etcbl global

INTRODUCTION TO
TRANSMISSION LINE & 3D
MODELLING OF TRANSMISSIO
LINE IN PLS CADD

Presenter-

Syed Mahmudul Hasan

Senior Transmission Line Engineer
ETCBL Global, Bangladesh

OCT 2025




TYPICAL MODEL OF G
TRANSMISSION LINE

Generation »Transmission m) Sub Station m) Loads
Line



TYPICAL
MODEL OF
TRANSMISSION
LINE

High voltage
trm/snl_ulon lines  Transmission substation
- '\‘ .

D
O % <




COMPONENTS
OF

T
L

RANSMISSION

NE



etcbl global

TYPES OF SUPPORT STRUCTURE BASED ON MATERIAL

MATERIAL

CONCRETE
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TYPES OF SUPPORT STRUCTURE

LATTICE STRUCTUTE

SELF SUPPORTING TOWER GUY TOWER

SINGLE DOUBLE MULTI LOW CROSS ROPE CHAINNET
CIRCUIT CIRCUIT CIRCUIT LEVEL TYPE TYPE
GANTRY
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TYPES OF SUPPORT STRUCTURE

SINGLE CIRCUIT

VERTICAL HORIZONTAL
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SINGLE CIRCUIT STRUCTURE

VERTICAL CONFIGURATION
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SINGLE CIRCUIT STRUCTURE

HORIZONTAL CONFIGURATION

SUSPENSION ANGLE/STRAIN
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TYPES OF SUPPORT STRUCTURE

DOUBLE CIRCUIT

VERTICAL
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DOUBLE CIRCUIT STRUCTURE

VERTICAL CONFIGURATION
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DOUBLE CIRCUIT STRUCTURE

DELTA CONFIGURATION

SUSPENSION




MULTI CIRCUIT STRUCTURE
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COMPONENTS OF TRANSMISSION etch;:a,
LINE
CONDUCTORS

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




Aluminium Conductor Steel Reinforced (ACSR) COMPONENTS OF
TRANSMISSION
LINE
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All Alloy Aluminium Conductor (AAAC)

CONDUCTORS-
AAAC TYPE

91 STRAND

61 STRAND

37 STRAND

7 8TRAND 18 STRAND
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"After Creep" Sag Vs. Temp
1,000 ft span sagged to ¥1700 m Catenary at 60 deg F, initial stebl gbbal
45
__ Steel 99
7 — Aluminum
35 1
g Drake ACCC - EPE
30 ¢ ! ake -
&
("2] — Drake ACCC - EPE
25 4 o +Drake ACCC - SPE, no creep adjust
e Drake ACCC - SPE, with creep adjust
< . | | w— Drake ACSR, EPE
Aluminum Conductor High Temperature il s = .
. w—— = Drake ACSR - SPE, no creep adjust
Steel Reinforced Low Sag (HTLS) s i e B T o it
is 4 | | .
(ACS R) Cond UCtorS -20 20 60 100 140 180 220 260 300 340 380
Temperature (°F)

Figure 58 - Differences in calculated sag and tension of ACSR & ACCC conductor
using different modeling methods. The EPE method is the most accurate method.

COMPONENTS OF TRANSMISSION LINE
CONDUCTORS- HTLS




OPGW

Optical Fiber
Central Member
Wrapping Tape
Al Spacer

Al Tube

AS Wire

COM PON ENTS OF etcbl global
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 .




COMPONENTS OF TRANSMISSION LINE .S
INSULATOR

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 .S
INSULATOR

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.
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INSULATOR
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U COMPOSITE
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COMPONENTS OF TRANSMISSION LINE
COMPONENTS OF INSULATOR STRING

Yoke
Plate

Arching hor

Suspension
400 KV Quadruple Suspension Fittings clam ps
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COMPONENTS OF TRANSMISSION

LINE
TYPE OF INSULATOR STRING

SUSPENSION- | STRING

STRAIN/TENSION
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COMPONENTS OF
TRANSMISSION LINE
CONDUCTOR
SPACER &
VIBRATION DAMPER
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TOWER FOUNDATION

PLAN'4-a'

STRAIN/TENSION PILE FOUNDATION HARD ROCK



What is Earthing of
Electrical Transmission
Tower?

