gegv 1846 0.864
3.000 - 1 Co7s Gegv 17.44 0.816
3500r 1 Co75 Geqv 1241 0.581
40001 1 Coss Tegv 12.55 0.588
41001 5 Co47 Gegv 11.65 0.545 2

Member No. 1 - Location x: 0.000

i1 Normal [ -
Goweming Member Member No. 1
Goveming Location in Member X 0.000 | m
Goveming Stress Point Stress Pt. M 5

Goveming Intemal Forces CO70 : 1.357LC1+1.35°LC109+1.35"LC111+1.35°LC113
Maimum Normal Stress O exist 0.00 | kN/em?
Limiting Mormal Stress Tx,lim 21.36 | kN/ecm2
Design Criterion Dox 0.000|<1.0

] Normal Stresses oz =| |Min: 3.1 kNiem*2 (8)
Gowveming Member Member No. 1 | | Max 10,68 kMiem*2 (11)
Goveming Stress Point Stress Pt. M 11
Maimum Mormal Stress Oz,exist -767 | kN/ecm2
Limiting Momal Stress Tz lim 21.36 | kMN/ecm2 Mode of Output
Design Criterion Dgz 0359 |=10 )

[ Shear Stresses t© 0 Dverdll
Goweming Member Member No. 1 @ By wlocation
Goveming Location in Member X 0.000 | m %) By strass point
Goveming Stress Point Stress Pt. N 13

Gowveming Intemal Forces CO47 : 1.35°LC1+1.35°LC76+1.357LC78+1.35°LCED
Maxmum Shear Stress T 458 | kN/em2
Limiting Shear Stress Thim 12.33 | kN/cm2
Design Criterion D. 0371 <1.0

[ Equivalent Stresses Geqv
Gowveming Member Member Nao. 1 -

Figure 4.9: Window 2.4 Stress Analysis by x-Location

If you select the By x-location mode of output, the maximum ratios are shown at each x-location.

2.4 Stress Analysis by Stress Point
B_ [ C [ D TET F [ G T H | » [HEB300
Member | Location | Stress | Goveming Stress Stress Member No. 1, x: 0.000 r [m]
N x[m] |Point No co Type | kN/cm?] Ratio
0000r) 1 Cco70 Tequ R 0.146
2 Co70 Geqy 415 0.194
3 Cco7o Teqw 435 0.204
4 co70 Tequ 328 0.154
5 Co70 Tequ 3n 0.146
6 Cco7o Teqw RN 0.146
7 co70 Tequ 357 0.167
8 Co70 Tequ 374 0175
9 Cco7o Teqw 3.86 0.181
10 co7n Tequ an 0.146 S
Wember No. 1 - Location x: 0.000 - Stress Pt No. 1
iE Normal Gx
Gowveming Member Member No 1
Goveming Location in Member % 0.000 | m
Gowveming Stress Point Stress Pt. N 1
[H Goveming Intemal Forces CO57 : 1.357LC1+1.35°LC92+1.357LC54+1.35°LC96
Maxdmum Nommal Stress Tx.exist 0.00 | kN/em2
Limiting Normal Stress T fim 21.36 | kN/em?
Design Criterion Dgx 0.000 | =10
E Shear Stresses t© Min: 311 kNiem*2 (6)
Goveming Member Member No 1 Max:  10.88 kNiecm*2(11)
Gowveming Location in Member x 0.000 | m
Gowveming Stress Point Stress Pt. N 1 —
@ Goveming Intemal Forces CO70: 1.35°LCT+135°LC103+1.35°LCT11+1.35°LCT13 Mode of utput
Maximum Shear Stress T 1.79 | kN/cm< ~
Limiting Shear Stress Thim 12.33 | kN/em2 © Dveral
Design Criterion D+ 0146 | <10 () By x-location
Bl Enuivalent Siresses geqy (@ By stress point
Goveming Member Member No. 1
Gowveming Location in Member % 0.000 | m
Goveming Stress Point Stress Pt. N 1
[#H Goveming Intemal Forces CO70 - 1.35°LC1+1.35°LC109+1.35°LC111+1.35°LC113
Maoimum Equivalent Stress Tegv 311 |kNdem2
Limiting Equivalent Stress Tequ.lim 21.36 | kM/cm2
Design Criterion Dg.eqv 0146 | =10

Figure 4.10: Window 2.4 Stress Analysis by Stress Point

If the output is set as By stress point, then the results in the upper table are listed for each stress
point and for each x-location.
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4.4.1 Theoretical Background on Stress Calculation

CRANEWAY calculates the normal stresses oy, shear stresses 1, and the equivalent stresses Geqv
at all cross-section points. At the top edge of the web plate, the normal stresses o, from the
applied wheel load are also taken into account.

The calculation is carried out along the crane runway girder in so-called x-locations. These x-
locations can be found at the nodes of the finite elements into which the girder was subdivid-
ed and also at the load application locations of the crane in the individual load combinations.

In the following, the stress points are indicated by the coordinates (y;, z). The normal stresses
ox and the shear stresses t are calculated from the internal forces which were computed ac-
cording to the second-order analysis subjected to yr times the loading.

Normal Stresses

Because the warping torsion is taken into account, not only parts from axial force and bending,
but also from the warping torsional moment occur for the normal stresses ox. In all, we obtain
for the normal stress o« in a point i of the cross-section:

M M M
- E———2apyly;,z)
Syyinzi)  S.lyizi) Cy

N
Oyi=—+
A

X,i

The symbols mean:

N Axial force

My Bending moment about y-axis
M, Bending moment about z-axis
Mg Warping torsional moment

A Cross-section surface

Sylyiz)  Section modulus about y-axis for point (y;z)

Suyiz)  Section modulus about z-axis for point (y;z)

Cw Warping constant relative to the shear center M
M Principal warping at point (y;,z)
Shear stresses

The shear stresses consist of shear force components and torsional components. The relation
to the determination of the primary shear stresses is:

. :vy.Qz(yi,zi)+vZ.Qy(yi,zi)+| M, |
PL, tly,z) ly -s(y;,z;) |ST(yi'Zi)|

The descriptions mean:

Vy Shear force in y-axis direction

\' Shear force in z-axis direction

Mrp Primary torsional moment

ly Second moment of area relative to y-axis
I, Second moment of area relative to z-axis

Q,(y,z) First moment of area relative to y-axis for point (yi,z)
Q:(y;,z) First moment of area relative to z-axis for point (y;z)
t(yi,z)  Thickness of cross-section part in point (y;z)

s(yi,z)  Thickness of cross-section part in point(y;z)

St(y,z) Torsional section modulus for point (y;z)

Dlubal ———
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Secondary shear stresses

Furthermore, the secondary shear stress due to the secondary torsional moment Mrs is com-
puted.

:MT,S Qg (y;, )
Cy - tly;.z)

s,

The descriptions mean:

Mrs Secondary torsional moment
Q,(yi,z) Warping surface in point (y;,z)
Cw Warping constant
t(y;,z)  Cross-section thickness in point (y;z)
In CRANEWAY, you can choose whether to take into account the secondary shear stresses in

the stress calculation (see Figure 3.3, page 37). If they are considered in the stress calculation,
they are directly added to the primary shear stresses.

Normal stresses from applied wheel loads

The normal stresses o are, in contrast to the normal stresses o« and shear stresses t, not calcu-
lated according to the second-order analysis but according to the following equations:

e DIN 4231

v
Todlyiz) -ty z)

SF

The descriptions mean:

W Wheel load multiplied by the partial safety factor yr, and dynamic coefficient ¢
clyi,zi) Load application length of the wheel load
t(yi,z) Thickness of the governing cross-section parts in point (yi,z;)

The length c(y;,z) is calculated according to [2] section 4.1.2. The following figure illustrates the
principle of the determination of the load application length c.

