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1 Introduction

Software EXMACT has been developed for analysis of tall slender structures as towers and chimneys,
especially in accordance with European standards. The software allows advanced calculation
methods such as the spectral analysis. The determination of wind drag, icing and snow load is
included. The generation of project report can be carried out.

2 Analysis capabilities

2.1 Model of the structure

The finite element method is used for the mathematical model of the structure. Plane beam model is
used for the monopoles and chimneys, three-dimensional bar model for the lattice towers.

The typical structural systems of lattice towers are prepared for generation of the model, see chapter
7.3.3. Other systems are not supported in this version of the software.

As some structural systems are not theoretically stable using the bar model (nodes supported only in
one plane are unstable out of this plane), the “dumb elements” are used as notional bracing.
Resultant axial forces in the dumb elements must be zero or close to zero. Otherwise the model
cannot be assumed reliable!

The load is applied in the nodes of the structure. Local bending effect due to connection of ancillaries
between the nodes is not included to the assessment of members of the structure. The effect
depends on the way of ancillary connection. The local bending effect is usually minor, but in case of
significant ancillaries connected between nodes of lattice structure, appropriate bars must be
additionally checked separately!

2.2 Analysis

The dynamic characteristics of the structure (natural frequencies and mode shapes) are determined
by the modal analysis.

The response of the structure due to applied loads is determined using static or dynamic analysis
according to the selected method.

The following method can be chosen for the wind response evaluation:

Monopoles and chimneys (or towers modelled as vertical beam)

0 Quasi-static analysis according to EN 1991-1-4 [4]

Equivalent static analysis according to EN 1993-3-1 [8]
Simplified spectral analysis
Spectral analysis
Quasi-static analysis according to CSN 730035 [13]
Analysis according to CSN 730035 [13] using mode shapes decomposition

o O O O o o

Quasi-static analysis according to DIN 4131 [17]

)
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Lattice towers
0 Quasi-static analysis according to EN 1991-1-4 [4]
Equivalent static analysis according to EN 1993-3-1 [8]
Simplified spectral analysis
Quasi-static analysis according to CSN 730035 [13]
Analysis according to CSN 730035 [13] using mode shapes decomposition

O O O O o

Quasi-static analysis according to DIN 4131 [17]

The second order effect can be determined by non-linear static calculation in the software (for
monopoles and chimneys in this version only).

3 Responsibility

The software is developed to assist designers in structural analysis of towers and chimneys. User
must have an understanding of these structures, good knowledge of the standards and experience
with designing and assessment of these structures.

The software has been carefully tested. However, please know that EXCON, a.s. makes no guarantees
concerning interpretation of the outputs, accuracy of results or errors as well as damages resulting
from the use of this manual and the software.

4 Contact

y EXCON, a.s.
Sokolovska 187/203

£
e 190 00 Prague 9
EXCON

BUILDING ON PARTNERSHIP

Czech Republic

Software web page:  http://exmact.excon.cz/
E-mail: lahodny@excon.cz

5 Copyrights
© EXCON, a.s. All rights are reserved.
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6 Installation

6.1 Installation

No installation is needed. The files are copied to created folder in user’s computer. Run
“EXMACT.exe” to open program. The desktop shortcut may be created to run “EXMACT.exe”.

6.2 Hardware and software requirements

Hardware requirements: RAM = 2GB

Disk space =50 MB

Software requirements: MS Windows (32 bit or 64 bit)
.NET 4.0
MS Office Word

7 Manual

7.1 Generally

The Graphical User Interface (GUI) is used to enter input data. The main window of GUI is divided
into three main sections: Toolbar, Tree and Panel of input and output data, see Fig. 1.

Toolbar provides direct access to the basic function. It is placed at the top of the main window.
Toolbar contain 7 items:

New Create a new project

Open Open an existing project

Save Save a current project

Save as ... Save a current project as another

Close Close a current project

Word ... Create a report of current project

About ... Show product version number and other information

Note: More projects can be opened at the same time.
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Toolbar

Example 2 - Lattice structure |__Emmpla,-1;-;bdmnp‘pﬁ|
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+ Project. Standards
- Stucture
- Type of the Stucture
[ Tower / Shaft
- Geometry
- Lattice structure definition
attice cross section characteristic:
izcrete Struchure Components
- Materials and Profiles
-Bolts
. Connections

Foundatian
- Ancillaries
- Calculation Model
= Loading
- Load combinations
~ertical Load

-lce Load

- Horizantal Load

“Wwind

~Wind Directions and Drag Tppes
L \Wind Speed and Pressure
L \ind Drag

= Analysis

i Shaft Computation Data

o Analysis Method

- Results

- Frequencies

- Results

Azsessment

... Foundation

Geometmy

Fill in the panels from the top panel to the bottom panel

Tree

Panel Parel Top Panel Height

nurnber point height af top

number point

h z

[m] m]
N - 1 10,000 13900
B | 2 3 4,900 5,900
C %‘ g 5,000 &*

3 :

Panel of input and output data

Fig. 1 Graphical user interface

Tree provides direct access to all functions. It is placed at the left side of the main window.

Tree is different for poles and lattice towers, see Fig. 2.
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& Ewmact _& Ewmact
[ Mew [§ Open [df Save [l Saveds.. X [ Mew [§ Open [of Save [l SaveAs.. X«
Examnple 1 - Monopole | Exampls 2 - Lattice structure| | Example 1 - Monopale | Example 2 - Lattice stuchure |_
- Project, Standards o Project, Standards
1 Structure =1 Stiucture
Type of the Structure Type of the Structure
- Tawer ¢ Shaft =~ Tawer ¢ Shaft
b Geometiy i Geometry
- Tube Stucture Defirition - Lattice structure definition
Cross Section Charactenstics - Laltice cross sechion characteristics
Digcrete Structure Compaonents - Dizerete Structure Components
e Material - Materialz and Profiles
. Bolts - Bolts
. Cannections ‘.. Cannections
- |mportant Points - Foundation
- Foundation - dymcillanies
- Ancillares - Calculation Model
- Caleulation Model [=)- Loading
[=- Loading i Load combinations
i Load combinations - Wertical Load
- Yertical Load ¢ i Snow Load
¢ e Snow Load ¢ i-lceLoad
: i lce Load - Horizantal Load
(=) Horizontal Load Wind
Wind “Wind Directions and Dirag Types
“Wind Directions and Drag Types “wind Speed and Pressure
Wind Speed and Prezzure e ing Dirag
e ding Dirag (=~ Avnalygiz
[=)- Analysis Shaft Computation D ata
- Shaft Computation Data Analysiz Method
- Second Order Effects [=- Results
- Binalyzizs Method Frequencies
[=- Results . Results
- Frequencies o Aseszment
- Results ‘... Foundation
- Azzezsment
- Foundation

Fig. 2 Tree window for monopoles and chimneys (left), tree window for lattice towers (right)

The items of the tree and the corresponding panels of input/output data are described in the
following chapters.

Colours of boxes
Three colours are used for boxes in the software: white, yellow and gray.

White boxes are to be filled or can be changed by user. If predefine value in white box is changed,
colour of box changes to yellow. If there is need to change back value in yellow box to Exmact
proposed value, delete number in box and press “Enter” or press “CTRL and 0” and then “Enter”.
Gray boxes serve for information and cannot be modified.

ATTENTION: Yellow - manually changed - boxes remain unchanged, when initial parameters are
modified.

s 2
P’ N
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Example: If different projected areas are set for different wind directions then boxes on page “Wind
drag”, which differ from page “Ancillaries” change colour to yellow. When afterwards parameters on
page “Ancillaries” are modified, all white boxes are automatically modified, while yellow boxes
remain unchanged.

7.2 Project, Standards

Project identification information can be assigned to the project. The selection of standards is done
on this page, see Fig. 3. (General European standards, the Czech National Annex, the German
National Annex, the German DIN standards and the old Czech standards CSN are included in this
version)

" 2 Exmact |E @

] Mew j' Open [ Save [ Save As.. K Close B Word  About

- Project, Standards Project
1 Strusture
Type of the Stucture Title: Example 1 - Monopols
Tawer / Shaft
Geometny Company:
Tube Structure Definition
Cross Section Characteristics Project number: 20150001
Dizcrete Stucture Components
Material Document number: 18015001
Bolts
: Cannections Calculated by: Paldkowd

‘o Important Paints
- oundation Checked by Lahodn
- Ancillaries
- Calculation Model Date 792015
=) Loading
Load combinations
Wertical Load
- Srow Load
e Load
[=)- Horizontal Load
©wind
*wind Directions and Drag Tepes | Standards
‘Wwind Speed and Pressue
iwfind Drag
= Analysis
i Shalt Computation D ata
Second Order Effects Standard: [CSN EN - Czech natiohal annexes 'J
Analysis Method
= Results CSM EN - Czech national annexes:
- Frequencies DIM EN - Geiman national annexes ‘

Rewvigiar: 0

European Standards: EM 1993-3-1, EM 1993-3-2, EM 1991-1-3, EM 1991-1-4 and further

DIN 4131
pield Ieing according to 150 124 94, £EN
e Agzessment

- Foundation

Fig. 3 Page “Project, Standards”

Note: If system of European standards is chosen for analysis and assessment of the structure, the following
standards are used: EN 1990 [1], EN 1991-1-1 [2], EN 1991-1-3 [3], EN 1991-1-4 [4], EN 1993-1-1 [5],
EN 1993-1-6 [6], EN 1993-1-8 [7], EN 1993-3-1 [8], EN 1993-3-2 [9], EN 1997-1 [10], EN 1090-2 [11].
Standard I1SO 12494 [12] is used for icing on structure.
If system of German DIN standards is chosen for anylysis and assessment of the structure, the
following standards are used: DIN 4131 [17], DIN 18800-1 [19], DIN 18800-2 [20], DIN 18800-4 [21],
DIN 1054 [22]. Standard DIN 1055-5 [18] or ISO 12494 [12] are used for icing on structure.

)
~
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The geometry of the structure, cross section and other characteristics of the structure are defined in

this section. The section comprises following pages.

7.3.1 Type of the structure

Page contains 2 main selections, see Fig. 4:

For lattice structures 3D model is used.

The type of the structure

The type of the tower

“Tower” or
“Guyed mast” (guyed mast is not included in this version)

“Tube (or another beam)” for monopoles or chimneys or
“Triangular lattice tower” or

“Square lattice tower”

2D model is used for monopoles or chimneys.

= Exmact

] Mew j Open [z Save o Save As .. K Clase @Word About

Example 1 - Monopole ! Erample 2 - Lattice structura!

¢ Project. Standards
- Shuchure
- Type of the Stiucturs
- Tower # Shaft
i eomnetny
ube Struchure Defirition
rosz Section Characteristics
iscrete Structure Components
Material
alts
Connections
Impartant Points

- Foundation

Ancillaries
- Calculation Model
= Loading
- Load combinations

‘wind Speed and Prezsue
L ind Diag

= Analysis

i Shalt Computation Data

- Second Order Effects

Analpsiz Method

= Results

- Frequencies

- Results

- Agsessment

- Foundation

Wind Directions and Drag Types

Shucture

Type of the stiucture;

Tupe of the tower or shaft

Biaze joint:

Square lattice structure

Fig. 4 Page “Type of the Structure”

7.3.2 Geometry

User defines the heights of panels of the structure and their division. The panel name can be
assigned to each panel. Only white boxes are filled. Grey boxes are for the user’s information only,
see Fig. 5. Unlimited number of panels can be defined.

10
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o Project, Standards

= Stucture

Type of the Structure

E| Tawer / Shaft

Geometry

Lattice structure definition

Dizcrete Structure Components
Materials and Profiles

Bolts

Connections

- Foundation

- dincillaries

- Caloulation Model

= Loading

i Load combinations

EI Vertical Load

= Horizontal Load

‘wind

‘wind Directions and Drag Types
‘wind Speed and Pressure
‘wind Drag

= Analysiz

Shaft Computation D ata

- Analysis Method

= Results

Frequencies

- Results

- Agzessment

- Foundation

Geometry

Filliri the: panels from the top panel b the bottarn panel.

