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Abstract: Transmission  line towers carry heavy
transmission conductors at a sufficient and safe
height from ground. In addition to their self-weight
they have to withstand all forces of nature like a
strong wind, earthquake and snow load. Therefore,
transmission line towers should be designed
considering  both  structural and electrical
requirements for a safe and economical design.
Now-a-days Government of India is planning for
Electrification of Semi-Urban and Rural areas. In
fact designing of Huge Transmission Tower is the
key interest for Power Transmission from Source to
utility point. Steel Structures and their behavior are
not same as of RCC. All the Transmission Tower is
like Skeleton Structures and they have been made in
the form of 3-D Truss. Analysis of Space Trusses is
not an Easy task when they are subjected to large
Wind and Seismic forces. Keeping in view the
importance of Wind Forces and Seismic Forces a 3-
D Model has been generated in SAP2000. All the
Necessary checks has been Performed for safe and

stable Design. Parameters such as Lateral
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L. INTRODUCTION

India has a large population residing all over the
country and the electricity supply need of this
population creates requirement of a large
transmission and distribution system. Also, the
disposition of the primary resources for electrical
power generation viz., coal, hydro potential is quite
uneven, thus again adding to the transmission
requirements. Transmission line is an integrated
system consisting of conductor subsystem, ground
wire subsystem and one subsystem for each category
of support structure. Mechanical supports of
transmission line represent a significant portion of the
cost of the line and they play an important role in the
reliable power transmission. They are designed and
constructed in wide variety of shapes, types, sizes,
configurations and materials. The supporting
structure types used in transmission lines generally
fall into one of the three categories: lattice, pole and

guyed.
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Fastest growing telecommunication market has
increased the demand of steel towers. The major
loads considered for design of these towers are self-
weight, wind load, seismic load, antenna load,
platform load, steel ladder load etc. Failure of towers
is generally due to high intensity winds. Several
studies have been carried out by considering wind
and earthquake loads. This study is performed as per
the requirement and recommendation of the
management for the wvalidation of the results
according to the IS codes to check whether the same
structure can be safe for both the places without any
change in structural configuration and for the
different loading conditions for both the places. From
the study of literature review, it is reported that the
predominant external loads which act on these towers
are wind and earthquake loads. For the economical
purpose and uniformity in power system, it is an
important study to save the cost of designing and
maintenance as it is easy and beneficial to have
uniform towers. Analysis and design is carried as per

the recommendations given in IS: 800-2007(LSM).

OBJECTIVE OF THE STUDY

e The design and analysis transmission tower
by using sap 2000 analysis.

e Non- linear dynamic analysis and design of
transmission towers.

e The earthquake analysis with comparison of
two different zones i.e. zone IV and zone V

e To determine wind analysis and comparison
of the wind terrain categories i.e. terrain

category III, and terrain category I'V.
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e Finding the best optimum tower design
according to seismic conditions and terrain

categories.

SCOPE OF PRESENT WORK

e Continuous demand due to increasing
population in all sectors viz. residential,
commercial and industrial leads to
requirement of efficient, consistent and
adequate amount of electric power supply
which can only fulfilled by using the
Conventional Guyed Transmission Towers.

e It can be substituted between the
transmission lines of wide based tower
where narrow width is required for certain
specified distance.

o Effective static loading on transmission line
structure, conductor and ground wire can be
replaced with the actual dynamic loading
and the results can be compared.

e Attempt in changing the shape of cross arm
can lead to wonderful results.

e Rapid urbanization and increasing demand
for electric, availability of land leads to
involve use of tubular shape pole structure.

e Iso restricted area (due to non-availability of
land), more supply of electric energy with
available resources and for continuous
supply without any interruption in the
transmission line, will demand the use of
high altitude narrow based steel lattice