20

50

e Y [

c = 2h + 50 [mm)

Figure 4.11: Length of the uniformly distributed wheel load
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o EN1993-6
F F
6,1 =—29_ orforrolled cross-sections o,; =——=£_
letr - tw (log +2°1)-ty,

The descriptions mean:

Fzed Design value of the wheel load

|eff

tw

Effective loaded length of wheel load acc. to [6], Table 5.1
Thickness of the web plate

| Bz Ed

Y

Figure

f:ﬁ' +2z

4.12: Effective loaded length

Table 5.1: Effective loaded length g

Case | Description Effective loaded length ¢ g
(@ | Crane rail rigidly fixed to the flange oy =3.2500 11,1
(b) | Crane rail not rigidly fixed ro flange (o =325(U, + 1 ) 1, ]/"_i
L a;ne ruil_]nnuullcd on a suitable msilieqt b =425 4 ) IfI/;
elastomeric bearing pad at least 6Gmm thick. et = ed Ly F iper Mty
Ty ey 15 the second moment of area, about its horizontal centroidal axis, of a flange with an effective
width of byyy
I is the second moment of area, about its horizontal centroidal axis, of the rail
Iy is the second moment of area, about its horizontal centroidal axis, of the combined cross-
section comprising the rail and a flange with an effective width of beg
fy s the web thickness.
befr = j?|'|-4 T+ ty bt ber < b
where: b is the overall width of the top flange:

By is the width of the foot of the rail, see figure 5.2;
Ty is the height of the rail, see lgure 5.1;

I is the flange thickness.

Nul.l.-: Adlow for crane rail wear, see 5.6.2(2) and 5.6:1:.‘-] in determining £, Jocand fr,.

Figure 4.13: Effective loaded length

IR
| |
Dlubal
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Designs

In the elastic-elastic design method, you have to verify that under the design actions (yr times
the loads) the following applies:

max o, <f, 4
max o, <f, 4

< 1 f
max 1< —=-1, 4

NE)

_ Yk
MaX Ceqy <fy g ==~
Tm

The equivalent stress ceq according to VON MiSEs is determined from the normal and shear
stresses as follows:

_ |2, 2 2
Ceqy —\/GX +0; -0, -0, +31

In this formula, the sign must be considered in the calculation of the stresses. Due to the dis-
tribution of the compression stress, the stress 6. under the wheel is always negative.

Since the stress o, exists only at the top edge of the web plate or does not have any influence
further down in the beam, the following simplified formula is used for the other stress points.

[2 2
Oeqv =1 Ox +31

The stress analysis is carried out in every stress point at all x-locations of the crane runway girder
with the according design internal forces according to the second-order analysis for warping
torsion.

In the stress analysis, the normal stresses o, have the greatest influence. The greatest normal
stress ox occurs on the edge of the flange, where the normal stress components from the
bending moments about both principal axes and from the warping torsional moment super-
impose each other. The superposition is shown in the following figure.

© =) /-"'f:ﬂ |~

@~ @/ @&L—

= + +

1<

\ s =l
@ ]
e

Ty ey} ay(Mz) M)

Figure 4.14: Normal stress components for biaxial bending with warping torsion
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4.5 Deformation Analysis

This window contains two display options that you can control by selecting the Mode of Output.

2.5 Deformation Analysis Overall

e B | Cc [ D [ E [ F [ G | H HE B 300
Member | Location Govem Displacement
Mo ¢ [m] Cco u [mm] Lia firmit L/

:H T2 3400 CO140 78| 769.180 | > 600.000

Vertical 2 3400 CO112 52| 1164.822 | > 800.000

Details - Deformations

¢ (Goveming Member Length L 6.000 | m
Horizontal Displacemert in Shear Center uy M 3.8 |mm
Horizontal Displacement Due to Torsion uy, g 40| mm
Horizontal Displacemert in Rail Top uy 7.8 mm
Vertical Displacement uz 4.7 | mm
Rotation About X-Fods X% 17.570 | mrad
Rotation About *Y-Ads Qv 0.226 | mrad
Rotation About Z-fods 9z -0.184 | mrad
Warping @ 0.001 | 1/m

[ Deformation Analysis - DIN EN 1993-6/NA:2010-12
Goveming check of the horizontal deformation acc. to Tab. 7.1 a)

Calculation Method Met v 1
Goveming check of the vertical deformation acc. to Tab. 7.2 a) ‘z
Calculation Method Met z 1

@ EEHOE @

Mode of Output
@ Overall

By wlocation

Figure 4.15: Window 2.5 Deformation Analysis Overall

The deformations of the relevant load combinations are analyzed for each x-location. If you se-
lect the Overall option, the table shows only the x-locations with the CO numbers at which the
governing displacement occurs in the horizontal and vertical direction.

In the analysis, the ratio of field length to greatest displacement in the field is compared with
the allowable ratio L/u. The design is satisfied if the existing ratio L/u is greater than the allow-
able quotient.

The deformations are calculated according to the second-order analysis for warping torsion
with the characteristic values, that is, the partial safety factor yr = 1.0, combination factor
y = 1.0, and dynamic coefficient ¢ = 1.0.

Details - Deformations

The intermediate results of the governing displacements uy and u. are listed below the table.
There, you can also see the parts of the rotations ¢, ¢y, and ¢. and the warping o. All deforma-
tion components are relative to the shear center M. The only exception is the displacement uy:
this component is related to the upper edge of the rail.

In the mode of output By x-location (see Figure 4.16), all performed deformation analyses are
listed at each x-location and for each load combination. If you click in a row of the upper table,
the corresponding Details of the current displacement are set in the table below. This mode of
output also includes the calculation method for the horizontal and vertical deformations (see
chapter 3.1.1, page 34).

Program CRANEWAY © 2013 Dlubal Engineering Software
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2.5 Deformation Analysis by x Location
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| «

B [ C [ D E [ F T G T H T 1
Member | Location | Govem Horizortal Displacement [mm] Wertical Displacement [mm]
x[m] co uy Liuv limit LAa~y uz Liuz limit LAuz
0.000 CO1 00 00
Co47 00 00
Cos7 00 00
Cog2 00 00
co7o 00 00
Co7s 00 00
Cosz2 00 00
Coss 040 00
Co107 00 00
cot1z 00 00
coizz 040 00
Co40 00 00
0500 CO1 00 =|l= 0.1]108381.5 | > 800.000
Co47 0.0 211759.656 | > 600.00 1.4 (4338395 | > 800.000
CO57 05| 13086.834 | >600.00 1.6 (3863.450 | > 800.000
Coe2 07 8999.684 | > 600.00 15| 4132.231 | > 800.000
co7 20 3047.595 | > 600.00 1.3 [ 4705.882 | > 800.000
Details - Deformations.
¢ Goveming Member Length L 6.000 [m
Herizantal Displacement in Shear Center uYy,M 0.0 | mm
Herizontal Displacement Due to Torsion uY.g 0.0 mm
Horizontal Displacement in Rail Top uy 0.0 | mm
Vertical Displacement uz 0.0 | mm
Rotation About X-Axis P 0.000 | mrad
Rotation About Y-Auxis Lad -0.113 | mrad
Rotation About Z-Auis 9z 0.000 | mrad
Warping @ 0.000 | 1/m

Figure 4.16: Window 2.5 Deformation Analysis by x-Location

HE B 300

@& (]
Mode of Output

Overall

@) By w-location

4.5.1 Theoretical Background on Deformation Analysis

In addition to the internal forces and stresses, CRANEWAY determines the according deforma-
tions. These are the displacements uy, uywm, U, the rotations ¢x, ¢y, ¢, and the warping o.

The deformation analysis is performed for the displacements in horizontal direction uy and for
the displacements in vertical direction u.. CRANEWAY allows you to compare them with guide
values, which can be defined manually.

o Vertical deflection of the crane runway beam

e Horizontal deformation of the crane runway beam

In the calculation of the deformation, the partial safety factor yr = 1.0 and the combination co-
efficient y = 1.0 is used.

The deformation analysis of the lateral displacement is of great importance: The analysis of the
horizontal deformation is often the governing design and therefore determines the dimensions

of the runway beam.
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4.6

This window provides two display options that are controlled by means of the Mode of Output.

