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Chapter 1 INTRODUCTION

TSTower is a general computer program for the analysis and design of
cantilevered latticed self-supporting towers. Towers can either have triangular
or square cross sections. The program will solve using the American codes
TIA/EIA 222-F, ANSI/TIA-222-G, ANSI/TIA-222-H and the Canadian
equivalent CSA S37-94, CSA S37-01, CSA S37-13 and CSA S37-18. Load
generation, capacity assessments follow the applicable codes, and analysis is
based on a three-dimensional beam model.

The program analyzes the tower for all specified wind and ice loads and
determines the capacity of the members. The results are displayed graphically
on the screen. This allows the designer to visually check the adequacy of the
design and quickly make adjustments to achieve the optimum solution. The
program allows for a full printout or a summary printout of the results. A
graphical printout of the profile is also available.

HARDWARE REQUIRMENTS

The following minimum system requirements to run TSTower:

. An IBM compatible PC equipped with a Pentium processor
running under Windows 98, 2000, NT, XP, Windows 7 and
Windows8

. 50 MB free disk space

. 16 MB RAM

. 14 inch SVGA monitor with (800 x 600 min resolution)

. A pointing device, a mouse or graphical tablet configured to work
under windows.

. An optional printer that is set from windows

INSTALLING TSTOWER

The TSTower installation is initiated from windows. From start menu choose
run, insert the disk labeled disk 1 and choose file setup.exe

The setup program will create a TSTower directory on the hard drive at a

location designated by the user. The user may change the name of the folder in
which the program will copy all necessary files required to run TSTower.
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Choose the folder name and click OK, the installation program will copy all
necessary files into the different directories of your system. Follow the
program instructions and place the subsequent disks into the disk drive.

At the end of the installation the program will notify you that the installation
was completed successfully. Refer to the purchasers agreement regarding the
number of authorized users allowed to run the program.

DISCLAIMER

Extensive care has been taken during the development and testing of TSTower
program to ensure that both the source code and the underlying engineering
principles comply with standard engineering practice. Should any
discrepancies or possible program errors occur, please notify TowerSoft
immediately.

TOWERSOFT DISCLAIMS ALL WARRANTIES IMPLIED OR
OTHERWISE WITH REGARDS TO THE SOFTWARE. BY
USING THE SOFTWARE, THE USER AGREES THAT NEITHER
TOWERSOFT NOR ITS EMPLOYEES SHALL BE LIABLE FOR
ANY LOSS, DAMAGE, OR EXPENSE OF ANY KIND WHICH IS
CAUSED DIRECTLY OR INDIRECTLY BY THE USE,
PERFORMANCE, MAINTAINANCE, SERVICE OR
CONDITION OF THE SOFTWARE. IN NO EVENT WILL
TOWERSOFT BE LIABLE FOR SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGE RESULTING FROM USE OF THIS
SOFTWARE.

User’s comments and suggestions are welcomed. Please forward all your
comments to support@towersft.com.

www.towersft.com 1-2
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Chapter 2 INPUT

TSTower is an analysis software program. The user inputs all the necessary
information required to perform the analysis, the finite element program is run,
and the results are shown in a graphical format on the screen.

For design purpose, the user decides on a tentative geometry and performs an
analysis. The user examines the results of the preliminary selection and
modifies any of the design parameters before reanalyzing the structure. Using
successive runs, the user can quickly arrive at an optimum solution. The
designer makes the choices, interprets the output and has full control on the
design process.

This Chapter illustrates how TSTower works by explaining the input screens.
The input values and screens are shown on the figures in this chapter utilizing
an example. This example may not use all the features of the software,
however it gives the user a quick introduction to the main features and the use
of the program. Features available in the program that are not used for this
example are explained in the context.

www.towersft.com 2-1
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START THE PROGRAM

When TSTower starts, the main screen shows a blank page. The user selects a
structure type from the Structure menu. The three options are tubular, latticed
structures or guyed mast.

% TSTower =10} =l

File. Options  Struckure Appurtenances Load Cases Run Fesulls  Connections  Setup  DataBase Management  Help

Tower Elewvation

| US Cusiomary || EI&-222F  |C\DevelopmentiTSTowertMMTestinT st | Lattice Structure |

Note the status bar at the bottom of the windows showing the following data in

order:

1- The current mode of units (metric or US Customary)

2- The applicable code of design (CSA S37-18, CSA S37-13, CSA S37-01, CSA
S37-94, EIA 222-F, ANSI/TIA 222-G, ANSI/TIA 222-H

3- The problem file name, and path

4- Structure type (Tubular, Latticed or Guyed Mast)

www.towersft.com 2-2



http://www.towersft.com/

TSTower for SS towers User’s Manual INPUT

Select Options from the main menu and from the list choose the required code
and the system of units.

Setup  Help

Project Data

PROJECT DEFINITION

Select Project Data from the Options menu. Type in any identification data
required as shown.

Project Dakta

Customer |T0wer80ft

Site [D | A0007

Location  [wississauga-ON-CANADA

Project  |03.00-001

Revision ,q_

Engineer |,f_\n_.,| Engineer

Ok | Cahcel

To add data to any box, move the cursor into the box, click inside the box and
type in the data using the keyboard. To change any existing data in an edit
box, delete the entry using the <Del> key or the <Backspace> key.
Alternatively, highlight the existing characters by pressing and dragging the

www.towersft.com 2-3
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left mouse button, then type over the existing entry. This is a standard
Windows feature.

GEOMETRY DEFINITION

Select Structure/Latticed SS from the main menu, this will show the Geometry
Definition Window. Initially the window will show default geometry data and

the user changes that to the required parameters.
Latticed Tower Geometry

Towver Data

Al Mo. of Sections 7
Structure Height §| i) Ve ; (n
Bat. Width % (i) Total Height [ 130,000 % (ft)

Typical Section (ft) Cross-Section
Height

Section Geometry lPaneI Geometry ] Member Geometry ] Member Capacities ] Section Property ]

Locked Locked Database
Sect, Description Heigh (1) Biot. Ele. E_lcrt. Wictth Bint. T_op Wickh To Mo.of |Mass Mass
Mo, (1t) (im) Wicth (im) Wit Panelz | (lbs) lbs)
& R-BM 10000 12000 5425 L 54.25 L 2 9498 3624
g R-7H 20000 10000  TEFO L 54.25 L 5 23393 6944
5 R-gH* 20000 8000 10272 L 78.70 L 4 2885 10118
4 R-gh® 20000  BOOD 12720 L 10272 L 3 36292 13845
3 R-10M 20000 4000 15118 L 127.20 L 3 37465 10648
2 R-T1H 20000 2000 17542 L 15118 L 3 42096 15204
1 R-1200* 20000 000 18988 L 176.42 L 2 45791 21715

Add zection at top | Add section at bottom | Delete section at top ‘ Delete zection ‘

Defaults | Impart Section | Export Section ‘ Ok T iz Saction Yiew

4

In this window the user inputs the total height, top and bottom widths of the
tower, typical section height and clicks on the Section Generator button. This
will create the general outline of the tower sections based on the selected
typical section height. The user can model multiple slopes on the tower or
straight sections for example on the top of the tower by locking top or bottom
width of a selected section. From this screen, the user can add sections to the
top or bottom of the tower, delete sections at the top of the tower or delete a
selected number of sections.

Default cross-section is triangular and can be changed to square. Please not that
it is not possible to change cross-section if the number of sections is greater
than zero.

www.towersft.com 2-4
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Note that the defaults of the sections generation can be edited from the
Defaults button. The user can also switch from Tower View or zoom to Section
View to see an enlarged view of the selected section.

The user can also utilize the import and export section functionality to save or
retrieve a section from the user-defined database of standard sections.

Latticed Tower Geometry

Tower Data
a] g Ma. of Sections 7
Structure Height I zooon & o Topiidth | 54.25 & (n)
Bot.Width | 19055 & (i) Total Height | 130000 4] ()

L&’Pifrir?mec“':"" zoooo () CrDSS'SEﬁiD”ITriangular "I Section Generstor |
i

Section Geometry  Panel Geometry |Member Geometry I Member Capacities I Section Property I

T Guszet Guszet
Section  Panel Torira Secondary | Mid Hotiz, HoFr]iz Height | Biot. Eles. |Plan Hig Flates Plates
M. Mo, P Biracing Continuous Memb () (1t) Bracing Bracing | Area Weicght
EmRer (2] (=)
* 2 X (Mone) Mo S.000 12500 (Mone)  (Mone) 0.755 0.000
1 i (Mane) Mo S.000 12000 (Mone)  (Mone) 0.755 0.000
& [E
Moclify selected panel | Redefine section panels | Copy section panels |

Defaults ImpnrtSectiu:unl Export Seu:tionl Ok | T e SeeitEm e

On the next Tab “Panel Data” the user can define the number, type, height of
panels for the selected section. From the section column, other sections can be
selected for Panel definition. Also on the same window the user can modify
selected panels, change heights for different panels, redefine section panels and
or copy section panels to other section(s). Secondary Bracing, Plan Bracing and
Hip Bracing can be selected for each panel in the section.

Gusset Plates Area (ft> or m?) and Weight (Ibs or kg) for each panel can be
determined. The Gusset Plate Area and Weight (if applied) will be added to the
flat area of panel and to the weight of panel. Please note that the gusset plate
area and weight is understood as per one face.

www.towersft.com 2-5
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Latticed Tower Geometry

Towver Data
] Top Width EFEaPy Mo, of Sections 7
Structure Height I 1anoon AL i) ¥~
Bot.Width | 19055 &1 (n) Total Height | 130000 2] (f)
vaiidal Section | copon () Cmﬂﬁﬂec@nm Section Generatar |
J=1e]
Section Geometry I Panel Geometry Member Geometry | Member Capacitiss I Section Property I
M. . End Edge Gusset | Bolt
Sec. Pan. -~ Steel Cann. Bolt Size Bolt ! . ) .
Type Description of - Dist. Dist. Thick. Spacing
Mo, Mo, Grade Type Bolts (im) Grade {in) {in £in) {in
- 2 Leg SR2102 2572 gr .3l Tension 4 0873 AJ29H
Digy 22wl A3E Buolted 1 0E25 A32SM 08938 1000 0250 1.500
3 >
Copy Section Members |
W Section Members ldertical
Defaults Import Section Export Section Ok |

Towver “Wienw Section Yiew:

From the Member Geometry Screen, the user defines the member sizes, steel
grades, connection type, number of bolts, bolt size, bolt grade, end distance,

edge distance, gusset thickness and bolt spacing. The following is a definition
of the different fields:

Member Description: By double clicking the user can select another member
from the same type of members (Angles, Tubes, Solid Rounds, etc.). By right
clicking the Member Data form will open and allow the user to change the
member type or size.

Steel Grade or Bolt Grade: By double clicking the user selects from a drop
down list of available grades. The user can add or edit different grades from
the Database Management Menu. By left clicking the yield and ultimate values
of the selected grade are displayed. Note that for bolt grades, the threads
included or excluded from the shear plane are available.

Connection Type: By double clicking the user can select connection type. For
legs the user selects from tension, single shear or double shear. For other
members the selections are either welded or bolted.

www.towersft.com 2-6



http://www.towersft.com/

TSTower for SS towers User’s Manual INPUT

Number of Bolts: the user selects or types in the number of bolts for the
connection.

End distance: defined as distance from the center of bolt to the end of the
member along the axis of the member (force).

Edge Distance: defined as the distance from the center of bolt to the edge of the
member (normal to the line of force).

Gusset Thickness: the gusset thickness for connection of legs to other members.
For leg angles, the thickness of the leg is assumed to be the gusset thickness but
can be over written by the user.

Bolt Spacing: defined as center-to-center distance between bolts.

Note that the click button at the bottom allows the user to select either identical
or different members for each of the panels of the section.

