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TYPES OF SUPPORT STRUCTURE BASED ON MATERIAL

MATERIAL

STEEL WOOD CONCRETE

LATTICE POLE S.S. 
POLE

GUY 
POLE

S.S. 
POLE

GUY 
POLE

S.S. 
TOWER

GUY 
TOWER

S.S. 
POLE

GUY 
POLE
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TYPES OF SUPPORT STRUCTURE

LATTICE STRUCTUTE

SELF SUPPORTING TOWER GUY TOWER

SINGLE 
CIRCUIT

CROSS ROPE 
TYPE

CHAINNET 
TYPE

DOUBLE 
CIRCUIT

MULTI 
CIRCUIT

LOW
LEVEL
GANTRY
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TYPES OF SUPPORT STRUCTURE

SINGLE CIRCUIT

VERTICAL DELTAHORIZONTAL
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SINGLE CIRCUIT STRUCTURE

VERTICAL CONFIGURATION

SUSPENSION
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ANGLE



SINGLE CIRCUIT STRUCTURE

HORIZONTAL CONFIGURATION

TRANSPOSITION
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SUSPENSION ANGLE/STRAIN



SINGLE CIRCUIT STRUCTURE
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DELTA(CHAT) CONFIGURATION

SUSPENSION ANGLE



TYPES OF SUPPORT STRUCTURE

DOUBLE CIRCUIT

VERTICAL DELTA
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DOUBLE CIRCUIT STRUCTURE

VERTICAL CONFIGURATION

SUSPENSION ANGLESUSPENSION ANGLE
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DOUBLE CIRCUIT STRUCTURE
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DELTA CONFIGURATION

SUSPENSION ANGLE



MULTI CIRCUIT STRUCTURE
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VERTICAL DELTA



COMPONENTS OF TRANSMISSION

LINE

CONDUCTORS
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•Power conducting wire carry high Voltage current.
alloy or•Material : Stranded wires of Aluminum, Steel, Aluminum 

Copper
•Type:-Aluminum Conductors Steel Reinforced (ACSR)

- All Aluminum Conductors (AAC or ASC)
- All Aluminum Alloy Conductors (AAAC)
-Aluminum Alloy conductors Steel reinforced (AACSR)
•Purchase from Manufacturers
•Type & property of conductor is generally specified in the Tower 
specification by purchaser/client.
•Property like Diameter, Area, Unit weight, Ultimate Tension,
Modulus of Elasticity & Coefficient of Linear Expansion should be
obtained for Sag Tension, Load Calculations etc. for Tower designs .



COMPONENTS OF 
TRANSMISSION 
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CONDUCTORS-
ACSR TYPE
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COMPONENTS OF 
TRANSMISSION 
LINE
CONDUCTORS-
AAAC TYPE
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COMPONENTS OF TRANSMISSION LINE
CONDUCTORS- HTLS
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COMPONENTS OF 
TRANSMISSION LINE
OPGW

• Neutral wire to protect tower & line from 
Lighting.

• Material  :  Stranded  wires  Galvanized  
Steel,  Aluminum

Conductors Steel Reinforced (ACSR) or Alumino 
weld Steel wire.

- When above wires are provided with Optical 
Fiber it  is called as OPGW which is used for 
Telecommunication  purpose also.
• Purchase from other parties/Manufacturers
• Type & property of Earthwire/OPGW is 

generally specified  in
the Tower specification by purchaser.
• Property like Diameter, Area, Unit weight, 
Ultimate Tension, Modulus of Elasticity & 
Coefficient of Linear Expansion should be obtained  
for  Sag  Tension,  Load  Calculations   etc.  for  
Tower designs .
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COMPONENTS OF TRANSMISSION LINE
INSULATOR
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Substance that blocks or retards the flow of electric current.

An insulator is a poor conductor because it has a high resistance to such flow. 

Electrical insulators are commonly used to hold conductors in place, separating them from one another and from 
surrounding structures to form a barrier between energized parts of an electric circuit and confine the flow of current 
to wires or other conducting paths. 