2.6 Fatigue Design Overall

Fatigue Design

Dlubal

Engineering Software

B [ C D[ E | +| [HEB300
Member | Location | Stress Stress
Mo x[m] Point No. Ratio Goveming Design
2.500 1 0.212 | Design Aax
2 2,500 2 0.217 | Design A GEZpq
2 2500 4 0217 | Design AgEz(x) B
2 2.500 5 0.212 | Design A ox
2 2500 6 0212 Design Aox
2 2500 10 0.212 | Design Aox
1 0500 11 0253 | Design 4 GE2z)
5600 13 0.243 | Design A TEZpa)
1 6000 14 0.200 | Design A gEz(x) -

Member No. 2 - Location x: 2.900 - Stress Pt Mo. 1

il General Ct

Nominal value of steel yield strength

Partial Factor for Fatigue Load

Partial Factor of Fatigue Strength

Dynamic Coefficient of Equivalent Impact Damage

Dynamic Coefficient of Equivalent Impact Damage
[ Stress ox

Category of Structural Detail ox

Stress Range

Crane Load Categary for ax

Coefficient of Equivalent Damage for ox

Equivalert Constart Amplitude Stress Range
[ Stress Txz

Category of Structural Detail 1z

Stress Range Txz

Crane Load Category for Txz

Coefficiert of Equivalent Damage for Tz

Equivalert Constart Amplitude Stress Range
El Design

Design A ox

Design A Tz

Design A gg2ix)

Design A TE2pa)

Damage

Fyk
TFf
TME
@iat, 1
Qfat, 2

CDax
AOx
Sigx
Rigx
AoxEz2

CDue
Aa
5i
e
ATeE,:

MNagx
Nave
MagE2x
NatE2x
D

2350
1.000
1.150
1.050
1.065

160
747
52
0.315
235

100
0.00

0.575
0.00

0212
0.000
0.169
0.000
0.005

Figure 4.17: Window 2.6 Fatigue Design Overall

kN/em2

kN/em2

lNfem2

kN/em2

kN/cm2

[1.9.2(1)
[51Tab. 3
[6] Eq. 2.1
[6]Eg. 2.1

[51Tab 8

[6] Tab. B.
[6] Tab. 2 6 g
Mode of Output
[5] Tab. 8.

@ Overall

) By wlocation
[6] Tab. 2.

[51.8(1)
B8 (1)
[51. 82
.82
[51. 8 (3)

&

If you select the Overall mode of output, the upper table shows for the stress points, to which
detail categories were assigned (see chapter 2.3, page 22), the respective x-locations with the
greatest stress ratio. Column E shows the governing types of stress.

2.6 Fatigue Design by x Location

| » [HEB30O

B [ C D | E
Member | Location | Stress Stress
No x [m] Poirt No. Ratio Goveming Design

0.000 1 0.000  Design 4 ox

2 0.050 | Design A TE2pe)

4 0.050 | Design A TEZpa)

5 0.000  Design Aox

6 0.000 | Design A ax

10 0.000  Design Aox

11 0.191 | Design A tE2jz)

13 0204 | Design A TEZpa)

14 0.000 | Design A ox

15 0.000 | Design A ox

Member No. 1 - Location x: 0.000 - Stress Pt Mo. 1

i] General Ct

Nominal value of steel yield strength

Partial Factor for Fatigue Load

Partial Factor of Fatigue Strength

Dynamic Coefficient of Equivalent Impact Damage

Dynamic Coefficient of Equivalent Impact Damage
[ Stress ox

Category of Structural Detail ox

Stress Range

Crane Load Category for ox

Coefficiert of Eguivalent Damage for ox

Equivalert Constart Amplitude Stress Range
[ Stress txz

Category of Structural Detail Tz

Stress Range Tse

Crane Load Categary for Tz

Coefficient of Equivalent Damage for T

Equivalert Constart Amplitude Stress Range
[ Design

Design A ox

Design A Txz

Design A GE2)

Design A TE2jc)

Damage

Fyk
TFf
TME
Diat, 1
@fat, 2

CDgx
Agx
Sigx
Ri.gx
AGxE2

[
Alxz
Si
hioe
ATaE!

Nagx
Nare
NacE2x
NatE2fx

2350
1.000
1.150
1.050
1.065

160
0.00
52
0.315
0.00

100
0.00
53
0.575
0.00

0.000
0.000
0.000
0.000
0.000

Figure 4.18: Window 2.6 Fatigue Design by x-Location

kN/emZ

kN/em2

kN/em?Z

kN/em2

lNsem2

[DEFIT]
5] Tab. 3
[6]Eq (21
6] Ea. 2.1

[5] Tab. 8.

[6] Tab. B.
[6] Tab. 2. 6 g
Mode of Output
[5] Tab. &

7 Overall

@ By wlocation

[6] Tab. 2.

[51.8(1)
[51.8(1)
.82
[5. 82
51863

&
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For the mode of output By x-Location, the designs are listed for each member location x and
each stress point, to which a detail category was assigned.

Design Details

The lower part of the window lists all intermediate results that apply for the ratio at the stress
point selected above. In addition to the general parameters, you can also check the compo-
nents of the normal and shear stresses as well as the equivalent constant amplitude stress
ranges.

4.6.1 Theoretical Background on Fatigue Designs

DIN 4132

In contrast to the stress analysis, the fatigue design uses the partial safety factors yr = 1. There-
fore, the provided stresses in the fatigue design cannot be set in relation to the design values
of the general stress analysis but must be compared with the according allowable stresses for
the fatigue design. They depend on the used steel grade, the detail category, the stress rela-
tion of minimum stress to maximum stress (3 = Gmin/Cmax) and the number of crane travels de-
fined in the stress group of the crane.

Fatigue damage accumulation is characteristic for the material steel. Each single stress ampli-
tude can be of great importance. Therefore, the following condition is to be satisfied.

k

c s K
max. . max;
> + <1

allow?s, allow?s

The following values are to be included in the combination formula:

max; Maximum stress due to single crane i

allow?s Allowable stress for the corresponding stress group
max{ Maximum stress from several cranes together

allow?S  Allowable stress for the according stress group of several cranes

Exponent k:

k=6.635 for detail categories WO through W2 for St 37
k=5.336 for detail categories WO through W2 for St 52
k=3.323 for detail categories KO through K4

In determining the allowable stresses for two cranes, the program uses a stress group lower by
two levels than the stress group of the crane with the lowest stress group. If there are three
cranes, the program uses a stress group lower by three levels than the stress group of the
crane with the lowest stress group.

If during the traveling of a crane the maximum stress values & or t are already induced by indi-
vidual crane wheels or wheel groups, they have to be considered for themselves as actions
with the allowable stress in the design by using the previous formula.

For complicated stress distributions, the assessment of the amplitudes and the values 6. and
ou is difficult. This problem can be solved by using the rainflow method: In this method, the
amplitudes and the corresponding top o: and bottom oy stresses are determined from the
stress diagrams. Furthermore, this method can consider all forms of stress diagrams. The de-
termined stresses o and oy are then used as input parameters for the actual fatigue design.
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The rainflow method gives the resulting stress couples c: and o for each period (amplitude).
Next, the fatigue design is carried out for these stress couples. Furthermore, it is important to
consider if these are full or half periods. In the following combination formulas, the influence
of the periods (amplitudes) was added.

k

c s K
max.. max;
Ds, + <1

allow?R, allow?R

Si means:

si=1.0 for full period
si=0.5 for half period

For the normal stress o, in contrast to the stresses o, and 1, the top stress o: and the bottom
stress ob are not determined by means of the rainflow methods from the stress diagrams. It is
assumed that each vertical wheel load travels over the location to be examined and induces
the corresponding top stresses ot

oW
ot
where
[0) Dynamic coefficient
Wi Wheel load
C Load application length of wheel load
t Thickness of web plate

CRANEWAY also takes into account eccentrically acting wheel loads that induce a torsional
moment. For the stress group B4 - B6, an eccentric load application of +'/, of the rail head
width is taken into account. This is done by adding stresses of the according torsional moment
Mr, to the centric wheel load application, see Figure 4.19a).

Ri'p

Mri= ey Ri"p

1]

I L ' | |

i et Mri= &"Ri"p + Hai'h

tz i‘z

Figure 4.19: Stress at the upper edge of the web due to eccentric wheel load
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If the horizontal inertial forces Hu are considered in the fatigue design, we obtain the torsional

moment Mr; according to Figure 4.19 b).
The composed normal stress o is thus:

Gzi=0ziv tOzim

where
GziVv =00,
6 A A-a
6,im =— M7 -—-tanh| —
ziM t2 Ti > [ > J
where
_ | Mg
G-It
2
. T
3 (smh(aj
mg=1.15-

The descriptions mean:

t Thickness of the web plate
G Shear module (steel G = 8100 kN/cm?)
E Modulus of elasticity (steel G = 21000 kN/cm?)
Ir Torsion constant
Spacing of the transverse web stiffeners
b

Depth of the transverse web stiffener (is usually equal to the depth of the web plate)

In the fatigue design, the stress o.from the wheel load has an influence, according to [2]
clause 4.1.21, on the shear stresses at the loaded upper edge of the web plate. The stress o
from the wheel load induces the sheer stress 1. in the web plate. In CRANEWAY, this is taken
into account by the following formula:

1,,=02-0,
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EN 1993-6 (EN 1993-1-9)

The fatigue design according to EN 1993-1-9 is based on the nominal stress concept. The in-
ternal forces are determined according to the structural analysis for members; the stresses are
calculated at the location of the expected crack formation according to the mechanics of ma-
terials. In the fatigue design, the nominal stress ranges Ac and At due to actions are compared
to the design values of the fatigue strength Aok and Ats. Furthermore, the concept of the par-
tial safety values applies in EN 1993-1-9.