transmission tower
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1L STRCUTRAL MOLDELLING Transmission Tower Dimensions: MODEL 3:
Trapezoidal Base Tower:
Transmission Tower Dimensions: MODEL 1: Descripticn Leagths
Total Height (H) £
SQUARE BASE TOWER e -
Maximom sag of the lower most conducion wire | 7.66
Discription Lengths y
< Vartical distance between conductor wires (B3) 7.66
m i Vartical distance berwesn conductor mmd ground | 7.66
[ Ground clearance (R1) Tl mis wire (b4)
Wakmoum sag of e lower most conductors wie | 166 mis Square bass Wil 6.0 mn
(B2) Langth of cross arm Som adge of hempar I mt
Verhical destance between conductor wirss (B3) | 160 mis Span barween the towen 200 mty
Verbed distance Detween conductor and ground | 7,60 mis LA of whie w190 SOIpINoD Kmis 20'mh
Basic wind prassure in kg/m2 50
wire (b4) — ~
of =
Length of crozs amm from edge of hamper {mts 3 = pr: — o
Spa befwaan the towers W mts Every day tempanyrues a3
[ Tength of wire betwesn two suspension Iowers T mts Mimimuem Tempemat 1
‘Basic wind pressure m kzm] L] Temaiz Type plain
Mzommum Temperature of conductor w Rerum Period 50 yeans
Taxmmum T emperature of Ground wire L] T Coometiy Trapambisl baw
Every day temperature EAg Pask nipe Triangle
S & Tower type Suspension fower
Mmmum Temperature I “Angis of lice deviation 72
Terrain Type plain Vo, of circuits Double circuit
et Parod Myean Basic wind speed in m s 50
Tower Geometry Square base Mizimem Width & Base 6 m Traperoidal Tower
P Square
Tower type Suspension tower
| Angle of Iine Geviation T
‘No. of carcunts Dlouble curcust TOWER MODEL 1
Batic wnd speed mmsec i)
Mmmuum Width  Base 4.3 m Square Tower

%4

Transmission Tower Dimensions: MODEL 2:
trapezoidal Base Tower

N

Description Lengths

| Total Height (H) 3
Ground clearance (B]) Tl mis
Maximum sag of the lower most conductors wire | 1.66
(h2)

' I DERNE DDA W | | 75 TOWER MODEL 2 :

Tnce between ET [ 768

wire (b4)
g of cross arm From 3ze of Kamper Thme = o
[ Span between the towers 100 mts
[ Length of wire betwesn fwo suspension fowers THmts
[ Basic wimnd pressure m kpm. 0
| Maxmium Temperature of conductor T g
[ Waximum [emperature of Ground wire ¥
| Every day temperature IF
Mmmum Temperature iy
Terram Type plain
Feetum Period Wyan
Tower Geometry Square base
Peak type Square
“Tower type Suspension tower
[ Angle of [me deviztion [
Fo. of circuits Diouble carcuit

asic wind speed m m sec 0
[ Mmmum Wiath at Base I5m Trapezosdd Tower
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TOWER MODEL 3:

