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  PART I  - SYSTEM DESCRIPTION

1. INTRODUCTION

AST109 steel support towers manufactured by Altrad-Mostostal Spółka z o.o. based in Siedlce, Poland, are a new pro-
posal for the construction industry customers that you can use to solve the problems with supporting components 
with a high dead weight. The developed tower support system assumes the use of few components for the configura-
tion of towers with different load-bearing characteristics.

The system can be used to create a wide range of setup configurations which may cause questions. In case of doubt 
please contact our representatives at the company's headquarters.

The stability of the AST109 tower assemblies must be under the constant control of competent persons especially 
during installation and removal. The towers can  only be installed or removed by trained persons and under the su-
pervision of competent technical services. 

Components of full value manufactured by Altrad-Mostostal Spółka z o.o. with confirmed technical characteristics 
should be used for installation.

Prior to installation check the technical condition of the components and use only good components for installation. 
Do not use damaged components.

Installation, removal and relocation should be carried out in the least risky way paying attention to the possibility 
of falling from a height. These activities should be carried out in a way that reduces the risk to a minimum.

Installers erecting the towers must be equipped with personal protective equipment corresponding to the existing risk 
taking into account the actual conditions at the installation site.

Conditions to be considered when selecting personal protective equipment:

 � employee skills (qualifications),
 � type and duration of exposure to risk in the area of work,
 � likelihood of falling from a height,
 � condition of the surface which the worker may fall on,
 � condition of the workplace and access to it.

The necessary technical, organizational and personal resources must be provided for the time of installation, removal 
and reconstruction.

Personal protective equipment must correspond to the work situation and must take into account the legal regulations 
in force in the given installation area.

The basic attachment points for the lanyards are shown in in chapter 3 (I Part ).  These points are tested using the drop 
tests. Other attachment points for the lanyards must be checked individually by the installers. 

Before the tower installation a work completion plan must be presented with a design of the layout and a description 
of the equipment to protect the employees. 

The work completion plan cannot provide for the throwing of components during installation. The components can be 
transported manually in a way that prevents them from slipping out or falling.



AST109 SUPPORT TOWER 6

Persons who are authorized to erect scaffoldings have sufficient skills to install and supervise the erection of support 
towers.

The support tower installation and use manual must be available on the tower installation site.

Each user of the support towers is required to carry out daily inspections of the technical condition and status of the 
installed assemblies.

Should any damage or missing assembly components be found the support towers should be supplemented with the 
missing components or decommissioned.

2. COMPONENT EVALUATION CRITERIA

Use only scaffolding components of full value for installation.

Components with visible signs of damage cannot be used. In particular, it is not allowed to use:
 � components with traces of corrosion in the connection zones (welds),
 � load-bearing frame type components with visible damage in the form of pipe bends, cross-section deformations,
 � steel platforms with damaged sheathing, damaged or bent hooks,
 � aluminium and plywood platforms with damaged plywood sheathing in the form of delamination, cracks,
 � swelling, cavities or bent load-bearing platform beams,
 � screw bases with damaged threads, bent pins or hard-to-turn nuts.

Destroyed components should be replaced with faultless ones and the components with such damage that they can-
not be repaired on site should be sent for repair. You can straighten the components only if the circular cross-section 
is not deformed.
It is forbidden to repair load-bearing structure components, i.e. stands, braces and bases.

3. FRAME AND TRANSOM NODE CONNECTION SPECIFICS (ROPE INSTALLATION)

 ― Steps for Fastening Transoms to Node

Fig. 3.1 Fig. 3.2 Fig. 3.3

a. In the first stage (Fig. 3.1) slide the transom head onto the hole disc so that the head covers the disc.
b. Insert the wedge through one of the seven holes in the disc and set it upright. (Fig. 3.2)
c. Tap the wedge with a 500 g hammer until the correct connection is obtained. (Fig. 3.3)
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Fig. 3.4

By installing the transoms in the small holes of the disc we will obtain a rectangular grid of the tower. The large holes 
of the discs are intended for connecting the braces.  These holes used to connect the transoms make the transoms 
rotate around the vertical axis of the load-bearing pipe. Fig. 3.4 shows the range of possible adjustments.

The components of the load-bearing frames in the tower system are made of the pipe of Ø 48,3 mm with 3.2 mm 
wall.

 ― Locations for attaching the lanyards to the AST109 tower components

a) b) c)                              Fig. 3.5

 These points are tested using the drop tests. 

 ―Materials:

The basic material most of the details are made with is S355JR steel. The locking components such as a wedge are 
made of S550MC steel.
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4. SUPPORT TOWER INSTALLATION STEPS

 ― Frame 1.0 m Version

4.1 Lay wooden sleepers on the stabilized ground at a spacing 
corresponding to the transverse dimensions of the tower. 
Position the screw bases on the sleepers. Keep the rule of 
at least two bases on one sleeper.

Fig. 4.1

4.2 Mount two 0.7 m frames on the bases, then connect them 
with a horizontal brace and a transom.

 
Fig. 4.2

4.3 Attach three transoms to the assembly in Fig. 4.2 and 
adjust the vertical and horizontal position of the assem-
bly. Use the base nuts for adjustment. Install four base 
connectors to avoid losing the bases during transport by 
crane. 

 

Fig. 4.3
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Fig. 4.4 Fig. 4.5

4.4 Attach two braces and four platforms to the as-
sembly in Fig. 4.3. 

4.5 Attach two frames and four cotters to the assem-
bly in Fig. 4.4.

Fig. 4.6 Fig. 4.7

4.6 Attach two transoms to the nodes. 4.7 Attach two braces on the opposite sides.
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Fig. 4.8 Fig. 4.9

4.8 Install two frames of the next level and the four 
cotters connecting the frames.

4.9 Install two horizontal transoms, then brace the 
second level of the frames.

Fig. 4.10

4.10 Standing on the platform of the first level, move the steel platforms from the first level position to the se-
cond level and install them as shown in the figure.
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4.11 Climb onto the second level platform and fill the 
gap with the last platform, creating a safe surfa-
ce for further work. 

Fig. 4.11

4.12 Standing on the platform, install two frames 
of the next level, connect them with horizontal 
transoms and install four cotters. Install the 
braces on two opposite walls of the tower.

Fig. 4.12
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4.13  Proceed in the same way as in sections 4.10 and 4.11 
and move the platforms from the second level to the 
third level, climb onto the platform created in this way 
and fill the gap with the fourth platform.

Fig. 4.13

4.14 From the third level install two 0.5 m steel frames, 
four cotters, two horizontal transoms, one horizontal 
brace and two vertical braces as shown in the figure. 

Fig. 4.14
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4.15 Install four cross heads into the upper vertical 
tubes of the frames. Adjust the protrusion of the 
heads to the desired length according to the he-
ight and load capacity tables. Use the nuts for 
adjustment. 

Fig. 4.15

4.16 Mount wooden or steel girders on the cross he-
ads, as needed. 

Fig. 4.16

NOTE: Towers should be joined together to increase stability. 
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 ― Example of an installed support tower with frames H = 1 m
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 ― Frame H = 2.0 m Version

Fig. 4.17 Fig. 4.18

4.17 Lay wooden sleepers on the stabilized ground 
at a spacing corresponding to the transverse 
dimensions of the tower. Position the screw 
bases on the sleepers. Keep the rule of at least 
two bases on one sleeper.

4.18 Mount two 0.7 m frames on the bases, then 
connect them with a horizontal brace and 
a transom.

Fig. 4.19 Fig. 4.20

4.19 Attach three transoms to the assembly in 
Fig. 5.18 and adjust the vertical and horizontal 
position of the assembly. Use the base nuts for 
adjustment. Install four base connectors to avo-
id losing the bases during transport by crane.  

4.20 Attach two braces and four platforms to the 
assembly in Fig. 4.19.
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Fig. 4.21 Fig. 4.22

4.21 Attach two 2 m frames and four cotters to 
the assembly in Fig. 4.20.  

4.22 Install two horizontal transoms, then brace 
the bottom level of the 2 m frames. 

Note: Frames that are 2.0 m high should be installed by two persons.

Fig. 4.23

4.23 Install two horizontal transoms, then brace the top level of the 2 m frames.
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4.24 Standing on the platform of the first level, 
move the steel platforms from the first level 
position to the second level and install them as 
shown in the figure.

Fig. 4.24

4.25 Fasten two 2 m frames and four cotters to the 
assembly in Fig. 4.24. Install two horizontal tran-
soms, then brace the bottom level of the frames 
on the installed level as shown in the figure. 

Fig. 4.25

Note: Frames that are 2.0 m high should be installed by two persons.
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Fig. 4.26 Fig. 4.27

4.26 Standing on the platform move the steel plat-
forms from the bottom position to the upper 
position of the top level and install them as 
shown in the figure.

4.27 Climb onto the created platform and install two 
horizontal transoms, two vertical braces and 
a horizontal brace of the top level as shown in 
the figure
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Fig. 4.28 Fig. 4.29

4.28 Install four heads from the created platform, 
as shown in the figure.

4.29 Mount wooden or steel girders on the cross he-
ads, as needed 
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5. HORIZONTAL AST109 TOWER INSTALLATION

The design of the AST109 towers allows you to install all available configurations in a horizontal position. 

The installation sequence does not differ significantly from the installation shown in the previous chapter. The structu-
re is supported on wooden sleepers, slightly elevated above the ground level to facilitate the installation of the com-
ponents as the installation progresses.

This installation method avoids the risk of the installer falling from a height. When the tower component installation 
is complete lift the tower with a crane to the working position. Before you lift the assembly check that all required 
cotters have been installed and the bases protrude to the same length. The bases should be secured against falling 
out of the lower frames by installing the base connectors. To precisely determine the tower height adjust the nuts 
of the bases and the nuts of the cross heads.

If work at height is required later, when the tower has been lifted to the working position, install the steel platforms 
at the desired level. 

 ― Example of horizontal installation

Base structure installation Fig. 5.1 View of installed base structure Fig. 5.2

Base structure + frame of h-2.0 m installation Fig. 5.3 Base structure + frame of h-1.0 m and h-0.5 m installation Fig. 5.4
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Horizontal view of the whole structure, 

frames of h - 2.0 m

Fig. 5.5 Horizontal view of the whole structure, 

frames of h - 1.0 m

Fig. 5.6

6. AST109 SUPPORT TOWER REMOVAL

The tower can be removed after removing the load acting on the tower structure. The load is relieved by lowering 
the cross heads. Do not relieve the towers by lowering the base nuts. This may cause the tower to topple over or stres-
ses to rise beyond those permitted for the interconnected towers.

7. AST109 TOWER SYSTEM COMPONENTS

7.1 Steel frame 0.5 x 1.09 m

The top steel frame that forms the top end of the AST109 to-
wer. Equipped with pilot pipes for vertical connection to the lo-
wer level. Installed on the last floor of the tower.

Part number Weight [kg]

A 52 10 109 13.51

Fig. 7.1
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7.2 Steel frame 1.0 x 1.09 m

Basic frame that forms the main body of the AST109 tower. Equip-
ped with pilot pipes for vertical connection of successive levels. 
Installed in the middle section of the tower assembly.

Part number Weight [kg]

A 52 11 109 21.25

7.3 Steel frame 2.0 x 1.09 m (installed by two people)

Basic frame that forms the main body of the AST109 tower. It is 
an alternative to two 1.0x1.09 m frames. Equipped with pilot pi-
pes for vertical connection of successive levels. Installed in the 
middle section of the tower assembly.

Part number Weight [kg]

A 52 21 109 40.30

Fig. 7.2

Fig. 7.3
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7.4 Steel frame 0.71 x 1.09 m

The bottom steel frame that forms the body base of the 
AST109 tower. The bottom section works with the bases, 
the top section works with the pilot pipes of the higher 
level frames. Installed in the bottom section of the tower 
assembly.

Part number Weight [kg]

A 52 12 109 17,46

7.5 Adjustable base 0.6 m

The steel base transfers the entire load from the AST109 
tower to the ground. Ensures vertical adjustment be-
tween 0÷40 cm. A threaded rod acts as a load-bearing 
component. Works with the 0.71 x 1.09 m frame. Installed 
in the bottom section of the tower assembly. 