The standard procedure according to EN 1993-1-9 is the design by means of the damage
equivalent factors: Here, the equivalent constant amplitude stress ranges Ace2 and AT, rela-
tive to n = 2*10° stress cycles under consideration of the partial safety factors are to be set in
relation to the limit values of the fatigue strength Aac or Atc for n = 2*10° stress cycles of the
detail category. This leads to the following design requirements:

w<10 and

Acc /v

Ve - ATg o <10
At /v

where
Ve -ACg; =A-AC

EN 1993-1-9, chapter 8, Eq. 8.2

For simultaneous occurrence of direct and shear stress ranges, the following is valid:

3 5
(YFf 'AGE,Z] +(YFf 'ATE,zJ <10
Acc /v Ate /yme

EN 1993-1-9, chapter 8, Eq. 8.3

To determine the equivalent constant amplitude stress range, EN 1991-3 gives the damage
equivalent factors A for the respective damage classes. The following table is implemented in
CRANEWAY.

Table 2.12 — A -values according to the classification of cranes

Classes S(.. Sj S: g, ‘31 S_-'. S[\ Sj.' g-g Su
S

normal 0,198 | 0,250 | 0315 | 0,397 | 0,500 | 0,630 | 0,794 1,00 | 1,260 | 1,587

stresses

shear (.379 | 0436 | 0500 | 0575 | 0660 | 0758 | 0871 1,00 | 1,149 | 1,320

stresses

NOTE 1: In determining the A -values standardized specira with a gaussian disiribution of the load effects, the

Miner rule and fatigue strength S-N lines with a slope m = 3 for normal stresses and m = 5 for shear stress have

been used.

NOTE 20 In case the crane classification is not included in the specification documents of the crane indications

are given in Annex B.

Figure 4.20: Damage equivalent factors according to EN 1991-3, Table 2.12
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4.7  Plate Buckling Analysis

For the Overall mode of output, the upper table shows the member with the x-location where
the maximum ratio occurs for each panel of the crane runway beam. In the table below, you
can see detailed characteristics of the buckling panel, local stresses, coefficients, etc. for the

row selected in the table above.

2.7 Plate Buckling Analysis by Member

Engineering Software

B [ ¢ | b ] E HE B 300
Member | Buckling | Location Stress Member No. 1, x: 0.500 | [m]
M Panel Mo %[m] Ratio
) 1 0.500 0534
2 1 0.100 0594
Member No. 1 - Location x: 0.500 - Buckling PanelNo. 1
:H Crane girder cross-section oo
Stiffener Spacing a 6.000 (m
Buckling Panel Depth b 2620 | mm
Buckling Panel Thickness t 11.0 | mm
B Local Stress
Design Value of Wheel Load FzE4 113.68 | kN [1.5.71E
Effective Transmission Length of Flange |efs 0081 |m [1.5.71E
Transmission Length =lefi-21¢ up Sz 0.043 |m [36.3
Local Vertical Stress Goz,Ed 767 | kN/cm?2 [1.571E
Local Shear Stress ToszEd 153 | kN/cm?2 [1.572(|=
Global Shear Stress Td,glob 1.38 [kN/cm?
Resulting Shear Stress Td 291 | kN/em?
Local Bending Stress Due to Wheel Eccentricity | 6T,E4 1268 | kN/em? [1.573E z
Design Ratio Goz,Ed ] goz,Ed 0.359 =1
Design RatioTexz,Ed Mo Ed 0.236 =1 [.572(
Design Ratio 6T,£4 MqT.Ed 0.554 =1
El Coefficients Min -6.48 kMNicm"2 (1)
Factor of Buckling Resistance il 1.200 Mazx: 441 kMicm*2 (8)
Coefficient of Critical Shear Stress [ 5.340 [3. A3 (1) 8 [#=] T =
Coefficient of Buckling Due to Flange Bending k 0.550 [3.8(1) @ M @
Coefficient of Shear Resistance ) shear 1.200 [3.51 Mode of Output
Coefficient of Web Contribution to Shear Buckling | xw 1.200 [3] Tab. 5.
Slendemess Cosf. of Logal Shear Buckiing w 0276 [.53E. | | @ Ovel
Buckling Coefficient ke 6.004 [3] Fig. 6.1 _) By wlocation
Coefficient of Local Buckding IF 1.000 [3. 6.4 (1)
Slendemess Coef. of Local Buckling LFE 0354 [3. 6.4 (1)
Coeff. of Effective Loaded Length m1 27273 [3. 6.5 (1)
Coeff. of Effective Loaded Length mz 0.000 [3. 6.5 (1)
B Buckding stress
OE GE 33.46 | kN/cm?2 [EL.A12)
Critical Stress Under Shear Buckling Tor 178,66 | kN/cm2 [3].5.3Eq.
E Transversal Force Resistance -
Figure 4.21: Window 2.7 Plate Buckling Analysis - Overall
You can display the governing designs also By x-location.
2.7 Plate Buckling Analysis by x Location
B | C [ D 1] E «| [HEB 300
Member |Buckling | Location Stress Member Mo. 1, x: 0.500 | [m]
N Panel Mo  x[m] Ratio L
1 0.500 0554 3
1.000 0594
1.500 0594
2.000 0594
2500 0594
3.000 0594
3.500 0594
4.000 0594
4.100 0594
4600 0594 -
Member No. 1 - Location x; 0.500 - Buckling PanelNo. 1
A Crane girder cross-section A
Stiffener Spacing a 6.000 | m
Buckling Panel Depth b 262.0 | mm
Buckling Panel Thickness t 11.0 | mm
E Local Stress
Design Value of Wheel Load Fze4 113.68 | kN N.577E |z
Effective Transmission Length of Flange |efs 0081 |m [.571E
Transmission Length =lef-2tf_up Se 00M3(m [316.3
Local Vertical Stress oz Ed 767 | kN/em?2 [1.571E Min -6.48 kNicm*2 (1)
Local Shear Stress Towz Ed 153 | kN/em?2 M.572( Max: 4.41 kNicm"2 (8)
Global Shear Stress Td.giob 1.38 | kN/em?2 a | [#= x el
Resulting Shear Stress Td 291 | kN/ecm2 @ EJ @
Local Bending Stress Due to Whee! Eccentricity | oT.E4 12,68 | kN/cm?2 [1.5.73E Mode of Qutput
Design Ratio oz E4 Tgoz,Ed 0359 =1
Design RatioToxz,£4 Mo Ed 0.236 =1 (L.572( 2 Overall
Design Ratio aT,£4 TgT,Ed 0594 <1 @ By s-location
B Coefficients
Factor of Buckling Resistance 1 1200
Coefficient of Critical Shear Stress k- 5.340 [31L A3 (1)
Coefficient of Buckling Due to Flange Bending 3 0.550 [3.8(1)
Coefficient of Shear Resistance ] shear 1.200 [3.51
Coefficient of Web Contribution to Shear Buckding | 1w 1.200 [3] Tab. 5"
Slendemess Coef. of Local Shear Buckling L 0.276 [3.53Eq
Buckling Coefficient les 6.004 [31Fig. 6.1 | =

Figure 4.22: Window 2.7 Plate Buckling Analysis by x-Location
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4.8 Welds - Stress Analysis

This window is displayed only if you selected the weld seam design in the 1.3 Cross-Section
window (see chapter 2.3, page 15). The stresses of the weld seams can also be displayed

Overall or By x-location.

