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Abstract

In this analysis & design of Gantry Structure for Switchyard loading & analysis is govern for dead, live, Wind & Electrical
loads i.e. Normal Condition and Short circuit condition load as per different location, height, size of Tower structure &
Capacity of Overhead cables in kV. Generally whole structures design as a conventional sections like angle, etc. Main
reason is whole structural members sections are all sections locally available, easy to construct, transport &
economical. Here, involves all study to resolves & enhance more efficiency of structures. Trying to design Structure
economically by selecting proper Bracing system. In order to properly plan and design a structure, it is necessary to
have not only imagination and conceptual thinking, but also a solid understanding of the science of structural
engineering, as well as practical knowledge of recent design codes and regulations, all supported by ample experience,
intuition, and judgment, with the goal of ensuring safety while maintaining a careful balance between economy and

safety.
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1. INTRODUCTION

Gantry Structure in Switchyard mean a latticed beam
supported by two latticed towers. The gantry structures
can be designated according to their position in
switchyard, such as line gantry, bus gantry and
transformer reactor Gantry. They required for the
distribution of power from Switchyard to across the
country. As a result, more power stations are being built
and placed in strategic locations. System interconnections
are also growing in order to increase accuracy and
efficiency. Any natural disaster can cause transmission
lines to fail if they are not planned appropriately. As a
result, it must be stable and well-designed to avoid failure
in the event of a natural disaster. It must also meet all
applicable national and international regulations. A
transmission line's structural and electrical aspects should
be considered during planning and design. Insulation and
safe clearances of power carrying cables from the ground
are the most critical requirements from an electrical
perspective.

Gantry Structures account for almost 20-40% of the total
cost of a Substation. The choice of an optimal form, as
well as the appropriate sort of bracing system, goes a long
way toward producing a cost-effective Gantry structure
design. Electricity is the primary source of power for
industry, businesses, and homes. Because of infrastructure
development, the demand for energy is increasing due to
rapid growth in the industrial region. As cost of electricity
is less compare to fuel, now a days, rail transportation is
also shifted from fuel-powered engines to electric engines.
As a result, it is necessary to transfer the high voltage to

the area in demand, which necessitates the construction of
substations and hence Gantry structures.

Electrical power has emerged now an in comfort, safety
and welfare of humanity in the 21st century. In every
developing or developed country, consumption of
electricity has prevailed to rise. The rate of increment is
superabundant in case of developing nation like INDIA.
Which increases number of electric-power stations and
their capacities and subsequent increment in number of
transmission lines from electricity-generating stations to
sub-stations and then to subsequent load centers, resp.

Though Substation are major parts of electrical
engineering, designing of those supporting structures like
towers, foundation etc. requires the direct liaison of civil
engineers-structural and geotechnical. A principal job thus
comes on to the structural engineer, not only to make
design economical, but also safer and more reliable.
Structurally the Gantry structure should be well enough to
withstand loads like wind load, electric load and self-
weight as well as in all weather conditions.

The goal of every designer is to design the best (optimum)
systems. But, because of the practical restrictions this has
been achieved through intuition, experience and repeated
trials, a process that has worked well.

In this study, a Gantry tower at 765kV Substation is
modelled using STADD Pro - Connect edition. The towers
are designed for wind zones IV with constant base width.
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Problem Statement

A Gantry Structure with beam at 765kV Substation which
is situated in wind zone IV is selected for the study.
Design, analysis and optimization are carried out using
STAAD Pro. Software.

Objectives

There are 3 sets of coils wound around n-number of poles
inside the stator; each set of coils is switched sequentially
based on hall sensor feedback to rotate the motor [7].

2. METHODOLOGY
Input
e  Total height of Structure: 45m
e C/C distance between Towers: 15m
e Bottom to Girder/Beam Centre level: 39m
e Wind Speed - 47 m/s
e  Seismic Zone-lI
3. MODELLING APPROACH

STAAD Pro-Connect Edition is a comprehensive and
integrated finite element analysis and design offering,
including a state-of-the-art user interface, visualization
tools, and design codes. It is capable of analyzing any
structure exposed to static loading, a dynamic response,
wind, earthquake, and moving loads. STAAD Pro-
Connect edition provides FEM analysis and design for any
type of project including towers, culverts, plants, bridges,
stadiums and marine structures. The STAAD Pro-Connect
edition has been used for analysis and design. In this study
tower is modeled as a 3D space by considering tower as a
truss. Wind load considered is acting in X and Z
directions. Loads and Load combinations are considered
for wind zone 11 as per IS: 802 (Part 1/Sec 1):1995. is used
in analysis.