Copy Section Members button allows to copy members from selected section to
another section or sections.

www.towersft.com 2-7
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L atticed Tower Geometry

Tower Data
) Top Width 5405 Al (i) Mo, of Sections 7
Structure Height I 130000 & (ft) =
Bot.width | 19055 &) (i) Tatal Height | 130,000 Af (f)

Lw_:'i';rtal Section | opoon () CrDSS'SECﬁDHITrianguIar vl Section Generat-:-rl
=iy

Section Geometry I Panel Geometry I Member Geometry  Member Capacties |Secti0n Property I

ELE | (Kips) [Kips) (Kip=) (Kip=] (Kip=) (Kip=)

; Block Critical
User | Comp. Tens. Bearing Bolt
Sec. Pan. |Member B Length . ; = | Shear o [ Camp.
Mo, |Ma. | Type Description () kLR Def. | Capacity |Capacity Capacity Capacity Capacity Capacity

7 iv.2 leg SR212 500 9500 Mo 11263 22107 16789 112863

Diag L2204 674 9301 Mo 18.35 24 .40 10.44 10.33 12.42 12.42

Defaults Impart Section Export Section | QK | T Section Yiew

The Member Capacities tab displays the following data:

. Section number (from bottom to top)

. Panel number (From bottom to top)

. Member Description

. Length of member (m or ft)

. KL/R (calculated effective slenderness ratio)
. Compression Capacity (kN or Kips)

. Tension Capacity (kN or Kips)

. Bearing Capacity (kN or Kips)

. Block Shear Capacity (kN or Kips)

. Bolt Capacity (kN or Kips)

. Critical (Governing) Compression Capacity (kN or Kips)
. Critical (Governing) Tension Capacity (kN or Kips)

Note: User may overwrite the effective slenderness of the members by

overtyping the slenderness calculated by program. If that is done the column
“User Def. kL/R” will be marked as “Yes”. The slenderness can be changed

back to calculated by program by clicking on “Yes”, which will be then
changed to “No”.

www.towersft.com
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Latticed Tower Geometry

Tower Data

Al g tla. of Sections T
Structure Height % [ft1 Top Viicth Z| {in)
Biot. Wicth §| fin) Tatal Height | 130 000 §| ()

Typical Section (ft) Cross-Section
Heigght

Section Geometry ] Panel Geometry ] Member Geometry ] Member Capacities  Section Property ]

Sec. Bracing End | Stitch Bolts Tubu_lar Welded SR Wielded SR K- S‘lanplard Internal External [
M. Qlearance fuII\,n'_ Elrau;lng S!ngle-Elraced El!'ac:ed Sec_tu:un Tpp G_auge T;up G_auge Gauge
(im) tenzioned | Boting Type | Diagonals Diagonals Wisight (k=) | Line (in) Line (in)

7 0.757 O Through Doubl Cut ot Ends One Cantinuous, 3924 1273 1.483

E 0.7ar O Through Dokl Cut st Ends One Continuous, 94 .4 1273 1.483

5 0.7ar O Through Dokl Cut st Ends One Continuous, 11,0118 1.894 2104

4 0.7ar O Through Dokl Cut st Ends One Continuous, 1,384 5 2.504 2714

3 0.7ar O Through Doukl Cut st Ends One Continuous, 1,064 .8 3411 3.351

2 0.7ar O Through Doukl Cut st Ends One Continuous, 16204 3720 3.060

1 nFav O Through Doukl Cut st Ends One Continuous, 21M 5 4.3 4 631

——

Defaults ‘ O Tovver Yiew Section Wiew

On the next Tab “Section Property” the user can define following section
properties:

Bracing End Clearance: Applies to bracing members (angles) attached to solid
round or tubular legs using gusset plate. It is the distance from the corner of
the bracing angle to the surface of the leg measured perpendicular to the leg.
Stitch Bolts fully tensioned: Applies to back-to-back angles. By default the stitch
bolts are considered not fully tensioned. By clicking on the tick box this will be
changed to fully tensioned (tick in the box indicates fully tensioned).

Tubular Bracing Bolting Type: Applies to tubular bracing members attached by
bolting. Following options are available: Through Double Wall (default),
Through Single Wall and Through Gusset Wall.

Welded SR Single Braced Diagonals: Applies to single braced panels with solid
round bracing members welded to legs. Following options are available: Cut at
Ends and Bent Continuous. Not applicable when using EIA-222-F standard.
Welded SR X-Braced Diagonals: Applies to X-Braced panels with solid round
bracing members welded to legs. Following options are available: One

www.towersft.com 29
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Continuous, One Broken, Welded; Both Continuous, Welded; Both Continuous
and Bent, Tack Welded. Not applicable when using EIA-222-F standard.
Standard Section Weight (Ibs or kg): Applies only to design/analysis of
standard towers, where structure data comes from databases.

Remaining section properties like Internal Top Gauge Line, External Top
Gauge Line, etc., are applicable only for Users performing design/analysis of
standard tower for the sake of matching sections to each other.

www.towersft.com 2-10
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ANTENNAS DEFINITION

From the main menu choose Appurtenances then sub-menu General
Appurtenances and then select Antennas, the following window is displayed.

Antennas Foint Loads ‘ Txlines ‘ Ladders ‘

Select

al

Delete &l

e

Antenna Data

hiourt

Mount Pipe User
Pre n |Shisked MWL e Defined Gh
[t Length (ft) : A

TTUTTHI3000  CvkDESK25:00 1 2400 204 000 240.0 (Mone) 0.0 000 01000 Mo 085
2000 Hpa 1 1200 284 000 1200 (Nore)  0.00 0.00 0 1000 Mo 085

Eley.

ot © | Antenna Type

. No.of éit. &z, Redbis get wount (MO T e o of

Az Mount
Ant. | (deg.) (T ity Type tdeg) Type Wa

Mourt Pipe

Leq Azimuth from Morth (Deg.) o

OK

In this window the tower elevation is shown along with the plan cross-section
at the marked antenna. To add a new antenna select New and a blank line with
an antenna type (none) is shown. The user inputs the following data as defined
below:

. Elevation: Elevation of the center of the antenna marked from
the bottom of the pole and shown in meters or ft.
. Antenna Type: Type of antenna and can be chosen from the

antennas database available. To choose an antenna click on this
field and an antenna type window will be displayed and the
required type and size is specified.

. No of Ant.: Number of Antennas. For M/W antennas the
number cannot be more than one.

= Ant. Az. (deg.): Antenna beam azimuth measured from the
zero azimuth of the pole and may be referred to as pole’s north
(specified in degrees).

. Radius: Radius is measured from the pole center to the
mounting point of the antenna (m or ft.). Also, note that the pole

www.towersft.com 2-11
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radius at that elevation is shown for guidance on the section
drawing.

. Vert. Offset: Vertical distance from antenna mount point to
attachment point on tower (m or ft.). This distance may be
positive (meaning that the attachment point is above the antenna)
or negative (meaning that the attachment point is below the
antenna). It should be applied only for cases of stand-off mount
supporting the antenna and having only one point of attachment
to tower (cantilever mount).

. Mount Type: Type of antenna mount and can be chosen from the
database available. To choose a mount click on this field to select
from the database.

] Mount Az. (deg.): Angle between the tower’s north and the
antenna’s mount point measured in the clockwise direction.

. TxLine Type: Type of transmission lines associated with that
antenna and can be chosen from a database available.

. No. of TxL:  Quantity of TX lines associated with that antenna.

. Mount Pipe: Size of mounting pipe selected from database.

. Mount Pipe Length: Full length of the mounting pipe (m or ft.)
. Mount Pipe Shielded Length: Length of the mounting pipe
shielded by antenna (m or ft.)

. Mount Ref. #: Reference number (antenna number) of the
mount for an antenna, where mount type was defined.
. Ka:  Shielding factor Ka (default Ka=1) can be overwritten by

User. (Does not apply to EIA-222-F standard)

. User Defined Ka (No or Yes): Indicates if Ka was defined by
User (Yes) or left as default (No). If the indicator is “Yes” then by
clicking on this cell the Ka will be changed back to default and the
indictor will be back to “No”. (Does not apply to EIA-222-F
standard)

. Gh:  Gust factor for the antenna. Default is equal to gust factor
for the tower but can be overwritten by User. (Does not apply to
EIA-222-F standard)

. Mount Ka:  Shielding factor for mount, if applicable. Default Ka
= 1. (Does not apply to EIA-222-F standard)

. Leg Azimuth from North (Deg.): Angle between true geographical
north and tower north measured clockwise. The tower north is
the line going through tower centre and tower apex (for
triangular towers) or through tower centre perpendicular to face
(for square towers). This azimuth allows Users to specify antenna
azimuths and mount azimuths referring to true north.

www.towersft.com 2-12
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Following functions are available:
e Select: Marks an antenna for copying or deleting
e Copy: Allows to copy selected antenna
e Delete: Allows to delete selected antenna
e Sort: Sorts antennas by elevation
e Delete All: Allows to delete all antennas

Antenna Type:

Click on type in the antenna table and the following window is displayed and
from which the antenna type and size is specified.

Antenna Type
Microwave T Other
Dizsh Twpe IShieIded ;I Frequency [GHz)] -
Dizh Size IHp4 ;I Allowable TilkTwist [deg) |2_21
R adome Allowable signal logs
i Yes i 3db
i Mo = 10db
Cancel |

For microwave dishes available in the database the following dish types and
sizes are available:

Shielded (2,4,6,8,10,12, 15 ft.)

Focal plane 4, 6, 8,10, 12 ft. - with or without radome)
Standard (2,4, 6,8,10,12 ft. - with or without radome)
Grid 4, 6,8,10,12, 15 ft.)

GRIDPAK 4, 6,8,10,12, 13 ft.)

Also, for microwave antennas the allowable Tilt/ Twist is calculated by the
program as a function of frequency, dish diameter and allowable signal

degradation (3 db or 10 db) based on the following formula:

a) For a parabolic reflector with an allowable 10dB signal degradation:

www.towersft.com 2-13
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b) For a parabolic reflector with an allowable 3dB signal degradation:

0= Cs
D «
where:

0 = twist or sway limit, degrees

C10 =53.1 GHz.ft.deg [16.2 GHz.m.deg]
Cs = 31.0 GHz.ft.deg [9.45 GHz.m.deg]
D = Diameter of dish, ft [m]

a = Dish Frequency, GHz.

For “Other” (Non-Dish Antennas) a variety of Antennas, organized by
manufacturers is available from the database.
Following screen is displayed when the Tab “Other” is clicked.

Antenna Type

Microwave T ]
19 records
Catalogue 8 o Height | *idth &
Name Dezcription (H] (h] Depth [fE] | Fr
AP193014  |DIRECTIOMAL PAMEL | 4265 | 0164 0.650 i

&P193015 |DIRECTIOMAL PAMEL | 5000 16 0.650

AP19901E [DIRECTIOMAL PAMEL | BO70 | 01E4 | 0.ES0

API0EE10 CELLNte DIRECT.PAML | 1969 | 0863 | 0427
API0EE13 |CELLNte DIRECT.PAML | 3238 | 0.8E3 | 0427 bl |
4

k. | Cancel |

The data shown includes all parameters of these antennas necessary for the

program to calculate wind loads and weight effects.

The User may add any type of Non-Dish Antenna to the database -using the
“Database Management” option from the main menu. Refer to Database

Management Chapter for details.

After specifying an antenna, the user may wish to copy it by highlighting the
specific line and click on select and then on Copy. A new line of antenna will

www.towersft.com
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be displayed and the user may edit that line. A similar procedure is used to
delete an antenna.

Loads are calculated for microwave dishes as per Andrew’s catalogue number
36. Also load calculations for wind loads under different directions are based
on ANSI/TIA-222-G tables (ANNEX C: DESIGN WIND FORCE ON TYPICAL
ANTENNAS (Normative).

POINT LOADS DEFINITION

From the main menu choose Appurtenance and then sub-menu General
Appurtenances and then select Point Loads, the following window is
displayed.