Lattice cross section characteristics

Panel Panel
nurnber

Top
paint
riurmber

Panel
height

Height
of top

Divigion

Fig. 5 Page “Geometry”

7.3.3 Lattice structure definition

The width of lattice tower are determined on this page, see Fig. 6. The width of the structure can be
set only in the heights, where the slope of the legs changes. These manually filled boxes will be
marked (yellow box), other widths are calculated automatically for a constant slope of the legs

between yellow boxes.

The division of the panel to elements is subsequently determined. If “Division type” is chosen as
“Height”, the height of panel is divided equally to element heights. If “Division type” is chosen as
“Angle”, the heights of elements are calculated with respect of constant slope of the diagonals.

11
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Y New Dw Open [l Save g Save As .. K Close Wmd About |

Example 2 - Lattice structure | Example 1 - Monopole

o Project, Standards Geometry of the lattice shaft

- Stucture
- Type of the Stucture . ) .
£ Tower / Shaft Lattice structure dimensions
o Geomety Fanel Panel Height  Stucture  Stucture  Slope Divizion Division Parel

attice structure definition nurmber  of top width width of legs type type
- Lattice crass section characteristics paint [battar] [top]
- Discrete Structure Components
- Materials and Profiles

- Bolts

----- Connections

- Foundation B
- dncillaries

- Calculation Model

=k Loading

- Load combinations

Height.
Angle

ra

za00] 189

E! Horizontal Load

wind

‘wind Directions and Drag Types
-wind Speed and Pressure
LAfind Drag

=k Analysiz

- Shaft Computation Data

- Anlysis Method

= Results

b Frequencies

- Results

- Bgsessment

. Foundation

Fig. 6 Page “Lattice structure definition”

The panel type determines the lattice structural system. The types, which can be used and their type
numbers are depicted in Fig. 7.

4

g
£
TYPE 111 TYPE 112 TYPE 121 TYPE 122 TYPE 21 e 22 TYPE 24
HORIZONTAL BRACING s I Pl [ P N /TN TN
SQUARE TOWERS , [ [ ’ N N 21N
// | ,/ | | // | // N | , N | . N | ,
[ [ [ I I [
e Lr, | Z/___J e N I’/ ~ I:, \d'l

HORIZONTAL BRACING A A
TRIANGULAR TOWERS VAR TR LS
/ \ /SN g . — —
/ \ / \ . \ / \ 7
ya Ay L N : 3 AVa A

Fig. 7 Panel structural types

Note: Dashed and dotted members in Fig. 7 are optional. If a profile is set on the next page “Lattice
cross section characteristics”, the dashed or dotted member is used in the model. If the box
“profile” on the next page is empty, the member isn’t included in the model — in case of the
dotted items. In case of the dashed items, the member is included in the model as a “dumb”
element.

12
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The secondary bracing members (secondary diagonals and horizontals) can be assumed in
calculation. Because these members bear no primary forces, they are not included in the model. But
they can be assumed in the wind drag evaluation and in the tower assessment.

Horizontal bracing members are divided into two groups marked | and Il, see Fig. 8.

HORIZONTAL BRACING /
SQUARE TOWERS Ve

HORIZONTAL BRACING
TRIANGULAR TOWERS i f

Fig. 8 Horizontal bracing member | and I

Horizontal bracing member II

Horizontal bracing member |

7.3.4 Lattice cross section characteristics

The profiles and materials are assigned to members of lattice towers, see Fig. 9. The software
includes automatic calculation of cross section characteristics for tubes and rods and database of
profiles and basic materials. Other user-defined profiles and materials can be added on the page
“Materials and Profiles”, see chapter 7.3.8. The weight addition can be added to self weight of
members.

Inserting of profiles with automatic calculation and profiles from the database:

e For TUBES write: TUdiameter*thickness example: TU89*3,6
e For RODS write: RDdiameter example: RD70
e For EQUAL-LEG ANGLES write: Lwidth*thickness example: L50*5
e For UNEQUAL-LEG ANGLES write: Lwidth*width2*thickness example: L50*30*5

13
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o' Exmact (=] |
1] Mew _j‘ Open gl Save [ Save As .. X Close @Word About
E:‘n::a-mple 2 - Lattice shuchure. i'Egamﬁ\;‘\“-.-};'!"onopéi;E
Project. Standards Lattice crozs section characternistics
- Shucture
- Type of the Structure Lattice Cross section characteristics Dumb members
=1 Toweer / Shaft g -
= Lattice stict Profile: U102
" Geometny attice stiucture | rofile:
- Lattice stucture definition | Diagonals | | Secondary diagonals | Cross section area: 801 mm2
- Lathice cross section characteristics o ——— J——— ——
- Dizcrete Structure Components | Huorizontals ‘ Secondary horizontals ‘
- Materials and Profiles
- Bolts Total weight | | Harizontal bracing membets | | | Harizantal bracing members || |
Connections : = - -
- Foundation Marking Element Profile: b aterial Cross Length Member “Weight
L e number section of single length addition
- Arcillaries area member  per meter
- Calculation Model
= Loading [rorn] [rnm] [mdm] [%]
- Load combinatiors - L
-1 Yertical Load 3 g 13,300 Panel & §-16TU 8336 535.. - 966 1}
eahoukoad - | 9,500 Panel B 5-B|TUBF3E [535. - 6 o
- |ce Load | | | I |
I Horizontal Load 9300 Panel B - 2 7-8 TU8336 5355 - 966 0
-wlind 9900 Panel B -2 4 8{TU 8936 5388 - 966 1088 1.002 1}
ek Dreclpneand Dteahipes 8514 Pancl B -2 A 7|TU836 535 - %6| 122 1.002 0
- Wind Speed and Pregsure
- ind Drag 7593 Panel B - 1 5-B TUB33E 53585 - 966 1}
Bl fnalysie 7533 Panel B - 10 Y 6| TU 8336 5355 - 966 1223 1.00z2 0
i e Shaft Computation D ata : e
| L Analysis Method | E373PanclB-1:4 | L=} | TUBY3E | 5386 - | SEB_ 1375 1,002_ D_
=1 Results - | 5.000 Panel C 1-4 T8 5365 - 1319 1}
;’EQT”C'ES 5,000 Panel C - 2 3.4\ TUB9E  53E - 1318 i
- Results | | | I | |
Assessment 5000 FPanelC- 2% 47U 835 5355 - 1319 1134 1.00z2 0
- Foundation 3BEEPanclC-2: 4 3{TUess 538~ 1314 1249 1.002 0
2621 PanelC -1 1-2\TU895 |538F - 1319 i}
2621 PanelC-1: W 2/TU23s 5386 o+ 1314 1249 1.002 0
1374 PanelC-1: 4 1{TUBIE |5355 '+ 1319 1376 1.002 i}
Total weight with additionskgl: 1857

Fig. 9 Page “Lattice cross section characteristics”

Note: If user click on small plus in first column, elements of panel will show and plus will change to
minus. If user click on minus, elements will hide. When some value for panel is filled, the same value is
automatically given to all elements of this panel. When value for element is changed to value
different from value for panel, box will be yellow marked.

7.3.5 Tube structure definition

The width (diameter) of the structure, thickness of wall and material are defined on page “Tube
structure definition”, see Fig. 10. Width at top and bottom point is defined for tapered panels. One
width is entered for straight panels. If a slope of tapered part of the structure is constant through
more panels, set only top width and bottom width of this part. Widths in intermediate points are
calculated automatically. Different widths beneath and above single node can be set. In this case,
first enter top width of panel under the node and then setting of bottom width of upper panel will be
allowed.

14
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Project, Standards Geometry of tube-
=] Stucture

i Type of the Structure Tube structure dimensions

- Snow Load
i e loce Load
1 Horizontal Load
‘wind
~wlind Directions and Diag Types
~Wind Speed and Pressure
- Wind Diag
= Analysis
Shaft Computation Data
- Second Dider Effects
b Ainalpsis Method
- Results
Frequencies
- Resuls
Agsessment
* Foundation

=I- Tawer / Shaft -
il Geomely Fanel Panel Height  Tapered  Stucture  Structurs Tube Slope “wiall I aterial Modulus
Tibs Sructia Catinion number of tap ) v\_lidth width diameter thickness of
- Cross Section Characteristics Rt heltom (lop) slasiciy
- Digcrete Stucture Components Fl d b
- Material [m] [rorn] [rnm] [rorn] [mm/m]  [mm]
Bolts & 3 %& | 0 80| 5235H.coldF -
H - Connections e = iRes
£ Important Paints B 2 00 00 1@% 10,0)  5235H,coldF ~
-~ Foundation b i 1 660 | 2833 120 S23H.coldF -
Ancilaries '
- Caleulation Model
=} Loading
- Lnad combinationg
WYertical Load

Fig. 10 Page “Tube structure definition”

7.3.6  Cross section characteristics for monopoles and chimneys

Cross section characteristics and weight additions are defined on page

“Cross section

characteristics”, see Fig. 11. For tubes the automatic calculation of cross section characteristics is
included. User can input also other profiles. In this case cross section characteristics must be filled
manually. Other user-defined materials can be added on the page “Materials and Profiles”, see

chapter 7.3.8.

15
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QA Mew [§ Open [ Save [ Save As

K Close ] Ward  About |

Example 1 - Monopole. | Exammple 2 - Lattice stucturs |

Project, Standards

- Shucture

Type of the Structure
- Tower / Shaft

Tubes [or another beams)

Cioss section characteristcs for tube panels

Geomety
- Tube Stucture Definiion
- Cross Section Charactsristics
- Discrete Structure Components
~Maerial
-Bolts

Element
number

Marking

Height
oftop
paint

Tube ‘wiall
diameter  thickness

Cross tdoment Elastic
section of

area inertia

z d i Ap Iy el
] [ [roma] [rarr?] [mmit] [rome]

section
modulss  madulus

Plastio
seclion
per meter

‘wel

Ime] fla/m]

weight

[kal

Met

1]

Addiion
{conneclions.
welds, et

Addiion
(connechions.  sef self
welds, et

[kaim]

Uriform Uriform

weight
total

weight

[ka/m] [kal

- Connections
- Impartant Pints
- Faundation
- Bncillries
- Calculation Madsl

Loading

- Load combinations
- Vertical Load
~Snow Lead
~lce Load

-t Horizonkal Load
~Wind

~Wwind Directions and Dirag Types
~Wind Speed and Pressure
~Wwind Drag

-1 Analysis
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Fig. 11 Page “Cross section characteristics” for monopoles and chimney

7.3.7 Discrete structure components

The discrete structure components (platforms etc.) are defined on this page, see Fig. 12. The height
of attachment, the weight, the projected area and the force coefficient are filled for each discrete
component. The height of attachment is arbitrary and may not be equal to the height of the nodes of
the structure, but it cannot be higher than total height of the structure.

Note: If the height of attachment is equal to height of some node in the structure, user can click on
the box in column “height” and choose node of structure in shown offer, see Fig. 13. This procedure
works for heights of ancillaries defined in chapter 7.5 too.

Example 1 - Monopole | Example 2 - Lattice structurel

DO MNew [§ Open [ Save [ Save As.. X Close B]Word About |

-~ Project, Standards
[=)- Structure

=B T_Dwer / Shaft
- Geametny

Tube Stuchur
Crozz Section
truc

i Connections

- |mportant Points
- Foundation
- Ancillanies

Type of the Structure

ture Components

WWeights and projected areas of discrete shucture components

& Definition
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tarking Height wieight Projected Force
area coefficient
[m] [kal [rrF]
b 12.0Panel B 100.00 0.0a 0.0o
Flanges B/C E.0 Panel C 150,00 0.00 0.0o

Fig. 12 Page “Discrete structure components”
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Fig. 13 Page “Discrete structure components” — offer of structure nodes is shown

7.3.8 Materials and profiles

Projected Force
area coefficient
[rF]
0.00 0,00

Database of basic offered materials and summary of used profiles can be seen on page “Materials
and Profiles”. User can add new material or profile.