Material: Porcelain, Toughened Glass, Silicon rubber with  Fiberglass Rod & Silicon rubber weathering shed.   



COMPONENTS OF TRANSMISSION LINE
INSULATOR
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Type : Ball & socket  type,  Long Rod type & Composite /Polymeric  type . 

Insulator Assembly   of  two types.  Suspension  types to be used with Suspension  towers and Tension types  
used with Tension/Terminal  towers. 

Design of Insulators is depend on Electrical requirements such as kV, current capacity and  leakage distance 
which done by manufacture with specification requirement. 

Drawings showing details like Diameter, Length, Unit weight, leakage distance, Hardware details for tower  
attachment, Arcing Horn should be obtained for Load Calculations  & clearance requirement for Tower designs .

Hardware fitting are provided  to connect  Insulator  at both end , to attach one for conductor and other for 
tower  cross arms.



COMPONENTS OF TRANSMISSION 
LINE
INSULATOR

❑ PORCEALIN

❑ GLASS

❑ COMPOSITE
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COMPONENTS OF TRANSMISSION LINE
COMPONENTS OF INSULATOR STRING

23

Corona rings

Arching horns

Yoke 
Plate

Suspension 
clamps



COMPONENTS OF TRANSMISSION

LINE
TYPE OF INSULATOR STRING
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STRAIN/TENSION SUSPENSION- I STRING



COMPONENTS OF TRANSMISSION

LINE
TYPE OF INSULATOR STRING

25

SUSPENSION –V STRING JUMPER SUSPENSION STRING



COMPONENTS OF 
TRANSMISSION LINE
CONDUCTOR 
SPACER & 
VIBRATION DAMPER
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COMPONENTS OF TRANSMISSION

LINE

TOWER FOUNDATION
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STRAIN/TENSION PILE FOUNDATION HARD ROCK



COMPONENTS OF 
TRANSMISSION 
LINE
EARTHING OF 
TOWERS

28



APPROACH TO 
DESIGN
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Spans : Normal, Wind, Weight Spans

General Climatic Conditions like temperature range, wind speed, Terrain 
category, Reliability Level

Conductors, Earth wires / OPGW and their characteristics

Reference Standards which has direct impact on Design

Materials, their sizes Standards and Grades that can be followed. (This will 
give different limitations to be followed which should be noted for easy 
access.

Length & Diameter of Insulators (Suspension / Tension /Single / Double)

Swing Angles & Clearances for Insulator/Jumper

Ground Clearance



COMMON TERMINOLOGIES 
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❑ Normal Span, Equivalent Spans

❑ Wind Span

❑ Weight Span (Downward / Upward)

❑ Angle of Deviation

❑ Sag Tension

❑ Sag Template

❑ Right of Way

❑ Stringing Chart (Initial/ Final)

❑ Materials used (Steel, Bolts/nuts)

❑ Cables (Conductors / Earth wires / OPGW)

❑ Insulators, Hardwires

❑ Wind Zones 6 as per IS875

❑ Electrical Clearance



TRANSMISSION LINES
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SAG 
TEMPLATE 
ILLUSTRATED
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USE TEMPLATE FOR PLOTTING TOWERS
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Profiling Concepts: Ground Clearance



WIND SPAN 
AND WEIGHT 
SPAN
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Normal (Basic 
span)

•The normal span(or basic span) is the most economical span for 
which the line is to be designed over level ground, so that the 
requisite ground clearance is obtained at the maximum specified 
conductor temperature.

•Standard or normal tower height is decided by normal span.

•Approximate quantity of towers can be calculated from normal 
span. 

• Approximate quantity of towers equal to length of line divided by 
normal span.
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WIND SPAN

•The wind span is that on which the wind is assumed to act 
transversely on the conductor and is taken as half the sum of the 
two spans, adjacent to the support. 

•Generally wind span is considered 1.1 to 1.2 times basic span of the 
line. 

•For particular tower type, wind span can be increased by reducing 
angle of deviation  so that  total transverse load equal to less than 
for which it is designed. 