Point Loads
Artennas Point Loads TxLines ‘ Laclders |

Mates: LY
17 Drawing of the Paoint Load is not to scale. The actual dimensions Cwidth and depth)
are not defined. The dimensions in the dravwing are based on sssumption that the Select
trortal and lateral surtaces are square and that the force coefficient Ca= 2.0
2] The Azimuth and Orizrtation are relative to actual Morth, as defined in Leg Azimuth
from Morth (Deg.)
3) The Areas (Frontal and Lateral) are defined as containing force coetficiert
Sort
Delete All
Pairt Load Data
Frontal Fromtal |Leteral | Lateral
M Wind Wyined Winc Wind Wigight | Vit Mo af
Mo, Desc EEf!EV gﬂmj ER%“‘“S g:n; ;?f";';a%ﬂ) Area Ares Area Area (hare) (iced) T Line Type X Commerts Gh Antenna?
Bk 9 (bare) ((iced) |(hare) |Giced)  CKips) | (Hips) Lines

) () (2 ()

31 DB2644 LEG MTD 130,00 an 250 ] 0.0 15.00 0.00 15.00 aono 043 0.0 0.8s
2 [3)DB222A LEG MTD 80.00 oo 400 oo oon s00 0.00 800 ooo 010 0on

Leqg Azimuth from Morth (Deg.) ]

In this window the tower elevation is shown along with the plan cross-section
at the point load elevation. To add a new point load select New and input line
with zero values is shown. The user inputs the following data as defined
below:

. Description: Text description of the point load. This description

will be displayed on the design profile. If the default description
is not over written no description is displayed on the profile.

www.towersft.com 2-15



http://www.towersft.com/

TSTower for SS towers User’s Manual INPUT

. Elevation:  Elevation from the bottom of the tower to the center
of the applied load (m or ft.)

. Azimuth:  angle between the north and the point load radius
measured in the clockwise direction (specified in degrees).

. Radius: Radius is measured from the tower center to the

point load (m or ft.). Also, note that the tower radius at that
elevation is shown for guidance on the section drawing.

. Orient.: Angle between the tower’s north and the
point load mount point measured in the clockwise direction.
. Vertical Offset: Vertical distance from antenna mount point

to attachment point on tower (m or ft.). This distance may be
positive (meaning that the attachment point is above the antenna)
or negative (meaning that the attachment point is below the
antenna). It should be applied only for cases of stand-off mount
supporting the antenna and having only one point of attachment
to tower (cantilever mount).

. Frontal Wind Area (Bare): Bare wind area perpendicular to the
point load azimuth of the point load multiplied by the
appropriate force coefficient or drag factor depending on the
shape of the appurtenance (m? or ft?).

= Frontal Wind Area (Iced): Iced wind area perpendicular to the
point load azimuth of the point load multiplied by the
appropriate force coefficient or drag factor depending on the
shape of the appurtenance and the ice accretion (m? or ft2).

. Lateral Wind Area (Bare): Bare wind area parallel to the point
load azimuth of the point load multiplied by the appropriate
force coefficient or drag factor depending on the shape of the
appurtenance (m? or ft2).

= Lateral Wind Area (Iced): Iced wind area parallel to the point
load azimuth of the point load multiplied by the appropriate
force coefficient or drag factor depending on the shape of the
appurtenance and the ice accretion (m? or ft2).

. Weight (Bare): Bare weight of the load (kN or kips)
. Weight (Iced): Weight of the load including ice (kN or kips)
. TX Line Type: Type of transmission lines associated with

that point load and can be chosen from a database available.
. No. of TX Lines: Quantity of TX lines associated with that

point load.

. Comments: A comments field that does not get displayed
on the profile.

. Gh:  Gust factor for the point load. Default is equal to gust

factor for the tower but can be overwritten by User.
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. Antenna?:  Tick box to indicate if the point load is an antenna.

. Leg Azimuth from North (Deg.): Angle between true geographical
north and tower north measured clockwise. The tower north is
the line going through tower centre and tower apex (for
triangular towers) or through tower centre perpendicular to face
(for square towers). This azimuth allows Users to specify point
loads azimuths and orientation referring to true north.

Following functions are available:
e Select: Marks point load for copying or deleting
e Copy: Allows to copy selected point load
o Delete: Allows to delete selected point load
e Sort: Sorts point loads by elevation
e Delete All: Allows to delete all point loads
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TRANSMISSION LINES DEFINITION

From the main menu choose Appurtenance and then sub-menu General

Appurtenances and then select TXLines, the followini window is disi la;ed.
Transmission Lines

Artennas ‘ Poirt Loads ‘ TrLines Ladders

:

- =
Select
Zoom Out
Toom Al
b Cross-Section View... Sort
Delete A1l

< | >
W Show all TxLines
TH-Line Data

LUser
Bot. Elev.  Top Elev Type Mo. of Azimuth  Radius Qriert. ‘ertical Locate Artenna Det User Ka

[ (i) (1) Lines [deg.) (ft) [deg.) on Face Va

ooo 130,00 343 CABLE 1 3000 481 3000 Mo Yes-Out Mo
aan 130.00 T Ladder 1 150.0 4.3 1800 Mo Yes-Out o
aan 130.00 LDFSP-504, 3 1800 488 1700 No Yes-Out o
onoo ao.o0 LDFEP-504, 3 180.0 488 1900 Mo Yes-Out o

Ok

In this window the tower elevation is shown along with the tower cross-section
at the bottom of the Tx-line. To add a new line or group of lines select New
and a blank line with a line type (none) is shown. The user inputs the
following data as defined below:

. Bot. Elev.:  Elevation of the bottom of the lines (m or ft.)
. Top Elev.:  Elevation of the top of the lines (m or ft.)
. Type: Type of lines and can be chosen from the tx-lines

database available. To choose line type click on this field and the
required type and size can be specified as explained in the sequel.
. No of lines: Number of lines having the same properties
shown on that line. If this box is clicked another form will be
shown (see below). User will enter total number of lines, number
of rows of lines, line spacing and row spacing. If Round Cluster
check box is ticked then this group of lines will be considered as
round cluster and User should enter the round cluster diameter.
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TX Line Details for Line #: 4

Mo, Of Lines
[Total)

Lirne
Spacing (in)

Found Cluster

3 Ma. Of Rows Of

Lines

2 750 Rioew Spacing

(ing

-

ik

X
]

2.0

= Azimuth:
= Radius:

center of the lines group (m or ft.).

= Orient.:

radius measured in the clockwise direction.

= Vertical:

Group of lines azimuth (specified in degrees).
Radius is measured from the pole center to the

Angle between the pole’s north and the lines group

User may select “Yes”, which will force the lines to

run vertically from bottom of line to top of line. If “No” is selected
the line(s) will follow the slope of the tower.

Locate on Face: Following selections are available: “No”,
“Yes-Out” and “Yes-In". This feature helps in positioning the line
on face of the tower (either on outer side of the face or on inner
side of the face). Note: For design/analysis using CSA S37-01 or
EIA-222-G the program presents following choices: “No”, “Yes-
Out”, “Yes-In” and “Yes-NS”. If “Yes” is selected the line(s) will
be considered as part of face and their respective EPAs and
weights will be added to structure face. “Yes-NS” means no
shielding of structure by lines or lines by structure is applied.
These options are available for both bare and iced cases (User
may choose the line to be part of face for bare cases only, for bare
and iced cases or for iced cases only.

Antenna: Antenna description for cases where the TX lines
were defined for a specific antenna or point load.

User Def. Ka: An indicator (“Yes” or “No”) showing if User
defined Ka (shielding factor) was applied..

User Ka: Users may overwrite the default Ka (shielding
factor). If this is done the indicator above is changed to “Yes”.

Following functions are available:

e Zoom In: Allows to zoom in the sketch of lines
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e Zoom Out: Allows to zoom out the sketch of the lines

e Zoom All:

e Cross-Section View: Opens another form with enlarged cross-sectional
view at selected elevation. This form is printable.

e Show all TX Lines: Tick box allowing to show only selected line or all
lines.

e Select: Marks a line for copying or deleting

e Copy: Allows to copy selected line

e Delete: Allows to delete selected line

e Sort: Sorts lines by elevation

e Delete All: Allows to delete all lines

Transmission Line Type:

Click on type in the tx-lines table and the following window is displayed and
from which the tx-lines type and size is specified.

Transmission Line Type

Type Foam-Dielectric
Clezcription |LD FEP-E02, j
Size | 0.875 fin]

Qg | Canicel |

The following Transmission Line types are available:

Air-Dielectric
Foam-Dielectric
Elliptical Waveguide
Circular Waveguide
Rectangular Waveguide

Different sizes can be chosen from the description field and the actual size for
the chosen lines is displayed in the size field (mm or in.).

Users can create their own Transmission Line types through “Database
Management” /” Antennas DB”.
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LADDER DEFINITION

From the main menu choose Appurtenances and then sub-menu General

Appurtenances and then select Ladders, the followini window is disi laied.
Ladders

Antennas ‘ Point Loads ‘ TxLines ‘ Laclders

e

Select

Delete Al

e e

Ladder Data

Ect. Elev. | Top Elev. Width Azimuth  Radius — Crient. Rung Type

) () g (P ey (ces) Rail Type Face

0.
FaCe forlee

aan 130.00 17.0 12.0 300.0 4.81 3000 SR O34 Bar 21/2x1/4  Yes Yes

Ol

In this window the pole elevation is shown along with the plan cross-section at
the bottom of the ladder. To add a new ladder select New and a blank line
with a rail type, and rung type (none) is shown. The user inputs the following
data as defined below:

. Bottom Elevation: Elevation of the bottom of the ladder (m or
ft.)

. Top Elevation: Elevation of the top of the ladder (m or ft.)

. Width: Width of ladder rungs (mm or in.)

. Dist.: Distance (spacing) between rungs (mm or in.)

. Azimuth:  ladder azimuth (specified in degrees).

. Radius: Radius is measured from the pole center to the
center of the ladder (m or ft.).

. Orient.: angle between north and the ladder’s center

measured in the clockwise direction.
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. Rung Type: Rung size chosen from available steel sections
database for angles and solid rounds.

. Rail Type:  Rail size chosen from available steel sections
database for angles and solid rounds.

. Part of Face: Default is “No” but for cases of all-welded tower,

where the ladder components are welded and from part of the
face the ladder may be considered as part of face.

. Part of Face for Ice: Default is “No” but for cases of all-welded
tower, where the ladder components are welded and from part of
the face the ladder may be considered as part of face.

Steel Section Type:

Click on rail type or rung type in the ladder data table and the following
window is displayed, from which the steel section type and size is specified.

Steel Section Type

Type

Description | SR 0.625 =l

k. | Cancel |

The following steel sections for ladders are available:

Solid Round
Angle

Flat Bar
HSS Round
HSS Square
Pipes

WIND TURBINE DEFINITION

The loading for wind turbine definitions are based on ANSI/TIA-222-G-DS1
“Design Supplement for Small Wind Turbine Support Structures”. Small Wind

Turbines (SWT’s) defined as wind turbines with rotor swept areas less than
2,200 sq. ft. [200 sq. m].
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From the main menu choose Appurtenances then sub-menu Wind Turbine,
the following window is displayed.

Wind Turbine Loading

Wind Turbine?

v

TURBINE MANUFACTURER DATA |

Rotor Diameter:

2.939 [ft) Model Wame: | |PGE 20/50

Weight of Fotor [Hub and
Blades]:

T4E (Kips] Optional E quivalent Conztant Range Fatigue Tubne Loads

Dffset of Rotor from Tower
Center:

a73 (] | Harizontal Farce [Fut): | 0.000 [Kipz]

Faotor Ratational Speed:

[rpm] | Owerturring Moment [Miy): |U-UUD [Kipsft]

‘wind Speed:

3,09 (mph) | Shaft Torsion (Mt | [0.000 (Kipsh)

Yw'eight of Turbine:

508 [Kipz] Maote: Wind Turbing weight withaut weight of rotar,

Effective Projected Area [EFA):

256719 ()]

Fatigue Importance Factor [If):

ao Mate: Make sure itis consistent with structure class

Wertical Offset from Tower Top:

530 [ft]

Twisting [V'aw] Moment;

243 %KIDSH

Overturning Moment:

o0 |F.iptt Hote: IF Overturning Morment is left a5 zero the program
1 will calculate it a3 Rotor YWWeight ® Horizontal Offzet

Fatigue Stress Limit Cat. &

50 [ksi]

Fatigue strezs should contain fatigue resistance factor

WWWTW

| et S (L s B | & (ki)

The user inputs the following data as defined below:

Wind Turbine? Tick-box indicating if the Wind Turbine
should be considered in analysis.