The modulus of elasticity and yield strength are set in the material definition. The type of fabrication
is added to the material definition, see upper section in Fig. 14.

The cross section area, the diameter or the width, the radiuses of gyration and buckling curves are
set in the profile definition, see lower section in Fig. 14.

Note: For monopoles and chimneys page includes only upper part “Used materials”.
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Fig. 14 Page “Materials and Profiles”
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7.3.9 Bolts
Database of bolts and bolt classes can be seen on page “Bolts”. User can add new bolt or bolt class.
The dimensions and cross section areas are set in the bolt definition, see upper part in Fig. 15.

In the lower part of page is bolt class definition. The yield strength, ultimate strength, factor «, ,
shear resistance reductiom factor for bolts M12 and M14 in 2 mm clearance holes and modulus of
elasticity (only for DIN standards) have to be set.

% Exmact = ” :IEI @
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- Assessment + t 1 £
L. Foundation 5.8 400 | 500 05 0,85
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Fig. 15 Page “Bolts”

7.3.10 Connections for lattice structures

Connections of elements are defined on the page “Connections”. The main used types of connections
are chosen for detail design. There are “Bolted flanged connection” and “Angle legs connection” for
legs connections and “Angles connected by one leg” and “Connection of tube” for joints of other
elements.

Resistance of representative types of connections according to EN 1993-1-8 [7] is given automatically
after determination qualities of connection (such as profile and material of elements, number and
type of bolts, dimensions and spacing etc.). Needed inputs are divided in logical groups, see Fig. 16.
Calculation works only if connection meets design rules, so the minimum spacing is pre-filled for used
bolts. On the right, user can see particular resistances of single events, which impacts on total
resistance of connection.

Defined connections are matched with single members on page “Assessment”, see chapter 7.9.3.
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Note: Rows of bolts are assumed parallel to axial force in member, according to [7].

Example 2 - Lattice structure | Example 1 —.Mumgula‘
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Fig. 16 Page “Connections”

In case of need another type of connection (connections calculated by hand or in special software for
connections), user can choose “Other connection” and set only its resistance.

The bolted flanged connection is used for connection of tube legs. The diameter of bolt should not
be smaller than 12mm and all bolts should be pre-loaded due to fatigue. If user leaves boxes in input
of flange 2 empty, it is supposed that flange 2 is identical to flange 1. Positive influence of possible
reinforcement plates is not included in calculation. Dimensions of connection are described in Fig.

17.
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Fig. 17 Bolted flanged connection
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Angle legs connection is available for equal-leg angles. It is supposed that spacing and bolts are

selfsame on both sides of one angle and all bolts are in normal holes. User can choose orthogonal or

staggered spacing (can be different in each angle), maximum 2 rows of bolts in one leg of angle are

allowed. Dimensions of connection are described in Fig. 18.

Angle 1

7| Bolt group 1

R R

H | @
. €3 %CLZ.} cf\
Plate & |4 & || -
e
b Ra3 Q* -
/ 82'47 = -
- I N N N
=4 =
i 4 = |
Gj | | \
| \\\\Bolfgroup i
: I’ Pra | B2 AN An g le 2
|

Fig. 18 Angle legs connection

20



USER’S MANUAL

Angles connected by one leg are used for connection of equal-leg angle to joint plate or another
angle. Maximum 2 rows of bolts are allowed, spacing for 2 rows is staggered. Dimensions of
connection are described in Fig. 19.

Fig. 19 Angle connected by one leg

Inputs of connection of tube are the same for three main used arrangements (see Fig. 20) of
connection of tube to joint plate. Maximum 2 rows of bolts are allowed, spacing for 2 rows is
orthogonal. For fillet weld resistance check simplified method is used. Resistance of weld is
independent of the orientation of the weld throat plane to the applied force. Total weld length is
sum of lengths of one-sided fillet welds. If user leave boxes in part “Tube tearing resistance” empty,
it is supposed, that plate 1 tearing from tube can’t happen, so this partial resistance is not included in

total resistance of connection.

Fig. 20 Connection of tube
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7.3.11 Connections for monopoles

Bolted flanged connections according to Fig. 21 and Fig. 22 can be defined in the software. Three
types of tabs are prepared for monopole connections:

0 “Flange connection of tubes” — for connection by two bolted flanges

0 “Base flange of tube” — for base flange laying on anchor bolts (when bolts bears both tension
and compression forces, adjusting nuts are present and concrete support is neglected)

0 “Other connections” — for connections, the resistances were calculated outside the software

Exmact

Both “Flange connection of tubes” and “Base flange of tube” can be set with or without stiffeners.

he et h, e
B /I
h et e b

N |

f
—

Fig. 21 Connection of monopole — bolts outside the tube — plan (left), detail of connection of two
panels (middle), detail of base flange (right)
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t hx_e_gh' ¥ hs_’%h
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Fig. 22 Connection of monopole — bolts inside the tube - plan (left), detail of connection of two panels
(middle), detail of base flange (right)

RECOMMENDATIONS:

0 Assume plastic hinge appears in the tube wall above the flange (or above stiffeners, if
present), if the tube is of cross section class 4
Set “Assume yielding in tube above flange/stiffeners” to option “yes” in this case.

0 Do not “count with tube” if two tubes with significantly different diameter are connected.
Set “Count with tube” to option “no” in this case.

If this option is chosen, the compression forces are borne only by stiffeners. It is supposed,
the tube is not sufficiently supported and transfer of compression forces through the tube is
neglected (diagram in Fig. 23 does not contain magenta tube component).

Resistance determination

First, maximum possible force in single bolt is determined. It is minimum value of tension resistance
of bolt, punching shear resistance and bending resistance of flange or wall of the tube with the
inclusion of prying forces. Program considers following lengths of patterns:

Connection without stiffeners: 2rm, nm + p, 2p, 4m + 1,25e, 0,5p + 2m + 0,625¢, p
where p is used for flange and/or wall of tube, if required
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Connection with stiffeners: 2mm, 4m + 1,25e, 2am-(4m + 1,25e), p
where p is used for wall of tube above stiffeners, if required

Symbols correspond to EN 1993-1-8 [7].

NEUTRAL AXIS

BOLTS
TUBE

mﬂ\WW =

=
fy

Fig. 23 Scheme of connection — substitute tubes and stress diagram

Calculation for “Flange connection of tube”

Afterwards, the position of neutral axis is found by iteration calculation using elastic-plastic
behaviour. Bolts acts in tension, tube and stiffeners in compression only. Groups of individual
components (i.e. bolts and stiffeners) are substituted for single notional collective tubes with
equivalent characteristics, see Fig. 23. Centerline of bolt substitute tube passes through centres of
bolts. Centerline of stiffener substitute tube passes through middle of width h,, see Fig. 21 and Fig.
22.

Maximum tension in substitute tube of bolts, marks as oy ma, iS equivalent to maximum possible
force in bolt. Maximum compression in tube is equivalent to yield strength of tube material.

t [f
Maximum compression in substitute tube of stiffeners isg . = tt ty
' +

t t,s

, where t,; is thickness of

substitute tube of stiffeners and t; is wall thickness of tube. It is assumed, the stress in tube above
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stiffeners reach the yield stress. Then, stiffeners take part of forces, but overall force in stiffeners and
tube cannot be greater than force corresponding to yield stress in tube above stiffeners.

Calculation for “Base flange of tube”
Only substitute tube of bolts is considered (tension and compression) using elastic behaviour.
Maximum stress is equivalent to maximum possible force in bolt.

Comment:

Results of above described calculation were widely compared to full analysis of connections in
software IDEA Connection using FEM models. Results have been found safe and conservative. Above
mentioned recommendations resulted from this comparison study.

ATTENTION:

Some partial resistances are not included in the calculation. They have to be checked by user.
0 Welds

Resistance of stiffeners

Shear resistance of connection

Fatigue*

o O O O

Tube wall failure under stiffeners (caused by horizontal or vertical forces from stiffeners), if a
stiffening ring under stiffeners is not present and/or if “yielding in tube above stiffeners” is
not assumed**.

Note *): Especially fatigue of anchor bolts, which acts in tension even compression, is usually crucial.

Note **): This failure was not crucial for compared examples, if above mentioned recommendations
were applied. The attention has to be paid especially when upper and lower tube diameter differs
significantly. In this case, it is recommended to use a ring under stiffeners or carry out full analysis of
connection.

Because the substitute tubes are used, the calculation is not reliable for small number of bolts
(approx. less than 12).

Bending resistances are checked in “Assessment / Connection check” only. Influence of axial
(compression) force is neglected.
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7.3.12 Important points of chimneys and monopoles
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The resultant internal forces, deflections and check of member of chimneys and monopoles are
shown in the nodes (at the ends of elements). If other points should be examined (e.g. openings in
greater distance from any node), the heights of these points are defined on this page, see Fig. 24.
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Marking

3 Paint F1
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[m]

Fig. 24 Page “Important points”

7.4 Foundation

The foundation of tower is defined on the page “Foundation”, see Fig. 25. Pad has square ground
plan and two steps. The dimensions of pad and embedment depth are set in upper part of page. In
case of need set another shape of upper step, set width of step B, so that volume of the square step
was identical to volume of another shaped step. In lower part of page the geotechnical

characteristics are defined.

Dimensions of pad for monopoles and for lattices are described in Fig. 26.
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Fig. 26 Dimensions of the pad for monopoles and chimneys (left) and for lattice towers (right)

7.5 Ancillaries

The linear and discrete ancillaries are defined on the page “Ancillaries”, see Fig. 27. The height of
attachment (in case of the linear ancillary bottom and top height), the weight, the projected area,
the force coefficient and angle of wind incidence are defined. The heights are arbitrary and may not
be equal to the height of nodes of the structure, but cannot be higher than total height of the

structure.
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Fig. 27 Page “Ancillaries”

Note: Angle of wind incidence is angle between wind direction and longitudal axis of linear ancillary.

7.6 Calculation model

The basic model of the monopoles or chimneys can be extended on the page depicted in Fig. 28.
Important points and points with ancillaries can be added to the basic point of the model (ends of
elements) and used for creation of mathematical model of the structure.

If an ancillary is placed between nodes and the point, where the ancillary lies, is added to the
calculation model, new node is created and the load of ancillary is applied in this point.

If the point, where the ancillary lies, is not added to the calculation model, the load of ancillary is
applied in both lower and upper nearest nodes of model (divided according to distances from these
nodes). In case of large number of ancillaries in one panel is not usually necessary to divide this panel
to large number of additional element.

The resultant internal forces, deflections and check of member of monopoles and chimneys are
shown only in the nodes of calculation model.

In case of lattice structure, the load is always applied to the nodes of lattice structure, i.e. load is
divided to lower and upper nearest nodes according to distances from these nodes.
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7.7 Loading

7.7.1 Load combinations

The six basic load combinations according to EN standards are prepared as default, see Fig. 29:

COM1 .. Wind actionon the ice-free structure with unfavourable vertical action

COM 2 .. Wind action on the ice-free structure with favourable vertical action

COM 3 .. Dominantice and accompanying wind action with unfavourable vertical action
COM 4 ... Dominantice and accompanying wind action with favourable vertical action
COMS5 ... Dominant wind and accompanying ice action with unfavourable vertical action
COM6 ... Dominant wind and accompanying ice action with favourable vertical action

The reliability classes are set separately for structure of tower (according to Annex A, EN 1993-3-1
[8]), for foundation — limit state GEO/STR (according to EN 1990 [1]) and for foundation — limit state
EQU (according to EN 1990 [1]). The combination factors for ice (. and wind ¢, are filled
automatically according to selected National Annex (see page “Project, Standard”, chapter 7.2),
alternatively they may be set manually.