=

Figure 2 Elevation of Gantry Structure

4, LOADING AND LOAD COMBINATIONS
Load Calculations

e According to 1S:5613(Part-2/Sec-1)-1985, 3
types of loads act on Gantry Structure is same as

transmission tower in which 3 different
considerations namely, Reliability
Considerations, Safety Consideration and
Security Consideration. These loads are

calculated as per formula mentioned in clauses 9,
12 and 13 of 1S:802(Part-1/Sec-1)-1995.
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Load Combinations

Loading combination is used as per clause 13 for all the 3
conditions reliability, safety and security conditions. In
this work, seven different loading combinations were
considered as shown below:

e Reliability Consideration Normal condition

e  Security Consideration Normal condition

e  Safety consideration normal consideration

e  Security Consideration Top Conductor Broken
Wire Condition

e Safety Consideration Top Conductor Broken
Wire Condition

e Security Consideration Ground-wire Broken
Wire Condition

o  Safety Consideration Ground-wire Broken Wire
Condition.

Design Parameters

The design and fulfilling code-check of each member of
tower analyzed in STAAD.PRO v8i are formed on the
allowable stress design method basis, accordingly
1S:802(Part-1/ Sec-1).

In this work, Indian Steel Angle Sections are taken for the
analysis of Gantry structure. The Table | shows the
sections used in this analyzation.

Table 1 Steel Sections used in Tower

1.Main Leg ISA200x200x25 mm
ISA 150X150X16 mm

ISA 75x75x5 mm
2.Bracing ISA 100X100X8 mm

ISA 90x90x6 mm
ISA 150x150x16 mm
ISA 65x65x5 mm
ISA 45x45x5 mm

3.Secondary Bracing

Table 2 Steel Sections used in Girder/ Beam

1.Main Member ISA 150x150x16 mm
ISA 130x130x12 mm
ISA 90x90x6 mm
ISA 75x75x5 mm

2. Bracing

The Parameters used for analysis of Tower are given
below in Table I1I.

Table 3 Gantry Structure Parameters
Tower Type Gantry Structure

Transmission line voltage 765kV
Angle of line deviation 0 Degree Cel.
Terrain type Category -1
Conductor material “ACSR” Zebra 28.62mm Dia.
Basic Wind Speed 47 m/s

Max. Temperature of Conductor
Max. Temperature of Ground wire
Everyday Temperature
Minimum Temperature
Design Period
Type of Insulator

75 Degree Cel.
53 Degree Cel.
32 Degree Cel.
-18 Degree Cel.
50 Years
String Type
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FigureAS Wind load acting on XX and XB Bracing systems
5. BRACING SYSTEM

There are ten types of bracing systems for a lattice tower
configuration. Those ten types are as follows:

1) Single diagonal bracings: this is the simplest
form of bracing. The wind shear at any level is
shared by the single diagonal of the panel. Such
bracing is used for towers up to 30m height.

2) X-X bracing: this is a double diagonal system
without horizontal bracing, used for towers up to
50m height. Itis a statically determinate
structure.

3) X-B bracing: this is a double diagonal system
with horizontal bracings. Such bracings are quite
rigid and may be used for towers up to 50m
height. The structure is statically indeterminate.
The horizontal members are redundant members
and carry only nominal stresses.

4) K-bracing: such a bracing gives large head room,
and hence K-bracing can be used in lower panels
where large head room is required. The structure
is statically determinate. Such bracing can be
used for towers of 50 to 200m height. In most of
the transmission line towers, the lower panels is
either K- or Y- braced and upper panels are X-
braced or XB- braced.

5) XB bracing: this is a combination XX and XB
bracing where horizontal members are provided
only at the level of crossing of diagonals. The
structure is statically indeterminate. However,
the length of the diagonal is reduced. The system
is suitable for towers 50 to 200m height.

6) W-bracing: this system uses a number of
overlapping diagonals. The system is statically
indeterminate. However, the effective length of
diagonals is reduced the system is quite rigid and
may be used for towers of 50 to 200m height.

7) Y-bracing: this system gives larger head room
can be used for lower panels. The system is
statically determinate. In  most of the
transmission line towers, lower panels are either
Y- braced on k-braced and upper panels are X-B
braced or X-braced.