IT1. RESULTS AND ANALYSIS

1. RESULTS OF TRAMISSION TOWER

COMPARASION OF THE RESULTS (U 1
displacement)
Output | Ul Tr jssi Ul Tr i U1 Transmission
Joint Case Tower MODEL1 | Tower MODEL2 | Tower MODEL3
Text Text meters meters Meters
} RSA 0 0 0
2 RSA 0.001012 0.000036 0
3 RSA 0.000671 0.000036 0
4 RSA 0.00116 0.000036 0
5 RSA 0.00101 0 0.002718
6 RSA 0 0.000036 0.002718
7 RSA 0.000934 0 0.002718
& RSA 0.00045 0 0.002718
9 RSA 0.000986 0.000133 0.002289
10 RSA 0.000932 0.000133 0.001885
11 RSA 0 0.000133 0.001512
12 RSA 0.001012 0.000133 0.001174
13 RSA 0.000442 0.000309 0.000875
14 RSA 0.001251 0.000309 0.000616
15 RSA 0.00101 0.000309 0.000401
16 RSA 0 0.000309 0.000232
7 RSA 0.000934 0.000579 0.000108
18 RSA 0.000783 0.000579 0.000036
19 RSA 0.001023 0.000579 0.002289
20 RSA 0.000932 0.000579 0.001886
0.003
0.0025
0.002 UL Transmission Tower
Modell
0.0015 ® U1 Transmission Tower
Model2
0.001 +1—1
“ B U1 Transmission Tower
Model3
0.0005
LRty
1 35 73201 5FH
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U 2 Displacements
uz i Tower | U2 i Tower | U2 i Tower
Joint | Output Case Model 1 Model 2 [Model 3
Text Text meters meters Meters
1 R5A 0 0 [
2 R5A 0,000932 0.000036 0
3 R5A 0.000452 0.000036 [)
4 RSA 000053 0.000036 []
5 RSA 0.000877 0 0.002724
6 RSA 0 0.000036 0.002721
7 R5A 0.000932 1] 0.002724
B R5A 0.000763 1] 0.002721
) R5A 0.000593 0.000133 0.002258
10 RSA 0.001115 0.000133 0.001856
1 As4 0 0.000133 0.001523
12 ASA 0.001013 0.000133 0.001185
13 RS54 0.000675 0.00:0303 0.000884
14 R5A 0.001011 0.000309 0.000624
15 RSA 0.001189 0.000309 0.000408
18 RSA [] 0.000309 0000236
17 RS54 0.001013 0.000579 0.00011
18 ASA 0.000438 0.000579 0000036
19 R5A 0001011 0.000573 0.002258
20 R5A 0.001249 0.000573 0.0018%6
0.003
0.0025
0002 B U2 Transmission Tower
Model1
0.0015 B U2 Transmission Tower
Model2
0,003 W U2 Transmission Tower
]‘ ! Model 3
0.0005
(LUl
1 35 7 91113151718
.
U 3 Displacements
u3 issi U3 u3
Output Tower Tower Tower
Joint Case Model 1 Model 2 Model 3
Text Text meters meters meters.
1 RSA 0 0 0
2 RSA 0.00033 0.000069 0
3 RSA 0.000189 0.000069 0
4 RSA 0.000676 0.000069 0
5 RSA 0.000536 0 0.000336
] RSA 0 0.000089 0.000337
7 RSA 0.000335 0 0.000336
[] RSA 0.00023 ] 0.000337
9 RSA 0.000293 0.000118 0.000348
10 RSA 0.000672 0.000118 0.000351
1 RSA 0 0.000118 0.000346
12 RSA 0.000233 0.000118 0.000331
13 RSA 0.000143 0.000133 0.000308
14 RSA 0.00042 0.000133 0.000276
15 RSA 0.000556 0.000133 0.000236
16 RSA 0 0.000133 0.000188
17 RS 0.000331 0.00011 0.000133
18 RSA 0.000213 0.00011 0.000068
19 RSA 0.000634 0.00011 0.000349
] RSA 0.000466 0.00011 0.000351
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B U3 Transmission Tower

Model1

W U3 Transmission Tower

Model2

U3 Transmission Tower
Model3

Displacements in radians (R1)

T 3 [ R1
Joint Tower Tower Tower
Model 1 Model 2 Model 3
Text Text Radians Radians Radians
1 RSA 0.000397 0.000003146 0
2 RSA 0.000156 0.00001 0
3 RSA 0.000305 0.000011 [
4 RSA 0.000062 0.000011 0
5 RSA 0.000148 0. 0.000234
[ RSA 0.000707 0,00001 0.000235
% RSA 0.000078 0. 0.000239
] RSA 0.000355 0.000003128 0.000237
3 RSA 0.000177 0.000026 0.000228
10 ASA 0.000093 0.000027 0.000213
1 RSA 0.000588 0.000026 0.000134
12 RSA 0.00015 0.000026 0.000175
13 RSA 0.000356 0.000042 0.000153
14 RSA 0.000145 0.000044 0.00013
15 RSA 0.000145 0.000043 0.000104
16 RSA 0.000352 0.000042 0.000079
17 RSA 0000162 0.000072 0.000054
18 ASA 0.00028 0.000079 0.000027
13 RSA 0.000074 0.000078 0.000227
20 RSA 0.000129 0.000071 0.000213
0.0008
0.0007
0.0006
0.0005
B R1 Transmission Tower
0.0004
BR1 Transmission Tower
0.0003
BR1 Transmission Tower
0.0002 |
0.0001 lul ll 'l
0 T | iy m LI 1
1 3 5 7 9 1113151719
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Displacements in radians (R2)