Part number Weight [kg]

A 52 01 060 6.49

7.6 Cross threaded head 0.45 m

The head transfers the loads from the object to the 
AST109 towers through the support girders. Ensures ver-
tical adjustment between 0÷25 cm. A threaded rod acts 
as a load-bearing component. Works with the 0.5 x 1.09 m 
frame. Installed in the top section of the tower assembly. 

Part number Weight [kg]

A 52 02 045 10.98

Fig. 7.4

Fig. 7.5

Fig. 7.6
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7.7 Cotter

A spring component that protects the frames in-
stalled on subsequent levels against disconnection. 
Works with all frames. Installed at the pipe-pivot 
connection. 

Part number Weight [kg]

MP-112 0.1

7.8 Base connector

A spring component that protects the frames in-
stalled on subsequent levels against disconnection. 
Works with all frames. Installed at the pipe-pivot 
connection.

Part number Weight [kg]

A 52 01 001 0.87

7.9 O-transoms

A set of connecting components used to obtain the 
appropriate frame spacing. The components are 
used to obtain the longitudinal dimension of the 
cross-section of the towers. They also act as sup-
ports for the auxiliary installation platforms. They 
come in 5 lengths. Installed at vertical spacings 
of 0.5 m and 1.0 m in the tower structure.  

Part number Weight [kg]

E 37 18 10 O-transoms 1.09 m 4.56

E 37 18 15 O-transoms 1.57 m 5.56

E 37 18 20 O-transoms 2.07 m 7.08

E 37 18 25 O-transoms 2.57 m 9.07

E 37 18 30 O-transoms 3.07 m  10.10

Fig. 7.7

Fig. 7.8

Fig. 7.9
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7.10 Vertical braces

A set of components connecting frame nodes dia-
gonally in a vertical plane.  The components make 
the tower grid vertically rigid. They are installed 
on the side walls along the length of the tower be-
tween the frames. They come in 10 lengths.

Part number L x H [m] Weight [kg]

E 37 32 10 1.09 x 1.0 5.79

E 37 32 11 1.09 x 0.5 4.87

E 37 32 15 1.57 x 1.0 6.86

E 37 32 16  1.57 x 0.5 6.18

E 37 32 20 2.07 x 1.0 8.12

E 37 32 21 2.07 x 0.5 7.59

E 37 32 25 2.57 x 1.0 9.46

E 37 32 26   2.57 x 0.5  9.03

E 37 32 30 3.07 x 1.0 10.83

E 37 32 31 3.07 x 0.5 10.48

7.11 Horizontal braces

A set of components connecting frame nodes dia-
gonally in a horizontal plane.  The components make 
the tower grid horizontally rigid. They are installed 
on the lower and upper frames of the tower. They 
come in 5 lengths.

Part number A x B [m] Weight [kg]

A 52 08 100 1.09 x 1.09 6.16

A 52 08 150 1.09 x 1.57 7.52

A 52 08 200 1.09 x 2.07 9.08

A 52 08 250 1.09 x 2.57 10.71

A 52 08 300 1.09 x 3.07 12.47

7.12 Single platform

An component that forms an auxiliary platform for 
installation safety and convenience. When the tower 
installation is complete the component is removed 
from the structure.

Part number Weight [kg]

E 49 59 10 9.53
Fig. 7.12

Fig. 7.10

Fig. 7.11
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7.13 Standard steel pipes

Steel pipes of various lengths that allow you to con-
nect the AST109 towers into large structural sys-
tems while making the towers rigid between each 
other.

Diameter dimension: Ø 48,3 x 3,2 x L
Material: S235JRH

Part number Length          
[m]

Wag
 [kg]

E 44 05 05 0.5 1.78

 E 44 05 10 1.0 3.56

E 44 05 15 1.5 5. 34

E 44 05 20 2.0 7.12

E 44 05 25 2.5 8.90

E 44 05 30 3.0 10.68

E 44 05 35 3.5 12.46

E 44 05 40 4.0 14.24

E 44 05 50 5.0 17.80

E 44 05 60  6.0 21.36

8. CONNECTORS

8.1 Regular connector  

The fastener that allows you to connect standard 
pipes at an angle of 90°.

Part number Weight [kg]

E 58 11 19 1.3

8.2 Swivel connector  

The fastener that allows you to connect standard 
pipes at any angle Equipped with single clamps pi-
votally connected with a Ø 16 mm rivet.

Part numberw Weight [kg]

E 58 13 19  1.2

Fig. 8.1

Fig. 8.2

Fig. 7.13
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8.3 Longitudinal connector  

The fastener that allows you to connect standard 
pipes longitudinally Equipped with two single clamps 
fastened on a common base set in series.

Part number Weight [kg]

E 58 14 19  1.5 

8.4 Double wedge connector  

Used to connect the frame racks in close proximity 
directly at the nodes. The connection is made by dri-
ving the wedges into the node discs of the frames.

Part number Weight [kg]

E 37 39 00 1.36

8.5 Wedge swivel connector 

Used to connect the frame racks to standard pipes 
to create a larger assembly of interconnected to-
wers. Allows you to create braces.

Part number Weight [kg]

E 37 30 01  1.21

8.6 Regular wedge connector

Used to connect vertical pipes of the frames with 
horizontal pipes connecting single towers into larger 
load-bearing assemblies.

Part number Weight [kg]

E 37 39 01  1.22

Fig. 8.5

Fig. 8.6

Fig. 8.3

Fig. 8.4
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PART II - SUPPORT TOWERS AST109 - TECHNICAL DETAILS

1. INTRODUCTION1

AST109 towers are prepared for individual users as well as for specialized construction companies that act as an 
industrial contractor. 

They were created assuming a design of a structure that would bear heavy loads at high altitudes. 

Their special design features allow the towers to work with the modular rack scaffolding system as well as support 
each other with the components common to the support tower system and Rotax/Futuro rack scaffoldings manufac-
tured by Altrad.

All components of the support towers system are made of high-quality steel, galvanized by hot dip galvanizing which 
gives them special resistance to corrosion and external weather conditions.

The basic shape of the cross-section of the towers is square but we can obtain rectangular cross-sections of the tow-
ers using horizontal components of a length available for the rack scaffolding system. Please note that one dimension 
of the tower cross-section is always constant and equals to 1.09 m. 

The AST109 towers presented in the document meet the requirements of the following standards:
 PN-EN 12812 and PN-EN12813.

1.1  Basic Information

All calculations were made using AUTODESK ALGOR SIMULATION 2011 based on the Finite Element Method. The calcu-
lations include material (non-linear characteristics of materials and connector stiffness) and geometric (large displa-
cements) non-linearity. The calculations were carried out in class B1 in accordance with the requirements of the PN-EN 
12812.

The materials of individual components were modelled in numerical simulations using a non-linear linearly reinforced 
Mises model. 

Three static schemes of the towers were considered in the calculations:
 � locked head towers
 � free towers
 � towers at Installation

For each scheme four levels of base and head protrusion were analysed: 10 cm, 30 cm, 50 cm and 65 cm in fixed 
ratios of 60% (base protrusion) to 40% (head protrusion). The analyses covered five variants of bay lengths: 1.088 m, 
1.572 m, 2.072 m, 2.572 m and 3,072 m. The frame width of 1,088 m is constant for all calculation variants. The hi-
ghest tower installation heights are up to 19 m and the entire set of their data is presented in the tables below.
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2. LOADS

The following load forms were taken into account in the individual calculation variants::

 � Dead weight resulting from the weight of individual components, given in the list of towers in the following tables.

 � Wind load: 4 levels of wind load q were considered: 0.0 kN/m2, 0.5 kN/m2, 0.8 kN/m2, 1.1 kN/m2. For towers at 
installation two levels of wind load q were considered: 0.1 kN/m2, 0.2 kN/m2.

 � Horizontal load equal to 1% of the vertical load Fv applied to each tower rack at the level of the heads.

 � Horizontal load FH: 5 levels of load applied to each tower rack at the level of the heads were considered: 0.00 kN 
0.15 kN, 0.30 kN, 0.45 kN, 0.60 kN.

 � Concentrated moment load modelling the eccentric head load..

Tab. 2.1 Load factor values

Factor Dead weight Wind load Horizontal load
(1% Fv)

Vertical load
Fv

Horizontal load
FH

γf 1.35 1.5 1.5 1.5 1.5

γf* 0.9 1.5 1.5 0.9 1.5

ψ 1.0 1.0 1.0 1.0 1.0

γf* - load factor for structure stability calculations

The values in the tables do not include the following loads listed in PN-EN 12812 in the form of:

 � uneven laying of the mixture(Q4),
 � flow pressure  (Q6),
 � seismic loads  (Q7),
 � thermal loads (Q8.1),
 � setting (Q8.2),
 � pre-stresses (Q8.3),
 � unusual loads  (Q9).



30 AST109 SUPPORT TOWER  |  LOADS

2.1 Wind load

The loads resulting from the action of the wind were applied to the structure of the towers in the form of concentrated 
forces. The value of the load resulted from the surface area of individual components connected in a given node. The 
force values for individual tower variants are listed in the tables Tab. 2.2÷Tab. 2.6. The values have been determined 
for individual nodes, described and shown in Fig. 2.1. The calculations considered two wind load directions: the parallel 
direction and the perpendicular direction.

a)

b)

Fig. 2.1 

Wind load diagram for individual modes:

a) ) parallel direction b) ) perpendicular direction
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2.2  AST109 tower configuration table

The AST109 support tower system included five variants of the size of the structure cross-section. 

 � AST109-109 m – section 1.09 x 1.09 m
 � AST109-157 m – section  1.09 x 1.57 m
 � AST109-207 m – section  1.09 x 2.07 m
 � AST109-257 m – section  1.09 x 2.57 m
 � AST109-307 m – section  1.09 x 3.07 m

Please note that the data/configuration tables for individual installation heights auxiliary components necessary 
during the tower installation (e.g. installation platforms) are not provided.

The MP-112 cotter included in the lists must be installed to the towers for the transport of the assembly with a crane.

It is not allowed to transport the installed tower assembly with the stabilizing ballast.

AST109  – 157   – 01    – 01   – 02    – 01  

Tower type
width - 109 cm

Number 
specifying 
the length of 
the tower

Number
specifying the 
number of frame 
levels H-2.0 m

Number
specifying the 
number of frame 
levels H-0.5 m

Number specifying 
the number of frame 
levels H-0.71 m

Number specifying 
the number of frame 
levels H-1.0 m

How to read the tower identifications

The frame level is understood as two frames of the same type installed opposite each other at a distance equal to the 
length of the tower.
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Component weight [kg]
Weight