COMPONENTS OF
TRANSMISSION
LINE

EARTHING OF
TOWERS




APPROACH TO

DESIGN

Spans : Normal, Wind, Weight Spans etcbl global
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

29
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1 Normal Span, Equivalent Spans 1 Cables (Conductors / Earth wires / OPGW)
J Wind Span 1 Insulators, Hardwires
J Weight Span (Downward / Upward) 1 Wind Zones 6 as per IS875
) Angle of Deviation 1 Electrical Clearance

) Sag Tension

1 Sag Template

1 Right of Way

- Stringing Chart (Initial/ Final)

! Materials used (Steel, Bolts/nuts)



etcbl global

Span Supporting

Tower Tension Tower

_ Tension Tower - . / \_

Insulator
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Conductor Data:

Loading Conditions: sag/tension/temperature
Ground Clearance:

COLD CURVE

MaxiMumM
S5AG CURVE

GROUND
Ruling Span CLEARAMNCE

e || SAG
TEMPLATE
ILLUSTRATED

GROUND
CLEARANCE
CURVE

TOWER
FOOTING
CLIRVE




USE TEMPLATE FOR PLOTTING TOWERS




Ground Clearance

Profiling Concepts

BT [y eehrw[T
ERTATRY 1L}
SR RELAY
_,,/_/,_/r.ﬂ
:,,.},ﬁ
ap VLN
= IR
PAlEd
I
Th % W F ¢
P 1E
m S L
NN AT
AV IN
VAV AV
YN
UL
af )
A VAN
RN N Y
v SR
AL
LA
A
RN
IR R
. RN
z Ty
117777
IS VIV
) yArysii
j W,
ol L7
s [ 1]
NIV
[ 7 7 i
NN
AR
AR EIER
|NFITAA
Y
MR
A RN
R
Wy
TN
Mo N kY
AR E
NI
AT A T |
PR
L
A5 i1




WIND SPAN
AND WEIGHT
N al\

Wind span and weight span -,

o w o fa——g—=l etchl giobal

i -5

T

Tower'ﬁi.v Sl

r

for Tower A
L

wind span = ==
weight span = a+b

(O}

g= Lt 4 & =L TdE:
2 wxls 2 wxls
w = unit weight of conductor

for Tower B

J ower C |
3 /a*

wind span = -‘-éi +
weight span = c+d
= = + TxH: d= .l::’ 2

2 wxls 2
T=Tension in the conductor
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*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.

Normal (Basic

eStandard or normal tower height is decided by normal span.

Span) e Approximate quantity of towers can be calculated from normal
span.

* Approximate quantity of towers equal to length of line divided by
normal span.

36




WIND SPAN

etcbl global

*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.

eFor 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.

37



WEIGHT SPAN
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*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.

38
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WIND SPAN * WIND SPAN

FORT-17 FORT-18

e v———— SPANS
o TOWER 18\ TOWER 19 A N D
PROFILES

GROUND LINE

TOWER 16

POINT OF TANGENCY

This tower should be investigated for uplift under condition of minimum sag
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SAG TENSION
Tension (T)
SAG =W x L2
’ —A 8 x Tension
SAG
~—™” J W = unit weight of

conductor

Tower B
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. . . Climatic loads
Design Criteria

Seismic loads
Construction & Maintenance

& Loads

ASERSER SRR ST

Tension in wires

41
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Design Criteria
& Loads

@  Climatic loads
g Wind
g lce

g Wind +ice
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@  Climatic loads
g Wind
q Ice

g Wind +ice
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Design Criteria

& Loads

Design Criteria and Loads

Design Loads: Climatic Loads Wind

Wind Load
Wind speed Air density

roughness
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& Loads

Design Criteria and Loads

Design Loads: Climatic Loads Wind Speed

Reference wind speed V, (m/s)

V. is defined as the reference wind speed (m/s) It is a wind speed data at 10 m
above ground and with an averaging period of 10 min. Usually V, is measured in
weather stations

; frequencly
energy —— ]

MW-hours
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Design Criteria and Loads

Design Loads: ClimaticLoads Wind Speed

Terrain roughness factor K,

Terrain roughness

Classification of terrain categories

Roughness characteristics

|Large stretch of water upwi

[open country with very few obstacles.

As per IEC 60826

A
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Design Criteria

& Loads

Design Criteria and Loads

Design Loads: Climatic Loads Wind Density

Reference Air Density p (Kg/m3)

W is the air mass per unit volume equal to 1.225 kg/m?3 at a temperature of
15 °C and an atmospheric pressure of 101.3 kPa at sea level.