Rotor Diameter: ~ Rotor diameter (m or ft.)

Weight of Rotor (Hub and Blades): Combined weight of hub
and blades (kN or kips)

Offset of Rotor from Tower Center: Horizontal offset of
turbine weight from vertical centerline of turbine base (m or ft.)
Rotor Rotational Speed: Rotational rotor speed at AWEA
electrical power rating of turbine (RPM)

Wind Speed: Wind speed at hub height associated with the
specified maximum turbine horizontal thrust (m/s or mph)
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. Weight of Turbine: Weight of turbine (kN or kips)

. Effective Projected Area (EPA): The etfective projected area (m?
or ft?) of a turbine shall be calculated in accordance with
ANSI/TIA-222-G-DS1 unless the effective projected area is
specified by the turbine manufacturer. The effective projected
area of a turbine shall be considered to be constant for all wind
directions with a wake interference factor, Ka, equal to 1.0.

. Fatigue Importance Factor: Importance factor for fatigue
from Table 11-1 of ANSI/TIA-222-G-DS1

. Vertical Offset from Tower Top: Hub height above turbine base
connection to supporting structure (m or ft.)

. Twisting (Yaw) Moment: A specified twisting (yaw) moment
considered to act about the vertical centerline of the turbine base
in a counterclockwise direction in the plan view (kNm or kipft)

. Overturning Moment: A specified overturning moment shall
be considered to occur in the same direction as the wind. Rotor
Weight times Horizontal Offset (kNm or kipft). If this value is left
as zero the program will calculate it automatically.

. Fatigue Stress Limit Cat. A: Equivalent fatigue damage
stress ranges for Category A components and shall not exceed the
design stress ranges specified in Sections 11.4.1 of ANSI/TIA-222-
G-DS1 (MPa or ksi)

. Fatigue Stress Limit Cat. B: Equivalent fatigue damage
stress ranges for Category B components and shall not exceed the
design stress ranges specified in Sections 11.4.2 of ANSI/TIA-222-
G-DS1 (MPa or ksi)

. Model Name: Name of the Wind Turbine Model

= Horizontal Force (Fxt): Equivalent constant range turbine
horizontal force, (kN or kips). This entry is optional and if left as
zero the program will calculate it.

. Overturning Moment (Mty): Equivalent constant range
turbine overturning moment, (kNm or kipft). This entry is optional
and if left as zero the program will calculate it.

. Shaft Torsion (Mtx): Equivalent constant range turbine
rotor shaft torsion (kNm or kipft). This entry is optional and if left
as zero the program will calculate it.
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Chapter 3 ANALYSIS

This Chapter explains the input of the code-related data and material data.
Also, the assumptions and the underlying theory of the analysis are explained
in the sequel.

CODE DATA

Wind Loads

From the main menu choose Load Cases, and then he following window will
appear depending on the design standard specified:

a) TIA/EIA 222-F

Having the EIA 222-F as the design code, the wind Loads window will be as
shown:
EIA-22Z2-F Code Data

Wind Speed oo (4] meh)
Service Wind Speed IED'DEI @ [mph]
lce Thickness ID'EEI @ [inch]
Start wind direction 0.00 @ [degreesz]
End wind direction IESIJ'III @ [degreesz]
[nzrement wind direction ISD'DEI @ [degrees]

Elev. above ground 0.00 @ [£E]

Wind pressure reduction for iced conditions ID_?E 'I

[ Increase allowable stresses

[+ Stength - ind anly ¥ Service - Wind only

[+ Stength-‘ind andlce [ Service - Wind and lce

115 Counties |
] |
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The input data is explained as follows:

Wind Speed: Design wind speed for the structure (m/sec or
mph).

Service Wind Speed: for the calculation of deflections (tilt/twist)
under service load conditions (m/sec or mph).

Ice Thickness: specified ice thickness for the design of the
structure depending on the location (mm or inches).

Start Wind Direction: Starting wind directions from which the
wind loads are considered.

End wind directions: Last wind direction for which the wind
loads are considered

Increment Wind direction: Wind increment in degrees at which
wind loads are calculated. For example, in the above shown
example wind will be considered at the following directions (0,
30, 60, 330)

Elevation above ground: The elevation of the structure base above
ground this is used for wind loads calculations. The height factor
is increased accordingly.

Allowable stress factor: For the structural assessment of the
tower, the allowable stress is increased to 1.33 as per EIA 222-F
when applicable. However, the user has the option to limit the
allowable stress to 1.0

Wind pressure reduction for the case of iced conditions (default is
0.75 as per code).

Options to mark the analysis loading cases for wind only or for
combined case of wind and ice under strength conditions and
service conditions.

b) ANSI/TIA-222-G-2005

Having the TIA-222-G as the design code, the Wind Loads window will be
displayed as shown:
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ANSITIA-222-G Code Data

Wind Speed (V) 135.00 IEI (mph) lce Density S6.19 [pct)
P ———— 3000 @ - Dead Weight Load Factor 0
Serviceabilty Wind Speed 000 @ (mph) hin. Dead Weight Load Factor 0an
Ice Thickness (ti) n23 @ (inch) thine| L e ey 1 B0
Start wind direction n.00 @ (dearees)  Directionalty Factor Kd 083
End wvind direction 530.00 IEI (degrees) Serviceabilty Directionality Factor Kd 085
Increment wwind direction s0.00 IEI (degrees) Importance Factor 100
Elev. above ground 0.00 IEI () [ Utimate Wind Speed ASCE 7-10
Structure Class 3 IEI
Exposure Category c IEI Mote: If wind speed iz ultimate (from ASCE 7-100, with load factor and
importance factor included then make sure to set importance factor to 1.00.
Topographic Category 1 IEI
Gust Effect Factor (Gh) 0E&s
Survival Wind (a3 per Annex A - A.2.3.2] ™
Min. Bracing Fesistance: Pr=1 5% F= (156k.) N
Iv Streneth - wind anly v Service - Wind anly
¥ Strenoth - wind snd Ice
I Apex - Pattern Loading [ Earthguake Loading [ Apply Addendum 2

CK

[ User Defined Wind .
US Counties

The input data is explained as follows:

Basic Wind Speed (V): 3-second gust speed for the structure
(m/sec or mph).

Wind Speed with Ice (Vi): 3-second gust speed concurrent with
the design ice at 33 ft above the ground (m/sec or mph).
Serviceability Wind Speed: for the calculation of deflections
(tilt/ twist) under service load conditions (m/sec or mph).

Ice Thickness (ti): specified ice thickness for the design of the
structure depending on the location (mm or inches).

Start Wind Direction: Starting wind directions from which the
wind loads are considered.

End wind directions: Last wind direction for which the wind
loads are considered

Increment Wind direction: Wind increment in degrees at which
wind loads are calculated.
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. Elevation above ground: The elevation of the structure base above
ground this is used for wind loads calculations. The height factor
is increased accordingly.

. Structure Class as defined in Table 2-1 of TIA-222-G. Values are 1
through 3 with class 2 as default.

. Exposure Category as defined in clause 2.6.5.1 of TIA-222-G.
Options are Exposure B, C or D with Exposure B as default.

. Topographic Category as defined in clause 2.6.6.2 of TIA 222-G
ranging from Category 1 through 5 with Category 1 as default.

. Ice Density: Density of ice (mm or inches)

. Dead Weight Factor: Default 1.20, can be overwritten by user

. Min. Dead Weight Factor: Default 0.90, can be overwritten by
user

. Wind Load Factor: Default 1.60, can be overwritten by user

. Directionality Factor (kq): Default 0.85, can be overwritten

. Serviceability Directionality Factor (kq4): Default 0.85, can be
overwritten

. Importance Factor: Default 1.00, can be overwritten

. Ultimate Wind Speed: Tick box, if selected then the wind speed is
understood as Ultimate Wind Speed defined by ASCE 7-10

. Gust Effect Factor (Gn): Default 1.10, can be overwritten

. Option to use survival wind speed as defined in Annex A of the

standards. This option assumes that the wind speed used is a
survival wind speed with Load factors, gust factors and height
factors of 1.0 as per clause A2.3.2.

. Options to mark the analysis loading cases for wind only or for
combined case of wind and ice under strength conditions and
service conditions.

. Earthquake Loading: Tick box, if selected then following data
entries will be showing and relevant data should be entered by
User

Seismic Analysis Design parameters

Max. Eatthguake spectral acceleration at short periods (52 0.000
Max. Eartthguake spectral acceleration at 1 second (51) 0.000
Site Clazs bazed on the soil propetties (as in Table 2-11) ] |§|

Seismic Analysis Procedure hethod 1 |§|

Ik
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. Apply Addendum 2: Tick box, by default it is selected and in such
case the Addendum 2 of the ANSI/TIA-222-G will be applied
. User Defined Wind: If this option is selected following form will

be displayed

Buottom Elevation
()

Top Elewstion (m)

Bottom Factar

Top Factor

3

0.00

.00

1.000

1.000

5.00

10100

1.000

1.000

10,00

1300

1.000

1.000

15.00

20000

1.000

1.000

20,00

2300

1.000

1.000

2500

30,00

1.000

1.000

30,00

3300

1.000

1.000

35.00

40.00

1.000

1.000

W~ @m | & k= R

40.00

43100

1.000

1.000

Ok

Default Elevation Increment:

5.00 fm)

‘ Add Line |

Remove Last Line

Cancel ‘

User should declare elevation increments and the using “Add
Line” button create lines to cover entire structure height. Then the
bottom height factor and top height factor should be entered. If
this option is applied the program will apply height factors at

each tower elevation as entered by User.

. US Counties: If this button is clicked following form appears,
allowing to select State, County and to automatically apply wind
speed, ice thickness and Ss matching the selection.
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Select State:

Lizt of counties for: Texas

LS Counties Defaults for EIA-222-G

[v Mazimum WWind?

[v Maximum lce?

| o

] Maw |, ol Man | Min | Max
CoLinky F:l':;ﬁ; W r[ﬂn!lr;;? Wi I!:e I!:e
[mph] [mph]| [in] | [in]
CARSOM a0 90 40 40 | 075 | 075
CASS a0 90 an a0 [ 075 | 075
CASTRO a0 90 40 0 | 05 | 075
CHAMBERS 110 | 130 | 30 an | 05 | 0A
CHEROKEE a0 a0 an a0 [ 075 | 075
CHILDRESS a0 a0 40 40 | 075 | 075
CLAY a0 90 an a0 [ 075|075
COCHRAM a0 90 an 0 (025 | 05
COKE a0 90 an a0 [ 075 | 075
COLERMAM a0 90 an a0 [ 075 | 075
COLLIM a0 90 an a0 [ 075 | 075
COLLIMGSWwOR | 30 a0 40 40 | 075 | 075
COLORADO a5 [ 105 | 20 a0 | 05 | 04
CORMAL a0 90 an an | 05| 0k
COMAMCHE a0 90 an a0 [ 075 | 075
COMCHO a0 90 an an | 05 | 075 -
| j_‘

[v Maximum Sz?