[kg]s-
10/10

s-
30/20

s-
39/26

40.27 21.25 17.46 13.51 6.49 10.98 6.16 0.87 0.07 4.56 5.79 4.87

AST109 - 109  - 01 - 00 - 00 - 00 0.71 1.06 1.21 1.46 0 0 2 0 4 4 2 4 0 4 0 2 148.6
AST109 - 109  - 01 - 00 - 00 - 01 1.21 1.41 1.71 1.96 0 0 2 2 4 4 2 4 4 6 0 4 194.7
AST109 - 109  - 01 - 00 - 01 - 00 1.71 1.91 2.21 2.46 0 2 2 0 4 4 2 4 4 6 2 2 212.1
AST109 - 109  - 01 - 00 - 01 - 01 2.21 2.41 2.71 2.96 0 2 2 2 4 4 2 4 8 8 2 4 258.2
AST109 - 109  - 01 - 00 - 02 - 00 2.71 2.91 3.21 3.46 0 4 2 0 4 4 2 4 8 8 4 2 275.5
AST109 - 109  - 01 - 01 - 00 - 00 2.71 2.91 3.21 3.46 2 0 2 0 4 4 2 4 4 8 4 2 270.8
AST109 - 109  - 01 - 00 - 02 - 01 3.21 3.41 3.71 3.96 0 2 2 2 4 4 2 4 12 10 4 4 279.2
AST109 - 109  - 01 - 01 - 00 - 01 3.21 3.41 3.71 3.96 2 0 2 2 4 4 2 4 8 10 4 4 317.0
AST109 - 109  - 01 - 00 - 03 - 00 3.71 3.91 4.21 4.46 0 6 2 0 4 4 2 4 12 10 6 2 339.0
AST109 - 109   01 - 01 - 01 - 00 3.71 3.91 4.21 4.46 2 2 2 0 4 4 2 4 8 10 6 2 334.3
AST109 - 109  - 01 - 00 - 03 - 01 4.21 4.41 4.71 4.96 0 6 2 2 4 4 2 4 16 12 6 4 385.2
AST109 - 109  - 01 - 01 - 01 - 01 4.21 4.41 4.71 4.96 2 2 2 2 4 4 2 4 12 12 6 4 380.4
AST109 - 109  - 01 - 00 - 04 - 00 4.71 4.91 5.21 5.46 0 8 2 0 4 4 2 4 16 12 8 2 402.5
AST109 - 109  - 01 - 02 - 00 - 00 4.71 4.91 5.21 5.46 4 0 2 0 4 4 2 4 8 12 8 2 393.0
AST109 - 109  - 01 - 00 - 04 - 01 5.21 5.41 5.71 5.96 0 8 2 2 4 4 2 4 20 14 8 4 448.7
AST109 - 109  - 01 - 02 - 00 - 01 5.21 5.41 5.71 5.96 4 0 2 2 4 4 2 4 12 14 8 4 439.2
AST109 - 109  - 01 - 00 - 05 - 00 5.71 5.91 6.21 6.46 0 10 2 0 4 4 2 4 20 14 10 2 466.0
AST109 - 109  - 01 - 02 - 01 - 00 5.71 5.91 6.21 6.46 4 2 2 0 4 4 2 4 12 14 10 2 456.5
AST109 - 109  - 01 - 00 - 05 - 01 6.21 6.41 6.71 6.96 0 10 2 2 4 4 2 4 24 16 10 4 512.1
AST109 - 109  - 01 - 02 - 01 - 01 6.21 6.41 6.71 6.96 4 2 2 2 4 4 2 4 16 16 10 4 502.7
AST109 - 109  - 01 - 00 - 06 - 00 6.71 6.91 7.21 7.46 0 12 2 0 4 4 2 4 24 16 12 2 529.5
AST109 - 109  - 01 - 03 - 00 - 00 6.71 6.91 7.21 7.46 6 0 2 0 4 4 2 4 12 16 12 2 515.2
AST109 - 109  - 01 - 00 - 06 - 01 7.21 7.41 7.71 7.96 0 12 2 2 4 4 2 4 28 18 12 4 575.6
AST109 - 109  - 01 - 03 - 00 - 01 7.21 7.41 7.71 7.96 6 0 2 2 4 4 2 4 16 18 12 4 561.4
AST109 - 109  - 01 - 00 - 07 - 00 7.71 7.91 8.21 8.46 0 14 2 0 4 4 2 4 28 18 14 2 592.9
AST109 - 109  - 01 - 03 - 01 - 00 7.71 7.91 8.21 8.46 6 2 2 0 4 4 2 4 16 18 14 2 578.7
AST109 - 109  - 01 - 00 - 07 - 01 8.21 8.41 8.71 8.96 0 14 2 2 4 4 2 4 32 20 14 4 639.1
AST109 - 109  - 01 - 03 - 01 - 01 8.21 8.41 8.71 8.96 6 2 2 2 4 4 2 4 20 20 14 4 624.9
AST109 - 109  - 01 - 00 - 08 - 00 8.71 8.91 9.21 9.46 0 16 2 0 4 4 2 4 32 20 16 2 656.4
AST109 - 109  - 01 - 04 - 00 - 00 8.71 8.91 9.21 9.46 8 0 2 0 4 4 2 4 16 20 16 2 637.5
AST109 - 109  - 01 - 00 - 08 - 01 9.21 9.41 9.71 9.96 0 16 2 2 4 4 2 4 36 22 16 4 702.6
AST109 - 109  - 01 - 04 - 00 - 01 9.21 9.41 9.71 9.96 8 0 2 2 4 4 2 4 20 22 16 4 683.6
AST109 - 109  - 01 - 00 - 09 - 00 9.71 9.91 10.21 10.46 0 18 2 0 4 4 2 4 36 22 18 2 719.9
AST109 - 109  - 01 - 04 - 01 - 00 9.71 9.91 10.21 10.46 8 2 2 0 4 4 2 4 20 22 18 2 700.9
AST109 - 109  - 01 - 00 - 09 - 01 10.21 10.41 10.71 10.96 0 18 2 2 4 4 2 4 40 24 18 4 766.1
AST109 - 109  - 01 - 04 - 01 - 01 10.21 10.41 10.71 10.96 8 2 2 2 4 4 2 4 24 24 18 4 747.1
AST109 - 109  - 01 - 00 - 10 - 00 10.71 10.91 11.21 11.46 0 20 2 0 4 4 2 4 40 24 20 2 783.4
AST109 - 109  - 01 - 05 - 00 - 00 10.71 10.91 11.21 11.46 10 0 2 0 4 4 2 4 20 24 20 2 759.7
AST109 - 109  - 01 - 00 - 10 - 01 11.21 11.41 11.71 11.96 0 20 2 2 4 4 2 4 44 26 20 4 829.5
AST109 - 109  - 01 - 05 - 00 - 01 11.21 11.41 11.71 11.96 10 0 2 2 4 4 2 4 24 26 20 4 805.8
AST109 - 109  - 01 - 00 - 11 - 00 11.71 11.91 12.21 12.46 0 22 2 0 4 4 2 4 44 26 22 2 846.9
AST109 - 109  - 01 - 05 - 01 - 00 11.71 11.91 12.21 12.46 10 2 2 0 4 4 2 4 24 26 22 2 823.2
AST109 - 109  - 01 - 00 - 11 - 01 12.21 12.41 12.71 12.96 0 22 2 2 4 4 2 4 48 28 22 4 893.0
AST109 - 109  - 01 - 05 - 01 - 01 12.21 12.41 12.71 12.96 10 2 2 2 4 4 2 4 28 28 22 4 869.3
AST109 - 109  - 01 - 00 - 12 - 00 12.71 12.91 13.21 13.46 0 24 2 0 4 4 2 4 48 28 24 2 910.3
AST109 - 109  - 01 - 06 - 00 - 00 12.71 12.91 13.21 13.46 12 0 2 0 4 4 2 4 24 28 24 2 881.9
AST109 - 109  - 01 - 00 - 12 - 01 13.21 13.41 13.71 13.96 0 24 2 2 4 4 2 4 52 30 24 4 956.5
AST109 - 109  - 01 - 06 - 00 - 01 13.21 13.41 13.71 13.96 12 0 2 2 4 4 2 4 28 30 24 4 928.1
AST109 - 109  - 01 - 00 - 13 - 00 13.71 13.91 14.21 14.46 0 26 2 0 4 4 2 4 52 30 26 2 973.8
AST109 - 109  - 01 - 06 - 01 - 00 13.71 13.91 14.21 14.46 12 2 2 0 4 4 2 4 28 30 26 2 945.4
AST109 - 109  - 01 - 00 - 13 - 01 14.21 14.41 14.71 14.96 0 26 2 2 4 4 2 4 56 32 26 4 1020.0
AST109 - 109  - 01 - 06 - 01 - 01 14.21 14.41 14.71 14.96 12 2 2 2 4 4 2 4 32 32 26 4 991.5
AST109 - 109  - 01 - 00 - 14 - 00 14.71 14.91 15.21 15.46 0 28 2 0 4 4 2 4 56 32 28 2 1037.3
AST109 - 109  - 01 - 07 - 00 - 00 14.71 14.91 15.21 15.46 14 0 2 0 4 4 2 4 28 32 28 2 1004.1
AST109 - 109  - 01 - 00 - 14 - 01 15.21 15.41 15.71 15.96 0 28 2 2 4 4 2 4 60 34 28 4 1083.5
AST109 - 109  - 01 - 07 - 00 - 01 15.21 15.41 15.71 15.96 14 0 2 2 4 4 2 4 32 34 28 4 1050.3
AST109 - 109  - 01 - 00 - 15 - 00 15.71 15.91 16.21 16.46 0 30 2 0 4 4 2 4 60 34 30 2 1100.8
AST109 - 109  - 01 - 07 - 01 - 00 15.71 15.91 16.21 16.46 14 2 2 0 4 4 2 4 32 34 30 2 1067.6
AST109 - 109  - 01 - 00 - 15 - 01 16.21 16.41 16.71 16.96 0 2 2 2 4 4 2 4 36 36 30 4 1146.9
AST109 - 109  - 01 - 07 - 01 - 01 16.21 16.41 16.71 16.96 14 2 2 2 4 4 2 4 32 36 30 4 1113.8
AST109 - 109  - 01 - 00 - 16 - 00 16.71 16.91 17.21 17.46 0 32 2 0 4 4 2 4 64 36 32 2 1164.3
AST109 - 109  - 01 - 08 - 00 - 00 16.71 16.91 17.21 17.46 16 0 2 0 4 4 2 4 32 36 32 2 1126.3
AST109 - 109  - 01 - 00 - 16 - 01 17.21 17.41 17.71 17.96 0 32 2 2 4 4 2 4 68 38 32 4 1210.4
AST109 - 109  - 01 - 08 - 00 - 01 17.21 17.41 17.71 17.96 16 0 2 2 4 4 2 4 36 38 32 4 1172.5
AST109 - 109  - 01 - 00 - 17 - 00 17.71 17.91 18.21 18.46 0 34 2 0 4 4 2 4 68 38 34 2 1227.7
AST109 - 109  - 01 - 08 - 01 - 00 17.71 17.91 18.21 18.46 16 2 2 0 4 4 2 4 36 38 34 2 1189.8
AST109 - 109  - 01 - 00 - 17 - 01 18.21 18.41 18.71 18.96 0 34 2 2 4 4 2 4 72 40 34 4 1273.9
AST109 - 109  - 01 - 08 - 01 - 01 18.21 18.41 18.71 18.96 16 2 2 2 4 4 2 4 40 40 34 4 1236.0
AST109 - 109  - 01 - 00 - 18 - 00 18.71 18.91 19.21 19.46 0 36 2 0 4 4 2 4 72 40 36 2 1291.2
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Component weight [kg]
Weight