AIR DENSITY CORRECTION FACTOR 'T'
Temperature in Altitude (m)
degree 0 1 2
30 0.95 0.84 0.75 0.66
1.00 0.89 0.79 0.69
1.04 0.94 0.83 0.73
1.12 0.99 0.88 0.77
1.19 1.05 0.93 0.82

Note:-The reference value corresponds to 0 m altitude and a temperature of 15°C
As per IEC 60826




Design Criteria
& Loads

Design Criteria and Loads

Design Loads: Climatic Loads @ Wind @ Density

Reference Air Density p (Kg/m?3)

W is the air mass per unit volume equal to 1.225 kg/m? at a temperature of
15 °C and an atmospheric pressure of 101.3 kPa at sea level.

AIR DENSITY CORRECTION FACTOR 'T'

Temperature in Altitude (m)

degree 0 1 2

30 0.95 0.84 0.75 0.66

1.00 0.89 0.79 0.69

1.04 0.94 0.83 0.73

1.12 0.99 0.88 0.77

1.19 1.05 0.93 0.82

Note:-The reference value corresponds to 0 m altitude and a temperature of 15°C
As per IEC 60826
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& Loads

Design Criteria and Loads

Design Loads: Climatic Loads = Wind = Wind load On wires

Wind loads on wires Ac (N) G_is wind factor.

IIII-IHHEEEE |
° TP T
—

Where

q is basic wind pressure.
G_is wind factor.

G, is Span factor.

D is Diameter of wire.

L is Length of span.

Q is wind direction.
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Design Criteria and Loads

Design Loads: Climatic Loads

1. Wind.

2. lce.

3. Wind + Ice.




o
[ o o u
Design Criteria

& Loads

Design Criteria and Loads

Design Loads: Climatic Loads Ice

Ice densit [of= Diameter o
y thickness conductor
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Design Criteria and Loads

Design Loads: Climatic Loads Ice Load On Wires

Ilce weight on wire g (N/m)
g=9.82x1036mnt(d+t/1000)

Where

6 is the ice density (kg/m3)

t is radial ice thickness (mm)
d is diameter of wire (m)
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Design Criteria and Loads

Design Loads: Climatic Loads

1. Wind.

2. lce.

3. Wind + Ice.
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Design Criteria and Loads

Design Loads: Climatic Loads Wind + Ice

Wind + Ice.

. . ] ) Ice [
Wind speed Ice density thickness [::Iz:qdeut:troorf

roughness
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& Loads

Design Criteria and Loads

Design Loads

1. Climatic Loads.

2. Seismic Loads

3. Construction & maintenance.

4. Tension in wires.
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Design Criteria
& Loads

Design Criteria and Loads

Design Loads: Seismic Load
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Design Criteria
& Loads

Design Criteria and Loads

Design Loads

1. Climatic Loads.

2. Seismic Loads

3. Construction & maintenance.

4. Tension in wires
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& Loads

Design Criteria and Loads

Design Loads: Construction & maintenance

Construction and maintenance loads
depends on the construction and
maintenance methods.

Towers are designed for such loads
to prevent injury or loss of human
life during construction or
maintenance.

&
v g
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Design Criteria
& Loads

Design Criteria and Loads

Design Loads

1. Climatic Loads.
2. Seismic Loads

3. Construction & maintenance.

4. Tension in wires




Design Criteria
& Loads

TOWER LOADING

*TRANSVERSE LOADS
*VERTICAL LOAD
*LONG LOAD




Design Criteria
& Loads

LINE DEVIATION

Deviation Angle
Deviation Angle of tower = 60 deg
of tower = 0 deg

ﬂ H DIRECTION ﬂ
DIRECTION : i DIRECTION OF LINE !
OF LINE @ Ll OFLINE | 30~
H H \

N7

Deviation Angle
of towers =0 deg




TOWER

CLEARANCES
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*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.

62



TOWER

CLEARANCES
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*Following is minimum ground clearance generally required for
pedestrians.

e Voltage Normal Ground Clearance in m.

° 66kV 7.0
e 132kV 7.5
e 220kV 8.0
e 400 kV 9.0

* Forroad, railway & power line crossing higher clearance is
required.