•The wind span is used to calculate wind load on tower.
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WEIGHT SPAN

•The weight span is the horizontal distance between the lowest 
point of the conductors, on the two spans adjacent to the tower. 

• Weight span may be positive (acting down ward) or negative 
(acting upward) depend on tower position  in the line. 

•The weight span is used to calculate vertical load on towers.
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SPANS 
AND 
PROFILES
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SAG TENSION

40

SAG

Tower A Tower B

Tension (T)

L

SAG = W x L2

             8 x Tension

W = unit weight of 
conductor



Design Criteria 
& Loads 

Ø Climatic loads

Ø Seismic loads

Ø Construction & Maintenance

Ø Tension in wires
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Design Criteria 
& Loads 

Ø Climatic loads

q Wind

q Ice

q Wind + ice
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Design Criteria 
& Loads 

Ø Climatic loads

q Wind

q Ice

q Wind + ice
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Design Criteria 
& Loads 
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•TRANSVERSE LOADS
•VERTICAL LOAD
•LONG LOAD

TOWER LOADING



Design Criteria 
& Loads 
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LINE DEVIATION

60°30°

30°

30°

30°



TOWER 
CLEARANCES

•From safety considerations, power conductors along the route of 
transmission line should maintain requisite clearances to ground in 
open country, national highways, rivers, railway tracks, 
telecommunication lines, other power lines etc.

•Ground clearance is the distance between ground and the lowest 
point of the boom conductor.

•Minimum ground clearance is depend on kV of Line. For higher kV 
more ground clearance required.
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TOWER 
CLEARANCES

•Following is minimum ground clearance generally required for 
pedestrians. 

•     Voltage     Normal Ground Clearance in m.

•      66 kV                         7.0

•     132 kV                        7.5

•      220 kV                       8.0

•      400 kV                       9.0     

•     For road, railway & power line crossing higher clearance is 
required. 
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TOWER CLEARANCES
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TOWER 
CLEARANCES
CLEARANCE FOR 230KV 
SUSPENSION TOWER –
BANGLADESH
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TOWER CLEARANCES
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RIGHT OF WAY
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3-D Model of 
Line in Corridor 

Showing Profiled 
Powerline

Profiling

Spotting

Stringing 

Sagging

Calculations

Sag Tension

Clearances

Structure Strength

Swing

Checking and Rectifying 
Results

Processing

The planning, design and construction of overhead power lines, Eskom, 2005

3-D terrain

Survey Data

Feature Codes

Line walkdown 
inputs

Design Criteria

Wind Speeds and 
Pressures
Templating temperature
Country/Organisation 
codes of practice
Tower capacities

Input

Chief Optimisation Criteria:
• Primary: Cost
• Secondary: Tower Utilization

Drawings

Profile sheets

Towers

Foundations

Hardware

Archiving

Line Management

Future Modifications

Output

Bill Of Materials
Towers, hardware, 
conductor, 
foundations etc.

Reports

Staking tables

Stringing tables

Sag Tension Charts

Design Report

Corridor/Terrain

Ground Profile

Obstacles

Overhead Powerline Design Process Overview



Overview of BASIC PLS 
Modelling Process 

The following steps will be followed to generate the example 
profile. The same basic sequence is 

relevant for the generation of all profiles in PLS-CADD, 
irrespective of the model type. 
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Survey Data Sources

Traditional Survey
http://ngom.usgs.gov/dsp/tech/eaarl/images/Eaarl1.gif

LiDAR Survey Older Scanned Profiles

http://egsc.usgs.gov/isb/pubs/teachers-packets/mapshow/graphics/dem.gif

http://www.cadquant.com/images/mmBanner.jpg

http://3.bp.blogspot.com/-pnytFdoQcVQ/UKeBvbkF4_I/AAAAAAAAHOI/lhd1hzD__90/s1600/Google+Earth.png+