2.8 Welds - Stresses Owerall

Engineering Software

N B | C [ D [ E [ F 1T
Member | Location Govem. Stress Stress
% [m] Weld Position co kN/cm?2] Ratio
6.000 Rail - Flange: Co62 0.81 0.870

Member No. 1 - Location x: 5.000 - Weld: Rail - Flange

i General Weld C
Nominal Value of Steel Uttimate Strength: Fu 36.00 | kN/ocm2
Partial Factor T 1250 [4] Tab. 2.
Comelation Factor Bw 0.800 [4] Tab. 4.
Crane Goveming for Wheel Load Mo. 1
Diesign Value of Vertical Wheel Load Fz4 11368 | kN
Design Value of Horizontal Wheel Load Hd 0.00 | kN
Effective Weld Depth aw 50 mm

EWelds - Stresses 0. T

Interal forces CO62 : 1.35°LF1+1.35°LF100+1.35°LF102+1.35°LF 104

Effective Load Transmission Length Leff 0.043 'm
Resutting Vertical Stress Tw.z 22.13 | kN/cm2
Resulting Horizontal Stress Ty 0.00 | kM/cm2
Auial Stress Perpendicular to Weld Plane aL 15.65 | kN/cm2 [4].4532
Shear Stress Perpendicular to Weld Plane L 15.65 | kN/cm2 4. 4532
Shear Stress Parallel with Weld Plane Tl 0.81 | kN/em2 [4]. 4532
Design Ratio Twekd 0.870 =1 | [4]Eg. 41

Figure 4.23: Window 2.8 Welds - Stresses Overall

HE B 300

@&
Mode of Output

@ Overall

By w-location

For the Overall mode of output, the upper table shows only those x-locations of each weld
seam (rail-flange and flange-web) that result in a maximum ratio. It also shows for which load
combination this design criterion is relevant.

The design criterion is met if the ratio is smaller than 1. The stress ratio is the ratio of deter-
mined equivalent stress to the limit equivalent stress of the weld seam.

Details of weld seams

The lower table of this window lists the intermediate results for the design criterion of the lo-
cation selected in the table above. In addition to the general weld characteristics, the table
shows the internal forces, normal stresses o, and shear stresses 1 of the weld seam.
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If you select the mode of output By x-location, the table shows the governing stress analyses
for the weld seams at every x-location.

2.8 Welds - Stresses by x Location

B | C [ o [ E T F T G | +| [HEB300
Member | Location Govem. Stress Stress
No x [m] Weld Position co [xN/cm?2] Ratio L
1 0.000 Rail - Flange co47 0.65 0.870 1
0.500 Rail - lange CO47 0.65 0.870
1.000 Rail - Aange Co57 0.45 0.870
1.500 Rail - lange CO57 0.45 0.870
2,000 Rail - Flange COoB2 0.36 0.870
2500 Rail - lange CO70 0.26 0.869
3.000 Rail - Flange CO75 0.32 0.870
3.500 Rail - Alange CO75 033 0.870
4.000 Rail - lange CO82 0.49 0.870
4.100 Rail - Aange co47 0.51 0.870 -
Member No. 1 - Location x: 0.000 - Weld: Rail - Flange
] General Weld G st -
Mominal Value of Steel Ultimate Strength: fu 36.00 | kN/ecm?
Partial Factor b 1.250 [4] Tab. 2.
Cormelation Factar Bw 0.800 [4] Tab. 4. i
Crane Goveming for Wheel Load MNo 1 v
Design Yalue of Vertical Wheel Load Fza 11368 | kN =
Design Value of Horizontal Wheel Load Ha 0.00 | kN
Effective Weld Depth aw 5.0(mm

E Welds - Stresses 6. T
Intemal forces CO47 : 1.35°LC1+1.35°LC76+1.35°LC78+1.35°LC80

m

Effective Load Transmission Length Leff 0.043 | m i
Resutting Vertical Stress Owz 2213 kN/em? @ li‘l
Resulting Horizontal Stress Twy 0.00 | kMN/cm2 Mode of Output
Pzl Stress Perpendicular to Weld Plane aL 15.65 | kN/cm? [4). 4532

Shear Stress Pemendicularto Weld Plane w 15.85 | kN/em? M1 4532 0]
Shear Stress Parzllel with Weld Plane T 0.65 | kN/cm? [4] 4532 @ By wlocation
Design Ratio T weld 0.870 =1 |[4]Eq. 4(1)

Figure 4.24: Window 2.8 Welds - Stresses by x-Location

4.9  Welds - Fatigue Design

This window shows the weld seam ratios for the fatigue design. As in the other output windows,
you can select between the modes of output Overall and By x-Location.

2.0 Welds - Fatigue Design Overall

[ A | c [ D 1 E HE B.300
Member | Location Stress Goveming
Mo x [m] Weld Position Ratio Type of Stress
1 5600 Rail - Flange 7.590 | Damage

Member No. 1 - Location x: 5.600 - Weld: Rail - Flange

/& General Weld Ci
Design Value of Vertical Wheel Load Fzd 7361 | kN
Crane Goveming for Wheel Load No. 1
Effective Weld Depth aw 9.0 mm
MNominal value of steel yield strength Fyk 23.50 | kN/cm2
Nominal Value of Steel Utimate Strength: fu 36.00 | kN/em?

Partial Factor for Fatigue Load TFF 1.000 [1.9.2(1) ¥
Partial Factor of Fatigue Strength TMP 1.150 [5] Tab. 3.
Dynamic Coefficient of Equivalent Impact Damage Qfat, 1 1.050 [6] Eq. (2.1
Dynamic Coefficient of Equivalent Impact Damage Ofat, 2 1.065 [6]1Eq. (21
Category of Structural Detail ox CDgx [1] [5] Tab. &
Category of Structural Detail o2 CDgz 36 [5] Tab. 8
Category of Structural Detail 1z CD sz 36 [5] Tab. &

[ Coefficients
Crane Load Category for ox Sigx 52 [6] Tab. B.

Crane Load Category for oz, Txz. welds Sine 53 [6] Tab. B
Coefficient of Equivalent Damage for ox Rigx 0.315 [6] Tab. 2.
Coefficiert of Equivalent Damage for Tz ki 0.575 [6] Tab. 2.
Coefficient of Equivalent Damage for o= higz 0.397 [6] Tab. 2.

E Welds - Stresses a. T A red
Resulting Vertical Stress Owz 15.50 [ kN/cmZ @ li‘l lﬁ‘l
Shear Stress Perpendicularto Weld Plane LN 0.54 | kN/cm2 [5]. 5 (B} Jode of Output
Shear Stress Parallel with Weld Plane T 054 | kN/em? [5]. 5(6)

ol Stress Perpendicuiar to Weld fods Guf 1550 | kN/cm?2 El.5(6 | © Oversl
Design Ratio Nweld 0.440 =1 |[5]5(6) ) By wlocation
Design ATz Nare 0.027 £1 |51 8(1)

Design A GE2(x) NAagE2fx 0.000 =1 |[8.8(2)

Design A oE2z) NacE2f 1.965 =1 |[BL8@)

Design A 1E2(a) Na<E2x 0.100 =1 |18

Damage D 7.550 =1 |51 8(3)

Figure 4.25: Window 2.9 Welds - Fatigue Design Overall
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4,10 Critical Load Factors

The last results window appears if you select the check box Calculate critical load factors of all
load combinations in the FE-LTB tab of the Details dialog box (see Figure 3.3, page 37). It pro-
vides an overview of the critical load factors determined for the relevant load combinations
(load positions).

2.10 Critical Load Factors

[ A [ C
Critical
co Load Factor Reason for Ending Calculation

9.000 | §) Maximum nu factor has been reached -> no stability problem
co47 8.969 | 2) Diagonal coefficient in matrix is less than zero
Co57 8.453 | 3) Maximum number of 50 equilibrium iterations has been reached
CO62 7.531 | 3) Maximum number of 50 equilibrium iterations has been reached
COo70 7.781 | 3) Maximum number of 50 equilibrium terations has been reached
COo75 7.969 | 2) Diagonal coefficient in matrix is less than zero
C0g2 8.531 | 2) Diagonal coefficient in matrix is less than zero
cogs 9.564 | 2) Diagonal coefficient in matrix is less than zero
co1o7 7,656 | 3) Maximum number of 50 equilibrium iterations has been reached
C0112 8.656 | 3) Maximum number of 50 equilibrium terations has been reached
C0122 8.719 | 3) Maximum number of 50 equilibrium terations has been reached
CO140 7.656 | 3) Maximum number of 50 equilibrium iterations has been reached

Figure 4.26: Window 2.10 Critical Load Factors

Critical Load Factor

The value is an indicator for the stability of the structural system. A critical load factor of, for
example, 7.969 for the load combination CO75 (see figure above) means that the loading of
this load combination can be increased only by the factor 7.969 until the system becomes un-
stable (comment Diagonal coefficient in matrix is less than zero). An elastic material behavior is
assumed.