A4

c) CSA S37-94

Having the CSA S37-94 as the design code, the wind Loads window will be

displayed as shown:
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Wind Pressure IBDD.DD @ [Pa)
Ice Thickness [10.00 Ej (mm)

Importance Factor ,T @
Serviceability Factor IT E

Start wind direction W E (dearees)
End wind direction IW E (dearees)
Increment wind direction IW E (dearees)
Elev. above ground W E [m)

v Strength - Wind only v Serviceability - Wind only

v Strength - Wind and Ice [V Serviceability - Wind and lce

Site
S pecific
wind

oK

— Site Specific Wind Coefficients

Coefficient al: W
Coefficient a2: W
Coefficient a3: W
Coefficient Zh: W
Coefficient Z01: [oooo

Coefficient ¥01: |0, oon

The data for which is explained as follows:

. Wind Pressure: Reference wind pressure (q) as per CSA S37-94

. Ice thickness: Radial ice thickness for the design

. Importance factor: Importance factor as per S37-94

. Serviceability factor: Serviceability factor for service load
conditions as per S37-94

. Start Wind Direction: Starting wind directions from which the
wind loads are considered.

. End wind directions: Last wind direction for which the wind
loads are considered

. Increment Wind direction: Wind increment in degrees at which

wind loads are calculated. For example, in the above shown
window, wind will be considered only from 0 degrees.
. Elevation above ground: The elevation of the structure base above

ground. This is used for wind loads calculations.

www.towersft.com
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. Options to mark the analysis loading cases for wind only or for
combined case of wind and ice under strength conditions and
service conditions.

. Option to use site specific wind data

d) CSA S37-01
Having the CSA S37-01 as the design code, the wind Loads window will be

displayed as shown:
CSA 537 Code Data

Wiind Prezsure W |§| (Pa) lce Density 500,00 (kayim®3)
Ice Thickness 25.00 @ (mim) Dead Weight Factor 125

Min. Dead Weight Load Factor ’F
Importance Factor ,T |§| wind Load Factor ’T
Serviceability Factor ,T |§| e Weight Load Factor ’T Hydro-Guehec Coefficients?
Start wind direction W Igl (degrees)  Min. lce Weight Load Factor ’F - HYdro-Cqu\?QECESCe and
End wvind direction W Igl (degress)  Roofwind Speec-up Factor (Ca) 1.00

. r User Defined
Increment wind direction (30 00 |§| (degress)  Ha/Total Tower Height (for rooftop) 5 g Wing

Elev. above ground 000 IEI (m)

[+ Strength - Wind only v Serviceahility - Wind only

i~ Strength - Wind and lce v Serviceability - Wind and lce

Site Specific
Wi r

Ok

The data for which is explained as follows:

. Wind Pressure: Reference wind pressure (q) as per CSA S37-01

. Ice thickness: Radial ice thickness for the design

. Importance factor: Importance factor as per S37-01

. Serviceability factor: Serviceability factor for service load
conditions as per S37-01

. Start Wind Direction: Starting wind directions from which the
wind loads are considered.

. End wind directions: Last wind direction for which the wind
loads are considered

. Increment Wind direction: Wind increment in degrees at which

wind loads are calculated.
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. Elevation above ground: The elevation of the structure base above
ground. This is used for wind loads calculations.

. Ice Density: Density of ice (mm or inches)

. Dead Weight Factor: Default 1.25, can be overwritten by user

. Min. Dead Weight Factor: Default 0.85, can be overwritten by
user

. Wind Load Factor: Default 1.50, can be overwritten by user

. Ice Weight Load Factor: Default 1.50, can be overwritten by user

. Min. Ice Weight Load Factor: Default 0.85, can be overwritten by
user

. Roof Wind Speed-up Factor (Ca): Applicable for roof top structure

. Ha / Total Tower Height (for roof top): Fraction of tower height,

for which the C, as entered will be applied and above which the
Ca = 1.0 will be applied

. Hydro-Quebec Ce and Cg values: if this option is selected the
height factor and gust factor will follow the specifications of
Hydro-Quebec

. User Defined Wind: If this option is selected following form will
be displayed
User Defined Wind
# Eloﬂom(a?vamn Top Elewstion (m) | Baottom Factor Top Factar
» 1 0.o0 5.00 1.000 1.000
2 5.00 10.00 1.000 1.000
3 10.00 15.00 1.000 1.000
4 15.00 20000 1.000 1.000
a 20.00 2500 1.000 1.000
5] 25.00 30000 1.000 1.000
7 30.00 35.00 1.000 1.000
] 35.00 40.00 1.000 41 .000
] 40.00 45.00 1.000 1.000
Default Elevation Increment:
5.00 ()
Ok ‘ Add Line | Remove Last Line Cancel
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User should declare elevation increments and the using “Add

Line” button create lines to cover entire structure height. Then the
bottom height factor and top height factor should be entered. If

this option is applied the program will apply height factors at

each tower elevation as entered by User.

. Site Specific Wind: If Site Specific Wind option is selected

following data entries will be displayed:

Site Specific Wind Coefficients

Site Specific
W?-.d 2 Coefficiert a1: ||:|_|:||:|E|;|;| : ||:|.|:|I:|;IZII
Coefficiert 52 |opopoo  J0.00000
Coefficient a3 ||:|_|:||:||:| ||:|_|:||:||:|
Coefficiert Zh: o oog 0.000
Coefficient Z01: |n oog 0.000
Coefficient ¥01: |n oog 0.000

Height [z for 2nd curve: (m)

0.00

User should enter the site specific wind coefficients as per data

supplied by Environment Canada.

Notes: Selections of User Defined Wind, Hydro-Quebec Wind and Site Specific

Wind are mutually exclusive. Only one selection will be applied for analysis

e) CSA S37-13

Having the CSA S37-13 as the design code, the wind Loads window will be

displayed as shown:

www.towersft.com
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CSA-S37 Code Data

Wind Pressure
Service Wind Pressure

lce Thickness

Importance Factor
Serviceahility Factor
Start wind direction

Encd wind direction
Increment wind direction

Elew. above ground

v Strength - vind only

Site Specific
Wingd r

i Strength - Wind and lce i~ Serviceshility - Wind and lce

[foooo @ {Pa) Ize Density [onoo chgimea)
g o
’W IEI (mm) Diead Wizight Factor ’?
Min. Dead Wiight Load Factor ’F
,T EI Wind Load Factor ’T
W |§| I Wieight Load Factar ’T Hydro-Guebec Coefficients?
W E| (degrees)  Min. loe Weight Load Factor W r Hydro-(:%usta:ulicesce and

330000 Igl (degrees) Roof Wwind Speed-up Factar (Ca) 100

Ha i Total T Height (f ftop) '— [~ User Defined
30.00 E| (degrees]) Ll al Taweer Height (for rooftop) 3o s
0.00 @ {m)

Roughness of the Surrounding Terrain
IV Serviceability - Wind only e Y

Irtermediste Terrain j

Upstream Extent of the rough terrian *r [0.051 (ki

Select Wind [ lce f Seismic Data from Table |

Seizmic Analysis

[ Earthouake Loading

Impiottance Category: - Ok

The data for which is explained as follows:

Wind Pressure: Reference velocity pressure (q) as per CSA S37-13
(50-year return period mean hourly wind pressure at 10 m above
ground level), (Pa or psf)

Service Wind Pressure: Service velocity pressure as per CSA S37-
13 (10-year return period mean hourly wind pressure at 10 m
above ground level), (Pa or psf)

Ice thickness: Reference radial ice thickness (ti), (mm or inches)
Importance factor: Importance factor as per S37-13

Serviceability factor: Serviceability factor for service load
conditions as per S37-13

Start Wind Direction: Starting wind directions from which the
wind loads are considered.

End wind directions: Last wind direction for which the wind
loads are considered

Increment Wind direction: Wind increment in degrees at which
wind loads are calculated. For example, in the above shown
window, wind will be considered only from 0 degrees.

Elevation above ground: The elevation of the structure base above
ground. This is used for wind loads calculations (m or ft).
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. Ice Density: Density of ice (mm or inches)

. Dead Weight Factor: Default 1.25, can be overwritten by user

. Min. Dead Weight Factor: Default 0.85, can be overwritten by
user

. Wind Load Factor: Default 1.40, can be overwritten by user

. Ice Weight Load Factor: Default 1.45, can be overwritten by user

. Min. Ice Weight Load Factor: Default 0.82, can be overwritten by
user

. Roof Wind Speed-up Factor (Ca): Applicable for roof top structure

. Ha / Total Tower Height (for roof top): Fraction of tower height,

for which the C, as entered will be applied and above which the
Ca = 1.0 will be applied

. Options to mark the analysis loading cases for wind only or for
combined case of wind and ice under strength conditions and
service conditions.

. Roughness of the surrounding terrain, following options are
available:
. Open terrain (default)
. Rough terrain
. Intermediate terrain (if this option is selected the user
should enter the upstream extent of the rough terrain, x;
(km))
. Hydro-Quebec Ce and Cg values: if this option is selected the

height factor and gust factor will follow the specifications of
Hydro-Quebec

. User Defined Wind: If this option is selected following form will
be displayed
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User Defined Wind

Bottom Elevation

# m Top Elevation (m) | Bottom Factor Top Factor
» 1 0.00 500 1.000 1.000
2 5.00 10.00 1.000 1.000
3 10.00 15.00 1.000 1.000
4 15.00 20.00 1.000 1.000
5 20.00 2500 1.000 1.000
5] 25.00 30.00 1.000 1.000
7 30.00 35.00 1.000 1.000
g 35.00 40.00 1.000 1.000
9 40.00 45.00 1.000 1.000
Default Elevation Increment: 500 im)
Ok | Add Line | Remove Last Line

Cancel |

User should declare elevation increments and the using “Add
Line” button create lines to cover entire structure height. Then the
bottom height factor and top height factor should be entered. If
this option is applied the program will apply height factors at
each tower elevation as entered by User.
. Site Specific Wind: If Site Specific Wind option is selected
following form will be displayed:

www.towersft.com
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Site Specific Wind for C5A 537-13

Site Specific Wind Coefficients

0-z =z
Coetficiert a1: In.0000 |0.0000
Coetficiert &2: 0 00000 | oo00o
Coetficient a3: 0.000 |0.000
Coefficiert Zh: o.000 0.000
Coefficient Z01: 0000 0,000
Coefficient %01 (50 year): ||3,|3|:|c| |I:|.IZIIZIEI
Coefficient V01 (10 year): ||j,|j|:|u |D.DDD

Height (z) for 2nd curve: (m) 0.an

Mote: In casze that V01 value [wind speed im mph for 10 year retun penod] is not
provided by Environment Canada pou may use ratio of 0.88 az multiplier for 50 year

return V1.
A

User should enter the site specific wind coefficients as per data
supplied by Environment Canada.

Select Wind/Ice/Seismic Data from Table: This option will open following
form

Canadian Locations Defaults for CSA §37-13

Select Province: oH - Search by Coordinates |
List of Locations for: Ontario
Ice Wind Service ﬂ
Location Altitude | Latitude |Longitude | Thickness |Pressure Wina Saf0.2) [ Sa{0.5) | Sa{1.0)
{mm} {Pa) Pressure

Centralia 260 43.28 81.47 | 490 380 013 0.08 0.052 J
CFB Borden 225 44.27 79.38 22 360 280 0.14 0.1 0.063
Chapleau 425 4783 83.4 2 300 230 0.095 | 0.057 | 0.037
Chatham 180 42.4 8218 28 430 330 016 | 0.092 0.05
Chesley 275 44.28 81.08 | 430 370 012 | 0.082 | 0.053
Clinton 280 43.62 81.53 | 490 380 0.12 | 0.078 0.05
Coboconk 270 .65 T8.3 23 350 270 0138 013 0.074
Cobourg 90 4397 7817 20 490 380 0.22 014 0.079
Cochrane 245 49.07 81.02 17 350 270 018 | 0.098 | 0.054
Colborne 105 H 7788 20 490 380 0.23 0.14 0.081
Collingwood 190 .48 80.22 20 3% 300 013 | 0.097 0.06
Cornwall 35 45.03 T4.73 30 410 320 0.62 0.31 014
Corunna 185 42,88 82.43 22 470 360 012 | 0.0T4 | 0.047
Deep River 145 461 1.5 22 350 270 0.63 0.3 013
Deseronto 85 4.2 77.05 25 430 330 0.27 017 0.092 -

4 3

v Select Reference 'Wind? v Select Service Wind Pressure? v Select lce?
Seismic Data
T —— E— ‘ ) v Select Sa(l.2)? v Select Sall.S)?
Hitand Save Selection Cancel and Exit ¥ Select Satl 07 V¥ Select Sa(2.007
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Seismic Analysis
If “Earthquake Loading” is selected following form will be displayed:

Seismic Analysis Design parameters

Spectral response acceleration Sal0.2) 0.000

—
o
o
o
o

Spectral response acceleration Sal0.s) 0000

Spectral response acceleration Sart 0) 0.00a

Spectral response acceleration Sarz2.0) 0.00a

Site Class (a2 in Table 4.1.8.4 .4, of NBCC)

(8].4

A

User should enter Spectral response acceleration factors Sa(0.2) through Sa(2.0)
and Site Class.