8) Arch bracing: such a bracing can be adopted for
wider panels. This system also provides greater
head room. The system is statically determinate.

9) Subdivided V-bracing: such a bracing are used
for tall towers of communication systems, radio
and TV transmission etc.; for heights between 50
to 200m.

10) Diamond lattice system: A typical diamond
lattice system is used for towers of 100 to 200m
height. The base width is kept at 1/5 to 1/6 of the
height. Rigid horizontal diaphragms are used at
top and at intermediate sections, preferably at
intervals of 25 to 30m, to increase the torsional
stiffness of the cross-arm.

As Our Gantry height is above 30 and below 50, we have
selected these bracing systems for analysis. i.e.

e X-B System
e X-X System
6. RESULT AND DISCUSSION

In this present work, the nodal displacements due to seven
different load cases, were computed for two different
types of bracing system as said above at specified points:
base of leg, cross-arm points and topmost point of the
transmission tower using the software STAAD Pro.
Connect edition. Since seven different load combinations
give different nodal displacements in mm.

Table 4 Displacements in XX and XB Bracing

Location XX — Bracing XB - Bracing
X Y [z [ X[ ¥ z
Base 0 0 0 0 0 0
AtBeam/ | g3 03 | -25.72 [90.481[2L3% -25.143 | 87.476
Girder 1
ToPMOst | 1 o43| -5.375 1840011 g71] 5271 | 177.358
Point 5

Along height, Displacement is also increasing along three
directions of the tower till Cross Arm Point. But
displacement along y-direction at the topmost point in is
found to be less i.e. -5.375 mm for XX-bracing and -5.271
mm for XB-bracing, but along x direction, displacement
is same because of same load applied. As the wind load
acting along Z-direction is dominant, the displacement is
found to be higher than other direction.

Table 10, the total amount of steel used in XX-bracing
system is found to be 905.784 kN and in XB-bracing
system, it is found to be 790.326 kN. It is observed that
the amount of steel required in XX-bracing system is
found to be much higher i.e. 115.458 kN higher amount
than XB-bracing system.

Table 5 Weight summary comparison between XX & XB

Bracing
Steel Sections | XX—Bracing System | XB-Bracing system
used Length | Weight | Length | Weight
Tower
ISA 130.56 94.377 130.56 94.377
200X200X25 ' ) ' '
ISA
100X100X10 142.87 20.962 142.87 20.962
ISA 100X100X8| 607.93 71.919 | 862.58 | 102.044
ISA
200X200X20 124.53 73.089 124.53 73.089
ISA 90X90X6 | 219.45 17.701 | 282.39 22777
ISA
150X150X16 170.01 59.684 | 170.01 59.684




7 A Study on Design and Analysis of Gantry ...

ISA75X75X5 | 9351 | 5222 | 9351 | 5222
ISA 65X65X5 | 249.80 | 11.093 | 266.60 | 12.800
Total Weight 354.948 390.955
Beam
ISA 5200 | 18.255 | 5200 | 18.255
150X150X16 : : : :
ISA 90X90X6 | 427.77 | 34504 | 46137 | 37214
ISA 75X75X5 | 194.98 | 10.889 | 22858 | 12.766
ISA
o1y | 6400 | 14700 | 6400 | 14700
Total Weight 78.349 82.935

7. CONCLUSIONS

The nodal displacement in XX-bracing system is quite
higher in z-axis (transverse direction) as compared to XB-
bracing system. i.e. 184.065 mm & 177.358 mm. Also, at
the Girder/Beam displacement is significantly higher in z-
direction only. i.e. 90.481 mm & 87.476 mm for XX and
XB Bracing resp.

The displacement in y-axis (axial direction) and x-axis
(longitudinal direction) has very lesser discrepancies in
both bracing systems. The nodal displacements in x-
direction and z-direction at base of legs, at Cross arm point
and topmost point of tower is found to be continuously
increasing but in y-direction, it is found that nodal
displacement is increasing up to cross-arm point and it is
decreased to 5.375 mm at top.

The material i.e. quantity of steel required in XX-Bracing
system is found to be lesser by 10.15 % in Tower and In
Girder/Beam 5.88% as compared to XX-bracing system.

XX-bracing system is found to be optimum and
economical in design of Gantry structures in cost of
material with allowable deflection in comparison to XX &
XB Bracing system, however if required, in worst case of
displacement one can go for XB for its strength and
displacement control.
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