[kg]s-
10/10

s-
30/20

s-
39/26

40.27 21.25 17.46 13.51 6.49 10.98 7.52 0.87 0.07 5.56 6.86 6.18

AST109 - 157 01 - 00 - 00 - 00 0.71 1.06 1.21 1.46 0 0 2 0 4 4 2 4 0 4 0 2 157.9
AST109 - 157 01 - 00 - 00 - 01 1.21 1.41 1.71 1.96 0 0 2 2 4 4 2 4 4 6 0 4 208.7
AST109 - 157 01 - 00 - 01 - 00 1.71 1.91 2.21 2.46 0 2 2 0 4 4 2 4 4 6 2 2 225.5
AST109 - 157 01 - 00 - 01 - 01 2.21 2.41 2.71 2.96 0 2 2 2 4 4 2 4 8 8 2 4 276.3
AST109 - 157 01 - 00 - 02 - 00 2.71 2.91 3.21 3.46 0 4 2 0 4 4 2 4 8 8 4 2 293.2
AST109 - 157 01 - 01 - 00 - 00 2.71 2.91 3.21 3.46 2 0 2 0 4 4 2 4 4 8 4 2 288.4
AST109 - 157 01 - 00 - 02 - 01 3.21 3.41 3.71 3.96 0 2 2 2 4 4 2 4 12 10 4 4 301.4
AST109 - 157 01 - 01 - 00 - 01 3.21 3.41 3.71 3.96 2 0 2 2 4 4 2 4 8 10 4 4 339.2
AST109 - 157 01 - 00 - 03 - 00 3.71 3.91 4.21 4.46 0 6 2 0 4 4 2 4 12 10 6 2 360.8
AST109 - 157 01 - 01 - 01 - 00 3.71 3.91 4.21 4.46 2 2 2 0 4 4 2 4 8 10 6 2 356.0
AST109 - 157 01 - 00 - 03 - 01 4.21 4.41 4.71 4.96 0 6 2 2 4 4 2 4 16 12 6 4 411.6
AST109 - 157 01 - 01 - 01 - 01 4.21 4.41 4.71 4.96 2 2 2 2 4 4 2 4 12 12 6 4 406.8
AST109 - 157 01 - 00 - 04 - 00 4.71 4.91 5.21 5.46 0 8 2 0 4 4 2 4 16 12 8 2 428.4
AST109 - 157 01 - 02 - 00 - 00 4.71 4.91 5.21 5.46 4 0 2 0 4 4 2 4 8 12 8 2 418.9
AST109 - 157 01 - 00 - 04 - 01 5.21 5.41 5.71 5.96 0 8 2 2 4 4 2 4 20 14 8 4 479.2
AST109 - 157 01 - 02 - 00 - 01 5.21 5.41 5.71 5.96 4 0 2 2 4 4 2 4 12 14 8 4 469.7
AST109 - 157 01 - 00 - 05 - 00 5.71 5.91 6.21 6.46 0 10 2 0 4 4 2 4 20 14 10 2 496.0
AST109 - 157 01 - 02 - 01 - 00 5.71 5.91 6.21 6.46 4 2 2 0 4 4 2 4 12 14 10 2 486.5
AST109 - 157 01 - 00 - 05 - 01 6.21 6.41 6.71 6.96 0 10 2 2 4 4 2 4 24 16 10 4 546.8
AST109 - 157 01 - 02 - 01 - 01 6.21 6.41 6.71 6.96 4 2 2 2 4 4 2 4 16 16 10 4 537.3
AST109 - 157 01 - 00 - 06 - 00 6.71 6.91 7.21 7.46 0 12 2 0 4 4 2 4 24 16 12 2 563.6
AST109 - 157 01 - 03 - 00 - 00 6.71 6.91 7.21 7.46 6 0 2 0 4 4 2 4 12 16 12 2 549.4
AST109 - 157 01 - 00 - 06 - 01 7.21 7.41 7.71 7.96 0 12 2 2 4 4 2 4 28 18 12 4 614.4
AST109 - 157 01 - 03 - 00 - 01 7.21 7.41 7.71 7.96 6 0 2 2 4 4 2 4 16 18 12 4 600.2
AST109 - 157 01 - 00 - 07 - 00 7.71 7.91 8.21 8.46 0 14 2 0 4 4 2 4 28 18 14 2 631.3
AST109 - 157 01 - 03 - 01 - 00 7.71 7.91 8.21 8.46 6 2 2 0 4 4 2 4 16 18 14 2 617.0
AST109 - 157 01 - 00 - 07 - 01 8.21 8.41 8.71 8.96 0 14 2 2 4 4 2 4 32 20 14 4 682.0
AST109 - 157 01 - 03 - 01 - 01 8.21 8.41 8.71 8.96 6 2 2 2 4 4 2 4 20 20 14 4 667.8
AST109 - 157 01 - 00 - 08 - 00 8.71 8.91 9.21 9.46 0 16 2 0 4 4 2 4 32 20 16 2 698.9
AST109 - 157 01 - 04 - 00 - 00 8.71 8.91 9.21 9.46 8 0 2 0 4 4 2 4 16 20 16 2 679.9
AST109 - 157 01 - 00 - 08 - 01 9.21 9.41 9.71 9.96 0 16 2 2 4 4 2 4 36 22 16 4 749.7
AST109 - 157 01 - 04 - 00 - 01 9.21 9.41 9.71 9.96 8 0 2 2 4 4 2 4 20 22 16 4 730.7
AST109 - 157 01 - 00 - 09 - 00 9.71 9.91 10.21 10.46 0 18 2 0 4 4 2 4 36 22 18 2 766.5
AST109 - 157 01 - 04 - 01 - 00 9.71 9.91 10.21 10.46 8 2 2 0 4 4 2 4 20 22 18 2 747.5
AST109 - 157 01 - 00 - 09 - 01 10.21 10.41 10.71 10.96 0 18 2 2 4 4 2 4 40 24 18 4 817.3
AST109 - 157 01 - 04 - 01 - 01 10.21 10.41 10.71 10.96 8 2 2 2 4 4 2 4 24 24 18 4 798.3
AST109 - 157 01 - 00 - 10 - 00 10.71 10.91 11.21 11.46 0 20 2 0 4 4 2 4 40 24 20 2 834.1
AST109 - 157 01 - 05 - 00 - 00 10.71 10.91 11.21 11.46 10 0 2 0 4 4 2 4 20 24 20 2 810.4
AST109 - 157 01 - 00 - 10 - 01 11.21 11.41 11.71 11.96 0 20 2 2 4 4 2 4 44 26 20 4 884.9
AST109 - 157 01 - 05 - 00 - 01 11.21 11.41 11.71 11.96 10 0 2 2 4 4 2 4 24 26 20 4 861.2
AST109 - 157 01 - 00 - 11 - 00 11.71 11.91 12.21 12.46 0 22 2 0 4 4 2 4 44 26 22 2 901.7
AST109 - 157 01 - 05 - 01 - 00 11.71 11.91 12.21 12.46 10 2 2 0 4 4 2 4 24 26 22 2 878.0
AST109 - 157 01 - 00 - 11 - 01 12.21 12.41 12.71 12.96 0 22 2 2 4 4 2 4 48 28 22 4 952.5
AST109 - 157 01 - 05 - 01 - 01 12.21 12.41 12.71 12.96 10 2 2 2 4 4 2 4 28 28 22 4 928.8
AST109 - 157 01 - 00 - 12 - 00 12.71 12.91 13.21 13.46 0 24 2 0 4 4 2 4 48 28 24 2 969.4
AST109 - 157 01 - 06 - 00 - 00 12.71 12.91 13.21 13.46 12 0 2 0 4 4 2 4 24 28 24 2 940.9
AST109 - 157 01 - 00 - 12 - 01 13.21 13.41 13.71 13.96 0 24 2 2 4 4 2 4 52 30 24 4 1020.1
AST109 - 157 01 - 06 - 00 - 01 13.21 13.41 13.71 13.96 12 0 2 2 4 4 2 4 28 30 24 4 991.7
AST109 - 157 01 - 00 - 13 - 00 13.71 13.91 14.21 14.46 0 26 2 0 4 4 2 4 52 30 26 2 1037.0
AST109 - 157 01 - 06 - 01 - 00 13.71 13.91 14.21 14.46 12 2 2 0 4 4 2 4 28 30 26 2 1008.5
AST109 - 157 01 - 00 - 13 - 01 14.21 14.41 14.71 14.96 0 26 2 2 4 4 2 4 56 32 26 4 1087.8
AST109 - 157 01 - 06 - 01 - 01 14.21 14.41 14.71 14.96 12 2 2 2 4 4 2 4 32 32 26 4 1059.3
AST109 - 157 01 - 00 - 14 - 00 14.71 14.91 15.21 15.46 0 28 2 0 4 4 2 4 56 32 28 2 1104.6
AST109 - 157 01 - 07 - 00 - 00 14.71 14.91 15.21 15.46 14 0 2 0 4 4 2 4 28 32 28 2 1071.4
AST109 - 157 01 - 00 - 14 - 01 15.21 15.41 15.71 15.96 0 28 2 2 4 4 2 4 60 34 28 4 1155.4
AST109 - 157 01 - 07 - 00 - 01 15.21 15.41 15.71 15.96 14 0 2 2 4 4 2 4 32 34 28 4 1122.2
AST109 - 157 01 - 00 - 15 - 00 15.71 15.91 16.21 16.46 0 30 2 0 4 4 2 4 60 34 30 2 1172.2
AST109 - 157 01 - 07 - 01 - 00 15.71 15.91 16.21 16.46 14 2 2 0 4 4 2 4 32 34 30 2 1139.0
AST109 - 157 01 - 00 - 15 - 01 16.21 16.41 16.71 16.96 0 30 2 2 4 4 2 4 64 36 30 4 1223.0
AST109 - 157 01 - 07 - 01 - 01 16.21 16.41 16.71 16.96 14 2 2 2 4 4 2 4 36 36 30 4 1189.8
AST109 - 157 01 - 00 - 16 - 00 16.71 16.91 17.21 17.46 0 32 2 0 4 4 2 4 64 36 32 2 1239.8
AST109 - 157 01 - 08 - 00 - 00 16.71 16.91 17.21 17.46 16 0 2 0 4 4 2 4 32 36 32 2 1201.9
AST109 - 157 01 - 00 - 16 - 01 17.21 17.41 17.71 17.96 0 32 2 2 4 4 2 4 68 38 32 4 1290.6
AST109 - 157 01 - 08 - 00 - 01 17.21 17.41 17.71 17.96 16 0 2 2 4 4 2 4 36 38 32 4 1252.7
AST109 - 157 01 - 00 - 17 - 00 17.71 17.91 18.21 18.46 0 34 2 0 4 4 2 4 68 38 34 2 1307.5
AST109 - 157 01 - 08 - 01 - 00 17.71 17.91 18.21 18.46 16 2 2 0 4 4 2 4 36 38 34 2 1269.5
AST109 - 157 01 - 00 - 17 - 01 18.21 18.41 18.71 18.96 0 34 2 2 4 4 2 4 72 40 34 4 1358.2
AST109 - 157 01 - 08 - 01 - 01 18.21 18.41 18.71 18.96 16 2 2 2 4 4 2 4 40 40 34 4 1320.3
AST109 - 157 01 - 00 - 18 - 00 18.71 18.91 19.21 19.46 0 36 2 0 4 4 2 4 72 40 36 2 1375.1
AST109 - 157 01 - 09 - 00 - 00 18.71 18.91 19.21 19.46 18 0 2 0 4 4 2 4 36 40 36 2 1332.4



37AST109 SUPPORT TOWER  |  LOADS

A
lt

ra
d 

Sh
or

in
g 

To
w

er
 -A

ST
10

9

1.
09

 m
x2

.0
7 

m

N
um

be
r 

of
 fr

am
e 

le
ve

ls
 0

.7
1 

m

N
um

be
r 

of
 fr

am
e 

le
ve

ls
 2

.0
 m

N
um

be
r 

of
 fr

am
e 

le
ve

ls
 1

.0
 m

N
um

be
r 

of
 fr

am
e 

le
ve

ls
 0

.5
 m

To
ta

l h
ei

gh
t w

it
ho

ut
 h

ea
d 

an
d 

ba
se

M
in

im
um

 to
w

er
 h

ei
gh

t  
H

m
in

Av
er

ag
e 

to
w

er
 H

ei
gh

t

M
ax

im
um

 T
ow

er
 H

ei
gh

t  
H

m
ax

Components of AST Tower 1.09-2.07 m
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Component weight [kg]
Weight