The Importance Category shall be defined. Options are: Low, Normal, High
and Post-Disaster.

Notes: Selections of User Defined Wind, Hydro-Quebec Wind, Site Specific

Wind and Wind Data from Table are mutually exclusive. Only one selection
will be applied for analysis
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ANALYSIS THEORY

The analysis is based on three-dimensional truss model with geometrical non-
linear capabilities (i.e., Increased forces due to P-delta effects are accounted for
in the analysis). Wind load calculations and analysis are based on the
following assumptions:

Wind Loads Calculations

1. Wind is assumed horizontal and is blowing from a certain direction
throughout the whole pole height.

2. Force coefficients (drag factors) are calculated as per applicable code.

3. No shielding is considered on the tower from antennas, Tx-lines, or ladders.

4. Tx-lines declared as part of the face are considered in the force coefficient
calculations of the structure. Tx-Lines as part of the face and outside shield
the structural members and vice versa for lines inside the tower.

5. Ice built up is considered uniform on the structure and appurtenances.

6. Wind loads considered on iced structures are reduced as per applicable
code.

7. For wind load calculations, wind load is calculated for each section.

8. Loads that are offset from the tower center are applied at the tower center
with the corresponding moments (torsional and bending).

9. Loads that extend beyond the height of the structure are applied at the top

of the structure with the corresponding additional moments (torsional and
bending).

Analysis and Capacities

1. Each member is modeled as two-nodded three-dimensional truss elements
with three degrees of freedom at each node. Note: members of panels
defined as Vierendeel type will be modeled as frame elements.
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2. Element properties are assumed constant for the full length of the member.
3. Tower is considered fixed in all directions at the base.

4. Uniform loads applied to the tower are distributed to each level of the
section at the three or four leg points.

5. Capacities are calculated based on applicable codes and the structure is
assessed for each member.

Calculation Parameters

From the main menu, choose “setup” and select “Calculation Parameters”. In
this menu, the user may change the equivalent wind area calculations for non-
dish antennas.
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Calculation Parameters

Equivalent Wind Area for Mon-Dish Antennas

Eq. &rea = Frontal Area x Cos( Angle of &ttack) +
Lateral Area x Sing Angle of Attack)

i Eq. &rea = Frontal Area x Cos™2( &ngle of Attack) +
Lateral Area x Sin®2( Angle of Attack)

" Eq. Area = Maximum Areal Frontal or Lateral )

Ok Cancel

For non-dish antennas, the user can select the calculation method for the
equivalent wind area of non-symmetric antennas.

Material Data

Clicking on Setup from the main menu the material data can be defined. The
user inputs the material density (Ibs/ft3 or kg/m3), Young's modulus (ksi or
MPa) , Poisson’s ratio and Weight Increment factor.
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Material Data

Dersity 430.06 (i3

»
Voung's Modulys 2900000 (ki)

Pois=zon Ratio 0.30

Wieight Incremernt 1 '25|

Maote: The Weight Increment will be used to increaze
the dead weight of structural members in order to
accourt for the additional hardware (bolts, nuts,
waszhers etc). The increment iz in addition to dead
weeight load factors (if applicakle).

Ok Cancel

Analysis Options

Following types of analysis can be performed:

1. Full analysis for ultimate limit states and serviceability limit states (as
selected by User) for selected wind directions.

2. Modal analysis.

3. Fatigue strength analysis, provided that User selects Wind Turbine
loading.

Notes:
o With selection of EIA-222-F the analysis is performed for working loads
(not factored).
¢ In case of applying Wind Turbine loading both full analysis and fatigue
analysis should be performed.
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Chapter 4 RESULTS

In this Chapter the printed and viewable output options for the program are
explained. After the input data phase is completed, the user chooses Run from
the main menu. The program performs the wind load calculations and
executes the structural analysis. From the main menu the user may choose
Results and the user chooses one from the following menu options:

e Preliminary Results
e Final Results

e Print

e .DXF Profile

Preliminary Results

Choosing Preliminary results the following screen is displayed which allows
the user to see the different calculated wind pressure and effective projected
areas for each of the different load combinations and wind directions.

Wind Pressure

View Preliminary Results

Wind Pressure

\Wine Ares ‘ App. DL ‘ App. Conc. Loads | Section Weights

Sec. Panel Bat. Elew. (ft) | Top Elew. (ft) Kz Wzt QzGh (psfl | lce Thick. (iz) P
(in]
7 125.00 130,00 1.332 1.00 7177 0.000
1 120.00 12500 1.321 1.00 717 0.000
B 5 116.00 120,00 1.310 1.00 7061 0.000
4 112.00 116.00 1.3 1.00 F0.10 0.000
S| 105.00 112.00 1.29 1.00 59.55 0.000
2 104.00 105.00 1.281 1.00 £9.04 0.000
1 100.00 104.00 1.271 1.00 B5.45 0.000
5 4 95.00 10000 1.259 1.00 E7.83 0.000
5 90.00 95.00 1.245 1.00 E7 .08 0.000
2 §5.00 90.00 1.23 1.00 56.30 0.000
1 50.00 85.00 1.215 1.00 B5.439 0.000
4 3 7333 80.00 1197 1.00 E4.48 0.000
2 == 73.33 1174 1.00 E3.26 0.000
1 50.00 GE.E7 1.150 1.00 E1.94 0.000
3 & 2333 50.00 1.123 1.00 50.51 0.000 e

Load Combination  |yagna only j Wind Direction (Deg) 0 -
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This screen shows bottom and top elevation of each section the applied wind
pressure and the relevant height factors and ice thickness for each of the load
combination and wind directions.

Wind Area

View Preliminary Results

Wind Pressure Wind Area

Ape, DL ‘ App. Conc, Loads | Section Weights

Sec. | Panel | Flat Area | App.Flat | Found Anp. Arealce | Solid, | Flat | Found [Flat Dit | Round | Eff. Area [~
("2 Area  |Area (2] Round ] Ratio | Drag | Drag Diir [t
(ft"2) Ares
(2]
T 2850 0.208 2083 0443 0000 0240 2467 1436 0800 1.000 9 860
1 24950 0.203 2083 0.443 0.000 0240 24687 1437 0800 1.000 Q863
53 5 27EQ 01EY 1.837 0354 0000 0259 2412 1391 0800 1.000 a7
4 2876 0167 1.837 0.354 0.000 0244 2455 1407 0800 1.000 9059
3 2986 0.1EY 1837 0354 0000 0232 2494 1422 0300 1.000 9405
2 3093 0167 1.836 0.354 0.000 022 2528 1436 0800 1.000 9749
1 3213 0.1EY 1837 0354 0000 0212 2558 1449 0300 1000 10090
5 4 3515 0.203 2713 0.443 0.000 0134 2615 1405 0800 1000 122323
3 3E52 0.208 2713 0443 0000 0135 2E456 1413 0300 1000 12647
2 3792 0.203 2713 0.443 0.000 0477 2E74 1430 0800 1000 1300
1 3435 0.208 2713 0443 0000 0170 2E99 1442 0300 1000 13495
4 3 5559 0.275 4174 0.590 0.000 0173 2E90 1363 0800 1.000 19083
2 LTI 0278 4174 0.590 0000 0164 2720 1333 03800 1000 139790
1 E027 0.275 4174 0.590 0.000 0157 2746 1396 0800 1.000 20501 |

Load Combination |Wind anly ﬂ Wind Direction (Deg) o -

This screen shows flat and round areas of the structure and that of the
appurtenances included as part of the structure in the calculations. Solidity
ratios are also show for each panel and the calculated force coefficients (drag
coefficients) for both flat and round members. Also the directionality factors
and the total effective wind areas are shown for each of the load combinations
and wind directions.
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Appurtenances Uniformly Distributed Loads (UDL)

]

View Preliminary Results

wind Pressure | Wind &rea AP UDL | app. Conc. Loads | Section Weights

Sec. | Panel | Flat Ares (42 Round Ares Flat Drag Round Drag Ka Eff. Area (EPA) -
(2] [#"2)
7 1496 153 200 120 0gn 345
1 1.96 153 200 1.20 0E0 345
B a 147 123 200 1.20 060 277
4 157 123 200 1.20 0E0 277
3 147 123 200 1.20 060 277
2 147 123 200 120 nen 277
1 147 123 200 1.20 060 277
5 4 1498 153 200 120 nen 345
3 196 153 200 1.20 060 346
2 1496 347 200 120 0gn 4385
1 1.96 347 200 1.20 0E0 4.85
4 3 261 463 200 120 0gn E.AT
2 261 463 200 1.20 0E0 E.47
1 261 463 200 1.20 060 E.47

3 3 261 463 200 1.20 0.E0 E.47 b

Load Combination |'n-‘\|1nd Only j iwind Direction (Deg) 0 -

4

The appurtenances uniformly distributed loads not included as part of the face
are shown on this screen. The window shows the calculated flat and round
areas as well as the corresponding force coefficients (drag factors) for each of
the load combinations and wind directions.
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Appurtenances Concentrated Loads (UDL)

View Preliminary Results

Wind Pressure ‘ Wing Ares ‘ App.UDL  App. Conc. Loads | Section Weights

Ant. Desc. Gty Mourt | Elew. Calc Casc | ¥Force | YForce [ZForce | M-x Py M-z b
Desc [t #-Dir v -Dir E-wy M-S (Mips)  |[(Hipzft) | (Kipstt) [(Kipsft)
E-wn M-= (Kips) | (Hip=)
[t (21

1 1 13000 000 -820 000 -053 <011 016 028 150
2 HP4 1 12000 584 1083 042 078 020 030 052 184
1 Prt. Load 13000 000 <1500 000 108 .08 -045 000

2 Prit. Lo 9000 000 -800 000 053 -012  -048 000 |

Load Combination |W1nd oy j Wind Direction (Deg) 0 -

The appurtenances calculated concentrated loads are shown on this screen.
The window shows the calculated flat and round areas in the direction of each
axis and the corresponding forces and moments in the three axes. This value
can be selected for each of the load combinations and wind directions.

Section Weights
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View Preliminary Results

Wind Pressure l Wind Area I Lpp. UDL \ App. Conc. Loads  SectionWeights

Sec. Legs (lbs) Bracing (lhs) Sec. Bracing (hs) Int. Bracing (s Total Section (lbs) b
1 13667 on on 45791
2 2524 4 1385.2 an on 4209 &
3 28238 Xy on on IT4E 5
4 2524 1 B0s.1 an on 36292
5 MMz 5703 on on 2099 5
g 15186 g0y an on 23392
T E2E.4 3254 on on 0495
Tatal: 159509 E494 .1 an on 224450
-
4

The section weights are shown on this screen. The window shows the weights

of legs, bracing, secondary bracing, internal bracing and section totals for each
section. The bottom line shows totals for entire tower.
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Final Results

Choosing final results the following screen is displayed which allows the user

to view the results of the analysis for either the maximum envelope or any of
the different load combinations and wind directions.