2D & 3D DXF drawings Other DTM info

http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&docid=TAoDUTd2YAMZLM&tbnid=R-iCZQNUbyKo-M:&ved=0CAgQjRwwAA&url=http://ngom.usgs.gov/dsp/tech/eaarl/&ei=jD2bUYDlHI2P7Aa62oCwDA&psig=AFQjCNGBPsUuP8dswFle5NQe4ExQzlMEnA&ust=1369214732540066
http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&docid=nGLUQjU2AZZ9gM&tbnid=RYOUlmMHsW4CfM:&ved=0CAgQjRwwAA&url=http://egsc.usgs.gov/isb/pubs/teachers-packets/mapshow/dem.html&ei=6EmbUbf0I6-f7Aa12IGYBg&psig=AFQjCNEzoTN6AwKERfFhvvnrbQbJ9ct8xw&ust=1369217896666771
http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&docid=rbd_H9AWnnmdxM&tbnid=40ECjbX6XeoI3M:&ved=0CAgQjRwwAA&url=http://www.cadquant.com/modelmaker.html&ei=lkWbUczGEIe47AbZ14DADQ&psig=AFQjCNEa743RsnqtxEUrrVaSHr8UhcItAA&ust=1369216790344829
http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&docid=yMaSAL1PjApqgM&tbnid=VDWTGi2xbAWHmM:&ved=0CAgQjRwwAA&url=http://freeapkapps.blogspot.com/2012/11/google-earth-v7007386-free-download-for.html&ei=2UWbUaPmDZKf7AaX74CoBA&psig=AFQjCNEIaENIBvNDbPrJG0uP75J0ff5-bA&ust=1369216857292808
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Line Profile Inputs

ROUTE

+   Terrain Model

=   Profile
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Line Profile Inputs

  Survey / Cadastral / Environmental Inputs

• Bend points (old scanned profiles)

• ALS Data/ground points

• Landowner requirements/limitations   Obtained from surveyor and/

• Restricted/prohibited zones               or client/ publicly available data. 

• High resolution survey images

PLS CADD input:

•  Import bend points

•  Insert PI’s (points of interest)

•  Import ground points             Input into PLS CADD

•  Import/set criteria, feature code files 

•  Create method 1 structure models and .wir files

•  Insert towers at special locations

•  Insert prohibited zones



3D Templating
LASER SURVEY POINTS
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3D Templating
POINTS CONNECTED TO FORM TIN (TRIANGULATED IRREGULAR NETWORK)
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3D Templating
TIN RENDERED WITH CONTOUR L INES
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3D Templating
TIN WITH BITMAP DRAPED ON TERRAIN & CONTOUR L INES
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3D Templating
SIDE PROFILES ONLY
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Profiling Concepts: Feature Codes

• A symbol which defines obstacle types, terrain types, and power line types

• Includes the required clearance for a range of different voltages 
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Profiling Concepts: 
Wind Span and Weight Span

• Span details:

• Spans: 1495m

• Gorge depth: 252m

• Weight of 1 quad Pelican phase : 5.0 
tons

• Sag: 174m

• Differential tension used in middle phase 
to prevent mid-span clashing

• Modelled with Method 4 tower models 
to find suitable tower 
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Profiling Concepts: Ground Clearance
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Profiling Concepts: Ground Clearance

This leads into Catenary, Sag and Tension and temperature considerations

• This leads into Catenary, Sag and Tension and temperature considerations

file://taprojectsrv/data/LES Projects/500000/101/580000 - Training Centre/Overhead Line Design Course/04 Oct to 08 Oct'04/OHL Course Notes - October 2004/Day 4 - Thursday/Session 5 - Tower Spotting - PLSCADD/Chapter 7.12 - Tower spotting - DHC edit 260903_revision_0501.doc


Profiling Concepts: Line 
walkdown
 

• Proximity of other lines and objects

• Other infrastructure (eg pipelines)

• Environmental impacts (eg protected trees, 
birds)

• Poor soil conditions (eg marshes)

• Access to tower sites

• Side slope
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Modelling a line
in PLS CADD
Oct 2025