[kg]s-
10/10

s-
30/20

s-
39/26

40.27 21.25 17.46 13.51 6.49 10.98 9.08 0.87 0.07 7.08 8.12 7.59

AST109 - 207  - 01 - 00 - 00 - 00 0.71 1.06 1.21 1.46 0 0 2 0 4 4 2 4 0 4 0 2 169.9
AST109 - 207  - 01 - 00 - 00 - 01 1.21 1.41 1.71 1.96 0 0 2 2 4 4 2 4 4 6 0 4 226.6
AST109 - 207  - 01 - 00 - 01 - 00 1.71 1.91 2.21 2.46 0 2 2 0 4 4 2 4 4 6 2 2 243.1
AST109 - 207  - 01 - 00 - 01 - 01 2.21 2.41 2.71 2.96 0 2 2 2 4 4 2 4 8 8 2 4 299.8
AST109 - 207  - 01 - 00 - 02 - 00 2.71 2.91 3.21 3.46 0 4 2 0 4 4 2 4 8 8 4 2 316.3
AST109 - 207  - 01 - 01 - 00 - 00 2.71 2.91 3.21 3.46 2 0 2 0 4 4 2 4 4 8 4 2 311.6
AST109 - 207  - 01 - 00 - 02 - 01 3.21 3.41 3.71 3.96 0 2 2 2 4 4 2 4 12 10 4 4 330.4
AST109 - 207  - 01 - 01 - 00 - 01 3.21 3.41 3.71 3.96 2 0 2 2 4 4 2 4 8 10 4 4 368.2
AST109 - 207  - 01 - 00 - 03 - 00 3.71 3.91 4.21 4.46 0 6 2 0 4 4 2 4 12 10 6 2 389.5
AST109 - 207  - 01 - 01 - 01 - 00 3.71 3.91 4.21 4.46 2 2 2 0 4 4 2 4 8 10 6 2 384.7
AST109 - 207  - 01 - 00 - 03 - 01 4.21 4.41 4.71 4.96 0 6 2 2 4 4 2 4 16 12 6 4 446.1
AST109 - 207  - 01 - 01 - 01 - 01 4.21 4.41 4.71 4.96 2 2 2 2 4 4 2 4 12 12 6 4 441.4
AST109 - 207  - 01 - 00 - 04 - 00 4.71 4.91 5.21 5.46 0 8 2 0 4 4 2 4 16 12 8 2 462.7
AST109 - 207  - 01 - 02 - 00 - 00 4.71 4.91 5.21 5.46 4 0 2 0 4 4 2 4 8 12 8 2 453.2
AST109 - 207  - 01 - 00 - 04 - 01 5.21 5.41 5.71 5.96 0 8 2 2 4 4 2 4 20 14 8 4 519.3
AST109 - 207  - 01 - 02 - 00 - 01 5.21 5.41 5.71 5.96 4 0 2 2 4 4 2 4 12 14 8 4 509.8
AST109 - 207  - 01 - 00 - 05 - 00 5.71 5.91 6.21 6.46 0 10 2 0 4 4 2 4 20 14 10 2 535.8
AST109 - 207  - 01 - 02 - 01 - 00 5.71 5.91 6.21 6.46 4 2 2 0 4 4 2 4 12 14 10 2 526.4
AST109 - 207  - 01 - 00 - 05 - 01 6.21 6.41 6.71 6.96 0 10 2 2 4 4 2 4 24 16 10 4 592.5
AST109 - 207  - 01 - 02 - 01 - 01 6.21 6.41 6.71 6.96 4 2 2 2 4 4 2 4 16 16 10 4 583.0
AST109 - 207  - 01 - 00 - 06 - 00 6.71 6.91 7.21 7.46 0 12 2 0 4 4 2 4 24 16 12 2 609.0
AST109 - 207  - 01 - 03 - 00 - 00 6.71 6.91 7.21 7.46 6 0 2 0 4 4 2 4 12 16 12 2 594.8
AST109 - 207  - 01 - 00 - 06 - 01 7.21 7.41 7.71 7.96 0 12 2 2 4 4 2 4 28 18 12 4 665.7
AST109 - 207  - 01 - 03 - 00 - 01 7.21 7.41 7.71 7.96 6 0 2 2 4 4 2 4 16 18 12 4 651.4
AST109 - 207  - 01 - 00 - 07 - 00 7.71 7.91 8.21 8.46 0 14 2 0 4 4 2 4 28 18 14 2 682.2
AST109 - 207  - 01 - 03 - 01 - 00 7.71 7.91 8.21 8.46 6 2 2 0 4 4 2 4 16 18 14 2 668.0
AST109 - 207  - 01 - 00 - 07 - 01 8.21 8.41 8.71 8.96 0 14 2 2 4 4 2 4 32 20 14 4 738.8
AST109 - 207  - 01 - 03 - 01 - 01 8.21 8.41 8.71 8.96 6 2 2 2 4 4 2 4 20 20 14 4 724.6
AST109 - 207  - 01 - 00 - 08 - 00 8.71 8.91 9.21 9.46 0 16 2 0 4 4 2 4 32 20 16 2 755.4
AST109 - 207  - 01 - 04 - 00 - 00 8.71 8.91 9.21 9.46 8 0 2 0 4 4 2 4 16 20 16 2 736.4
AST109 - 207  - 01 - 00 - 08 - 01 9.21 9.41 9.71 9.96 0 16 2 2 4 4 2 4 36 22 16 4 812.0
AST109 - 207  - 01 - 04 - 00 - 01 9.21 9.41 9.71 9.96 8 0 2 2 4 4 2 4 20 22 16 4 793.1
AST109 - 207  - 01 - 00 - 09 - 00 9.71 9.91 10.21 10.46 0 18 2 0 4 4 2 4 36 22 18 2 828.6
AST109 - 207  - 01 - 04 - 01 - 00 9.71 9.91 10.21 10.46 8 2 2 0 4 4 2 4 20 22 18 2 809.6
AST109 - 207  - 01 - 00 - 09 - 01 10.21 10.41 10.71 10.96 0 18 2 2 4 4 2 4 40 24 18 4 885.2
AST109 - 207  - 01 - 04 - 01 - 01 10.21 10.41 10.71 10.96 8 2 2 2 4 4 2 4 24 24 18 4 866.2
AST109 - 207  - 01 - 00 - 10 - 00 10.71 10.91 11.21 11.46 0 20 2 0 4 4 2 4 40 24 20 2 901.7
AST109 - 207  - 01 - 05 - 00 - 00 10.71 10.91 11.21 11.46 10 0 2 0 4 4 2 4 20 24 20 2 878.0
AST109 - 207  - 01 - 00 - 10 - 01 11.21 11.41 11.71 11.96 0 20 2 2 4 4 2 4 44 26 20 4 958.4
AST109 - 207  - 01 - 05 - 00 - 01 11.21 11.41 11.71 11.96 10 0 2 2 4 4 2 4 24 26 20 4 934.7
AST109 - 207  - 01 - 00 - 11 - 00 11.71 11.91 12.21 12.46 0 22 2 0 4 4 2 4 44 26 22 2 974.9
AST109 - 207  - 01 - 05 - 01 - 00 11.71 11.91 12.21 12.46 10 2 2 0 4 4 2 4 24 26 22 2 951.2
AST109 - 207  - 01 - 00 - 11 - 01 12.21 12.41 12.71 12.96 0 22 2 2 4 4 2 4 48 28 22 4 1031.6
AST109 - 207  - 01 - 05 - 01 - 01 12.21 12.41 12.71 12.96 10 2 2 2 4 4 2 4 28 28 22 4 1007.9
AST109 - 207  - 01 - 00 - 12 - 00 12.71 12.91 13.21 13.46 0 24 2 0 4 4 2 4 48 28 24 2 1048.1
AST109 - 207  - 01 - 06 - 00 - 00 12.71 12.91 13.21 13.46 12 0 2 0 4 4 2 4 24 28 24 2 1019.7
AST109 - 207  - 01 - 00 - 12 - 01 13.21 13.41 13.71 13.96 0 24 2 2 4 4 2 4 52 30 24 4 1104.7
AST109 - 207  - 01 - 06 - 00 - 01 13.21 13.41 13.71 13.96 12 0 2 2 4 4 2 4 28 30 24 4 1076.3
AST109 - 207  - 01 - 00 - 13 - 00 13.71 13.91 14.21 14.46 0 26 2 0 4 4 2 4 52 30 26 2 1121.3
AST109 - 207  - 01 - 06 - 01 - 00 13.71 13.91 14.21 14.46 12 2 2 0 4 4 2 4 28 30 26 2 1092.8
AST109 - 207  - 01 - 00 - 13 - 01 14.21 14.41 14.71 14.96 0 26 2 2 4 4 2 4 56 32 26 4 1177.9
AST109 - 207  - 01 - 06 - 01 - 01 14.21 14.41 14.71 14.96 12 2 2 2 4 4 2 4 32 32 26 4 1149.5
AST109 - 207  - 01 - 00 - 14 - 00 14.71 14.91 15.21 15.46 0 28 2 0 4 4 2 4 56 32 28 2 1194.5
AST109 - 207  - 01 - 07 - 00 - 00 14.71 14.91 15.21 15.46 14 0 2 0 4 4 2 4 28 32 28 2 1161.3
AST109 - 207  - 01 - 00 - 14 - 01 15.21 15.41 15.71 15.96 0 28 2 2 4 4 2 4 60 34 28 4 1251.1
AST109 - 207  - 01 - 07 - 00 - 01 15.21 15.41 15.71 15.96 14 0 2 2 4 4 2 4 32 34 28 4 1217.9
AST109 - 207  - 01 - 00 - 15 - 00 15.71 15.91 16.21 16.46 0 30 2 0 4 4 2 4 60 34 30 2 1267.6
AST109 - 207  - 01 - 07 - 01 - 00 15.71 15.91 16.21 16.46 14 2 2 0 4 4 2 4 32 34 30 2 1234.5
AST109 - 207  - 01 - 00 - 15 - 01 16.21 16.41 16.71 16.96 0 30 2 2 4 4 2 4 64 36 30 4 1324.3
AST109 - 207  - 01 - 07 - 01 - 01 16.21 16.41 16.71 16.96 14 2 2 2 4 4 2 4 36 36 30 4 1291.1
AST109 - 207  - 01 - 00 - 16 - 00 16.71 16.91 17.21 17.46 0 32 2 0 4 4 2 4 64 36 32 2 1340.8
AST109 - 207  - 01 - 08 - 00 - 00 16.71 16.91 17.21 17.46 16 0 2 0 4 4 2 4 32 36 32 2 1302.9
AST109 - 207  - 01 - 00 - 16 - 01 17.21 17.41 17.71 17.96 0 32 2 2 4 4 2 4 68 38 32 4 1397.5
AST109 - 207  - 01 - 08 - 00 - 01 17.21 17.41 17.71 17.96 16 0 2 2 4 4 2 4 36 38 32 4 1359.5
AST109 - 207  - 01 - 00 - 17 - 00 17.71 17.91 18.21 18.46 0 34 2 0 4 4 2 4 68 38 34 2 1414.0
AST109 - 207  - 01 - 08 - 01 - 00 17.71 17.91 18.21 18.46 16 2 2 0 4 4 2 4 36 38 34 2 1376.1
AST109 - 207  - 01 - 00 - 17 - 01 18.21 18.41 18.71 18.96 0 34 2 2 4 4 2 4 72 40 34 4 1470.6
AST109 - 207  - 01 - 08 - 01 - 01 18.21 18.41 18.71 18.96 16 2 2 2 4 4 2 4 40 40 34 4 1432.7
AST109 - 207  - 01 - 00 - 18 - 00 18.71 18.91 19.21 19.46 0 36 2 0 4 4 2 4 72 40 36 2 1487.2
AST109 - 207  - 01 - 09 - 00 - 00 18.71 18.91 19.21 19.46 18 0 2 0 4 4 2 4 36 40 36 2 1444.5
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Component weight [kg]
Weight