Note: For DIN standards only first four combinations are prepared for structure. Load combinations
for foundation are not shown, because characteristic values of loads in anchoring level are given.
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The corresponding partial factors of load, combination factors and factor k for the wind pressure
reduction are set according to EN standards and National Annexes.

User can add other user-defined combination and choose which combinations will be calculated (in
the column “Used”).

Note: Reliability class according to Annex A, EN 1993-3-1 [8] and according to EN 1990 [1] has
different definition. If structure is classified as class 2, foundation doesn’t need to be classified
as RC2.
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Fig. 29 Page “Load combinations”
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7.7.2 Snow load
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The uniform snow load per meter height and the discrete snow load can be assumed in the
calculation, see Fig. 30. The characteristic value of snow load (or directly snow load for DIN
standards) is set according to selected standard (see page “Project, Standard”, chapter 7.2) and
selected snow zone. This value and coefficients for snow load can be alternatively set manually by

user.

The discrete snow load applies in points, where discrete structure components and discrete

ancillaries are placed.
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Fig. 30 Page “Snow load”
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7.7.3 Iceload

Ice load and shape of ice is assumed according to ISO 12494 [12]. The rime or the glaze is assumed
for weights and shapes of ice determination. Choice of ice type is situated on the top of page “Ice
load”, see Fig. 31.

Two ice situations are prepared as default “Ice 1-dominant” and “lce 2-accompanying”, which
correspond to default definition of load combinations (see page “Load combinations”, chapter 7.7.1),
see middle section in Fig. 31. Other ice situations can be added by user.

The ice is defined separately on the structure, discrete structure components, linear and discrete
ancillaries.

Note: For DIN standards glaze ice according to DIN 1055-5 [18] is set as default. It can be changed to
ice determination according ISO standard [12].

Note: There can be defined both rime and glaze in one project, but calculation can be run only for
Rime ice or only for Glaze ice.

7.7.3.1 Rime ice

The overall ice weight in the panels and rime vane lengths are determined on this page, see Fig. 31,
Fig. 32. The ice weight m, is set according to selected ice class for rime or it can be set manually by
user.

The ice load is evaluated automatically for the lattice structure (Fig. 31) and for tubular poles and
chimneys (Fig. 32). The ice load of discrete structure component, linear and discrete ancillaries must
be set manually by user (for all ice situations and wind directions), see Fig. 33.

In case of lattice tower user must check default rime shape types (according to Fig. 4 in ISO 12494
[12]) (for all required wind directions and the ice situations) and fill slope of secondary diagonals to
horizontal plane (tab “Secondary diagonals), if these members occur.

Note: For tube is default type set as “AB” (i.e. type A or B according to Fig. 4 in ISO 12494 [12]).
For other profile is default type set as “CD” (i.e. type C or D according to Fig. 4 in 1ISO 12494
[12]), which gives unfavourable values. Default types can be changed by user to obtain more
accurate values.

32



USER’S MANUAL
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Fig. 31 Page “Ice load”, tab “Ice weight on lattice structure” for rime ice
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Fig. 32 Page “Ice load”, tab “Ice weight on structure” for monopoles and chimneys for rime ice
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Fig. 33 Page “Ice load”, tabs: Ice weight on linear ancillaries, discrete ancillaries and discrete structure

components for rime ice

7.7.3.2 Glazeice

The overall ice weight in the panels and glaze width are determined on this page, see Fig. 34, Fig. 35.

The ice thickness t is set according to selected ice class for glaze or it can be set manually by user.

The ice load is evaluated automatically for the lattice structure (Fig. 34) and for tubular poles and

chimneys (Fig. 35). The ice load of discrete structure component, linear and discrete ancillaries must

be set manually by user (for all ice situations and wind directions), see Fig. 36.
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Fig. 34 Page “Ice load”, tab “Ice weight on lattice structure” for glaze ice
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Fig. 36 Page “Ice load”, tabs: Ice weight on linear ancillaries, discrete ancillaries and discrete structure
components for glaze ice

7.7.4 Wind load

7.7.4.1 Basic wind characteristics

Wind zone, basic wind speed (for mean return period of 50 years or different) and terrain category
are defined on the page “Wind”. Settings of wind characteristics according to Czech national annex
[CZE4] are shown on Fig. 37, according to German national annex [DEU2] on Fig. 38.

For DIN standards fundamental wind pressure and altitude are set, see Fig. 39.
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Fig. 38 Page “Wind”, settings according to German national annex
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Fig. 39 Page “Wind”, settings according to DIN 4131 [17]

7.7.4.2 Wind directions and wind drag types
The wind direction assumed in calculation are defined on the page “Wind directions”, see Fig. 40.

Three wind drag types are prepared as default “Wind drag 1” for ice-free structure, “Wind drag 2 +
Ice 1” for dominant ice and accompanying wind and “Wind drag 2 + Ice 2” for dominant wind and

accompanying ice. Other types of wind drag can be alternatively added by user.
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Fig. 40 Page “Wind directions”

7.7.4.3 Wind velocity and pressure

The wind velocity and pressure are shown on the page depicted in Fig. 41. The orography factor can
be set there (differently for all wind drag types and wind directions).

For DIN standards application of constant wind pressure for towers up to 50 m can be switched on.
Additional pressure in obedience to DIN 4131 [17] can be set, see Fig. 42.
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Fig. 41 Page “Wind speed and pressure” for Eurocode
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The wind drag of lattice towers is determined according to chapter B.2.1.3, Annex B, EN 1993-3-1 [8]
or according to chapter A.1.3, Annex A, DIN 4131 [17]. The flow regime of iced tubular members of
lattice towers depends on the shape of ice. The default setting for rime is flow regime for flat items,

which is unfavourable. In case of small rime vane length the flow regime can be changed manually to

“subcritical” (or ,circular” for DIN standards with ice acoording to ISO 12494 [12]), see page depicted

in Fig. 43.
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Fig. 43 Page “Wind drag”, tabs: Structure-lattice, Flow regime of iced legs

The projected areas of plates in joints or stiffeners can be set on page depicted in Fig. 44.
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Fig. 44 Page “Wind drag”, tabs: Structure-lattice, Projected area normal to face

Force coefficient of the structure is calculated automatically on page shown in Fig. 45. The

addition

of overall width of the tower (e.g. parts of ancillaries or platforms extended beyond the face of the

structure) is set by user on this page.

a: Exmact
3 New [§ Open g Save [ Save As.. X Close B Ward About
Evample 2 - Latlice struchure | Exampie 1 -Monopelz)
Praiect, Standards —
2 Stucture Wind dhag: [swind drag 1 Kinematic viseosity of the air
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Assessment
Eoveniion 11,150 Panel4 -1 3 1589 0000 023 2718 1527 1300 2232 0869 023 1000 2232
+ 9300PanelB 5.8 0000
+ 5000PanelC 1-4 0.000

Fig. 45 Page “Wind drag”, tabs: Structure-lattice, Wind force coefficient

The projected areas and force coefficients of iced discrete structure components, iced linear and

discrete ancillaries must be set manually by user (for all wind directions and wind drag types), see

Fig. 46.
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Fig. 46 Page “Wind drag”, tabs: Wind drag of discrete structure components, linear and discrete

ancillaries

The shielding factor for ancillaries and discrete structure components can be taken account, see
previous Fig. 46. This factor takes into consideration shielding of one ancillary by other ancillary or
ancillaries without influence of the structure.

The shielding of the ancillaries by the structure itself may be taken into consideration using reduction
factors K, according to B.2.3., EN 1993-3-1 [8]. Default values of reduction factors are 1.0, see Fig. 47.
The values can be changed manually according to conditions given in B.2.3., EN 1993-3-1 [8].
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- Wind Speed and Pressure 17400 Panel -6 12 Linear < A5 | Total > AS 0372 2234 10 0,000 0,000 10 0314 2,000 10 7785 1334 10
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 Heauenciss 12400 Pancifs-2 10, Lincar 48 < A5 | Tolal < 45 0387 226 10 0,000 0,000 10 LED 2,000 i 007 1400 0
L Resuls 11,150 Panel -1 9 Linear A4 < A5 | Total it < AS 0375 221 10 0,000 0,000 10 0314 2000 0 [ o000 10
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Fig. 47 Page “Wind drag”, tabs: Total wind drag, Reduction factors

43



USER’S MANUAL

= Exmact

1 Mew j Open [ Save [ Save As... ¥ Close B Ward  About

- Praject, Standards

- Structure

; Tupe of the Structure

Taower / Shaft

Geometry

Lattice structure definition

Lattice cross section characteristics
Dizcrete Structure Components
Materials and Profiles

Bualtz

Connectiors

- Foundation

- Ancillaries

- Calculation Model

=k Loading

Load combinations

Wertical Load

‘wind Directions and Drag Types
‘Wind Speed and Pressure
Awfind Drag
= Analysiz
Shaft Computation D ata
i Analyziz Method
- Results
: Frequencies
Results
Azzessment
Foundation

“wind drag: lWind drag 1 v] Kinematic viscosity of the air:
Wind direction: (45 - v= 0.000050[2 ] nds
| Structure - lattice I Discrete structurs elements I Linear ancillaries i Discrete ancillaries I Tatal wind drag |I
Reduction factars
I Total c_FA _ref II Total c F4_5 [DIN] |
Marking Element Linear Dizcrete Total Total
riurnber reference reference wind wind
area area force farce
coefficient coefficient
A_ref A _ref C_f S
[m2/m] [m2] [linear] [dizcrete]
v [ 19900 Panel s 3.16
19,900 Panel 4 - 8 16 0815 0.000 2,266 0,000
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12,400 Panel A - 2 10 0.831 0.073 2.274 1.400
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Fig.

48 Page “Wind drag”, tab Total wind drag acc. to [CZE8]
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[ New [§ Open [l Save [l Save As .. X Close 8] Word About
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14,900 Panel & - 4 12 0372 0,000 4,968
13,650 Panel & - 3 11 0,360 0,000 5.044
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Fig. 49 Page “Wind drag”, tab Total wind drag acc. to [DEU4]

Total wind drag of lattice tower is shown on page depicted in Fig. 48 for Czech national annex [CZES8],

resp. Fig. 49 for German national annex [DEU4].

The wind drag of monopoles and chimneys is determined according to chapter 7.9.2, EN 1991-1-4 [4]
or chapter A.1.3, Annex A, DIN 4131 [17] if the shape of the shaft is tubular. If not, an appropriate
force coefficient can be set manually, see Fig. 50. Force coefficients of iced tubular monopoles or
chimneys are determined according to ISO 12494 [12] or chapter A.1.3, Annex A, DIN 4131 [17].
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Fig. 50 Page “Wind drag”, tab Structure-tubes

The tabs for definition of the wind drag of the discrete structure components, linear

ancillaries are identical for both lattice towers and monopoles, see Fig. 46.

7.8 Analysis

7.8.1 Shaft computation data

and discrete

The overall review of input data for analysis is shown on the page “Shaft computation data”, see Fig.

51.
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2621 Parel C-1.¥ 2 2621 OOOCEDD DODOE+00  0.000E-00 100 DODDEW0D 1481E+03 OQ00E-00| 4214602 2757E+00  2.2286+00
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0 0000 OOOCE+0D| DO00E+00  00DE-0D 100 0.000E+00 | |

Fig. 51 Page “Shaft computation data”
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7.8.2 Second order effects

USER’S MANUAL

The software allows evaluation of second order effects. The imperfections of the structure are set on

page “Second order effects”, see Fig. 52. The imperfections are determined according to chapter
5.3.2 (3), EN 1993-1-1 [5] and chapter 5.2.2 (1), EN 1993-3-2 [9] or chapter 2, DIN 18800-2 [20].
Nonlinear static calculation is done for sum of the initial imperfection and maximum deflection

obtained from static or dynamic analysis. Accuracy of nonlinear static calculation and upper limit of

number of iterations is set in tab “Calculation” placed in the middle of the page.
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Fig. 52 Page “Second order effects



7.8.3 Analysis method

USER’S MANUAL

Modal characteristics (natural frequencies and mode shapes) of the tower are calculated first.

