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Abstract- In this project, the design of steel lattice tower
prescribed for transmission of eectricity by the categorized
gravity and lateral loads has been studied and analyzed for
the employment of the project. The analysis has been done by
taking different combination of loads and then the design has
been come into picture using the code module 1S 800:2007.
The present work describes the analysis and design of
transmission line tower of 22meter height viz. various
parameters. In design of tower for weight optimization some
parameters are considered such as; base width, height of
tower, outline of tower. Using STAAD. Pro analysis of
transmission towers has been carried out asa 3-D structure.
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I.INTRODUCTION

The large population residing all over the globe and
the electricity supply need of this population creates
requirement of a large transmission and distribution system.
The disposition of the primary resources for electrical power
generation viz., coa, hydro potential is quite uneven hence
again adding to the transmission requirements. It is an
integrated system consisting of conductor subsystem, ground
wire subsystem and one subsystem for each category of
support structure. About 28 to 42 % of the total cost of the
Transmission Lines is taken up by the towers. The increasing
demand for electrical energy can be met more economical by
developing different light weight configurations of
transmission line towers.

A transmission tower known as a power transmission
tower, power tower, or electricity pylon is atall structure used
to support an overhead power line. Also, In electrica grids,
they are used to carry high voltage transmission lines that
transport bulk electric power from generating stations to
electrical substations; utility poles are used to support lower-
voltage sub-transmission and distribution lines that transport
power from substations to electric customers.
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Transmission towers need to carry the heavy
transmission conductors at a sufficient safe height from the
ground including, all towers have to sustain al kinds of
natural calamities. Hence transmission tower design is an
important engineering job where civil, mechanical, and
electrical engineering concepts are equally applicable. A
power transmission tower is a key part of a power
transmission system.

High-voltage direct current (HVDC) transmission
lines are either monopolar or bipolar systems. With bipolar
systems, a conductor arrangement with one conductor on each
side of the tower is used. On some schemes, the ground
conductor is used as electrode line or ground return. In this
case, it had to be installed with insulators equipped with surge
arrestors on the pylons in order to prevent e ectrochemical
corrosion of the pylons.

Transmission Tower Parts:
A power transmission tower consists of the following parts:

The peak of the transmission tower

The cross arm of the transmission tower

The boom of transmission tower

Cage of transmission tower

Transmission Tower Body

Leg of transmission tower

Stub/Anchor Bolt and Baseplate assembly of the
transmission tower.

No okswdpE

1. Peak of Transmission Tower

The portion above the top cross arm is caled peak of
transmission tower. Generally earth shield wire connected to
thetip of this peak.

2. Cross Arm of Transmission Tower

Cross arms of transmission tower hold the
transmission conductor. The dimension of cross arm depends
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on the level of transmission voltage, configuration and
minimum forming angle for stress distribution.

3. Cageof Transmission Tower

The portion between tower body and peak is known
as cage of transmission tower. This portion of the tower holds
the cross arm.

4. Transmission Tower Body

The portion from the bottom cross arms up to the
ground level is caled the transmission tower body. This
portion of the tower plays a vitd role in maintaining the
required ground clearance of the bottom conductor of the
transmission line.

5. Importance of Transmission Linetowers

The structures of overhead transmission lines,
comprising essentialy the supports and foundations, have the
role of keeping the conductors at the necessary distance from
one another and form earth, with the specified factor of safety
to facilitate the flow of power through conductor form one
point to another with reliability, security and safety.

Electrical energy, being the most convenient and
cleanest form of energy, is finding the maximum usage the
world over for development and growth of economy and
therefore generation, transmission and utilization of the same
in ever increasing quantities as economicaly as the latest
technological advancements permit, are receiving great
attention.

1. OBJECTIVES

The technica, environmenta and economic
considerations involve in sitting and development of power
generation projects required for meeting the demand for
electrical energy are gradually resulting in longer transmission
distances and introduction of higher and higher transmission
voltages, and use of high voltage direct current transmission
systems.

1. anadlyze and design sdf- supporting transmission line
tower with different types of bracings using hot- rolled
stedl sections using STAAD Pro Software.