63



etcbl global

TOWER CLEARANCES

SUSPENSION ¢

INSULATOR | SAG AT |
SAG AT MAXIMUM
MAXIMUM CONDUCTOR
CONDUCTOR OPERATING
OPERATING TEMPERATURE
TEMPERATURE L
GROUND
CLEARANCE
GROUND
CLEARANCE
| L
Suspension Tower Tension Tower




o
) ¢

etcbl global

3 | | TOWER
23 B CLEARANCES

k 5 % CLEARANCE FOR 230KV
C ' SUSPENSION TOWER —
BANGLADESH




TOWER CLEARANCES
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Conductar
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high wind
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Figure 3.1: Components of Easement Width
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Overhead Powerline Design Process Overview

Processing

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

Corridor/Terrain\

> Ground Profile
Obstacles

( 3-Dterrain )
Survey Data

\ 4

Feature Codes

Line walkdown
inputs

Reports
Design Report
Stringing tables
Sag Tension Charts
Staking tables

A\ 4

4 N

3-D Model of

Design Criteria

Wind Speeds and > Line in Corridor >
Pressures Showing Profiled
Templating temperature Powerline 4 Drawings W
Country/Organisation Profile sheets
codes of pra.ct.ice n ! Towers
Tower capacities Foundations
i [ Profiling [ Calculations R Hardware
.| Spotting Sag Tension -
- “— . Stringing Clearances : Archiving |
Chief Optimisation Criteria: i Sagging Structure Strength > Line Manag(.ar.nen't
« Primary: Cost - Swing Future Modifications
* Secondary: Tower Utilization i
\_ Y, Checking and Rectifying

Results

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




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.

Copy relevant master files into project folder

Create new project & choose Terrain Model Type
Set [ Check Preferences

Define [ Load Feature Codes

Define Route Alipnment and Ground Profile

Define / Load Conductors, Stringing Criteria and
Weather Cases

| Define [ Load Structures
| Define prohibited / mandatory / extra cost zones '

Spot angle towers

Spot suspension towers

String conductors

Add [ Delete / Move towers

Define [ Load view settings for profiles
Generate profiles

CHECK & REVIEW QUTPUT

Figure §&: PL3-CADD Modelling Frocess




Survey Data Sources

Traditional Survey LiDAR Survey Older Scanned Profiles
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Line Profile Inputs
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+ Terrain Model /\/\/\/




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 Y,




3D Templating

LASER SURVEY POINTS
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3D Templat

POINTS CONNECTED TO FORM TIN (TRIANGULATED IRREGULAR NETWORK)