The number of calculated natural frequencies is set and upper limit of the frequency range, in which

the natural frequencies are searched.

The mode shapes of 3D lattice tower for all wind directions and appropriated perpendicular

directions are evaluated. The resultant mode shape in given direction is determined as a combination

of couple of perpendicular mode shapes with identical frequency.

Than setting of the selected analysis method can be done or default setting modified. Different

methods can be used for response determination of the tower.

a) Quasi-static analysis according to EN 1991-1-4 [4]

This method can be used for monopoles and chimneys designed according to EN 1993-3-2
[9]. The method may be used if criteria given in 6.3., EN 1991-1-4 [4] are met. Otherwise,

spectral analysis or simplified spectral analysis is to be used.
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Fig. 53 Page “Analysis method”, setting of quasistatic analysis according to EN 1991-1-4 [4]

Approach for determination of structural factor (according to Annex B or C, EN 1991-1-4 [4]),

reference height (default setting is 0,6x overall height of tower) and orography factor at

reference height are set, see Fig. 53.
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b) Equivalent static analysis according to B.3, EN 1993-3-1 [8]

USER’S MANUAL

This method can be used for lattice structures designed according to EN 1993-3-1 [8]. The
method may be used if criteria given in B.3.1., EN 1993-3-1 [8] are met. Otherwise, spectral
analysis or simplified spectral analysis is to be used.

Approach for determination of structural factor (according to Annex B or C, EN 1991-1-4 [4]),
reference height (default setting is 0,6x overall height of tower) and orography factor at
reference height and other characteristics are set, see Fig. 54.
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Fig. 54 Page “Analysis method”, setting of equivalent static analysis according to EN 1993-3-1 [8]
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c) Simplified spectral analysis according to [16]

USER’S MANUAL

This method can be used for monopoles, chimneys and lattice structures. The method is
described in chapter 3, [16].

The power spectral density of wind velocity for along and cross wind turbulence can be
chosen as well as coherence function and admittance of individual panels, see Fig. 55.

For background response determination of the number of load cases can be set. If the
number equal to the number of the panels is selected, the most accurate results are

obtained.
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Fig. 55 Page “Analysis method”, setting of simplified spectral analysis
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d) Spectral analysis

USER’S MANUAL

This method can be used for monopoles, chimneys and lattice structures. The method is
described e.g. [15] or briefly in chapter 2, [16].

The power spectral density of wind velocity for along and cross wind turbulence can be
chosen as well as coherence function and admittance of individual panels, see Fig. 56.

Admittance of individual panels:
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- Bamace =5 ol
1 Mew j Open [ Save [ Save As... K Clase Il@Wonl About
Example 1 - Monopole E-E-Hamp\e_éTa-t;i-ce stuchare|
: Project, Standards Analysiz method
- Structure - 7]
Tupe of the Structure Method: Spectral analyzis " _
(= Tower / Shaft
i Modal analvsis
MNumber of frequencies: I Upper limit
of calculated §
Frequency Shructural Darnping o natural frequencies: EDE'V_' Hz
index damping due to ]
special
i Conneclions devices 2|
. \mpn.rtanl Paints b 0,000 [
Foundation T § ]
- dncllaries 2 om 25 0,000
- Calculation Model nmz! nnnn | =
=l Loading ey R, |
-~ Load combinations sopesta el
(= Vertical Load Parameters lor calculation
Frequency step: dr= 0,005 = Hz
(= Horizontal Load Upper limit of investigated frequency range: fmae= 1000 =] Hz
wind
‘wind Directions and Drag Tppes Along wind turbulence characteristics
‘wind Speed and Pressure Power spectral density of wind speed: | EM 1951-1-4 ']
towiind Drag
- dnalysis Coherence function: [Davenporl, Cy a Cz acc. to EN 1931-1-4 ']
- Shaft Camputation Data . G e
Secand Order Effects Admittance of individual panels | EN 1991-1-4 pnnex B ,]
- Analpsie Method
&l Results Cross wind turbulence characteristics Ve ']
- Frequencies Power spectral density of wind speed: | K.aimnal Z |
- Results
Assessment Coherence function: lDavenDolt, Cy a Cz acc, to Vickeny ']
- Foundation

Fig. 56 Page “Analysis method”, setting of spectral analysis
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e) Quasi-static analysis according to P 2.8, CSN 730035 [13]

USER’S MANUAL

This method can be used for monopoles, chimneys and lattice structures designed according
to standard CSN 730035 [13]. The method may be used for towers, which met the
description given in chapter P 2.8, CSN 730035 [13], i.e. for towers with uniformly distributed

mass, rigidity and wind drag. This method is included in the software only for comparisons.

The standard CSN is not valid at present.

Note: The wind drag and ice load determined in previous chapters (according EN and ISO

standards) will be used for this analysis. The strictly correct calculation according to CSN

standard must be done for wind drag and ice load determined according to CSN. This input

must be set manually.

Wind zone, type of terrain and type of structure are set according to CSN 730035 [13], see

Fig. 57.
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Fig. 57 Page “Analysis method”, setting of quasistatic analysis according to CSN 730035 [13]
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USER’S MANUAL

f) Analysis according to P 2.9 — P 2.16, CSN 730035 [13] using mode shape decomposition
method

This method can be used for monopoles, chimneys and lattice structures designed according
to standard CSN 730035 [13]. This method is included in the software only for comparisons.
The standard CSN is not valid at present.

Note: The wind drag and ice load determined in previous chapters (according EN and ISO
standards) will be used for this analysis. The strictly correct calculation according to CSN
standard must be done for wind drag and ice load determined according to CSN. This input
must be set manually.

Wind zone, type of terrain and type of structure are set according to CSN 730035 [13], see
Fig. 58.
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Fig. 58 Page “Analysis method”, setting of analysis according to CSN 730035 [13] using mode shape
decomposition method
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g) Quasi-static anylysis according to chapter A.2.1, DIN 4131 [17]

This method can be used for monopoles , chimneys and lattice structures designed in
accordance with DIN standards.
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Fig. 59 Page “Analysis method”, setting of analysis according to DIN 4131 [17]

7.9 Results

7.9.1 Natural frequencies and mode shapes

The review of calculated natural frequencies and mode shapes is shown on the page “Frequencies”
depicted in Fig. 60 for lattice towers and in Fig. 61 for monopoles and chimneys.

The mode deflections as well as mode internal forces can be seen in graphical or numerical version
(tabs “Visualization” or “Data”).

The logarithmic decrements of damping and structural factor c,c, or size factor and gust factor are

shown for all combinations and wind directions.
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USER’S MANUAL

This window can be used also for graphical modifications of the structure and the ancillaries.
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Fig. 60 Page “Frequencies” for lattice towers
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Fig. 61 Page “Frequencies” for monopoles and chimneys

7.9.2 Response of the tower

The review of calculated response is shown on the page “Results” depicted in Fig. 62 for lattice
towers and in Fig. 63 for monopoles and chimneys.

The deflections as well as internal forces can be seen in graphical or numerical version (tabs
“Visualization” or “Numerical results”) for all load combinations, load cases and wind directions.
Maximum and minimum values are found.

This window can be used also for graphical modifications of the structure and the ancillaries.
Notes for using visualisation:

Clicking on tower, characteristics of panels are shown on the right side of page, where these values
can be changed (panel which is shown is marked orange).

For lattice towers on the left of scheme of tower there are horizontal sections of the tower (squares or
triangles), clicking on them cross section characteristics of members in elements are shown (shown
element is marked orange). In scheme of the structure members with set profile are lined dark grey,
dumb elements are blue and members where profile has to be set but it is not set are red lined.

Using button “Ancillaries” on the left side of page user can show or hide defined ancillaries. Clicking
on them characteristics of ancillaries are shown (and can be changed) on the right.

Using other buttons on the left user can show or hide shapes of rotation, horizontal deflection and
internal forces in members. Clicking on shape scale will show.
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Fig. 63 Page “Results” for monopoles and chimneys

7.9.3 Assessment — lattice towers

The resistance of members of lattice structure and their check is determined on the page
“Assessment”, see Fig. 64.

The page is composed of several tabs: “Buckling length”, “Buckling resistance”, “Notional forces”,
“Profile check”, “Connections” and “Dumb element check. These tabs are prepared for all types of
members, i.e. Legs, Diagonals, Secondary diagonals, Horizontals, Secondary horizontals, Horizontal
bracing members | and II.

Buckling lengths of members and effective slenderness factors according to Annex G, EN 1993-3-1 [8]
are defined on page “Buckling length”, see Fig. 64. The default values of buckling lengths are stated
according to the structure geometry and can be changed manually. Secondary bracing members are
not included in automatic buckling lengths evaluation. Buckling lengths of members supported by
secondary members must be set manually. In case of diagonals of X-type, the default value of
diagonal buckling lengths is for unconnected diagonals. In case of connected diagonal, the buckling
lengths can be changed manually.

Default values of effective slenderness factors are prepared for typical geometries for tubes and
angles. Default values can be changed manually.

For DIN standards effective slenderness factors are set to value 1,0. Buckling length can be changed
directly in columns “buckling length” or by changing effective slenderness factor.

58 }
/A
EXMACT



USER’S MANUAL

2 Exmact
1 Mew [§ Open [ Save

| Example 1 - Monopole | “Example 2 - Lattice strucure

- Lattice cross section chara
- Diserets Stucture Compon

Save As .. X Clase B8] Word

About

+ Project, Standards |7Ana\yze ]
= Structure R
Parlial factors of material:
-~ Type of the Stucture .
=1 Tower ¢ Shlt gamma M= 1100 .
- Geomstry gamma_M1= 1.0 :
attice structure definition gamma_M2= 125 A

Members

Members selection

Legs

Disgorizis || [ Diagorats 2 |

Resistance forces

[uciingicran]

Buckling resistance ‘

Horizontals | [ Horzontals 2 |

Maximal intemnal forces 1 Greater of primary and notional forces vi

| National forces ‘

Dumb elements

Durnb element check

Dumb element check force
1.00 = kN

Deflections

- Materials and Profiles
- Bolts
- Connectiors

- Faundation

o Ancillaties

Caleulation Mods|
Loading

- Load combinations
=1 Vettical Load

- Ghow Load

- |ce Load
=+ Horizontal Load
“Wind

~\Wind Drag
Analysis

Shakt Computation D.ata
Arnalysis Method
Results

Frequercies

Resuls

Assessment
.. Foundatian

~‘Wind Directions and Drag 1
~‘Wind Gpeed and Pressure

| Prafile check ‘

[E=S EoE =<5

[Bracing1 | [ Bracing2 | | Horizontal deflection check,
Linin eclor o orgonal deflectirs 2/ [50 s i || G
Limiting factor of rotation 100 = deg
Utilization overview
[Total | [ Puofies | [ Connections |
Marking Elemert Height Fuatile Buckling Buckling Buckling Efiecive  Effective | Efiecive || ~
rurber of top lenath lenath lenath dendemess | slendemess  dndemees
paint factar factar factar
2z ¥ Lz W ky kz kv
[m] [mm] [mm] [mm] [mm] [mm] [m]
v 1950 Panels 9-16 19900 L 606
18,900 Panel & -8 18] 13500 L60%]| 1953 1353 1353 1] 1] 08
18,650 Panel 4 -7 15 18650 L 606 1953 1953 1953 111 111 066
17,400 Pancl A -6 1 17.400 L 606 1953 1953 1953 11 11 086
16,150 Panel & -5 7] 16150 L&D 1353 1353 1353 1] 1] I E
14,900 Panel & -4 12 14300 L 606 1953 1953 1953 111 111 086
13,650 Panclé -3 | 13650 L60%| 1953 1953 1953 1] 1] 06|
12,400 Panel 4 -2 1] 12400 L70%] 1953 1953 1953 118] 118] e
11,150 Panel & -1 3 11150 L70% 1953 1953 1953 118 118 089
- 3,900 Fanel B 5.8 3500, L5075 [ [ [ [ [
3,900 Panel B -2 7-8 5400 1505
9900 Parel B - 2. 8 9300 L50% 1320 1320 1320 121 121 090
8314 FanelB -2 A 7 a4 | 1485 1485 1485 115 115 08|
7,593 PanelB-1 5-5 7593 L5075
7583 Panel B 1. | 758 | 1485 1485 1485 15| 15| 08|
6373 PanelB - 1A 5| 67 L50%] 1669 1669 1669 110 110 086
- 5,000 Panel -4 5000 L 606
- | 5000 Panel -2 34 5000 L60%]| L

Fig. 64 Page “Assessment” for lattice towers, tab “Buckling length”. Tab for diagonals is shown.