Reason for Ending Calculation

In most cases, column C shows the comments Diagonal coefficient in matrix is less than zero or
Maximum number of x equilibrium iterations has been reached. The first comment indicates that
the loss of stability could be confirmed mathematically. The second comment means that it
was not possible to reach the break-off limit in the allowed number of iterations. The Maximum
number of equilibrium iterations and the Break-off limit are set in the FE-LTB tab of the Details dia-
log box (see Figure 3.3, page 37).

If the critical load factor is smaller than 1, the model becomes unstable already before reaching
the design load.

If the critical load factor is 0, the calculation could not be carried out. The model is probably
kinematic so that you have to check the support conditions.
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5. Printout Report

The CRANEWAY input and output data is not automatically sent to a printer. Instead, the
printout report is first generated from the data. You can add graphics, descriptions or com-
ments, scans, etc. to the printout report (see Figure 5.5, page 66).

5.1  Create Printout Report

Since the printout report has not been created in RSTAB or RFEM yet, you must first exit
CRANEWAY by clicking [OK] or [Graphics]. The printout report can then be started in RSTAB or
RFEM by selecting from the menu

File > Open Printout Report
or clicking the corresponding button.

If a printout report does not exist yet, the New Printout Report dialog box appears.

Mew Printout Report [&J
No. De=cription
1| Crane Girder Analysis @

Printout Report Template:

|1 - Crane Girder &nalysis h | Iﬁl ]

\z’ 0K ]l Cancel |

" s

Figure 5.1: Dialog box New Printout Report

The number of the report is set by default but can also be changed. You can add a Description
for the report, which makes it easier to select it from the list of other reports later. The descrip-
tion does not appear in the printout.

Furthermore, you can select a particular report template from the list in the dialog section
Printout Report Template.

The buttons in the dialog box have the following functions:

Dlubal —

A new report template can be created.

@) [T

The selection of the report can be edited (= chapter 5.2, page 63).

Table 5.1: Buttons in dialog box New Printout Report
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5.2  Selection in Printout Report

You can select the chapters to be displayed in the printout report in a dialog box. To open this
dialog box, select in the printout report menu

Edit — Selection
or click [Select Topics for Printout Report].

The Printout Report Selection dialog box appears.

Printout Report Selection - PRL I.i:;-
Frogram / Modules Global Selection | Input Data | Resus]
RSTAB .
FEATE —
iCRANEWAY V| Drata of Module
11, Input Data
| 2. Results

Cases to Display

V| Dizplay all cases

Existing cases: Cases to display.
- CRAMNEWAY | Crane munway girder -

m
m

Display
Caver shest =
Contents

V| Info pictures

Figure 5.2: Dialog box Printout Report Selection, tab Global Selection

The list in the Program / Modules section contains the modules, for which input data is availa-
ble. After you select the program in this list, you can continue with the tabs to the right to se-
lect the chapters that you want to print.

Global Selection

The first tab manages the main chapters of the report. If you clear the selection of a check box,
the corresponding detail tab disappears as well. To display only the input data and results from
CRANEWAY, you can clear the selection of the RSTAB Data or RFEM Data in the global selection
of these programs.

Use the three check boxes in the lower-left section Display to decide if you want to display the
Cover sheet, Contents, or small Info pictures in the report margin.

Input Data
The second tab controls which input data should appear in the report.

Dlubal ———
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Printout Report Selection - PRL Iéj

Frogram / Modules | Global Selestion | Input Data | Resuls|
RSTAR :
FELTB LEiiy

Dretails
[rata for Mational Annex
List of Standards Used
Geometny
taterial Data
Cross-Sections
Load
Load Cases

Load Case Description

[ Lnad Case Description for Fatigue

Load Case Coefficients No. Selection [e.g. *1-5,20)
Load Combination D escription Combinations: Al -
[ Load Combination D escription for Fatigue All

[ Impesfections

Display

[] Caver sheet =
[] Contents

Info pictures

Figure 5.3: Dialog box Printout Report Selection, tab Input Data

For many of the listed categories, you can specifically define the scope of the data to be print-
ed by clicking [Details].
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In this tab, you can also define which results should be included in the printout report and how
detailed the output should be by using the check boxes and option buttons.

Printout Report Selection - PR1

B

Program / Modules
RSTAB

Display

[] Cover sheet... =]
[] Contents

Info pichures

Global Selection | Input Data| Results

Display
Design Summary

[T Internal Forces Capacity - Al

[T Intemnal Forces Fatigue - A1

Internal Forces Capacity - Maxdmin only
Intemnal Forces Fatigue - M ax/min only

Shresz Analysis

Defarmation Analysis

Fatigue Design

Plate Buckling Analysis

Welds - Stress Analysis

‘welds - Fatigue Design

Ciitical Load Factors

[T Support Forces -

Support Forces
[T Suppart Farces

®

Overall
) By #docation
_) By stress point

®

Owerall
) By =location

®

Overall
) By #docation

®

Owerall
) By wocation

[C]

Overall
) By sdocation

®

Owerall
) By wocation

Al

I
- Max/min anly

- Only raw/min advanced

Members Mo. Selection [e.g. 1-5.200

Al
Al
Al
Al
Al
all

Figure 5.4: Dialog box Printout Report Selection, tab Results

Like the CRANEWAY results windows, the printable results are sorted by designs. To specify the
scope of the printed results, click [Details].
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5.3  Printout Report Navigator

The generated printout report shows a Navigator on the left and a preview of the printout re-
port in the main window on the right.

The individual chapters of the report can be moved anywhere in the Navigator by using the
drag-and-drop function.

The context menu in the Navigator provides further options for adjusting the printout report.
To open the context menu, right-click the relevant chapter. As common for Windows applica-
tions, you can use multiple selections by pressing [Ctrl] or [{].

& Printout report - PR1: Crane Girder Analysis™

File View Edit Settings Insert Help
SRR e wu| 8 LSS R RDEBLED L8

Printout Report Navigator X

=2 Printout Report

E- @ Craneway Office Bavarian C
=@ Craneway - Design of crane runway girders Sossch St 11 S4PES Rt Valey

58 Input Data [ ——

page n
snet 1

CRANEWAY

7 Details
oy Vo F e AOTIOP NONEN 19 o 808701
[ Data for National Annex - !

[ List of Standards Used NOTCH CATEGORY - STRESS POINTS - STIFFENERS (CONVERTED)

P Geometry - Support PR T | Nk Coegony Gl | D

7] Geometry - Stiffeners e = e e e e e
[ Material

P Cross-Sections

] Notch Category - Stress Points
[ Notch Category - Stress Points - Stiffeners
=8 Load

[] Actions General Data

=8 Crane No.1

Yo ot

I

s H F oo
= 20 e 130 Il ao oo
= L = =

L@ Graphic
[T Crane Loads
£ Load Combinations
-[T] Description of Loag
-~ [=] Cocfficient of Load

Remave from Pril

Start with New Page

Selection.

Properties..

ntout Report

[ Description of Losa

BCRANE PARAMETERS (CONVERTED)

+egh o e

v AP BRERE

=438 Results
[ Design Summary
P Internal Forces - Capacity - Max/ Min only
[ Internal Forces - Fatigue - Max / Min only
[ Support Forces - Max/ Min only
P Stress Analysis - Overall
«[7] Deformation Analysis - Overall
[ Fatigue Design - Overall
P Plate Buckling Analysis - Overall
~[7] Welds - Stresses - Overall
P Welds - Fatigue Design - Overall
P Critical Load Factors

Graphic -, (-1)1633, 703 — 148, 587, 827, 802 Fages: 7 Page: 2

Figure 5.5: Context menu in navigator and preview

Remove from Printout Report
The selected chapter will be deleted. If you want to reinsert it, select menu Edit — Selection.

Start with New Page
The selected chapter starts on a new page and is marked by a red pin in the navigator.

Selection
You have access to the global selection that is described on the following pages. The selected
chapter is preset.

Properties

Some general properties of a chapter can be modified; for example, you can change the title or
enter an additional description.
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Save CTRL+S
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Export Tables...
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6. General Functions

This chapter describes useful menu functions and graphical options for input and evaluation.

6.1 Menu File

With these menu functions, you can change the description of the CRANEWAY case and export

the windows as tables.

Rename

This function allows you to enter a new Description for the CRANEWAY case.