[kg]s-
10/10

s-
30/20

s-
39/26

40.3 21.3 17.5 13.5 6.49 11 10.7 0.87 0.07 9.07 9.46 9.03

AST109 - 257  - 01 - 00 - 00 - 00 0.71 1.06 1.21 1.46 0 0 2 0 4 4 2 4 0 4 0 2 184.0
AST109 - 257  - 01 - 00 - 00 - 01 1.21 1.41 1.71 1.96 0 0 2 2 4 4 2 4 4 6 0 4 247.5
AST109 - 257  - 01 - 00 - 01 - 00 1.71 1.91 2.21 2.46 0 2 2 0 4 4 2 4 4 6 2 2 263.9
AST109 - 257  - 01 - 00 - 01 - 01 2.21 2.41 2.71 2.96 0 2 2 2 4 4 2 4 8 8 2 4 327.4
AST109 - 257  - 01 - 00 - 02 - 00 2.71 2.91 3.21 3.46 0 4 2 0 4 4 2 4 8 8 4 2 343.7
AST109 - 257  - 01 - 01 - 00 - 00 2.71 2.91 3.21 3.46 2 0 2 0 4 4 2 4 4 8 4 2 339.0
AST109 - 257  - 01 - 00 - 02 - 01 3.21 3.41 3.71 3.96 0 2 2 2 4 4 2 4 12 10 4 4 364.7
AST109 - 257  - 01 - 01 - 00 - 01 3.21 3.41 3.71 3.96 2 0 2 2 4 4 2 4 8 10 4 4 402.5
AST109 - 257  - 01 - 00 - 03 - 00 3.71 3.91 4.21 4.46 0 6 2 0 4 4 2 4 12 10 6 2 423.6
AST109 - 257  - 01 - 01 - 01 - 00 3.71 3.91 4.21 4.46 2 2 2 0 4 4 2 4 8 10 6 2 418.8
AST109 - 257  - 01 - 00 - 03 - 01 4.21 4.41 4.71 4.96 0 6 2 2 4 4 2 4 16 12 6 4 487.1
AST109 - 257  - 01 - 01 - 01 - 01 4.21 4.41 4.71 4.96 2 2 2 2 4 4 2 4 12 12 6 4 482.3
AST109 - 257  - 01 - 00 - 04 - 00 4.71 4.91 5.21 5.46 0 8 2 0 4 4 2 4 16 12 8 2 503.4
AST109 - 257  - 01 - 02 - 00 - 00 4.71 4.91 5.21 5.46 4 0 2 0 4 4 2 4 8 12 8 2 493.9
AST109 - 257  - 01 - 00 - 04 - 01 5.21 5.41 5.71 5.96 0 8 2 2 4 4 2 4 20 14 8 4 566.9
AST109 - 257  - 01 - 02 - 00 - 01 5.21 5.41 5.71 5.96 4 0 2 2 4 4 2 4 12 14 8 4 557.4
AST109 - 257  - 01 - 00 - 05 - 00 5.71 5.91 6.21 6.46 0 10 2 0 4 4 2 4 20 14 10 2 583.2
AST109 - 257  - 01 - 02 - 01 - 00 5.71 5.91 6.21 6.46 4 2 2 0 4 4 2 4 12 14 10 2 573.8
AST109 - 257  - 01 - 00 - 05 - 01 6.21 6.41 6.71 6.96 0 10 2 2 4 4 2 4 24 16 10 4 646.7
AST109 - 257  - 01 - 02 - 01 - 01 6.21 6.41 6.71 6.96 4 2 2 2 4 4 2 4 16 16 10 4 637.3
AST109 - 257  - 01 - 00 - 06 - 00 6.71 6.91 7.21 7.46 0 12 2 0 4 4 2 4 24 16 12 2 663.1
AST109 - 257  - 01 - 03 - 00 - 00 6.71 6.91 7.21 7.46 6 0 2 0 4 4 2 4 12 16 12 2 648.9
AST109 - 257  - 01 - 00 - 06 - 01 7.21 7.41 7.71 7.96 0 12 2 2 4 4 2 4 28 18 12 4 726.6
AST109 - 257  - 01 - 03 - 00 - 01 7.21 7.41 7.71 7.96 6 0 2 2 4 4 2 4 16 18 12 4 712.4
AST109 - 257  - 01 - 00 - 07 - 00 7.71 7.91 8.21 8.46 0 14 2 0 4 4 2 4 28 18 14 2 742.9
AST109 - 257  - 01 - 03 - 01 - 00 7.71 7.91 8.21 8.46 6 2 2 0 4 4 2 4 16 18 14 2 728.7
AST109 - 257  - 01 - 00 - 07 - 01 8.21 8.41 8.71 8.96 0 14 2 2 4 4 2 4 32 20 14 4 806.4
AST109 - 257  - 01 - 03 - 01 - 01 8.21 8.41 8.71 8.96 6 2 2 2 4 4 2 4 20 20 14 4 792.2
AST109 - 257  - 01 - 00 - 08 - 00 8.71 8.91 9.21 9.46 0 16 2 0 4 4 2 4 32 20 16 2 822.8
AST109 - 257  - 01 - 04 - 00 - 00 8.71 8.91 9.21 9.46 8 0 2 0 4 4 2 4 16 20 16 2 803.8
AST109 - 257  - 01 - 00 - 08 - 01 9.21 9.41 9.71 9.96 0 16 2 2 4 4 2 4 36 22 16 4 886.3
AST109 - 257  - 01 - 04 - 00 - 01 9.21 9.41 9.71 9.96 8 0 2 2 4 4 2 4 20 22 16 4 867.3
AST109 - 257  - 01 - 00 - 09 - 00 9.71 9.91 10.21 10.46 0 18 2 0 4 4 2 4 36 22 18 2 902.6
AST109 - 257  - 01 - 04 - 01 - 00 9.71 9.91 10.21 10.46 8 2 2 0 4 4 2 4 20 22 18 2 883.6
AST109 - 257  - 01 - 00 - 09 - 01 10.21 10.41 10.71 10.96 0 18 2 2 4 4 2 4 40 24 18 4 966.1
AST109 - 257  - 01 - 04 - 01 - 01 10.21 10.41 10.71 10.96 8 2 2 2 4 4 2 4 24 24 18 4 947.1
AST109 - 257  - 01 - 00 - 10 - 00 10.71 10.91 11.21 11.46 0 20 2 0 4 4 2 4 40 24 20 2 982.4
AST109 - 257  - 01 - 05 - 00 - 00 10.71 10.91 11.21 11.46 10 0 2 0 4 4 2 4 20 24 20 2 958.7
AST109 - 257  - 01 - 00 - 10 - 01 11.21 11.41 11.71 11.96 0 20 2 2 4 4 2 4 44 26 20 4 1045.9
AST109 - 257  - 01 - 05 - 00 - 01 11.21 11.41 11.71 11.96 10 0 2 2 4 4 2 4 24 26 20 4 1022.2
AST109 - 257  - 01 - 00 - 11 - 00 11.71 11.91 12.21 12.46 0 22 2 0 4 4 2 4 44 26 22 2 1062.3
AST109 - 257  - 01 - 05 - 01 - 00 11.71 11.91 12.21 12.46 10 2 2 0 4 4 2 4 24 26 22 2 1038.6
AST109 - 257  - 01 - 00 - 11 - 01 12.21 12.41 12.71 12.96 0 22 2 2 4 4 2 4 48 28 22 4 1125.8
AST109 - 257  - 01 - 05 - 01 - 01 12.21 12.41 12.71 12.96 10 2 2 2 4 4 2 4 28 28 22 4 1102.1
AST109 - 257  - 01 - 00 - 12 - 00 12.71 12.91 13.21 13.46 0 24 2 0 4 4 2 4 48 28 24 2 1142.1
AST109 - 257  - 01 - 06 - 00 - 00 12.71 12.91 13.21 13.46 12 0 2 0 4 4 2 4 24 28 24 2 1113.7
AST109 - 257  - 01 - 00 - 12 - 01 13.21 13.41 13.71 13.96 0 24 2 2 4 4 2 4 52 30 24 4 1205.6
AST109 - 257  - 01 - 06 - 00 - 01 13.21 13.41 13.71 13.96 12 0 2 2 4 4 2 4 28 30 24 4 1177.2
AST109 - 257  - 01 - 00 - 13 - 00 13.71 13.91 14.21 14.46 0 26 2 0 4 4 2 4 52 30 26 2 1222.0
AST109 - 257  - 01 - 06 - 01 - 00 13.71 13.91 14.21 14.46 12 2 2 0 4 4 2 4 28 30 26 2 1193.5
AST109 - 257  - 01 - 00 - 13 - 01 14.21 14.41 14.71 14.96 0 26 2 2 4 4 2 4 56 32 26 4 1285.5
AST109 - 257  - 01 - 06 - 01 - 01 14.21 14.41 14.71 14.96 12 2 2 2 4 4 2 4 32 32 26 4 1257.0
AST109 - 257  - 01 - 00 - 14 - 00 14.71 14.91 15.21 15.46 0 28 2 0 4 4 2 4 56 32 28 2 1301.8
AST109 - 257  - 01 - 07 - 00 - 00 14.71 14.91 15.21 15.46 14 0 2 0 4 4 2 4 28 32 28 2 1268.6
AST109 - 257  - 01 - 00 - 14 - 01 15.21 15.41 15.71 15.96 0 28 2 2 4 4 2 4 60 34 28 4 1365.3
AST109 - 257  - 01 - 07 - 00 - 01 15.21 15.41 15.71 15.96 14 0 2 2 4 4 2 4 32 34 28 4 1332.1
AST109 - 257  - 01 - 00 - 15 - 00 15.71 15.91 16.21 16.46 0 30 2 0 4 4 2 4 60 34 30 2 1381.6
AST109 - 257  - 01 - 07 - 01 - 00 15.71 15.91 16.21 16.46 14 2 2 0 4 4 2 4 32 34 30 2 1348.5
AST109 - 257  - 01 - 00 - 15 - 01 16.21 16.41 16.71 16.96 0 30 2 2 4 4 2 4 64 36 30 4 1445.1
AST109 - 257  - 01 - 07 - 01 - 01 16.21 16.41 16.71 16.96 14 2 2 2 4 4 2 4 36 36 30 4 1412.0
AST109 - 257  - 01 - 00 - 16 - 00 16.71 16.91 17.21 17.46 0 32 2 0 4 4 2 4 64 36 32 2 1461.5
AST109 - 257  - 01 - 08 - 00 - 00 16.71 16.91 17.21 17.46 16 0 2 0 4 4 2 4 32 36 32 2 1423.6
AST109 - 257  - 01 - 00 - 16 - 01 17.21 17.41 17.71 17.96 0 32 2 2 4 4 2 4 68 38 32 4 1525.0
AST109 - 257  - 01 - 08 - 00 - 01 17.21 17.41 17.71 17.96 16 0 2 2 4 4 2 4 36 38 32 4 1487.1
AST109 - 257  - 01 - 00 - 17 - 00 17.71 17.91 18.21 18.46 0 34 2 0 4 4 2 4 68 38 34 2 1541.3
AST109 - 257  - 01 - 08 - 01 - 00 17.71 17.91 18.21 18.46 16 2 2 0 4 4 2 4 36 38 34 2 1503.4
AST109 - 257  - 01 - 00 - 17 - 01 18.21 18.41 18.71 18.96 0 34 2 2 4 4 2 4 72 40 34 4 1604.8
AST109 - 257  - 01 - 08 - 01 - 01 18.21 18.41 18.71 18.96 16 2 2 2 4 4 2 4 40 40 34 4 1566.9
AST109 - 257  - 01 - 00 - 18 - 00 18.71 18.91 19.21 19.46 0 36 2 0 4 4 2 4 72 40 36 2 1621.2
AST109 - 257  - 01 - 09 - 00 - 00 18.71 18.91 19.21 19.46 18 0 2 0 4 4 2 4 36 40 36 2 1578.5
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Component weight [kg]
Weight