Design buckling resistances are shown in tab “Buckling resistance”, see Fig. 65.
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9900 PancB-2 7-8 9900 Bothnds - 0 1,000 b - 08
9900 Panel -2 8 9900 Bothends - 134 1,000 1381 1381 1581 b - 1.9 0314 08 3
8814PanelB-2 4 7 8814 Bothnds  + 151 1,000 1481 1481 1734 b - 2263 0288 08 7
7593 PanclB-1 56 7593 BothEnds - 0 1,000 b - 08
7533 Panel B -1:V 6 753 BothEnds - 151 1,00 1.481 1.481 1734 b - 2283 0283 08 Ed
6373Panel B-1: & 5 6373 BothEnds  + 170 1,000 1593 1593 1905 b - 2605 0228 08 El
5,000 Panel C 14 5000 Bothnds - 0 1,000 b~ 08

Fig. 65 Page “Assessment” for lattice towers,
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tab “Buckling resistance”. Tab for diagonals is shown.
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Notional forces according to chapter H.4, EN 1993-3-1 [8] are determined in dependence on the

angle of member to leg or using “notional load ratio”, which gives a relationship between the leg

force and the bracing force, see Fig. 66. This can be used for example in case of complicated

secondary bracing system.

For DIN standards, notional forces are determined according to chapter 2, DIN 18800-2 [20].

% Ermact
L Mew _'f Open [l Save [ Save As.. X Close B Ward About

!.E-xampie_'\ M éngpnfg . 7Exampleé - Lattice structure

Project. Standards

- Shucture

i+~ Type of the Stucture
= Tower / Shaft
L Geometry
~Lattice structure definition
~Lattice cross section characteristics
- Discrete Structure Components
- Materials and Profiles
- Bolts
i Cannections

i+ Foundation
- ancillaries
i+ Caleulation Model

Loading
i~ Load combinations
- Wertical Load

i Wind
L Wind Directions and Drag Types
~wind Speed and Pressure
Lwlind Drag
Analysiz
Shalt Computation Data
- Bnalysis Method
Results
Frequencies
- Results
i Agsessment
- Foundation

unalyze |

Partial factors of material:

embers

Members selection

Resistance forces
and check

[E=T Eel o)

Diumb elements

| Dumb element check

gamma_M0= |1,00 3 Lags | Buckling length | Dumb element check force
gamma_M1= |1.00 = | Dizgonals. | | Diagonals 2 | Buckling resistance | 1,00 2 kN
e Mz |20 = Wl | Horizantals 2 1 Notional forces I Deflactions
I aximal intemal lurces.! Greater of primary and n.ot\onal forces " | Feee ‘ | e | Profile check | | Horizontal deflsction check,
Limiting factor of horizontal deflection: 2/ |50 | Fonnaliamehak ‘ l i
Lirniting factar of rokation: 1.00 = deg
Utilization overview
|E| | Profiles | Connections
Marking Element Height Percentage MNotional Angle MNotional MNotional =
number of top of leg load of member load awial
paint axial toleg ratio forces
force
z
| m]
3 ﬂ 19,900 Panel & 9-16 19900
18900 Panel & -8 16 18.900 1.63 0.02 50,19 1.30 0.02
1650 Panel & - 7 15 18650 183 017 50,19 1.0 022
17.400 Panel & -6 14 17.400 1863 052 50,19 1.20 0e7 ||F
1B.150 Panel & - 5 13 18,150 183 038 g0.19 1.30 1.27
14900 Panel & - 4 12 14,900 1.63 1.47 50,19 1.30 1.92
13650 Panel & - 3 11 13650 183 2,00 50,19 1.30 2561
12,400 Panel & - 2 10 12,400 1863 2,56 50,19 1.20 3,34
11150 Panel & -1 9 11,150 183 315 5019 1.20 410
- 4,900 Panel B 5-8 9,900
9,900 Panel B -2 T8 3.500
9,500 Panel B - 224 E 9.500 152 361 36,92 1.82 £.34
8814 PanelB -2 4 7 8814 1.61 383 3632 1.82 7.36
7.593 Panel B -1 5-6 7593
7593 Panel B - 1: W B 7533 1.61 437 36.92 1.66 7.28
E.373 PanelB -1: A ] 6373 1.7 465 36,52 1.82 883
. B0 PanelC 1.4 5000 =

Fig. 66 Page “Assessment” for lattice towers, tab “Notional forces”. Tab for diagonals is shown.

The buckling resistances and axial forces are shown in tab “Profile check”, see Fig. 67. The primary

forces resulting from static or dynamic calculation are shown as well as notional forces. Maximal

internal forces can be determined as only the primary forces, greater value of the primary and the

notional forces or as sum of the primary and the notional forces, see (5) H.4, EN 1993-3-1 [8].

Subsequently, the slenderness check is done according to recommendations given in Annex H, EN

1993-3-1 [8] and check of member resistance.
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2 Esmact E==ES]
{3 New [ Open [l Save [l Save As.. ¥ Close 8] Word About
i‘E‘kampie_T —-Ménupu\e -Examp\e-Z-i_altlce shucture
- Project, Standards |—Ana|yZE Members Dumb slements |
-Slucise Partil factors of mateiil Members selection o oo 1'% [ Dyt elerment check |
Type of the Stiuctue : y antl chack
5. Tower / Shatt gamms_MO- 1,00 = | Buckling length | Dumb element check force
Geomety gamma_M1= 100 : Diagonals | [Disgonels 2 | | Bucklingresistance | [1.00 L
Laltice stiueture definiion gamrna M2= |15 = e e
Lattice eross section characteristics - p Horizontals | [ Horzontals 2 | | Motionslforces | Deilections
Discrets Stucture Components Masial ntemal forces | Grealer of pimar and natienalforces | (Bracoal) [Bicimz) Frofile check (Bt aaEensteds
Matsrisks and Profiles Limiting factar of herizontal deflection: 2/ |50 : .
piy = | Connesion check. | [ Rotation check |
Limiting kactor of rotation 1,00 2 deg
LConnections Utilization overview
- Foundation [ (]
Total | [ Prafles | | Connestions
s (tess) (o) [Eommvion)
Caleulation Madel - - - - —
i arking femen cid esign fimary ational akimum fendemess lization lization
Lo Mark Element Height 0 P Nalional M Slend Utizat Utizat -
9 Pumber oftop bucking avial aial sl check [Diagonals]  check
Load combinations point esistance force forces force
=) Wertical Load
Ao kont N_bR_d N_sd M_sd 180
z |_| | |_s |_si {=
joei ot fmd Tkl ] 1]
=1 Horizontal Load
Wind v B 19900 Panel A 9-18 13,300 ok satisfied
Wind Directions and Drag Types 19,900 Panel & - 6 1B 19,900 46 124 0,02 1,24 ok 0.03 satisfied
i speediand s 18,650 Panel & - 7 15 18,650 b 1299 022 12,99 ok 028 sstisfied
Wind Drag
=i Analysis 17.400 Panel & -6 14 17,400 4 2856 087 2856 ok 061 saisfied | =
Shalt Computation Data 16,150 Panel & -5 13 16,150 46 050/ 1,27 050 ok 086 satistied
Analysis Method : : : : |
& Roslls 14,900 Pans| & - 4 2 14,900 45 3236 1,92 32,35 ok 070 satistied
Frequenciss 13650 Panel & -3 11 13,650 46 3423 261 3423 ok 074 satisfied
Hesulle 7 12,400 Panel & - 2 10/ 12400 68 3606 334/ 3,06 ok 053 satisfied
Foundation 11,150 Panel & - 1 3| 11,150 64 72| 410 37,72 ok 056 satistied
9,300 Panel B 5.8 9,300 ok satisfied
9,900 Panel B - 2 7-8 9,300 ok satisfisd
9.900 Panel 8-2. 5 9,300 4 16,95/ 634, 16,95 ok 040, satisfied
8514 Panel B-2 4 7 814 a 1783 7.3 17.83 ok 049 satisfied
7.593 Pansl B - 1 5.5 7593 ok satistied
7593 Panel 8-1: 5 7,593 7 1680 7.28 16,80 ok 046/ satisfied
6373 PanelB-1.4 5 6.373 3 1793 833 17,93 ok 058 satisfied
5,000 Panel C 14 5,000 ok satistied

Fig. 67 Page “Assessment” for lattice towers, tab “Profile check”. Tab for diagonals is shown.

The check of joints is carried out in tab “Connections”, see Fig. 68. The connection resistances are
defined on page “Connections”, see Fig. 16. In column “connection” user selects connection for
single member from connections defined on page “Connections”.

S E=S =l
D Mew [3 Open [ Save [ Saveds... % Close B Word About
| Example 1 - Monopole | Example 2 - Latlice stiuctuie
- Projec, Standards ] Members Durb elements |
EStugture Fartial factors of mateiial Members selection o it °°*  [[Dumb slement check |
- Type of the Structure _ AV Cher
& Tower / Shaft gamma_M0= 1,00 3 | Busking length | Dumb element check force
Gieometry gamma 1= 1.00 = [Diagonals2 | [ Buckingresistance | [1.00 o
Lattice structure definition gamma_ 2= 1,25 & —_ |7W\
Lattice cross section characteristics prm——— Herizantal: ‘Honzunla\sZ ‘ RgRCInIcEs Deflections
Discrele Structure Componerts Masitual intemal forces:| Greater of primany and notional forces = | [Beero1] |Becroz | Puofi cheok [Horizantal deflection check,
Mateisls and Profiles Limiting factar of harizontal deflection: 2/ |50 B —_ e
oo e ! z Connzetion check. [ Rotation check |
Limiting factor of rotation: 100 <] deg
Connections Utilization overview
;”“"‘Ida“ﬂ" [Total | [Profies | [ comnections |
noillaries s )
Calculation Modsl - - - -
& Lo Marking Element Height Connection  Conrection  Conneclion _ Check  Marimum Cornestion  Cornestion | =
g number af top 101+ desc resistance  intension  awial yiilzatian uilzation
i+ Load combinations poirt to clear] only foice (Diagonals) check
= Vertical Load
Shaw Laad -
Ice Load Z L%
&1 Heiizontal Load Il KNI - IkN]
Wind vy B 13500 Panel & 9.15 19300 - I saisfied
“Wind Directioris and Drag Types 19,900 Panel & - & 16 19,900 LD - 48 [ 124 0,03 satistied
a::: S‘f::d and Fressure 18,860 Panel 4 - 7 15 18,860 160 - | 1238 2 salisfied
= Analysis 17400 Panel 4 -6 14 17400 LED ~ 4 2956 053 satisfied ||
i b Ghaft Computation Data 16150 Panel 4 - 5 13 16150 Leo - 48 050 063 satisfied
© L Analysis Method : - - -
& Rosdls 14,300 Panel 4 - 4 12 14300 160 - 48 235 087 satisfied
& Frequencies 13650 Panel & - 3 1 13,650 LED = 48 IF 423 on satisfied
e 12,400 Panel & - 2 10 12.400 L7 - 43 [ B0E 07 satisfied
- hssessment ! 1 | — |
© Foundation 11180 Panel 4 -1 3 11150 70 - 8 772 078 satisfied
5,300 Pansl B 5-3 3,300 150 - 38 salisfied
5,300 Panel B -2 74 3,300 150 - B salisfied
9,900 Panel B - 2. g 9,300 150 - I 1635 0.44 satified
8514 PanelB-2 A 7 3514 150 - 3 [ 1783 047 satisfied
7,593 Panel B - 1 5-B 7593 LB0 G 38 satisfied
7593 Panel B -1 ¥ 6 7593 150 - B\ 1680 044 safified
6,373 PanelB -1 A 5 6373 50 - G 17.33 047 satisfied
| Eonano Fil e . I n I e

Fig. 68 Page “Assessment” for lattice towers, tab “Connections”. Tab for diagonals is shown.
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Primary axial forces in dumb elements are checked in tab “Dumb element check”, see Fig. 69.