=

Rename CRAMNEWAY Case
No. Description
1 Crane runway girder -

@) ok ||

Figure 6.1: Dialog box Rename CRANEWAY Case

Cancel

Export Tables

CRANEWAY allows you to directly export data to MS Excel, OpenOffice.org Calc, or the CSV file
format. The following export dialog box appears.

Export - MS Excel i

Table Parameters

‘with table header
[ Only marked rows

Application

@ Microgoft Excel
OpenOffice.arg Calz
C5W file format

Transfer Parameters

Export table to active warkboaok
Expart table to active warksheet
| Rewrite existing worksheet

Selected Tables
@) Active table Erport tables with details
All tables

Input tables

Result tables

@] ok |

L8 4

Cancel

Figure 6.2: Dialog box Export - MS Excel

When your selection is complete, you can start the export by clicking [OK]. Excel or OpenOffice
will be started automatically, that is, the programs do not have to be opened first.

Dlubal ———
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r@“ g R C R Excel table for CRANEWAY.xlsx - Microsoft Excel E@g‘
Home Insert Page Layout Formulas Data Review View Add-Ins [ e o gB ER
= % Calibri -8 - Text - [f Conditional Formatting = S=Inset~ X - % fﬁ
=] B3 o s (B Fomatas Table - 3 Delete | [§]~
Paste n sort & Find &
: B 60 5% &) cell styles ~ EiFormat = | 27 Filter~ Select
Clipboard = Font [F] Alignment "] Number (] Styles Cells Editing
Al - e | v
A B C D E F G H 1 J e
1 Member Location Stress | Governing Stress Stress [l
2 No. x[m] Point No. o Type | [kNjem?] Ratio
3 1 0.000r| 11 co47 o, 10,53 0,500
4 05001 11 co47 [ 9,91 0,864
5 1o00r| 1 cos7 O, 8,80 0,812
6 15001 1 057 o, 13,35 0,625
7 20001 1 COoB2 o, 14,35 0,700
8 25001 1 070 [ 18,46 0,864
9 3o00r| 1 co7s O, 17,44 0,816
10 3.500r 1 CO75 Ty 12,41 0,581
11 4.0001 1 C085 Oy 132,55 0,588
12 4.1001 5 co47 - 11,65 0,545
13 4.800r| 11 co47 [ 9,30 0,435 =
14 5.100r| 11 CO57 Ty 12,37 0,579
15 5.E00r| 11 co62 o, 13,48 0,621
16 60001 11 o2 O 14,44 0,676
17 2 0.000r| 11 €0107 [ 14,36 0,672
18 0.100r| 11 €0107 Ty 14,08 0,659
19 0.5001 11 €0107 Ty 13,22 0,618
20 0.600r| 11 co112 O, 12,41 0,581
21 10001 11 co112 [ 12,16 0,569
22 1.300r| 11 co122 T, 11,46 0,537
23 1.6001 5 cos2 Ty 9,44 0,442
24 20001 1 €o122 O, 12,58 0,588
25 2.500r| 1 C0140 [ 11,32 0,530
26 3.000r 1 C0o140 T, 15,52 0,727 F
27 3.400r 1 C0140 Ty 15,18 0,898 -
4 4 » M| 2.4-Stress Analysis-by x Locati . ¥1 ) 4]
| Ready | |

Figure 6.3: Result in Excel
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6.2 Menu Settings
This menu contains functions for controlling the calculation and units.
Settings | Help

Details... .

Units and Decimal Places... Detalls
This function opens the Details dialog box. The tabs of this dialog box are described in chapter
3.1, page 34.

Units and Decimal Places

This function allows you to adjust the units and decimal places of the input and output data.
A dialog box appears containing the two tabs Input Data and Results.

.
Units and Decimal Places &J
Program / Module Input Data Results

- RSTAB -

.. STEEL Deformations Internal Forces

- STEEL EC3 Linit Dec. Places Unit Dec. Places

- STEEL AISC 2024

- STEEL IS

- STEEL SIA Rotations:

- STEEL BS

- STEEL GB

- STEELCS Design criteria:

- STEEL AS

- STEEL 5P

- STEEL NTC-DF

. STEEL Plastic Stresses: kN/em™2 - 2

- ALUMINIUM % 3

. KAPPA

. LTE Factors: % 3

- FE-LTB

- EL-PL

- C-TOT

- PLATE-BUCKLING

- CONCRETE

- CONCRETE Columns

- TIMBER Pro

- TIMBER AWC

- TIMBER
COMPOSITE-BEAM

- DYNAM
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Figure 6.4: Dialog box Units and Decimal Places

The settings can be saved as a user profile by clicking [Save as Profile] and reused in other
models by clicking [Load Saved Profile]. By clicking [Default], you can restore the default set-
tings.
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6.3  Graphic
6.3.1 Input Data

e To check the input data graphically, click [3D-Rendering]. A new window appears showing a
-—Eﬂl =i visualization of the crane runway girder.

45 CRANEWAY 3D Rendering - Introductory Example According to DIN EN 1993-6.cr8

B o)
File Options View
2R AAG EEE OGP
I R RN = )
Crane posiion: 12¢35  Load biock: 0. cos57 - Eigenmodsho 1 15| [ Set | Losdcasesto calouiate
COT 1 5LC 3OS HALCS 3508

Losds [k]

seset

35
£

2720

[l
CAP| NUM] SCRE

Figure 6.5: Graphic of the crane runway girder

The graphic shows the model of the runway girder and the load positions with the crane posi-
tion and the acting forces.

The toolbar provides information on the current Crane Position and the total number of posi-

tions. Here, you can set another crane position. The movement of the crane on the girder can
also be visualized by an animation.

. Furthermore, you can also display all loads acting in individual crane positions. For all load
| Jon W y play g p
combinations, you can also display the according imperfections.

In the list Load cases to calculate, you can select between the various design situations (resis-
tance, fatigue, deformation, or support forces).
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6.3.2 Results

To go to the work window, click [Graphics].

Engineering Software

The results can be displayed graphically in the RSTAB or RFEM work window. There, you can
use all functions of the Display navigator to change the view.

51 CRANEWAY 8.01.2862 (64bit) - [Introductory Example According to DIN EN 1993-67]

KD File Edit View Inset Calclate Results Jools Table Options Add-onModules Window Help
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> PR e R R R P %y oAl
EQAODF RALX-A- | &- T2 5w
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Figure 6.6: Graphic of results

ton [Show Results].

Panel

bers for the results display.

Navigator

® Stresses ox+, 6x,T, and Geqv
e Ratio for oy, 17, and Geqv

e Deformations

e Internal Forces

If the results of the CRANEWAY case are not shown, you can display them by clicking the but-

The control panel contains the tabs Color Spectrum, Factors, and Filter. They allow you to check
the values by colors and modify the color scales, define the display factors or select the mem-

The Results navigator controls which result diagrams are to be displayed on the model:
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Figure 6.7: Results navigator for CRANEWAY
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For the display of the Deformations, you can visualize the total displacement u as well as the
displacements and rotations related to the global coordinate axes X,Y, and Z. The displace-
ments in Y-direction always refer to the upper rail edge and also contain components from the

rotation of the cross-section.

The Internal Forces N, Vy, V2, Mr, My, Mz, Mrpim, Mrsek, and M, can be checked graphically.

To return to CRANEWAY, click [CRANEWAY].
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7. Example

7.1 Two-Span Crane Runway acc. to DIN EN 1993-6

The following example from literature is calculated with CRANEWAY. In this way, it is possible
to understand the calculations and to see the various possibilities of the program in action.
The example is from [19].