[kg]s-
10/10

s-
30/20

s-
39/26

40.27 21.25 17.46 13.51 6.49 10.98 12.47 0.87 0.07 10.14 10.83 10.48

AST109 - 307  - 01 - 00 - 00 - 00 0.71 1.06 1.21 1.46 0 0 2 0 4 4 2 4 0 4 0 2 194.7
AST109 - 307  - 01 - 00 - 00 - 01 1.21 1.41 1.71 1.96 0 0 2 2 4 4 2 4 4 6 0 4 263.3
AST109 - 307  - 01 - 00 - 01 - 00 1.71 1.91 2.21 2.46 0 2 2 0 4 4 2 4 4 6 2 2 279.5
AST109 - 307  - 01 - 00 - 01 - 01 2.21 2.41 2.71 2.96 0 2 2 2 4 4 2 4 8 8 2 4 348.0
AST109 - 307  - 01 - 00 - 02 - 00 2.71 2.91 3.21 3.46 0 4 2 0 4 4 2 4 8 8 4 2 364.2
AST109 - 307  - 01 - 01 - 00 - 00 2.71 2.91 3.21 3.46 2 0 2 0 4 4 2 4 4 8 4 2 359.4
AST109 - 307  - 01 - 00 - 02 - 01 3.21 3.41 3.71 3.96 0 2 2 2 4 4 2 4 12 10 4 4 390.2
AST109 - 307  - 01 - 01 - 00 - 01 3.21 3.41 3.71 3.96 2 0 2 2 4 4 2 4 8 10 4 4 428.0
AST109 - 307  - 01 - 00 - 03 - 00 3.71 3.91 4.21 4.46 0 6 2 0 4 4 2 4 12 10 6 2 448.9
AST109 - 307  - 01 - 01 - 01 - 00 3.71 3.91 4.21 4.46 2 2 2 0 4 4 2 4 8 10 6 2 444.2
AST109 - 307  - 01 - 00 - 03 - 01 4.21 4.41 4.71 4.96 0 6 2 2 4 4 2 4 16 12 6 4 517.4
AST109 - 307  - 01 - 01 - 01 - 01 4.21 4.41 4.71 4.96 2 2 2 2 4 4 2 4 12 12 6 4 512.7
AST109 - 307  - 01 - 00 - 04 - 00 4.71 4.91 5.21 5.46 0 8 2 0 4 4 2 4 16 12 8 2 533.6
AST109 - 307  - 01 - 02 - 00 - 00 4.71 4.91 5.21 5.46 4 0 2 0 4 4 2 4 8 12 8 2 524.1
AST109 - 307  - 01 - 00 - 04 - 01 5.21 5.41 5.71 5.96 0 8 2 2 4 4 2 4 20 14 8 4 602.2
AST109 - 307  - 01 - 02 - 00 - 01 5.21 5.41 5.71 5.96 4 0 2 2 4 4 2 4 12 14 8 4 592.7
AST109 - 307  - 01 - 00 - 05 - 00 5.71 5.91 6.21 6.46 0 10 2 0 4 4 2 4 20 14 10 2 618.3
AST109 - 307  - 01 - 02 - 01 - 00 5.71 5.91 6.21 6.46 4 2 2 0 4 4 2 4 12 14 10 2 608.9
AST109 - 307  - 01 - 00 - 05 - 01 6.21 6.41 6.71 6.96 0 10 2 2 4 4 2 4 24 16 10 4 686.9
AST109 - 307  - 01 - 02 - 01 - 01 6.21 6.41 6.71 6.96 4 2 2 2 4 4 2 4 16 16 10 4 677.4
AST109 - 307  - 01 - 00 - 06 - 00 6.71 6.91 7.21 7.46 0 12 2 0 4 4 2 4 24 16 12 2 703.1
AST109 - 307  - 01 - 03 - 00 - 00 6.71 6.91 7.21 7.46 6 0 2 0 4 4 2 4 12 16 12 2 688.8
AST109 - 307  - 01 - 00 - 06 - 01 7.21 7.41 7.71 7.96 0 12 2 2 4 4 2 4 28 18 12 4 771.6
AST109 - 307  - 01 - 03 - 00 - 01 7.21 7.41 7.71 7.96 6 0 2 2 4 4 2 4 16 18 12 4 757.4
AST109 - 307  - 01 - 00 - 07 - 00 7.71 7.91 8.21 8.46 0 14 2 0 4 4 2 4 28 18 14 2 787.8
AST109 - 307  - 01 - 03 - 01 - 00 7.71 7.91 8.21 8.46 6 2 2 0 4 4 2 4 16 18 14 2 773.6
AST109 - 307  - 01 - 00 - 07 - 01 8.21 8.41 8.71 8.96 0 14 2 2 4 4 2 4 32 20 14 4 856.3
AST109 - 307  - 01 - 03 - 01 - 01 8.21 8.41 8.71 8.96 6 2 2 2 4 4 2 4 20 20 14 4 842.1
AST109 - 307  - 01 - 00 - 08 - 00 8.71 8.91 9.21 9.46 0 16 2 0 4 4 2 4 32 20 16 2 872.5
AST109 - 307  - 01 - 04 - 00 - 00 8.71 8.91 9.21 9.46 8 0 2 0 4 4 2 4 16 20 16 2 853.5
AST109 - 307  - 01 - 00 - 08 - 01 9.21 9.41 9.71 9.96 0 16 2 2 4 4 2 4 36 22 16 4 941.0
AST109 - 307  - 01 - 04 - 00 - 01 9.21 9.41 9.71 9.96 8 0 2 2 4 4 2 4 20 22 16 4 922.1
AST109 - 307  - 01 - 00 - 09 - 00 9.71 9.91 10.21 10.46 0 18 2 0 4 4 2 4 36 22 18 2 957.2
AST109 - 307  - 01 - 04 - 01 - 00 9.71 9.91 10.21 10.46 8 2 2 0 4 4 2 4 20 22 18 2 938.3
AST109 - 307  - 01 - 00 - 09 - 01 10.21 10.41 10.71 10.96 0 18 2 2 4 4 2 4 40 24 18 4 1025.8
AST109 - 307  - 01 - 04 - 01 - 01 10.21 10.41 10.71 10.96 8 2 2 2 4 4 2 4 24 24 18 4 1006.8
AST109 - 307  - 01 - 00 - 10 - 00 10.71 10.91 11.21 11.46 0 20 2 0 4 4 2 4 40 24 20 2 1041.9
AST109 - 307  - 01 - 05 - 00 - 00 10.71 10.91 11.21 11.46 10 0 2 0 4 4 2 4 20 24 20 2 1018.2
AST109 - 307  - 01 - 00 - 10 - 01 11.21 11.41 11.71 11.96 0 20 2 2 4 4 2 4 44 26 20 4 1110.5
AST109 - 307  - 01 - 05 - 00 - 01 11.21 11.41 11.71 11.96 10 0 2 2 4 4 2 4 24 26 20 4 1086.8
AST109 - 307  - 01 - 00 - 11 - 00 11.71 11.91 12.21 12.46 0 22 2 0 4 4 2 4 44 26 22 2 1126.7
AST109 - 307  - 01 - 05 - 01 - 00 11.71 11.91 12.21 12.46 10 2 2 0 4 4 2 4 24 26 22 2 1103.0
AST109 - 307  - 01 - 00 - 11 - 01 12.21 12.41 12.71 12.96 0 22 2 2 4 4 2 4 48 28 22 4 1195.2
AST109 - 307  - 01 - 05 - 01 - 01 12.21 12.41 12.71 12.96 10 2 2 2 4 4 2 4 28 28 22 4 1171.5
AST109 - 307  - 01 - 00 - 12 - 00 12.71 12.91 13.21 13.46 0 24 2 0 4 4 2 4 48 28 24 2 1211.4
AST109 - 307  - 01 - 06 - 00 - 00 12.71 12.91 13.21 13.46 12 0 2 0 4 4 2 4 24 28 24 2 1182.9
AST109 - 307  - 01 - 00 - 12 - 01 13.21 13.41 13.71 13.96 0 24 2 2 4 4 2 4 52 30 24 4 1279.9
AST109 - 307  - 01 - 06 - 00 - 01 13.21 13.41 13.71 13.96 12 0 2 2 4 4 2 4 28 30 24 4 1251.5
AST109 - 307  - 01 - 00 - 13 - 00 13.71 13.91 14.21 14.46 0 26 2 0 4 4 2 4 52 30 26 2 1296.1
AST109 - 307  - 01 - 06 - 01 - 00 13.71 13.91 14.21 14.46 12 2 2 0 4 4 2 4 28 30 26 2 1267.7
AST109 - 307  - 01 - 00 - 13 - 01 14.21 14.41 14.71 14.96 0 26 2 2 4 4 2 4 56 32 26 4 1364.6
AST109 - 307  - 01 - 06 - 01 - 01 14.21 14.41 14.71 14.96 12 2 2 2 4 4 2 4 32 32 26 4 1336.2
AST109 - 307  - 01 - 00 - 14 - 00 14.71 14.91 15.21 15.46 0 28 2 0 4 4 2 4 56 32 28 2 1380.8
AST109 - 307  - 01 - 07 - 00 - 00 14.71 14.91 15.21 15.46 14 0 2 0 4 4 2 4 28 32 28 2 1347.6
AST109 - 307  - 01 - 00 - 14 - 01 15.21 15.41 15.71 15.96 0 28 2 2 4 4 2 4 60 34 28 4 1449.4
AST109 - 307  - 01 - 07 - 00 - 01 15.21 15.41 15.71 15.96 14 0 2 2 4 4 2 4 32 34 28 4 1416.2
AST109 - 307  - 01 - 00 - 15 - 00 15.71 15.91 16.21 16.46 0 30 2 0 4 4 2 4 60 34 30 2 1465.5
AST109 - 307  - 01 - 07 - 01 - 00 15.71 15.91 16.21 16.46 14 2 2 0 4 4 2 4 32 34 30 2 1432.4
AST109 - 307  - 01 - 00 - 15 - 01 16.21 16.41 16.71 16.96 0 30 2 2 4 4 2 4 64 36 30 4 1534.1
AST109 - 307  - 01 - 07 - 01 - 01 16.21 16.41 16.71 16.96 14 2 2 2 4 4 2 4 36 36 30 4 1500.9
AST109 - 307  - 01 - 00 - 16 - 00 16.71 16.91 17.21 17.46 0 32 2 0 4 4 2 4 64 36 32 2 1550.3
AST109 - 307  - 01 - 08 - 00 - 00 16.71 16.91 17.21 17.46 16 0 2 0 4 4 2 4 32 36 32 2 1512.3
AST109 - 307  - 01 - 00 - 16 - 01 17.21 17.41 17.71 17.96 0 32 2 2 4 4 2 4 68 38 32 4 1618.8
AST109 - 307  - 01 - 08 - 00 - 01 17.21 17.41 17.71 17.96 16 0 2 2 4 4 2 4 36 38 32 4 1580.9
AST109 - 307  - 01 - 00 - 17 - 00 17.71 17.91 18.21 18.46 0 34 2 0 4 4 2 4 68 38 34 2 1635.0
AST109 - 307  - 01 - 08 - 01 - 00 17.71 17.91 18.21 18.46 16 2 2 0 4 4 2 4 36 38 34 2 1597.1
AST109 - 307  - 01 - 00 - 17 - 01 18.21 18.41 18.71 18.96 0 34 2 2 4 4 2 4 72 40 34 4 1703.5
AST109 - 307  - 01 - 08 - 01 - 01 18.21 18.41 18.71 18.96 16 2 2 2 4 4 2 4 40 40 34 4 1665.6
AST109 - 307  - 01 - 00 - 18 - 00 18.71 18.91 19.21 19.46 0 36 2 0 4 4 2 4 72 40 36 2 1719.7
AST109 - 307  - 01 - 09 - 00 - 00 18.71 18.91 19.21 19.46 18 0 2 0 4 4 2 4 36 40 36 2 1677.0
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3. LOCKED HEAD TOWERS 

3.1 Static diagram

For the locked head towers the load included:

 � dead weight,
 � wind load,
 � vertical force Fv, 
 � bending moment of Fv·5 mm

(according to the recommendations of PN-EN 12812 sec. 9.3.6).