2. Todothe cost analysis of transmission line tower.

3. To compare different towers for their structural stability at
varied wind loads.

Data:
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1. Height of the Tower: 22 m

2. Centre to Centre spacing between the footings: 4m
Centre to Centre between |l egs of tower on both side.

3. Length of the crossarm: 3 m

4. Support type: Fixed

5. Height of the cross arm from the ground: 15 m

[11.METHODOLOGY

STAAD. Pro Software has been used for the anaysis
of Transmission Tower. Then loads like Dead Load and Wind
Load will be calculated for the designed structure. The models
with different type of bracing are observed for the analysis of
cost cutting. Different bracing models are analyzed for the
safety and stability of the structure.

STEP 1: Project planning with collection of required data.
STEP 2: Designing & analysis of transmission tower under
various load using STAAD. Pro.

STEP 3. Manua calculations under different wind speed for
analysis of safety and stability.

STEP 4. Study and comparison for different types of Bracings
of transmission tower.

STEP 5: Proper study and analysis of transmission tower to go
for the Conclusion.
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Height of tower: 22m

Centre to centre spacing of footings. 4m
Length of cross arms. 3m

Support type: Fixed

Height of cross arms from ground: 15m
Wind speed: 39m/s, 44m/s, 49m/S
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Figure 1 Design model of transmission tower in The wind load applied here is based upon the direction in
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Figure 2 Isometric view of the Staad. Pro Model
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V.DESIGN OF THE TOWER

The steel design of the transmission line tower is
done using 1S 802:1995. Hence the Section chosen is ISA
200%x200x20
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Figurel0:- Geometry of the beam
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Figure 11:- Property 01: 'th.é beam
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VI.RESULTSFOR WIND SPEED

Geomeby | Dels and bitedule Drawing. @A Diawiny Calzalatior, Sheet | Graghs.

Analysis of tower is carried out by considering al
types of loading, different types of bracings systems. All loads
are calculated manually as per IS 802 (part 1 and 2): 1995, IS
5613 (part 2): 1985, IS 875- 2015. The tower is analyzed and
designed using STAAD Pro.

For wind speed 39 m's
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VIl. FOOTING DESIGN
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Figure 16:- Plan and Elevation of Footing

The footing for the transmission line tower is
designed in Staad foundation. For the four legs isolated
footing for each is designed using the Indian Standards Codes.
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Table 6:- Footing Dimension Table 9:-Sliding and Overturning

Design Type : Caleulats Dimenzion Coethicient of Friction : 0.500
- e Factor of Safety Agamst 1.50:0
Footng Th.LJm,_ss (Ft) 305.000 mm = ¥ AE
: Sliding -
Footing Length - X 10600 000 mm Factor of Safety Agamst 1.500
(FD: : s
Overiiming :
Footng Width - Z 1000000 mm
Fw):
Table 10:-Design Calculations
c:sutﬁm'q'\alﬁng X 0.000 mm Tmeh L= 280 |m | Govasne. Load| 73
(Oxd) Casa
Eccentricity slong 2 (0.000 mm Width (W) = 4800 |(m | Goveming Lead |#1
- Caza
(Ozd)
Diapth (D) = 0.505 | m | Covemizz Lesd | =1
Caza
Table 7 Concrete and Rebar Properties A== (An = 090 | m
Unit Waight of Concrsta : 25.000 K'm’
Strength of Concrata 25,000 Mimm? Table 11:-Final Footi ng Dimensions
- Fediction of force due to | 0.000 EN
Yisld Strangth of Stesl : 415.000 Wimm~ buovancy =
hlinimem Bar Size TS Effect due to adhesion = 0.000 kN
Mamimum Bar Siza 132 Area from inifial length | L, * W, | 1.000m™
and width, A, = =
MMinimum Bar Spacing : 50.000 mm
Min area required from | P/ Qg = | 10.565m"
Wamimuem Bar Spacing : 500 0 mm beating pressire Apin=
Padastal Clasr Cover (P, 50000 mm
CLy:
Table 12:-Summary of Adjusted Pressures at Four Corners
Footing Claar Cover (F, 50.000 mm Load | Pressure | Pressure | Pressure | Pressure | Ares
CL): Casze | at at at at of
comer 1 | comer 2 | comer 3 | comer 4 | footing