3D Templating

TIN RENDERED WITH CONTOUR LINES




3D Templating

TIN WITH BITMAP DRAPED ON TERRAIN & CONTOUR LINES




3D Templating

SIDE PROFILES ONLY




Profiling Concepts: Feature Codes

* Asymbol which defines obstacle types, terrain types, and power line types

* Includes the required clearance for a range of different voltages

Feature Code Data Edit

Assumplions for interpreting clearances in Survey Faint Clearance and Terain/Clearance commands
Trealment of points that have insulficient verical clearance but adequate horizortdl clearance?
3 Mot 3 vinlation (must infiinge on beth vertical and horizontal clearance requirements ta be a wiolation)
Recammended when have horizantal clearancs requirements entered in table below and have reasonably dense giound point coverage below al wires
) Questionabie wiolations to b indicated by 77 in reports and blus markers in araphics
Fecammendzd when table belaw daesn' specify harizantal clearance requirements. Alsa rzcammended far sparse terrain madels ke centering surveys where want ta check verlical clearance to centerine ground for al wires regardiess of affset.
Feat. Feature Prof Flan Line ‘Aerial | Point Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg Prof Label
Code Description Symbol Symbol From Obst- is on Vert Horiz Vert Horiz Vert Horiz Vert Horiz Vert Horiz Feature code,
Feature acle Ground | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear Clear Feature des.,
Top OkV OV BEKV BEKV 132KV 132kV 275KV 275KV 400KV 400KV 5,0,H,Z,Z+H,
To () () () () (m) (m) (m) (m) (m) (m) Point des.
Bottom Comment
1 10|Ground outside townships B B No No Yes 5.3 0.4 6.1 6.1 6.7 1.85 7.8 2.9 8.5 3.6 000000001
2 11|11kV conductor 4 #* No Yes No 1.z 0.7 1.8 2 2.4 2.08 3.5 4 4.2 5.2 000000001
3 20|Ground inside townships - - No No Yes 5.9 0.4 6.1 6.1 6.7 1.85 7.8 2.9 B.5 3.6 000000001
4 22|22kV conductor 4 * No Yes No 1.3 0.8 1.8 2 2.4 2.08 3.5 4 4.2 5.2 000000001
5 30|Public Roads, non electr "} "} No No Yes 6.5 0.4 7.3 7.3 7.9 1.85 ] 2.9 8.7 3.6 000000001
13 33|33kV conductor £ £ No Yes No 1.4 0.8 1.8 2 2.4 2.08 3.5 4 4.2 5.2 000000001
7 40|Communication lines _power |4 * No Yes No 1 0.4 1.8 2 2.4 2.08 3.5 4 4.2 5.2 000000001
8 50|Buildings, structures not p|B Yes No No 3.4 0.4 3.6 3.6 4.2 1.85 5.3 2.9 & 3.6 000000001
g 60|Vegetation canopy N N Yes No No 3.4 0.4 3.6 3.6 4.2 1.85 5.3 2.9 & 3.6 000000001
10 66|66kKV conductor % # No Yes No 1.8 1.29 1.8 2 2.4 2.08 3.5 4 4.2 5.2 000000001
11 TO|NO GO RREA E E No No Yes 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 B.5 3.6 000000001
1z 88|88XV conductor #* # No Yes No 2 1.54 1.9 2.1 2.4 2.08 3.5 4 4.2 5.2 000000001
13 97|Bend point of deviated Dx L|% L. No No No 5.3 0.4 8.1 0.4 6.7 1l.85 7.8 2.9 8.5 3.6 000000001
14 98|Tower position from N2 engi|® L. No No No 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 8.5 3.6 000000001
15 99|Imported tower position L) 5 No No No 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 8.5 3.6 000000001
16 100|POWER LINE BEND Q 0 No No No 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 B.5 3.6 000000001
17 101|Required tower position Q 0 No No No 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 8.5 3.6 000000001
18 102 [WATER COURSE/RIVER - EDGE - ry No No Yes 5.3 0.4 6.1 0.4 6.7 1.85 7.8 2.9 8.5 3.6 000000001
19 103|Navigable WATER - - No No Yes 12.4 0.4 6.1 0.4 19.85 1.85 20.75 2.9 21.6 3.6 000000001
20 104|Invisible Tower cable No No No 5.3 0.4 8.1 0.4 6.7 1l.85 7.8 2.9 8.5 3.6 000000001
21 111|5poornet Conductor * * No Yes No 2.8 2.8 3 3 3.3 3.3 4.2 4.2 5 5 000000001
22 132|132kV conductor 4 4 No Yes No 2.4 2.08 2.3 2.5 2.4 2.08 3.5 4 4.2 5.2 000000001
23 200|Ground outside townships - - No No Yes 5.3 0.4 6.1 6.1 6.7 1.85 7.8 2.9 B.5 3.6 000000001
24 220|220kV conductor 4% * No Yes No 3.1 .1 3.2 3.5 3.1 3.1 3.5 4 4.2 5.2 000000001
25 222|Inv twr view point O O No No Yes 5.8 0.4 6.1 6.1 6.7 1.85 7.8 2.9 8.5 3.6 000000001
26 275(275kV conductor £ £ No Yes No 3.5 4 3.8 4 3.5 4 3.5 4 4.2 5.2 000000001




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

e Modelled with Method 4 tower models
to find suitable tower




Profiling Concepts: Ground Clearance

Table C.1 — Minimum clearances for power lines that cross services other than those owned
by Transnet and by the South African Rail Commuter Corporation