U] Mew |j' Open I save [ Save As.. X Close Wold About |

ExamE\e 1 - Manopole Example 2 - Lattice structure ‘
+ Project, Standards Members Durmb elerments
Resi forces

=i+ Struct 5 ) :
Ealnglae Partial factors of material Members selection Iand check

i Type of the Structure =
gamma_Mi= 1,00 Buckling length Dumb element check force
Diagonats 2.

- Tawer ¢ Shaft
- Geomety gamma_M1= 1.0 BuskinaiEsince) 1.0 |'3‘|| N
- Lattice struchure definition = [1.25 e =
amma_M2= |1 =
- Lattice cross section charactenistics ; - otitals 2 ] Muotional forces ] Deflections
ing2 ] [ Pofle check | Harizania delction check
el

Tl

- Digcrete Structure Companents Marimal intemnal forces,| Greater of primary an:
- Materials and Profiles Limiting factor of harizontal deflection: 2/
- Bolts Limiting factor of rotation 1.00
Connections
- Foundation
- Ancillaries
Calculation Maodel » -
Loading tarking Element Height Primary [rumb
S number of top axial element
Load combinations poirt Pty check
- Nertical Load
i -Snow Load
- lce Load
- Horizontal Load
Wind
- wfind Directions and Drag Types
~find Speed and Pressuie
Wind Drag
Analysiz
.. Shaft Computation Data
- Bnalysis Method
= Results
i.. Frequencies
- Results
i Agsessment
- Foundation

i}
m

M_=d
[kN]

5

el | :\f{
1,374 Panel C-1: A

Fig. 69 Page “Assessment” for lattice towers, tab “Dumb element check”. Tab for horizontals is

shown.
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Horizontal deflection check and rotation check is carried out in tabs depicted in Fig. 70, resp. Fig. 71.

& Exmact | ] ]
3 Mew [§ Open [gf Save |g Save As .. X Close B8] Word About
“E-xam 5 énupue! Example 2 - Lattice shuchure |
Project, Standards Analyze Menmbers . Durnb elements ‘
Structure E 7 Resistance forces
Tyne: of the Structure Partial factors of material Members selection and check Db element check.
£ Tower / Shat gamma M- 100 2 [[Leas | [ Buckinglengh | Dumb element check farce
- Geomelry n garmma_td1= |1.00 : (Disgonals | [ Diagonals2 | [Buckiing resistence | [1.00 2
Lattice stucture definition gamma_ 2= [1.25 i
- Lattice cross section characteristics i __ I Hurizontals J l Horizontals 2 | I Mational forces ‘
--D\scrt?:le SIIUCIUIE.CDWDDHEH[S Masimal internal forces:| Greater of primary and n.ulluna\ faices " | i | | A | | Profile check J Hurizantal deflection check
tdaterials and Profiles Limiting Factor of harizontal deflection: 2/ |50 = : .
P I Connection check | | Fotation check. ]
ROk Limiting factor of ratation 1.00 i deg
- Connections Utilization overview
T Foundation | Total ‘ ‘ Profiles ‘ ‘ Connections |
- Ancillaries T
Caloulation Model T 7 T T i
Leading Marking Element Height Horizantal Lirniting Harizontal Check -
e o number of top deflection value deflection
Load combinations point ulilization
Werlical Load
Snow Load
-lee Load [:1] ]
= Horizontal Load L L l
- \ind 3 ' 19,900 Panel & 9-16 19,900 398 satisfied
- Wind Directions and Drag Types 19,900 Panel & - 8 186 13,900 116 298 029 | satisfied
‘wind Speed and Pr
T e 16850 Panel - 7 15 18660 105 373 028 | saictied E
Analysis 17400 Panel & - & 14 17,400 9 348 0,27 | satistied
shaltlomputdion Data 16,150 Panel & - 5 13 16,150 &2 323 0,25 | satisfied
- Analysis Method o
14,900 Panel & - 4 12 14,900 T 298 0,24 | satisfied
Frequencies 13,650 Panel & - 3 11 13,650 (1) 273 0,22 | satisfied
12400 Panel & - 2 10 12.400 50 248 0.20 | satistied
Foundation 11,150 Panel & - 1 ] 11,150 40 223 018 | satisfied
- 9,900 Panel B 5-8 9,900 198 satisfied
9900 Parel B - 2 V-8 9.900 138 satisfied
9,900 Fanel B - 2: 4 & 9,500 3 198 0.1B | satisfied
8874 PanelB - 2: A 7 84814 24 176 0,14 | satisfied
7593 PanelB -1 5-6 7593 152 satisfied
7.593 Panel B - 1:4 & 7593 18 162 012 | satisfied
L7 DanalD 1 £ I 1 1 009 satictiad i

Fig. 70 Page “Assessment” for lattice towers, tab “Horizontal deflection”

& Ewmact [E=2E=R===
A Mew [§ 0O Save [g Save As.. X Close 8] Ward About
‘_.E-xampie_‘\ --.M-;nopoﬂg { _Examp\e 2_-L-alllce shiucture ]
Project, Standards Anaiize Members Dumb elements |
1 Stucture F\Wylf‘ i Memb Jocti Resistance forces e
Tope of the Stuchure aitial factors of material: : embers selection and check
=1 Tower / Shaft gamma_MO= .00 x ‘ Legs ‘ ‘ Buckling length | Dumb element check force
ecmety B gamma_b1= 100 : (Diogorchs | [Diagonaisz | | Bucklngresisterce | 100 =]
Lattice structure definition gamma M2= |1.26 gy
Lattice cross section characteristics - { Horizontals ] l Horizontals 2 | { National farces ‘ Deflections
iscrete Structure Components M awimnal internal forces | Greater of primary and notional forces + ‘ Biacing 1 | | R ‘ ‘ Profile check J Harizantal deflection check
Materials and Profiles Limiting factor of horizortal deflection: 2/ |50 : ——— - —— EE—
lts g | Connection check | _F\D-tat\un check
ol Limiting factar of ratation: 1,00 = deg
Connections Utilization overview
i Fnur.wda.tlnn ‘Tulal ‘ ‘FIUNES | |Cunnect\uns |
Ancillaries e
Calculation Model
Loadin Marking Element Height Rotation Rotation Rotation Check ~
4 2 humber of top lirniting utilization
Load combinations print valiie
2
Horizontal Load [l [degl] [cec]
L ind 3 - 19,900 Panel & 3-16 19,900 1.00 satisfied
i Wwfind Directions and Drag Types 19,900 Panel A - & 16 13,800 051 1.00 051 | satisfied
ind Speed and P | i l e : I | SR
e i 18,650 Pael &.-7 15 18,650 051 1.00 051 | satisied 1=
Leind Dirag ! ! ! ! !
Analysis 17.400 Panel & - & 14 17.400 052 1.00 0,52 | satisfied
ohaft Computabon Dt 16,150 Panel - 5 13 16150 051 100 057 salisfied
Analysis Method T T T T T
Results 14,900 Panel & - 4 12 14,900 0.50 1.00 0,50 satisfied
Frequencies 13650 Panel A - 3 11 13,650 0.48 1.00 0.48 | satisfied
fiosuls 12,400 Panel 4, - 2 10 12.400 D44 1.00 0,44 | satisfied
i Assessment 1 1 1 | |
L. Foundation 11,150 Panel & - 1 | 11,150 0.41 1.00 0,47 | satisfied
- 9,900 Panel B 5-8 9,900 1.00 satisfied
9,900 Parel B -2 7-8 9,900 1.00 salisfied
9,900 Panel B - 2.V g 3.5900 038 1.00 0,38 satisfied
8814 PanelB -2 A 7 8814 0.2g 1.00 0,28 satisfied
7.593 Panel B -1 5-F 7.593 1.00 satisfied
7,593 Panel B - 1: 1 E 7593 .28 1.00 0.28 | satisfied
£9779 Danal D L1 5 = ni 100 ni1 izfiarl 1t

Fig. 71 Page “Assessment” for lattice towers, tab “Rotation”
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Ultilization overwiew of profiles and connections is depicted in tabs presented in Fig. 72, resp. Fig.