(@) (@ (@ |(@ |m
Table 8:-Soil Properties (ENm’) | Nm’) | (Nm') | (Nm’) | uplif

(A.)
Soil Type: Drzined (m*)
) 502961 | 360101 | 314158 [ 457018 [ 0000
Unit Weight : 22.000 KN/m’ 2 502061 | 46.0101 | 414135 | 45.7013 | 0.000
: : _ : - 7 07061 | 360101 | 413158 [ 357018 [ 0.000
Soil Bearmg Capactty : 100.000 kN/m* 3| 50.3061 [ 36.0101 [ 414157 | 45,7018 | 0.000
Soil Surcharge : 0.000 kN/m*
Depth of Seil above 0.000 mm
Footing
Cohezion 0.000 KN/m’
Min Percentage of Slab : 0.000
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Tablel3:-Summary of Adjusted Pressures at Four Corners Table 16:-Critical load case and the governing factor of safety

Load | Pressure at | Pressure | Pressure | Pressue for overturning and dliding -Z Direction
Case | comer 1 (g)| at at at - =
ENmY) comer 2 | comet 3 | comet 4 Critical Load Case f_”’r 3
Eq__jl . Eq-}_ ‘ Eqﬁ_ ‘ Sliding long Z-Dirsction :
(ENm) | (BNm') | (kN/m’) Govemning Disturbing Force | 124260 kN
2 =0.2961 460101 [ 41 4158 | 457018 .
2 30.2561 4600100 [ 2141538 [ 45,7013 Govemnine Pestorine Force -| 244 630 kN
2 S0 3061 260101 [ 414158 [ 457018 Imimum Slidimg Ratio for | 1.969
T | 502061 36,0101 | 313158 | 457018 e Coitiedh Load Case

Critical Load Case for|2
Overummg  zbout  Z-

Table 14Factor of safety against sliding Direction :
Factor of saf ety Factor of safety E!?;nﬂ;?g Overtuming { 39.493 Kim
againd slidin againg overturnin - :
=2 B = g Govemmg Resizting | 2333.603 kNm
Load _ _ hioment :
Chin Along X- | Along 7Z- | About X- | About Z- v 5 T P
A ¢ & i & i & : b Umimum Owveruming Ratio | 64.193
No. Direction | Direction | Direction | Direction e T
l 36.358 36 491 467.766 | 466150
Table 17
2 5.589 7.363 39887 64.195
Crdiieal
3 12.215 1.969 18.725 | 118.796 iz e
Puca
.. . “"mn
Table 15:-Critical load case and the governing factor of safety e — 1533 sy
for overturning and sliding -X Direction PR
Crincal lToad Case for|2 Vi = P.x[BxH AL — 703898 |1N
Sliding 2long X-Direction 7
- : : = - V= e - 201008 | KNm
Goveming Distuirbing Foree | -84 510 kN IafU+L—dx ] ad
: IS456
Governing Restoring Force : | 528261 kN Va= | min(ux fi..9) 200000 RN [
Minimum Sliding Ratio for [ 3.389 T—— R
the Critical Load Case V=Nt Bremice, cale
Coritieal
Critical Load Case for]3 Parimata Tah o+ b ) 5448 m
Overhuming  zbout - rE.=
Direction : v, .
Val 283.555 BITAn"
Goveming  Overtuming | 62.711 kNm Froxd
homent V= m-iﬂllﬂlue.:_d-:" 0145 o :I.I':l]'.'l
Govemning Besistmg | 1174247 ENm ~ g e
Moment - V.- mm[ e IJ 1.000 2
Mmimum Overturning Ratio | 18.723 L
for the Critical Load Case : Vs raniny? — Nimn
(55)
L
R W R L s R R e
1.2 .
s | R
la=la | hetce. cafe ”
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VIII. CONCLUSIONS

Self-supporting transmission line tower is analyzed

and designed using hot-rolled steel sections. Transmission
Line Towers constitute about 28 to 42 percent of the total cost
of the Transmission Lines. Tower is designed and compared
for weight parameters and absolute displacement variation
along with its height.

1

Wind load has significant unfavourable influence on
resistance of transmission tower subjected to ground
motion.

Warren type bracing are not structurally stable as compare
to other types of bracings.

Single web horizontal type bracings are structurally safe
as compare to warren type and single web diagona type
bracing.

X bracing structura is light weight and more economica as
compare to K bracing structure.
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