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Minimum vertical clearances Minimum live-line” Tower-top
working clearances clearances
Highest | System | sSafety | safety . " " .
system | nominal | clearance | clearance ’
r.m.s, r.m.s. phase-to- | phase-to- " Road's“in To To
voltage voltage earth phase Outsid n ow:: d PS: communica- buildings, Still
town-o town- | proclaimed tion lines or poles and Phase- Phase- air Normal | Maximum
kV kV m m hi hi d between structures, | to-earth | to-phase con- swing swing
P shps mrlo'; S, power lines not part of ) ditions
tramv:ay;:'. and cradles power lines _
<1 - - -, 49 55 6,1 0,6 3,0 - - - - - =
7,2 6,6 0,15 0,2 5,0 55 6,2 0,7 3,0 . - - = - - A
12 11 0,20 0,3 A1 55 6,3 0,8 3,0 - - - - -
24 22 . 0,32 0,4 52 55 6,4 0,9 3,0 - - - s= =i
36 33 0,43 0,5 53 55 6,5 1,0 3,0 - - = = -
48 4 - 0,54 0,61 54 55 6,6 1.1 3,0 0,8 1.1 0,54 0,5 0,15
72 66 0,77 0,89 5.7 (3 § 6,9 1.4 3.2 0,8 1,3 0,77 0,71 0,20
i00 55 1,00 1,14 59 5,9 7,1 1,6 34 1,0 1,5 1,00 0,92 0,24
I 145 I 132 I 1,45 I 1,68 I 6,3 [ 6,3 | 75 2,0 3.8 | 1,2 I 1.9 1,45 1,30 0,35
245 226 z,i 2,0 v "o 8,2 2,7 4,5 1,7 2,8 51 T.88 0,5
300 275 2,5 3,6 74 7.4 8,6 31 4,9 2,0 34 25 . 22 0,7
362 330 2,9 43 7.8 7.8 9,0 3.5 53 23 4,1 29 2,6 0,86
420 400 3,2 4.8 8,1 8,1 9,3 3.8 56 28 4.8 32 2,9 1,0
800 765 55 8,9 104 104 11,6 6,1 8,5 55 9,7 55 52 1,9
d.c. - i 3,7 - 8,6 8,6 9,8 43 6,1
533 kV"

1) Maximum voltage to earth, for which insulation is designed.

NOTE The assumption on which the values are based is given in clause C.2.




Ground Clearance

Profiling Concepts
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This leads into Catenary, Sag and Tension and temperature considerations
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Profiling Concepts: Line
walkdown

* Proximity of other lines and objects
e Other infrastructure (eg pipelines)

* Environmental impacts (eg protected trees,
birds)

e Poor soil conditions (eg marshes)
e Access to tower sites

* Side slope
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Topics Covered

<N N X < X

Structure Spotting

Stringing a Tension Section
Clipped/Unclipped Sections
Design Method

Conductor Swing/Blowout

Wire Departure Angle

Modelling Aerial Warning Markers
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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

ha

7
N

Chapter 3 — Modelling a line
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Structure Spotting - Interactive

Go to Structures -> Add command as shown below

S‘tructurES] Sections Lines

Drafting

Add...

Modify

Mowe

Mowe on (snap)...
Remowve
Remowve Range...
Staking Table...
Jumpers

Copy
Paste

Check
Loads

Automatic Spotting
Avvaillable Structure List
Material

Create Mew Structure...
Edit Structure...
Customize Structure
Snap Base or Legs to TIMN
Eqgualize Tension...

E File Edit View Terrain Criteria Structures Sections Lines Drafting Window Help
DR QA+ —ml2 ¢ L P R B
i Search Menus, Help and TechMotes {1 o

% Project View E Profile View @ Flan View ﬂ 30 Viewr E Sheets View

itk dovy

PLA2°2034™ .
BL-12mSl08% . o o s
= L=

PLAOPDADT i i i L L S L B
PLO™0C0"

S L il 1 R SR P S OE S
<o PR e e

JP|—0"06'05
e PL

}
=f
]

.....T/F?!.QTOQ'.Q.Z'.'..................

%PI‘I"1S4G

4

Structure Add (Click on location to add): 5=2753.55

Chapter 3 — Modelling a line

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

O
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Structure Spotting — Automatic Spotting

Spotting structures at unique feature codes (example at Pl points/ line angles)
It is recommended to assign a unique feature code for a Pl 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
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Structure Spotting — Automatic Spotting

[ File Edit View Terrain Criter

ia | Structures | Sections Lines Drafting Window Help

=2 = (EE] | Add...

=N T v &

Modify »
- l TechMotes -
— | Mowe q
= Project View -~ ] Profile View Move on (snap)... B sheets View
Remowve
Remowve Range...
Staking Table...
Jumpers
Copy
Paste
Check
Loads
Automatic Spotting Spot At Feature Codes...
N - Awvailable Structure List Snap Station and Height to Feature Code...
- T g EGD Material Angle Structures...
[Ts) o & g
© 3 & g Create New Struct b s
2 et & 2 reate New Structure...
. = - A Edit Structure... Spotting Constraints
T o D'ﬂ D-R__h Customize Structure Optimum Spotting
i‘_'_'_'_'_'_'_d—\_\j
SRR Ease or !_egs LAl Automatic Pole Selector...
Equalize Tension... Optimum Body and Leg Extension Selection...
(=] [
Spot designated structures at every occurrence of specified feature codes

Chapter 3 — Modelling a line
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Select type of
Structure to
automatically
spot at
selected
Feature Code

Structure Spotting — Automatic Spotting

Spot by Feature Code

Spot structure relative to alignment (station & offset)

From Statian {m) -304800.00
To Station {rm) 304800.00
hax Offset {m) 3.05
Min separation from other structures {m) 3.05

[ =

Feature Codes To Spot At 999..