Topics Covered

✓ Structure Spotting

✓ Stringing a Tension Section

✓ Clipped/Unclipped Sections

✓ Design Method

✓ Conductor Swing/Blowout

✓ Wire Departure Angle

✓ Modelling Aerial Warning Markers

Chapter 3 – Modelling a line 2



Structure Spotting

• Once alignment is defined, you can add structures using two ways:

• Manual (Interactive) or 

• Automatic 

• The user should first spot the structures at the ends of the line and at all angle points

• Structures are to be added at all alignment PI points

Chapter 3 – Modelling a line

3



Structure Spotting - Interactive
• Go to Structures -> Add command as shown below

Chapter 3 – Modelling a line

4

A blue line appears 

indicating a structure 

to be added

The Status Bar 

indicates the location 

and Station number at 

which the structure is 

added



Structure Spotting – Automatic Spotting

• Spotting structures at unique feature codes (example at PI points/ line angles)

• It is recommended to assign a unique feature code for a PI point in the Feature Code table

• Use Structures -> Automatic Spotting -> Spot at Feature Codes command as shown on next slide

• This command will automatically locate specific structures at the assigned feature codes

Chapter 3 – Modelling a line

5



Structure Spotting – Automatic Spotting

Chapter 3 – Modelling a line

6



Structure Spotting – Automatic Spotting

Chapter 3 – Modelling a line

7

Select type of 

Structure to 

automatically 

spot at 

selected 

Feature Code



Structure Spotting – Spotting Structures at Line Angles

• A structure is to be added at each line angle position on the alignment

• To make sure a structure is added at line angles, add one arbitrary structure at all angle locations and then later use 

Structure -> Modify to adjust the Structure Type. See example next slide.

Chapter 3 – Modelling a line

8



Structure Spotting – Spotting Structures at Line Angles

• One arbitrary structure is automatically spotted in the entire line at each PI location 

• In the example below, it is a suspension type structure

• Now to change structure 16 to a strain type structure, you can use Structure -> Modify command

Chapter 3 – Modelling a line

9



Structure Spotting – Spotting Structures at Line Angles

• Now to change structure 16 to a strain type structure, you can use Structures -> Modify command. A Structure Modify 

box will appear as on next slide.

Chapter 3 – Modelling a line

10



Structure Spotting – Spotting Structures at Line Angles

Chapter 3 – Modelling a line

11

Select strain 

structure file 



Structure Spotting – Spotting Structures at Line Angles

Chapter 3 – Modelling a line

12

Strain structure selected at location 

16

The set:phase arrangement is 

also updated when structure 

type changes



Structure Spotting – Spotting Structures at Line Angles

• Another method to add a arbitrary structure at each line angle location is to use Structures -> Automatic Spotting -

> Angle Structures command

Chapter 3 – Modelling a line

13



Structure Spotting – Adjusting Structure location

• If you have manually added a structure as below and would like to snap to the desired PI location, use Structures -> 

Move on (snap) command

Chapter 3 – Modelling a line

14



Structure Spotting – Adjusting Structure location
• If you have manually added a structure as below and would like to snap to the desired PI location, use Structures -> 

Move on (snap) command

Chapter 3 – Modelling a line

15

Select PI 

Feature Code

Structure Station 

number to be 

adjusted after 

adjusting 

structure location

Select Bottom of 

the structure to 

snap to the 

desired PI 

location



Structure Spotting – Removing Structures

• To remove an individual structure from the alignment, use Structures -> Remove command as below

Chapter 3 – Modelling a line

16



Structure Spotting – Removing Structures
• To remove a group of structures from the alignment, use Structures -> Remove Range command

Chapter 3 – Modelling a line

17



Stringing a Tension Section

• Recommended to string the wire in Profile View

• Wire will be strung left to right

• Go to left most structure in Profile View 

• Click Sections -> Add to string a tension section

Chapter 3 – Modelling a line

18



Stringing a Tension Section

Chapter 3 – Modelling a line

19



Stringing a Tension Section

Chapter 3 – Modelling a line

20

Choose from available attachment sets to 

string the wire and click Next to connect 

next structure in the stringing section



Stringing a Tension Section

• Once tension section is added, go to Section Modify where you can change section parameters (e.g. Cable file, voltage 

level, Display weather case, Conductors per phase, Sagging Tension, Finite Element Sag-Tension options) 