73. Overall check review is shown in tab “Total”, see Fig. 74.

. Bamact (=S
[ New [§ Open [ Save [ Save As.. X Close B Ward About
| Example 1 - Manopole | Example 2 -Lattice structure
Froject, Standards [ Members Dumb elements
- Lo J Resistance K
5“”%“; e Fartial factors of materiak Members selection and check o Dumb elemant check
1 Tower / Shaft gamma_t0= 1,00 s [Leas | [ Buckling length | Durb element check force:
-~ Gieamatry ) gomma_f1= 1.0 = [Diagonal: | [Disgonalsz | [ Buckingresistance | [1.00 o kN
Lattice structure. \:!ehmtlun gemma_M2=  1.25 2 |N — |
Lattice cross section characteristics " ; | Horizontals | | Horizantals 2 | otional forces Deflections
- Diserete Structure Components Marimal internal forces| Greater of primary and national forces " | Bracing 1 | ‘ Bracing 2 ‘ | Prfle check | [ Horizontal deflection check
- Materials and Profiles Limiting factor of horizontal deflection. /|50 z
i " i [ Connestion check | [ Rotation check
ol Lirmiting factar of ratation: 1.00 | deg
Connections Utiliza Glicw
;:‘;Et;" [ Total || Profies [N Connections
Caloulation Mode!
; srking e sic ization izstion ization ization izstion ization ization
5 Loacit Marki Element Height Utiizat Utiizzt Utiizat Utizat Utizat Utiizat Utiizat -
8. number o tap [Legs) [Disgonals]  (Disgonals?)  [Horzontsls)  [Herizontsls?)  [(Bracingl]  [Bracing?]
Load combinations S
£ Vertical Load
- Snow Load
-loe Load &
=1 Horizontal Load
Wind 12,400 Panel 4 - 2 10 12,400 050 053 007
‘wiind Directions and Drag Types 11,150 Panel 4 - 1 9 11,150 0,62 056 0.21
-\wiind Speed and Pressurs
ind Drag 4,500 Parel B 5.8 9,500
=1 Analysis 4,500 Panel B - 2 78 5,300
Shaft Computation Data 9900 Panel B - 2: 8 9.300 0,74 040 047
Analpsis Method - : -
& Results 8814 Panel B - 2. A 7 2814 0,76 0.49 0,05 004
Frequencies 7,593 Panel B -1 5.6 7.593
Heslls 7.593 Panel B -1: ¥ E 7.593 0,87 0,46
Assessment | I I
Foundation 6,373 PanelB-1: & 5 6,373 083 058 007 006 |
5,000 Panel C 14 5,000
5,000 Panel € - 2 34 5,000
5,000 Panel C- 2: ¥ 4 5,000 0.74| 022
2,868 Panel C -2 4 3 3988 | 0,75 026 0,03 008
2,521 Panel €1 1-2 2521
2521 Panel C-1: ¥ 2 2621 082 025
1,374 Panel C-1: & 1 1,374 0,84 030 o1 010
H “” 77 H HH H H " H ”
Fig. 72 Page “Assessment” for lattice towers, tab Utilization overview of “Profiles
% Bamact [E==EC]
[ New [§ Open [ Save [ Save As.. X Close B Ward About
| Example 1- Manapole | Example 2 - Lattice stucture
Froject, Standards [ Members Dumb elements
- Lo J Resistance K
5“”%“; e Fartial factors of materiak Members selection and check o Dumb elemant check
S Tower £ S haft gsmma_M0= 1,00 3 [Leas | [ Buckling length | Dumb element check force
. . [t 2 — s
Eeumelry L gamma_M1= 1. [Diagonal: ‘ [Diagonals 2 | | Buekling resistance | 1,00 LUl
atice structure definiion gamma M2= [1.25 = (hatisa |
Lattice cross section characteristics " ; | Horizontals | | Horizantals 2 | otional forces Deflections
- Diserete Structure Components Marimal intenal forces| Greater of primary and national forces " | Bracing 1 | ‘ Bracing 2 ‘ | Prfle check | [ Horizontal deflection check
- Materials and Profiles Limiting factor of horizontal deflection. =/ |50 z
i " i > [ Connestion check | [ Rotation check
. Limiting factor of ratatian: 1.00 =] deg
Connections Utilization overvi
Fersaion (Tola) (R
Ancillaiss e
Caloulation Mode!
L Loadin Marking Element Height Connection  Connection  Comnection  Cornection  Correction  Connection  Connection || #
g 5 number of tap utilization utilization utilization utilization utilization utilization utilization
\'-’Uad E‘Dl_mb"d'a“w pint [Legs) (Disgonals]  (Diagonals2)  (Hoizontls)  (Horizontals2)  (Bracingl]  (Bracing2)
=1 Vertical Loa
- Snow Load
-loe Load &
Horizontal Load
Wind 12,400 Panel 4 - 2 10 12,400 075 007
“wind Directions and Drag Types 11,150 Panel & - 1 3 11,150 0,50 078 016/
-\wiind Speed and Pressurs
ind Drag 4,500 Parel B 5.8 9,500
- Analsiz 9,300 Panel B - 2 7-8 3,300
sl Computiion Disls 5,900 Panel B - 2: ¥ 8 9,300 044 045
Analpsis Method - :
& Fssulls 8814 Panel B - 2. A 7 2814 047 010 005
7,593 Panel B -1 5.6 7.593
7.593 Panel B -1: ¥ & 7,593 044
Assessment 1 !
Foundation 6,373 PanelB-1: & 5 6,373 0,73 047 012 006 |
5,000 Panel C 14 5,000
5,000 Panel € - 2 34 5,000
5,000 Panel C- 2: ¥ 4 5,000 031
2,868 Panel C -2 4 3 3988 | 032 014 007
2,521 Panel €1 1-2 2521
2521 Panel C-1: ¥ 2 2621 030
1,374 Panel C-1: & 1 1,374 0,70 032 016 008

Fig. 73 Page “Assessment” for lattice towers, tab Utilization overview of “Connections”
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= Exmact
[ Mew [T Open [ Save [ Save ds.. X Close W] Word About
[ Example 1 - Monopole| Example 2 - Lattice stucture
E[n\el:t,standards T Members N Durb elements
= TuchLre TR = - esistance lorces [ﬁ
i : Duinb element chy
" Tupe of the Shuctue Patial factors of materiak ] Members selection ey b element check
o Tower / Shat gamma_M0= 1.0 5 [Legs | [ Buckinglength | Dumb element eheck force
Geamely gamma_M1=|1.00 ¥ [ Diagorils | [Diagonals2 | [ Bucking resistance | 1.0 o kN
Lattice structure definition gamma_Mz= 1.25 = -
Lattics crass section characteristics = : [ Horizontals | [ Horizontals 2 | [[Mational forces | Deflactions
Diserete Stucture Components Masimal intemal forces] Greater of primay and nofional farces | (Brscing1 | [Bracing2 | | Proiile cheek. | [ Horizontal deflection check |
Malerials and Frofiles Limiting factor of horizortal deflection: =/ |50 5
Bolls z [ Connection check | [ Rotation check
Liniting factor of rolatiors: .00 2] dea
Connections overview
Foundation [ "
Total | Frofies | | Connestions
e gt (Pl ] [ Eomesion
Calculation Madel - - - -
| Looting Marking Element Height Herizantal Figtation Masimum Masimum Dunb Slendemess  Check .
7 number ol top deflection utiizalion profle comnestion  element check
Load combinations poirit utiizatior Liiiztici utiizaticir check
) Vettcal Load
Snow Load
lee Load 2
=1 Hotizontal Load
: v B 19900 Panel s 3-16 19,300 crceeds satisfied
and Directions and Drag Types 19,900 Panel &8 16 13,300 0,23 051 0,027 0,026 | ok ok satisfied
i Sheedand Fresare 15,650 Panel 4 - 7 15 18,650 0,28 051 0,3m 0,269 ok srceeds satistied
Wind Diag I | I |
=) Analysis 17,400 Panel & - & 14 17,400 027 052 0615 0592 ok ok satisfied £
dhaitComputahonDiats 16,150 Panel & -5 13 16,150 0,25 051 0556 0632 ok erceeds satisfied
Analysis Method
U Resdls 14,900 Panel 4 - 4 12 14,500 024 050 059 0571 ok ok satisfied
Fiequencies 13,650 Panel 4-3 1 13,850 0.22 048 0,737 0,710 ok excaeds satistied
hlesis 12400 Panel & - 2 10 12400 020 044 0531 0,743 ok ak satisfied
Assessment
Foundation 11,150 Pianel & - 1 ] 11,150 018 041 0520 0,782 ok exceeds satisfied
- 9,00PanelB 5:8 9,300 ok satistisd
9,300 Panel B -2 78 9,300 ok satistied
9,300 Panel 8 - 2. ] 9,300 08| 038 0,743 0,448 ol ok satislied
874 PanelB:2: 4 i a514 0.14 0,28 0,758 0,457 ok ok satisfisd
7,593 Panel 8- 1 5:6 7,593 ok satistisd
7,593 Panel 8-1: Y/ 3 7593 012 028 0,866 0,440 ol ok satisfied
6,373 Panel 8 -1: 4 5 6,373 0.09 018 0,889 0,731 ok ok satislied
5,000 Panel C 1-4 5,000 ok satisfied &

Fig. 74 Page “Assessment” for lattice towers, tab “Total”

7.9.4 Assessment — monopoles and chimneys

The resistance of members and their check is determined on the page “Assessment”, see Fig. 75.

The page is composed of several tabs. Tabs “Cross section classification”, “Resultant characteristics”,
“Characteristic buckling resistance in compression”, “Characteristic buckling resistance in shear”,
“Resistance of cross-sections”, “Maximum forces” and “Cross section check” are prepared for bottom
and top points of elements.

Cross sections are classified and openings can be defined first. It is assumed that edges of opening
are stiffened and rigidity of stiffener allows use the same class as for cross section without opening.
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Fig. 75 Page “Assessment” for monopoles and chimneys, tab “Cross section classification”. Tab for

bottom points is shown.

The cross section characteristics with influence of opening are evaluated in tab “Resultant

characteristics”, see Fig. 76.
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Fig. 76 Page “Assessment” for monopoles and chimneys, tab “Resultant characteristics”. Tab for
bottom points is shown.

If class of cross section is 4, the cross section resistance is determined according to EN 1993-1-6 [6]
or DIN 18800-4 [21]. The buckling resistances in compression and shear are calculated in tabs

“Characteristic buckling resistance in compression”, see

resistance in shear”, see Fig. 78.

Fig. 77 and “Characteristic buckling
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Exampl 1 -Maropole | Exanple 2- Lalis stuclure

Frojest Stardads.
Structure Cross section classification
Tipadk hoStucue Patal actor of materik B
Tower / Shalt i =
amma M= 110 =
i sanma fil= [170 ] r—
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Fig. 77 Page “Assessment” for monopoles and chimneys, tab “Characteristic buckling resistance in
compression”. Tab for bottom points is shown.
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Fig. 78 Page “Assessment” for monopoles and chimneys, tab “Characteristic buckling resistance in
shear”. Tab for bottom points is shown.

The resitances of cross sections of class 1-3 are determined according to EN 1993-1-1 [5] or DIN
18800-1 [19]. The review of cross section resistances is shown in tabs “Bottom resistance of cross
sections”, see Fig. 79, and “Top resistance of cross sections”.
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Fig. 79 Page “Assessment” for monopoles and chimneys, tab “Resistance of cross sections”. Tab for

bottom points is shown.

68



USER’S MANUAL

The recapitulation of maximamum forces is shown in tabs “Maximum forces” for bottom and top
points of panels, see Fig. 80.
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Fig. 80 Page “Assessment” for monopoles and chimneys, tab “Maximum forces”. Tab for bottom

points is shown.

Utilization of cross section is shown in tab “Cross section check”, see Fig. 81.
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Fig. 81 Page “Assessment” for monopoles and chimneys, tab “Cross section check”. Tab for bottom

points is shown.

The check of joints is carried out in tab “Connections”, see Fig. 82. The connection resistances are
defined on page “Connections”, see chapter 7.3.11. In column “connection” user selects connection

for single node from connections defined on page “Connections”.
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Fig. 82 Page “Assessment” for monopoles and chimneys, tab “Connection check”
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Horizontal deflection check and rotation check is carried out in tabs depicted in Fig. 83, resp. Fig. 84.
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Fig. 83 Page “Assessment” for monopoles and chimneys, tab “Horizontal deflection check”
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Fig. 84 Page “Assessment” for monopoles and chimneys, tab “Rotation check”
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Overall check review is shown in tab “Check”, see Fig. 85.
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7.9.5 Foundation

85 Page “Assessment” for monopoles and chimneys, tab “Check”

Resistance of foundation base and stability of tower and pad according to EN 1997-1 [10] is checked

on this page. Limit state GEO (bearing resistance and sliding resistance in foundation base) is situated

on the left side of page, on the right side there is limit state EQU (overall stability), see Fig. 86. On

upper part of page user can see design values of loads in anchoring level. Impact of loads is

computed for all wind directions and load combinations. Maximum utilization of both limit states is

given on the top of page.

In case of towers, where only wind direction 0° is computed (monopoles and chimneys), for tower

assessment direction 45° is added for foundation assessment.

For DIN standards characteristic value of loads in anchoring lever are given. Foundation is checked

according to [22] using safety factors showed on left upper side of page, see Fig. 87.

ATTENTION: Calculation does not include influence of groundwater. If groundwater is present, the

foundation assessment cannot be used.
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8 Report

The report is automatically created. Report templates are prepared in directory “Templates”. The
templates can be alternatively changed according to user requirements. This function is not available
in Demo version.
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10.2 National annexes of eurocode

10.2.1 Czech Republic
[CZE1] €SN EN 1990/NA: 2015-05

[CZE2] CSN EN 1991-1-1/NA: 2004-03
[CZE3] €SN EN 1991-1-3/NA: 2013-06
[CZE4] CSN EN 1991-1-4/NA: 2013-07
[CZE5] €SN EN 1993-1-1/NA: 2011-07
[CZE6] €SN EN 1993-1-6/NA: 2008-09
[CZE7] CSN EN 1993-1-8/NA: 2013-11
[CZE8] CSN EN 1993-3-1/NA: 2008-09
[CZE9] €SN EN 1993-3-2/NA: 2008-09

[CZE10] €SN EN 1997-1/NA: 2006-09
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10.2.2 Germany
[DEU1] DIN EN 1990/NA: 2010-12

[DEU2] DIN EN 1991-1-4/NA: 2010-12
[DEU3] DIN EN 1993-1-1/NA: 2015-08
[DEU4] DIN EN 1993-3-1/NA: 2015-11

[DEUS] DIN EN 1993-3-2/NA: 2010-12
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