System
e Two-span crane runway, cross-section HEB 300, flat steel crane rail 5 cm x 3 cm (worn-out)
connected with double fillet weld aw =5 mm, S 235
e Self-weight of crane runway girder with rail g = 1.35 kN/m
e Transverse stiffeners only at the supports, welded at web and flanges, respectively
e Support on consoles at the hall columns, fork support
e Travel by means of a single crane bridge, crane system IFF
e Hoisting class HC2
e Stressgroup Sz
o Wheel distancec=3.6m

Loads

e Vertical wheel loads:

Q=18.00 kN due to self-weight
Qn=57.00 kN, due to hoist load

e Horizontal wheel loads:

Hs =20.00 kN Guide forces = S-Hs
Hri(H1) = -Hr(H2) =8.60 kN Loads from acceleration and braking

F, £,
H ,
l/ ‘ 1/ L BB 300 §235

[, c=36m = —
< >< > <
12
I=6.0m [=6.0m

Figure 7.1: Sketch of system

300.0

‘ 50.0 ‘
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330.0
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Figure 7.2: Cross-section
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7.2  Internal Forces - Capacity
Acc.to[19] CRANEWAY
Maximum X- X-
field moment location location

RC1 Myqa 147.90 [kNm] 2.10 [m] 147.20 [kNm] 2.10

Mzq 23.70 [kNm] 3.36 [m] 23.52 [kNm] 2.60

RC2 Myq 132.20 [kNm] 2.10 [m] 132.00 [kNm] 2.10

M:s 33.60 [kNm] 2.58 [m] 37.17 [kNm] 2.50
Maximum
supporting

moment

RC1 Mya -129.87 [kNm] 6.00 [m] -129.30 [kNm] 6.00

RC2 Myq -116.37 [kNm] 6.00 [m] -116.34 [kNm] 6.00
Maximum
shear force

RC1 V.« -175.50 [kN] 0.00 [m] -172.10 [kN] 0.00

Vya -17.40 [kN] 0.00 [m] -17.41 [kN] 0.00

RC2 V.« -157.00 [kN] 6.00 [m] -154.00 [kN] 6.00

Vya -27.00 [kN] 6.00 [m] -26.83 [kN] 6.00

7.3 LTB Analysis as Stress Analysis

Equivalent imperfections
Acc.to [19]
The camber rise in y-direction is vy = 1.5 cm.

CRANEWAY
The equivalent imperfections can be determined either automatically according to the eigen-
value method or defined manually. For this example, we select the manual definition.

Stress calculation
Acc.to [19] CRANEWAY

The maximum equivalent stress according to
second-order analysis is obtained for x =2.28 m
(left span) at the upper surface of the top flange x = 2.30 m (left span)

Geqv = 19.10 kN/cm? Geqv = 19.06 kN/cm?

Elastic-elastic stress analysis

The stress analysis is carried out with the partial safety factor ym:.

Acc.to [19] CRANEWAY
19.10/21.36 =0.894 < 1 19.06/21.36 =0.892< 1
LTB design satisfied Design satisfied

[m]
[m]
[m]

[m]

[m]

[m]

[m]
[m]
[m]

[m]
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7.4  Load Application Stresses

Loaded length at transition between fillet radius and web
Rail is welded, that is, rigidly fixed to the top flange.

Acc.to [19] CRANEWAY

ler=12.8cm ler=12.8cm

Web compression at transition between fillet radius and web
Acc.to[19] CRANEWAY

Web compression:
OozEd = -5.70 kN/Crﬁ2 OozEd = -5.68 kN/Cm2

Corresponding local shear stress:
Toxzed= 1.10 kN/cm? Toxzed= 1.14 kN/cm?

7.5 Plate Buckling Analyses of Web Plate Under

Wheel Load
Length of stiff bearing
Acc.to [19] CRANEWAY
ss=9.0cm ss=9.0cm

Plate buckling coefficient and critical plate buckling load

Acc.to [19] CRANEWAY
ke =6.00 ke =6.004
Fcr =5761 kN Fcr =5764.55 kN

Auxiliary values

Acc.to [19] CRANEWAY
m; =27.3 mi =27.27
mz = 0.00 mz = 0.00
l,=327cm ly=32.6cm
F,=8453

)\;trans = 038 7\;trans = 0383
x=1.0 x=1.0

Interaction design

Acc.to[19] CRANEWAY
m=041<1.0 M1 =0.409<1.0
Web plate buckling

Acc.to[19] CRANEWAY
n=0.068<1.0 n=0.068<1.0

I Program CRANEWAY © 2013 Dlubal Engineering Software

Dlubal ———



- —

7 Example
Dlubal —

Engineering Software

7.6  Fatigue Designs

Dynamic coefficients and design locations

Acc.to [19] CRANEWAY

Ofat1 = 1.05 Ofat1 = 1.05

Qfat2 = 1.065 Qfat1 = 1.065
a: 112 (q)

[

36 (U’W) J}-ﬂ

A ) NS b: 80 (O;)
¢ 160 (0,,5)
100 (sz) d.: 100 (sz)
in span at int'efl'nediate support

Figure 7.3: Design locations and detail categories

Normal stresses at the top of flange in span
Acc.to[19] CRANEWAY
Inspanatx=2.1Tm

max My= 100.3 kNm
min My=-20.1 kNm

Acx=7.22 kN/cm? Acx=7.33 kN/cm?
Ace2=2.3 kN/cm? Ace2=2.31 kN/cm?
n=024<1.0 n=0.237<1.0

Normal stresses at web base in span
Acc.to[19] CRANEWAY
Inspanatx=2.1Tm

max My= 100.3 kNm
min My=-20.1 kNm

Acx=5.0 kN/cm? Acx=4.92 kN/cm?
Ace2=1.6 kN/cm? Ace2=1.55 kN/cm?
n=0.12<10 n=0.14<10

Normal stresses at top flange at intermediate column

Acc.to [19] CRANEWAY

max My=-85.2 kNm

Acx=4.44 kN/cm? Acx=4.37 kN/cm?
Ace2=1.4 kN/cm? Ace2=1.38 kN/cm?
n=020<1.0 n=0.198<1,0
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7.7 Deflections

Deflections
Acc.to [19]

Vertical deflection

.=7v-R-P/(100-Ely) + B -g- I*/(El)
where 3 =0.0054 and y=1.62
8:=0.50+0.02=0.52cm

Horizontal deflection

8y=v-Hi-P/(100 - El,00)
wherey=3.01
Oy =0.72 cmuy =0.72 cm

CRANEWAY

u:=0.52cm

- —
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A Equivalent stress 50
Additional loads 26 Excel 67
Additional section 18 Exit CRANEWAY 8
Animation 70 Export tables 67
Assumption of loads 36 F
B Fatigue design .......cveeeneeeenseeesecinnes 21,35,42,53,60
Break-off limit 38 FE-LTB 37
Bridge crane 10 Full period 55
Browsing through WindOws ............ceevmeeennerenncenerines 8 G
Buckling panel 58 General data 8
Buckling shape 37 Geometry 11
Buckling stress curve 32 Girder 15
C Girder buffer 26
Calculation 34 Graphics 70,71
Camber rise 33 H
Capacity 41 Half period 55
Comment 10 Hoisting class 27
Context menu 66 Horizontal deflection 52
Crane loads 28 |
Crane parameter 27 Imperfection parameter 33
Crane position 70 Imperfections 32,34,36
Crane rail 17 Increment 38
Crane type 10 Input Data 8
Critical load factor 37,61 Installation 56
Cross-section 15 Intermittent weld seam 25
CSV-Export 67 Internal forces 34, 41,42
D L
Damage equivalent coefficient ......ccooecerneceerrnecens 35 Load application length 48
Decimal places 69 Load case 30
Deformation 35 Load combination 29, 30, 40
Deformation analysis 51 Load increment 29
Design criterion 40 Loaded length 49
Design situation 30 Loading 26
Design summary 40 M
Detail category 22,53 .

Material 8
Detail settings 34 ..

Material library 9
DIN 4132 35,54

Mouse wheel 31
Dynamic coefficient 28,44

N
E

National Annex 9
Eigenmode 33 .

Navigator 8,71
Eigenvalue method 32

New page 66
EN 1993-6 34,57
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OpenOffice 67 Stress 59
P Stress analysis 45
Stress point 19,46
Panel 71
L Summary 40
Plastification 36
. . Support 11
Plate buckling analysis 58
. Support forces 43
Primary shear stresses 47
. Suspension crane 10
Printout report 62
T
R
. X Torsional moment 55
Rail section 17
Type of support 12
Rail-flange connection 34 P PP
Rainflow method 54 u
Ratio 45 Undeformed system 35
Release 12,13 Units 69
Rename 67 Vv
Rendering 70 Vertical deflection 52
Result windows 39 W
Results navigator 72 Warping moment 50
) Warping spring 12
Secondary shear stresses 48 Warping torsion 47,50
Selection in Printout rEPOIt..........oeeeeeeeeeevseeeeeseeennnne 63 Wear 25
Splice 17 Weld seam 25,59, 60
Spring 12 Wheel load stresses 48
Spring constant 12 Wheel loads 26
Standard 9 X
Start calculation 38 x-location 46,51, 54
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