Chapter 3 – Modelling a line

21



Clipped / Unclipped Sections

• If Clip Insulators is checked in Section Modify, all sags, tensions and load calculations will be based on Finite Element 

method

• In Finite Element method, all calculations are based on fixed unstressed lengths for each cable in each span. 

• Unstressed length is the physical length of cable between clip points.

• In Finite Element, tensions are different in every wire of every span.

Chapter 3 – Modelling a line22



Clipped / Unclipped Sections

• Click Edit Span Specific Wire Lengths in Section Modify to calculate unstressed lengths in each span. 

• Unstressed lengths are of 3 types at a reference temp of 0deg and under no tension : Initial unstressed length, “After creep” 

unstressed length and “After load” unstressed length

Chapter 3 – Modelling a line

23



Clipped / Unclipped Sections

• Changing unstressed lengths can be used to simulate adding or subtracting a wire length from the span.

Chapter 3 – Modelling a line

24



Clipped / Unclipped Sections

• Note: When unstressed lengths of a tension section are locked, you cannot move structures within that tension section. 

Remember to unlock the unstressed lengths before moving structures.

• Unlocking the unstressed lengths means to put the wire back on to sheave.

Chapter 3 – Modelling a line

25



Clipped / Unclipped Sections

• If unstressed length is locked and user adds a new structure within the tension section, PLS-CADD will divide the 

original unstressed length into two unstressed lengths (one for the new back span and one for the new forward span) to 

match the sagging condition.

Chapter 3 – Modelling a line

26



Blowout and Departure Angle

• Create blowout weather case criteria in Criteria -> Weather

• Define Blowout and Departure Angle Report Criteria in Criteria Menu

Chapter 3 – Modelling a line

27



Blowout and Departure Angle

• Go to Lines -> Reports -> Blowout and Departure Angle Report

Chapter 3 – Modelling a line
28



Blowout and Departure Angle

• Format of the blowout report will be as below:

Chapter 3 – Modelling a line

29



Blowout and Departure Angle

• Blowouts are measured as offset from alignment centreline.

• PLS-CADD will create these offsets by applying wind perpendicular to the span in opposite directions as shown below.

Chapter 3 – Modelling a line
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Blowout and Departure Angle

• The departure angle calculation can be used to compare with the limits required for line hardware (e.g. AGSU design)

• Departure Angle report format is shown below:

Chapter 3 – Modelling a line

31



Blowout and Departure Angle

• Structure 9 Horizontal departure angle back shown in plan view below

Chapter 3 – Modelling a line

32



Blowout and Departure Angle

• Structure 11 horizontal departure angle forward = 5.1deg shown in plan view below

Chapter 3 – Modelling a line

33



Modelling Aerial Warning Markers

• With finite element method, a user can apply concentrated loads to a span (e.g. aerial warning markers)

• To create a concentrated load, use Sections –> Concentrated Loads -> Create New Concentrated Load File command as 

below

Chapter 3 – Modelling a line

34



Modelling Aerial Warning Markers

Chapter 3 – Modelling a line

35

The marker ball diameter will be used to 

calculate the wind load on the marker ball



Modelling Aerial Warning Markers
• Go to Section -> Modify -> Edit Span Specific Wire Lengths

• Specify location of marker ball as a fraction of the span

Chapter 3 – Modelling a line
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Modelling Aerial Warning Markers

• Go to Section -> Modify -> Edit Span Specific Wire Lengths

• Specify location of marker ball as a fraction of the span

• It is not recommended to have very small fractions in a span between marker balls

Chapter 3 – Modelling a line

37



Questions/Queries/Comments

Chapter 1-PLS-CADD Survey Data Import 38
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