Legs

The assessment of the tower legs is shown in tabular form and graphical format
by plotting the tensile or compression forces versus the corresponding

capacities of the member. The diagram is refreshed based on the selection of

either the tensile or compression columns.
View Results E

Legs lDiag l Horiz l Sec. Mem l SUmmary l Found. l Dizp. l At Disp.]

=ect Panel| Bottom Description Tenzile |[Compress. | Tensile [Compress. fssess
Elew. (1t] Force Force  |Capacity | Capacity
(Kips) (Kips) | (Kips) | (Kips)
T2 SR2102 1.389 1853 167893 112630 002
1 | 12000 SR 2142 4.542 2400 167893 112630 005
6 | 5 | 116.00 SR 2304 8.488 9.961 220217 187104 005
4 | 11200 SR 2304 12467 14642 220247 187104 003
3 | 108.00 SR 2304 16150 18989 2207 187104 0410
2 | 10400 SR 234 20.420 23800 2207 187104 043
1 | 10000 SR 2304 24432 283582 2207 187104 045
5| 4 95.00 SR3104 29.256 34196 330325 250454 014
3 90.00 SR3104 34364 40518 2207 250434 016
2 g5.00 SRE14 39.909 47503 2207 2504354 0419
1 g0.00 SR3104 45 631 54636 2207 250454 022
4 | 3 7333 SR 33 52.487 63016 330325 291581 022
2 6B EY SR 3304 60.551 72894 2207 2983 028
1 60.00 SR 334 65.710 82871 2207 2915831 03
3| 8 5333 SR 33 7T.096 93142 220247 291603 035
2 46 BY SR 354 85522 103491 2207 291603 039
1 4000 SR 334 94147 114092 330325 291603 039
2| 3 3333 SR 334 102530 124485 220217 281547 047
2 2667 SR 3304 111011 135000 330325 291547 046
1 2000 SR 334 119254 145401 220217 291547 054
1 2 1000 SR 4 130.064 159030 330328 196512 081

Load Combination  |p4e., Envelape

j Wind Direction (Ded)  [pax.

-

—Force

150

_ Capacity i

Towver Wiew | Section View
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Diagonals

The assessment of the tower diagonals is shown in tabular form and graphical
format by plotting the tensile or compression forces versus the corresponding
capacities of the member. The diagram is refreshed based on the selection of
either the tensile or compression columns. Similar results can be viewed for
tower horizontals from the next tab.

View Results E

Legs Diag ]Horiz l Sec. Mem l Summaryl Found. l Disp. ] Art. Disp. l

zect |Panel| Baottom Description Tensile |Compress. | Tensile |[Compress. hssess -~
Elew. () Force Force  |Capacity | Capacity
(Kips) (Kips) (Kips) (Kips)
72 L2x2%1i4 1670 1632 10326 12420 0416
1 | 12000 L2x2x1id 2099 2220 103286 12420 020
6 | 3 | 116.00 L2x2x1i4 14833 1.841 10326 12420 048
4 | 11200 L2x2x1i4 2050 2078 10328 12420 020
3 | 108.00 L2x2%1i4 2196 2184 10328 12420 0
2 | 10400 L2x2x1id4 2310 2337 103286 12420 022
1 | 10000 L2x2x1id 2470 2457 10326 12420 024
3| 4 93.00 L2x2x1i4 2802 2835 10328 12420 027
a3 90.00 L2x2%1i4 2855 24878 103286 12420 029
2 §5.00 L2x2x1id4 3446 343 103268 11572 033
1 §0.00 L2x2x1id 3657 3644 10325 10505 035

4 3 7333  L2102x21/2:3NM6 4168 4.212 7861 11.938 053

2 BEGY L2 142x2 1722316 4.447 4.442 7 861 10.500 0ay

1 BOOD L2 1022 1722316 4 BSS 4727 7 861 9765 060

3 3 9333 L2 1422 1/2x3NM6 5033 G024 7 861 878 064

2 4567 L2102x2 1022316 3273 3317 7861 G.0a3 &7

1 4000 L2102x21/2x3M16 3563 5.528 7861 7404 0rs

2 3 3333 L2 1/2%2 172114 5609 4 667 10443 G935 063

2 26 67 L2122 1121 04 2897 5.68580 10443 G185 072

1 2000 L2 4222 1121 4 G104 6155 10443 7 &2

5 10
- _Force _ Capacity

1 2 10,00 L3x3x1/4 7383 T7.318 10443 9862 074

Load Combination |Max Enwvelope j Wind Direction (D2 [y > Tower Yiew | Section Yiew

Also, on the bottom of the screen, the user may select the load combination for
which results are to be displayed. Load combinations selected from the analysis
menu are shown in the load combination list. Specific wind direction may be
chosen or simply the envelope of the maximum values.
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Results Summary

The user may view the summary of the assessment based on colored contours
of the tower. The contours summarize the results depending on the governing
either compressive or tensile forces.

View Resulis \3

Legs l Diizagy l Horiz l Sec. Mem  Summary lFound. l Disp. l Arnt, Disp. l

ec.|Panel |Bottom Type KLIR Comp. Comg. Tens. Tens. |Assess.| &
Elew. Force Capacity Force Capacity
(t) (Kipz) (Kips) (Kips) (Kips)
7 125.00 Leq 96.000 1833 112630 1.389 167 593 0.0z
Diagy 93005 1632 12420 1670 10.328 016
1 12000 Leg 96,000 5.400 112630 4.542 167 593 .05
Dimg 93,005 2220 12420 2,099 10.328 020
5} 5 116.00 L £9.5589 9961 187104 8.435 22017 0.0s
Dz 9515 194 12420 1.955 10.328 019
4 11200 Len 69559 14642 187104 12 467 22017 005
Diag 99110 2078 12420 2.050 10.328 020
3 108.00 Le £9.5589 18939 187104 16150 22017 0410

Diag 103.075 2154 12420 2186 10328 o
2 10400 Leqy 69,589 23.800 187104 20420 22017 013
Diag 107104 2337 12420 2310 10328 022
1 10000 Len 69559 28352 187 104 24 4352 22017 015
Digg 111191 2437 12420 2470 10328 024
5 4 9300 Len 73825 34196 230 454 29256 330325 014
Diag 122284 2835 12420 2.802 10328 0zr
3 48000 Leg 73923 40318 230.454 34364 22007 01a
Diag 128795 24973 12420 249588 10.328 029
2 §300 Len 73925 47503 230 434 39909 207 018

Diag 133416 F481 11572 3446 10328 033

1 80.00 Leqy 73823 34636 230434 43 631 22017 022

Load Cormbination | J Wind Direction (Ded) Towver Vieye | Section view

Also, on the bottom of the screen, the user may select the load combination for
which results are to be displayed. Load combinations selected from the analysis
menu are shown in the load combination list. Specific wind direction may be
chosen or simply the envelope of the maximum values.
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Foundations

The program calculates the foundations reactions for either the maximum
envelope. In this case only one line is shown at the top window showing
maximum download, uplift and shears for individual legs. The bottom window
displays the tower total reactions (axial, shear in the two directions and
moments).

View Results E

Legs ] Diag ] Hariz ] Sec. Mem l Summary Found. lDiSp. ] Ant.Disp.l

Leg (Download (Kips) | Uplift (Kips) Shear-¥ (Kips) | Shear-Z (Kips) Max. Shear A
# (Kips)
14920 21.51

W

Axial Shear-X | Shear-Z Total tlarm-x flom-** Mom-Z Tat.
[Kip=) [Kip=) [Kip=] Shear (Kipsft) | (Kipsft) | (Kipsft) | Moment
(Kips) [Kip=ft)

hom. | 2573 -36.68 065 3669 a0.58 045 230426 2505.56
Shear| 2153 -36.68 065 3670 a0 63 045 230426 2505.56

Load Combination |Ma>< Envelops j Wind Direction (Ded)  fpgy -

When the user selects a specific wind direction, the reactions at each of the
tower legs are displayed on the top window and the total tower reactions are
shown at the bottom leg.
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Tower Displacements

The user may view the tower displacement and rotations in the three directions

from the Disp. Tab.
Legs l Diag l Hariz l Sec. Mem ] Summary ] Found. Dizp. lAnt. Dizp. l
pode|  Elew. (ft)  [M-S disp (in) | W-E disp(in) |vert. dizplin) | M-S rot. WW-E rat. Twist (Deg)
(Ded) (Ded)

=] 4.5 -4.2 0o 0.25 025 -0.04

151 1250 45 -34 0.0 0.25 -025 -0.03
E 1200 42 =37 0.0 0.25 -025 -0.03
E 116.0 40 -39 0.0 027 -0.24 -0.02
? 1120 38 -3.3 0.0 0.27 -0.24 -0.03
? 108.0 36 =341 0.0 0.26 -023 -0.02
? 104.0 33 -28 0.0 0.25 022 -0.02
E 100.0 34 27 0o 0.25 -022 -0o2
E as0 24 -25 0.0 0.23 -0.21 -0.02
H q0.0 26 22 0.0 0.23 -0.20 -0.02
E 3.0 24 -2.0 0.0 0.1 019 -0.02
E s00 22 -1.8 0.0 0.1 -018 -0.m
? 733 149 -16 0.0 019 047 -0
E G677 16 -1.3 0.0 019 016 -0
? [=3ujn] 1.3 -141 0o 017 015 -0m
? 533 11 -04 0.0 016 -014 -0.0
? 467 0a -0 0.0 014 012 0.0
W 40.0 o7 0.6 0.0 013 -0.11 0.00
? 333 05 -0.4 0.0 010 -0.03 0.0o
? 267 0.3 -0.3 0.0 0.09 -0.08 0.0o
T 200 0z -0z 0.0 0.07 -0.0s 0.00

Load Combination |Max Ervelope j wind Direction (Ded) [, -

Towver Wiew | Section Wigw

The displacements can also be viewed for the maximum envelope or any of the
load combinations or wind directions.

www.towersft.com
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Antenna Displacements

On this screen, the user can see the antenna number (for this example, the
tower has 1 antenna at 100 ft. elevation), and the elevation at each antenna,
displacements in the orthogonal three directions, rotations and twist.

View Results E

www.towersft.com

Legs l Dizgy ] Hariz ] Sec. Mem ] SUmITAFY ] Found.] Disp. At Disp. l
Art.|  Descript. Elew. (ft) |M-5 disp W-E dizp| “ert. |MN-Srot. W-Erot. | Twist | Allow.
(i} (my |digpny | (Ded) | (Ded) | (Ded) | (Ded)
1 1300 43 -4.2 0.0 0.25 -0.25 -0.04 0.0o
2 HP4 1200 42 -3.7 0o 0.258 -0.25 -0z 2.2
Load Combinstion | pig.. Envelape j ind Direction (De)  |pgs. =

Tower Yiews
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Printout

From the main menu, click on Results, and the following screen will be
displayed. From this screen the user may choose the required printout sections
by clicking on the corresponding check box.

Prirting Schedule

Input Dsta Output Dsta Dizgrams.
[ Project Data [ wind Load Data [ Profile
[ Structure Data [ Structure Displ. Data [ Displacements
[ Artenna Data [ Artenna Displ. Data [ Leg Losd Compression
[ TxLine Data [ Ley Load Tension
[ Ladder Data [ Assessment Data [ Diag. Load Compression
[ Point Load Data [ Section Capacities [ Diag. Load Tension
[ Foundation Load Data [~ Hariz. Load

Compression

Towwer Foundation Lozd
L Diata [ Horiz. Load Tenzion

| Axial Load Data

Wieny & Print Cancel

Note that for analysis including several load combinations and different wind
directions as well the user has the option to select the required sections for
printing and also the desired wind directions. . This may result in a relatively
large number of pages in the printout. By choosing the profile, the program
prints a simple profile on which the project data, design specification, base
reactions and tower geometry are printed in a graphical format.
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Export Profile

Select sub-menu “Export Profile (*.dxf)” from main menu “Results”.

Following screen will be displayed.