R2 R2 R2 Transmission
Output Tower Tower Tower
Joint Case Model 1 Model 2 Model 3
Text Text Radians Radians Radians
i ASA 0.00059 0. o
2 RSA 0.000151 0.000011 o
3 RSA 0.000357 0.00001 1]
a4 RSA 0.000139 0.00001 1]
5 RSA 0.000143 0.000003188 0.000245
] RSA 0000354 0.000011 0.000243
7 R5A 0.000143 0.000003097 0.000244
8 RSA 0.000238 0.000003356 0.000244
£l RSA 0.000136 0.000026 0.000227
10 RSA 0.000081 0.000026 0.000212
11 RSA 0.000341 0.000026 0.000192
12 R5A 0000159 0.000026 0.000173
13 RSA 0.00027 0.000043 0.00015
14 RSA 0.000135 0.000042 0.000127
15 RSA 0.000076 0.000042 0.000102
16 RSA 0.000714 0.000044 0.000077
17 RSA 0000104 0.000078 0.000052
18 RSA 0.000405 0.000072 0.000023
19 RSA 0.000111 0.000071 0.000228
20 RSA 0.000168 0.00007% 0.000212 |
0.0008
0.0007 -+
0.0006
0.0005 BR2 Transmission Tower
Radians
00004 WR2 Transmission Tower
00003 Radians
i ) B R2 Transmission Tower
0.0002 | | I Radians
00001 l lu ” I
0 TT T 1T rrrrrrrT -‘I LI |
13 57 9 1113151719
Displacements in radians (R3)
R3 R3
Dutput Tower Tower Tower
Joint Case Model 1 Model 2 Model 3
Text Text Radians Radians Radians
1 RSA 0.000223 0.000001388 o
2 RSA 0.000132 0.000002984 a
3 RSA 0.000171 0.00000317 1]
4 RSA 0.000074 0.000002382 o
5 RSA 0.00014 7.991E-07 0.000026
& RSA 0.00025 0. 0.000028
7 RSA 0.000125 0.000001427 0.000029
B RSA 0.000185 0.000001475 0.000025
9 R3A 0.000125 0.000003315 0.000026
10 RSA 0.000123 0.000003201 0.000023
11 RSA 0.000262 0.000003261 0.000023
12 RSA 0.000138 0. 0.000023
13 RSA 0.000203 0. 0.00002
14 RSA 0.000126 0. 0.000018
15 RSA 0.000035 0.000002823 0.000013
16 RSA 0.000264 0.00000377 0.000012
17 RSA 0.00015 0. ] 0.00001
18 R5A 0.000206 0.000001137 0.000015
19 RSA 0.000124 0.000003503 0.000019
20 RS& 0.000097 0.000001034 0.000019
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4+ The percentage of the steel used in the

transmission line towers are the used less steel

0.0003
with best suitable structure to the transmission
0.00025 + 220 KV line towers.
00002 1 BR3 Transmission Tower 4+ Maximum displacement along X direction
Radians . .
800015 | 0.653 m and maximum displacement along Y
: B R3 Transmission Tower . . .
Radians direction is 0.0653 m as compared to X the
0.0001 -+ IEEERED : R3 Transtissi direction of Y is quite more less in the model 2
ransmission Tower
Radians of the transmission line tower
0.00005 -
o LLALNEHRRRUNRULLL L] + The seismic load and wind load are within the

13579 1113151719 expectable limits as per the codal provisions as

per Indian standards.

IV .CONCLUSIONS
+ The less seismic loads are observed in the

4+ The difference between modeling the forces on model 2 transmission line tower as it was

foundations of a transmission tower using showing least displacements in joints as well

industry standard static point loads and more as the base reactions of all the transmission

advanced dynamic loading techniques appears towers (i.e. model 1, model 3)

to be relatively significant.
+ The wind loads calculations are calculated,

This indicates that it is important to model the
conductors dynamically although this was not
within the scope of this thesis. Maximum
compression forces are also reduced by a
similar amount, although this is generally a

less critical design factor.

It was observed the displacement of the model
2 transmission tower having the least values in
the joint displacements and overturning

moments

The Base reactions are of the model 2 of the
transmission line tower is having least values
as compared to the other transmission line

towers.
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and the wind load was seen a major effect on

the transmission line tower.

Considering all the above the considerations in
the all three towers the best suitable structure
is the square based transmission tower of

model 2 is best suitable structure.
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