Fig. 3.1

Static diagram of the locked head tower
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3.2 Locked AST109-109 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-109 tower as well as the values of the minimum required load acting on a single rack to prevent the base from 
slipping Fv min. were determined. When the value of the permissible load Fv was lower than the value of the minimum 
required load of a single rack to prevent slipping of the base Fv min, the result was rejected and no interpolation was 
made with it. The results are summarized in Tab. 3.1. The “-” sign in Tab. 3.1 means the situation when Fv< Fv min. In 
addition, an example of the graphical summary of the results in the form of graphs for different levels of wind load 
and different levels of the base and heads protrusion Sc was presented (Fig. 3.2).

a) b)

c) d)

Fig. 3.2 

Permissible load of a single rack of the AST109-109 tower with different wind load: 

a) q=0.0 kN/m², b) q=0.5 kN/m², c) q=0.8 kN/m², q=1.1 kN/m² 
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3.3. Locked AST109-157 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-157 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the base 
from slipping were determined. When the value of the permissible load Fv was lower than the value of the minimum 
required load of a single rack Fv min to prevent slipping of the base the result was rejected and no interpolation was 
made. The results are summarized in Tab. 3.2. The “-” sign in Tab. 3.2 means the situation when Fv< Fv min. In addition, 
an example of the graphical summary of the results in the form of graphs for different levels of wind load and diffe-
rent levels of the base protrusion Sc was presented (Fig. 3.3).

a) b)

c) d)

Fig. 3.3

Permissible load of a single rack of the AST109-157 tower with different wind load: 

a) q=0,0 kN/m²  /  b) q=0,5 kN/m²  /  c) q=0,8 kN/m²  /  d) q=1,1 kN/m² 
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3.4 Locked AST109-207 Tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-207 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
base from slipping were determined. When the value of the permissible load Fv was lower than the value of the mini-
mum required load of a single rack Fv min to prevent slipping of the base the result was rejected and no interpolation 
was made. The results are summarized in Tab. 3.3. In addition, an example of the graphical summary of the results in 
the form of graphs for different levels of wind load and different levels of the base protrusion Sc was presented (Fig. 
3.4).

a) b)

c) d)

Fig. 3.4

Permissible load of a single rack of the AST109-207 tower with different wind load:

a) q=0,0 kN/m²  /  b) q=0,5 kN/m²  /  c) q=0,8 kN/m²  /  d) q=1,1 kN/m²
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3.5. Locked AST109-257 Tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-257 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
base from slipping were determined. When the value of the permissible load Fv was lower than the value of the mini-
mum required load of a single rack Fv min to prevent slipping of the base the result was rejected and no interpolation 
was made. The results are summarized in Tab. 3.4. In addition, an example of the graphical summary of the results in 
the form of graphs for different levels of wind load and different levels of the base protrusion Sc was presented (Fig. 
3.5).

a) b)

c) d)

Fig. 3.5 

Permissible load of a single rack of the AST109-257 tower with different wind load:

a) q=0,0 kN/m²  /  b) q=0,5 kN/m²  /  c) q=0,8 kN/m²  /  d) q=1,1 kN/m²
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3.6 Locked AST109-307 Tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-307 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the base 
from slipping were determined. When the value of the permissible load Fv was lower than the value of the minimum 
required load of a single rack Fv min to prevent slipping of the base the result was rejected and no interpolation was 
made. The results are summarized in Tab. 3.5. In addition, an example of the graphical summary of the results in the 
form of graphs for different levels of wind load and different levels of the base protrusion was presentedk (Fig. 3.6).

a) b)

c) d)

Fig. 3.6 
Permissible load of a single rack of the AST109-307 tower with different wind load:: 
a) q=0,0 kN/m², b) q=0,5 kN/m², c) q=0,8 kN/m², q=1,1 kN/m²
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4. FREE TOWERS

The calculations performed for the free towers included towers with heights of 2.96 m, 3.46 m, 5.96 m, 6.46 m. 
For each tower height two wind load directions were considered and two variants of intermediate frames were speci-
fied (frames with a height of 1m and 2 m were considered). The load capacity values given in the list are the minimum 
values for the individual variants. The results for the remaining heights of the towers were obtained on the basis 
of linear interpolation.

4.1  Static diagram

The static diagram of an example of a free tower is shown in Fig. 4.1. For this tower assembly the load included:

 � dead weight
 � wind load
 � horizontal force  FH

 � horizontal force, equal to 1% of the vertical load Fv (according to the recommendations of PN-EN 12812 sec. 8.2.2.2)
 � vertical force Fv
 � bending moment of  Fv·5 mm (according to the recommendations of PN-EN 12812 sec. 9.3.6). 

When determining the value of the minimum required load 
of a single rack Fv min, that prevents the tower from tip-
ping over, the following formula was used (PN-EN 12812 
sec 9.2.2.3.3):

Mdst.d ≤ Mstb,fd, where:

Mdst.d – turning moment caused by a load in the form of: 
wind load, horizontal load FH, horizontal load constituting 
1% of the vertical load,

Mstb,fd – holding moment provided by the dead weight of 
the structure and the minimum required load of a single 
rack Fv min (the load includes the load application eccentri-
city of 5 mm).

Fig. 4.1 
Static diagram of the free tower

4.2  Free AST109-109 tower

W As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-109 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
tower from tipping over were determined. When the value of the permissible load Fv was lower than the value of the 
minimum required load of a single rack Fv min to prevent the tower from tipping over the result was rejected and no 
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interpolation was made. The results are summarized in Tab. 4.1. In addition, examples of graphical summary of the re-
sults in the form of graphs with different levels of wind load, different levels of horizontal force FH and different levels 
of base protrusion Sc for towers with a height of 2.96 m (Fig. 4.2) and 6.46 m (Fig. 4.3) are presented.
 
a) b)

c) d)

Fig. 4.2

Permissible load of a single rack of the AST109-109-01-00-01-01 tower (Hmax=2.96 m) with different wind load:
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

a) b)

c) d)

Fig. 4.3 

Permissible load of a single rack of the AST109-109-01-02-01-00 tower (Hmax=6.46 m) with different wind load: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²
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a) b)

c) d)

Fig. 4.4
Permissible load of a single rack of the AST109-157-01-00-01-01 tower (Hmax=2.96 m) with different wind load:
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

a) b)

c) d)

Fig. 4.5
Permissible load of a single rack of the AST109-157-01-02-01-00 tower (Hmax=6.46 m) with different wind load: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

4.3.  Free AST109-157 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-157 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
tower from tipping over were determined. When the value of the permissible load Fv was lower than the value of the 
minimum required load of a single rack Fv min to prevent the tower from tipping over the result was rejected and no 
interpolation was made. The results are summarized in Tab. 4.2. In addition, examples of graphical summary of the 
results in the form of graphs with different levels of wind load, different levels of horizontal force FH and different 
levels of base protrusion Sc for towers with a height of 2.96 m (Fig. 4.4) and 6.46 m (Fig. 4.5) are presented).
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4.4 Free AST109-207 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-207 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
tower from tipping over were determined. When the value of the permissible load Fv was lower than the value of the 
minimum required load of a single rack Fv min to prevent the tower from tipping over the result was rejected and no 
interpolation was made. The results are summarized in Tab. 4.3. In addition, examples of graphical summary of the 
results in the form of graphs with different levels of wind load, different levels of horizontal force FH and different 
levels of base protrusion Sc for towers with a height of 2.96 m (Fig. 4.6) and 6.46 m (Fig. 4.7) are presented.

a) b)

c) d)

Fig. 4.6 

Permissible load of a single rack of the AST109-207-01-00-01-01 tower (Hmax=2.96 m) with different wind load: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

a) b)

c) d)

Fig. 4.7 

Permissible load of a single rack of the AST109-207-01-02-01-00 tower (Hmax=6.46 m) with different wind load: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²
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4.5  Free AST109-257 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack 
of the AST109-257 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent 
the tower from tipping over were determined. When the value of the permissible load Fv was lower than the value 
of the minimum required load of a single rack Fv min to prevent the tower from tipping over the result was rejected and 
no interpolation was made. The results are summarized in Tab. 4.4. In addition, examples of graphical summary of the 
results in the form of graphs with different levels of wind load, different levels of horizontal force FH and different 
levels of base protrusion Sc for towers with a height of 2.96 m (Fig. 4.8) and 6.46 m (Fig. 4.9) are presented.

a) b)

c) d)

Fig. 4.8
Permissible load of a single rack of the AST109-257-01-00-01-01 tower (Hmax=2.96 m) with different wind: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

a) b)

c) d)

Fig. 4.9 
Permissible load of a single rack of the AST109-257-01-02-01-00 tower (Hmax=6.46 m) with different wind: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²
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4.6  Free AST109-307 tower

As a result of the numerical analyses carried out the values of the permissible load Fv acting on a single rack of the 
AST109-307 tower as well as the values of the minimum required load acting on a single rack Fv min to prevent the 
tower from tipping over were determined. When the value of the permissible load Fv was lower than the value of the 
minimum required load of a single rack Fv min to prevent the tower from tipping over the result was rejected and no 
interpolation was made. The results are summarized in Tab. 4.5. In addition, examples of graphical summary of the 
results in the form of graphs with different levels of wind load, different levels of horizontal force FH and different 
levels of base protrusion Sc for towers with a height of 2.96 m (Fig. 4.10) and 6.46 m (Fig. 4.11) are presented.

a) b)

c) d)

Fig. 4.10
Permissible load of a single rack of the AST109-307-01-00-01-01 tower (Hmax=2.96 m) with different wind load: 
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²

a) b)

c) d)

Fig. 4.11
Permissible load of a single rack of the AST109-307-01-02-01-00 tower (Hmax=6.46 m) with different wind load:
a) q=0.0 kN/m²  /  b) q=0.5 kN/m²  /  c) q=0.8 kN/m²  /  d) q=1.1 kN/m²
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5. TOWERS AT INSTALLATION

The calculations for the towers at installation concerned towers of the height of up to 9.96 m. Higher tower heights 
require the use of additional anchors to be fastened to the structural elements (walls) to ensure the stability of the 
towers. Two wind load directions were considered for each tower height. The calculations were made for the towers 
with the maximum base and head protrusion. The required ballast values ensure both rotational and travelling stability.

5.1  Static diagram

The tower at installation has a diagram of a free tower (Fig. 5.1), with the additional components affected by the wind 
which include: ballast and a person installing the tower.

For the towers at installation the following loads were 
considered:

 � structure dead weight,
 � wind load of the structure: 0.2 kN/m2 (PN-EN 12812 

sec. 8.2.4.2) and  0,1 kN/m2,
 � wind action of the tower installer (the assumed coeffi-

cient cf = 1.3 and the installer’s surface area of 0.7 m2 
- PN-EN 1004-1 sec. 9.4.2.2.3,

 � wind action on the ballast (assumed coefficient cf = 1.3 
and ballast surface area of 0.5 m2).

Fig. 5.1
Static diagram of towers at installation

5.2  Ballasting at installation

Tab. 5.1 shows the values of the required ballast for the towers exposed to wind of 0.1 kN/m2 which corresponds to a 
wind speed of 12.6 m/s. Tab. 5.2 shows the values of the required ballast for the towers exposed to wind of 0.2 kN/
m2 which corresponds to a wind speed of 17.9 m/s. The values of the given wind speeds correspond to gusts. The “-” 
sign in Tab. 5.1 and Tab. 5.2 means no ballast is required. The components where the ballast will be placed must be 
designed to carry the required loads.

INSTALLER

BALLAST
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6. HEAD AND BASE PROJECTION LENGTH ADJUSTMENT DESCRIPTION

Steel Adjustable Base Steel Adjustable Head

The Hmax, and Hmin heights are specified according to the following rule:

Hmax = Sintegr. + 0,1 + (sum of heights of the number of levels of the components that form the core of the tower)

Sintegr.  = Sp +Sg  –  total adjustment  –  (m)

 � Sp = 0,6 x Sintegr.,  (for Hmin Sp = 0,1 m)  –  base projection length   – (m)
 � Sg = 0,4 x Sintegr.,  (for Hmin Sg = 0,1 m)  –  head projection length   – (m)
 � 0.1,  –  constant value including the thickness of head and foot nuts and plates  – (m)

 � Steel frame  0.5x1.09      height – H-0.5  m
 � Steel frame  1.0x1.09       height – H-1.0  m
 � Steel frame  2.0x1.09      height – H-2.0  m
 � Steel frame  0.71x1.09     height – H-0.71 m

Note: 
The heights of the towers in the data/configuration tables do not include the thickness of wooden sleepers or other 
load-bearing components (concrete slabs) where the AST109 towers are placed. 
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7.  SAMPLE TOWER ASSEMBLIES

1. Tower 1.09m x 1.09m 2.  Tower 1.09 m x 1.57 m

3. Tower 1.09 m x 2.07 m 4. Tower 1.09 m x 2.57 m 5. Tower 1.09 m x 3.07 m

Prepared by: Mirosław Sawicki, MSc, Eng.
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8.  CONFORMITY CERTIFICATE
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NOTES
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