Export Profile as DXF file

System of Units

" Metric * 1S Customary
Specifications ™
Structure Description Table [+
Artennas [
Artenna Loading Takle ~
Reactions [
Cross Section [
Title Bio:: [

Fant Name:  |STANDARD |

Default Fort Scale

To be printed on;

g1 Otk
Criertation
" Portrait

* |andscape

Click on “Generate” button.

www.towersft.com

Custom Fort Scale

Generate ﬂ_|

ﬂ Generate

Close
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|

pawr X LS

il ]
b .

Attached is sample printout of the .dxf profile that can be further edited using

AutoCad.

www.towersft.com
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Chapter 5 DATABASE MANAGEMENT

The program uses “USER” Antenna database for selection of the antennas,
mounts and TX Lines.
Apart from the “USER” database there is “MASTER” database (not to be
modified) and “REMOTE” database or databases, which can be placed in
commonly accessed server and thus shared by different users typically within
the same organization.
The “USER” and “REMOTE” databases can be modified by the users.

Antennas Database

From the main menu, click on Database Management and Antennas submenu.
Following screen will be displayed.

Antenna Database Management

Dish Antennas ] “”ﬁﬂjt‘;ﬁ;’;‘a ] Man-Dish Antennas ] T Lines
4 records.
Ficrow - -

D ManLgractur I:aDvEnlaE Shielded Type Earfl.ﬂl?ﬂ%ue Dezcrption R adome Dlarfl:]eter[—

1 Andrews Shielded HPZ b M Shielded 2.0

2 |Andrews Shielded HF4 b M Shielded 4.003

3 |Andrews Shizlded HFE M Shielded E.O04 T

4 |Andrews Shielded HP& b Mad Shielded 3.005

5 |Andrews Shielded HF10 b Maf Shielded 100007

B |Andrews Shiglded HF12 b Maf Shielded 12.008

7 |Andrews Shiglded HF15 b Maf Shielded 14.993

8 |Andrews Focal Plane  |FP4 M Focal Flane 4.003

9 |Andrews Focal Plane  |FPG M Focal Flane £.004

10 |Andrews Focal Plane  |FP3 M Focal Plane £8.005

11 |Andrews Focal Flane  [FP10 b e Focal Plane 10.007

12 |Andrews Focal Plane  |FP4 b e Focal Plane ] 4003 - I
4 3

Pririt | I Mate: This table is non-editable [read onlw.

Exit | IDatabase: ILISEH

Change Databasze

The first group “Dish Antennas” is non-editable (read only), as it covers

practically all types and sizes of Microwave Dish Antennas.
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Non-Dish Antenna Manufacturers

Antenna Database Management

Manufacturers

Dizh Antennaz Non-Dish Antenna ] Man-Dizh Antennas ] T# Lines

14 records. | Add new Manufacturer [T able]
td anufacturer [T able] Mame
ALLGON Delete Manufacturer [T able]
AMDREW
AMTEL
CAL
CELwitWE
COMSAT-RSI
DECIBEL
EMS Wireless
FATHREIM
LIMD S Ay
SCALA
SIMCLAIR
SWEDCOM
TIL-TEK.

Exit | IDatabase: IUSEH Change Databaze

User can add new manufacturers. Such action will create an empty table and
the user will then add records to such table. Deletion of manufacturer will
cause removal of the manufacturer name from the list as well as deletion of a
table of non-dish antennas associated with the manufacturer.

Default database is “USER” but any other “REMOTE” database can be selected
(if present) and then the modifications are performed in the selected database.
Once such “Remote” database is created and located remotely (on a server)
other users can synchronize their local “USER” database with the “REMOTE".
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Non-Dish Antennas

Antenna Database Management

Dizh Antennas T Nuﬁzaaljraiﬁ::ga I ‘Hon-Dish Antennas ] T Lines
Table: ALLGOM - 10 records.
_ Frantal Fraontal
Catalogue Mame | Description H'E't';]'ht Wwidth [ft]| Depth (]|  Area 'fgzs
(2] 1 Ornim
714521 CITY PAMEL 105 deg 0984 0984 0427 1.001 1.130
714522 CITY PAMEL 105 deg 1.965 05984 0427 1.981 2174
714523 CITY PAMEL 105 deg 24953 05984 0427 2960 3229
714524 CITY PAMEL 105 deg 34937 05984 0427 3950 4.284
714526 CITY PAMEL 105 deg 5906 0584 0427 6146 B.383
714548 CITY PAMEL 105 deg 7046 05984 0427 7801 8148
718315 PCS 2281 0459 0164 2057 3563
7184.14 PCS 4 265 0459 0164 2057 3641
718415 PCS 4 265 0459 0164 2057 3641
718515 PCS 3.281 0853 0164 4155 4 575
K1 B
I Select Table Iﬂ.LLGDN j Edit Becord Add Record | Delete Record |
Frint |

Exit ||Databa$e: IUSEH Change Databaze |

To edit or add record for selected table click on “Edit Record” or Add Record”

buttons. Following screen will be displayed.

Edit Non-Dish Antenna, table: ALLGON
I Catalogue MNarme: IIF’1 45.21
| Description: II:ITY PAMEL 105 dea
I Height: ID,984 [it] I 'eight : |4,4‘| (Ibz)
I width - In,934 [ft] I ‘wieight lced 10 mm [142") : |1 1.0 (Ib)
| Depth : |n.42? Ift] | Wweight Iced 50 mm (2] |3?.44 [lbs]
I Frontal Area [EPAIN : |1.DD1 ] Flsur r
IFrontaI Arealoed 10 mm [1 .-"2”]Z|1 130 ft"2)
Frantal &rea Antenna Azimuth
I Frontal Area lced 50 mm (2] : |1.??‘B ft"2)
I Lateral frea [EPAIL - ID_441 [ft"2) IDepth
ILateraI Area lced 10 mm [1 H2"]:|D_538 [ft"2] * #
Width

I Lateral Area loed 50 mm (2] : |1 023 [t"2) Lateral Arsa Mount

E ffective Projected Area [EPA)] Mormal (Frontal) or

L ateral includes all applicable drag factors or force

coefficients but does not include height Factors,
Accept | LCancel |

Changes of entries will become effective after “Accept” button is clicked.

www.towersft.com
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TX Lines

Antenna Database Management

Dish Antennas I

Mon-Dish Antenna
M anufacturers

T Mon-Dish Antennaz T

27 records.
|dnit -
Type Dezcription Size [in] |Width [in] D[|i3r|]3]th Masz [Shape = |
[Ibzft]

Ajr-Dielectric H.J12P-504 2.25 2378 2378 116 |Round

Aijr-Dielectric H.J5P-E04 0.875 1.102 1.102 054 |Round

Air-Dielectnic H.J7P-G08 1.625 1.980 1.980 1.04  |Round

Circular YW aveguide w103 1.09 1.087 1.087 121 |Round ~

Circular ' avequide W C1ER 1.66 1654 1.654 282 |Round

Circular W aveguide wWC2E1 2.8 2795 2795 363 |Round

E liptical W aveguide Ew127 1.11 0673 1.110 0.29  |Elliptical

Eliptical W aveguide Ew132 0.96 0E10 0.961 0.22 |Eliphical

E liptical W aveguide Ewi17 hES 2988 a=iai] 273 |Eliptical

E liptical ‘W aveguide E'w180 079 0488 0.791 015 |Elliptical

Eliptical W aveguide Ew20 502 283 5020 1.85  |Elliptical _
‘ I l‘ll._l..-l‘:n’.l..-_...J. Cadann [y moAdA [ Barink] [l Bl l'll._l..ﬂ_l

FPrrint | Add new Record Delete Record Edit Record |

Exit | I D atabaze: ILIS ER

LChange Databasze |

To add or edit a record click on “Add new Record” or “Edit Record” buttons

respectively. Following screen will be displayed.

I Type: IEIIiptiu:aI i aveguide
I Description: IEW1 27
| Size [in]: |1.11n
Found  Elliptic Fectang.
I Wwidth - ||15?3 lin]
| Depth |1.11n fin]
I Unit Mass : ID_25 (lbizfE] T
Typical Positions of TX Lines
(Depth perpendicular to
Bracketh
Shape
’71"' R aurd {* Elliptizal = Fectanaular
Accept LCancel |

Changes of entries will become effective after “ Accept” button is clicked.
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Mounts

From the main menu, click on Database Management and Mounts submenu.
Following screen will be displayed.

Antenna Mounts Management

Table of Mounts Manufacturers T Antenna Mounts

1 recards. | Add new Manufacturer [T able) |
Manufacturer [T able] Mame

none
Delete kanufacturer [T able) |

] [Database USER Change Database |

User may add new manufacturers (as is the case with Non-Dish Antennas) or
delete them.

Antenna Mounts

Antenna Mounts Management
Table of Mounts M anufacturers T
Table; none - 1 records.
Height Frontal | Frontal
Catalogue Mame | Dezcription [ﬂg]l Width (it | Depth (]| Area Area
[(t"2) lced
none nda 0.000 0.000 0.000 0.000 0.000
KN i
Edit Record Add Record | Delete Record |
I Select T able In.;.ne j
Print |
Exit | IDalabase: IUSEH LChange Database |
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To add or edit a record click on “Add new Record” or “Edit Record” buttons
respectively. Following screen will be displayed.

Edit Antenna Mount, table: none
I Catalogue Marnne: Inone
I Drescription: Ina’a
| Height : |u.uuu (] | Weight : Iu_gg (Ibs)
| Wit ; ||:|.|:u:u:| (] | ‘weight Iced 10 |u_uu [1bs]
I Depth : ID.DDD [ft] I Wheight lced 50 mm : ID.DD (=]}
I Frontal Area : ID.DDD *°2l  Round I
I Frontal Area lced 10 mn: ID.DDD [ft"2)
I Frontal Area lced 50 mn: ID.DDD [ft"2)
I Lateral Area ID.DDD [ft"2)
I Lateral &rea lced 10 mm: II:I,I:II:II:I [ft*2)
I Lateral &rea lced 50 mm: II:I,I:II:II:I [ft*2)
Accept | LCancel |

Perform the editing and press “Accept” button to update or “Cancel”
otherwise.

Database Setup

From the main menu, click on Database Management and Database Setup
submenu.
Following screen will be displayed.
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Antenna Database Setup

Create Remote Databaze T Synchronize D atabases

1 records...

Remote Database Location
rehEngineering . Programsh TS T ower

—Add Hew Remote Databasze
Populate from Master Databaze | Check Integrity |

Populate from User Databasze |

Get from Remote Location Delete Link |

New remote database(s) can be created in three different ways:

“Populate from Master Database” - new “remote” database will be replicated
from “Master Database” and then user will indicate the location of the new
database - screen showing selection of “drives” and “folders” will be
displayed.

Populate from Master Database

“Populate from User database” - new “remote” database will be replicated
from “User Database” and then user will indicate the location of the new
database - screen showing selection of “drives” and “folders” will be

displayed.

“Get from Remote Location” this action will prompt you to select existing
“remote” database not linked to you computer so far.
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Select Location {Folder) for Remote Databas

Seloct Diive: [ - |

Select Folder [Directory): |50
3 Development

& TSTower
[ Cesar

[ DxF

(L] Master DE
[ 0dCode
[ Package

Accept Selection

=l

Cancel [Ho Selection] |

Once you selected the “remote” database it will be displayed in the “Remote
Database Location” grid and you will have access to it via Database

Management for Antennas or Mounts.

“Check Integrity” will perform the comparison of the records between selected
remote database and “Master Database” and display differences.

“Delete Link” will remove a link between selected “remote” database and the
program (such database will not be accessible to you).

Synchronize Databases - instructions as shown on attached screenshot.

Antenna Database Setup

Create Femote Database T

iaynchionize Databases

Thig function will synchronize remote databagzes with the current USER databaze. Select [tick] databaszes
you wigh to synchronize. [ncluding MASTER databaze in the spnchronization iz optional.

Remote databases - 1 records.

Remate D atabaze Location

Select?

i \E hgineeringh ProgramasT 5 Tower

]

Include MASTER databaze? i~

Synchromize

Exit |

www.towersft.com
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