Marne of structure spotted

strain.str

(@) Manually specified
() Fram plan commen

omment
i feature code description

lew Terrain Criteria  Structures Sections Lines Drafting Window Help
R+ —mt| B &G ¢ d WX Bl YOOV A% %% MHE0E]
- | Search Menus, Help and TechNotes Q -

iew Profile View [ Plan View 3D View ﬁ Feature Codes To Spot At

Click on a row to toggle selection for that row or drag over a range of rows to toggle state for multiple rows.
Feature codes are shown in black if they are in use (have either active or inactive survey points referencing them).

[¥]sh

ow feature codes for which there are survey points at top (unused feature codes at bottom)

1P,

I (50 active points, 0 1nactive points)

200
203
300
301
302
304
400
401
406
500
501
503
506
600
601
604
605
700
701
702
706

Ground Survey Point (B4725 active points, 0 inactive points)
Vegetation (39594 active points, 0 inactive points)

Road (46 active points, 0 inactive points)

Dirt Road (330975 active points, 0 inactive points)

High Wide Load Road (106635 active points, 0 inactive points)

Top of Rail (33723 active points, 0 inactive points)

Fence/Wall (1330 active points, 0 inactive points)

Building/Other Structure ACS (250 active points, 0 inactive points)
Misc Obstacle (834 active points, 0 inactive points)

Earthwire Clamp Point (61 active points, 0 inactive points)
Conductor Clamp Point (174 active points, 0 inactive points)
Insulator Attachment Point (171 active points, 0 inactive points)
Structure body (19404 active points, 0 inactive points)

MainTline Earthwire (22334 active points, 0 inactive points)
Mainline Conductor (66912 active points, 0 inactive points)

Guy Wire/other wire/stay wire (3231 active points, 0 inactive points)
Misc Wire (100207 active points, 0 inactive points)

Substation Ground (206583 active points, 0 inactive points)
Substation Gantry (54148 active points, 0 inactive points)
Substation Structure/Building (41003 active points, 0 inactive points)
Substation Fence (10533 active points, 0 inactive points)

1000 Temporary point (5121 active points, 0 inactive points)

Chapter 3 — Modelling a line
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Structure Spotting — Spotting Structures at Line Angles

* Astructure 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
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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
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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.
Fi|.=_- Edit View Terrain Criteria Sections Lines Drafting Window Help

DFE| » @& RSy Add.. T N e B TP T S ol - o AT
- | Modify TechMotes -
— Maove k.
= Project View | B Profile View e T (T Sheets View

Remove

Remowve Range...

Staking Table.. 17

Jumpers
7 <1

. Copy o -

Paste :_\ ;E:"I

-

Check
Loads

Automatic Spotting L 16
Awvailable Structure List L = =

= .1
Material ] o
. A1 =
Create New Structure... g :3:_3 211
Edit Structure... :
Customize Structure L4
Snap Base or Legs to TIN

Equalize Tension -X‘h

Modify structure station, orientation, type, material, comments, counter weights...
S — L L ——— A .

Chapter 3 — Modelling a line
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Structure Spotting — Spotting Structures at Line Angles

Structure Modify |E”E|
Structure #16 Structure Comments il Set Counter
: Line angle (deg) -48.27 1 = Weight(N)
Select strain | e 2 1
StrUCtU re ﬁle Station {mj 2056.531 3 2
Heightadjust.  {m) 0.000 4 3
Offset adjust. {rmy 0.000 5 4
Qrigntation (deg) 0 6 -
’ Pres ] ’ Iext ] ’ Apply ] ’ “iew ] ’ Edit ] ’Material] ’ Google Earth ] ’ Groups ] ’ Jumpers ] ’ oK ” Cancel ]

o
-

etcbl global
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Structure Spotting — Spotting Structures at Line Angles

Strain structure selected at location

16

X
Structure Modify @I
Structure #16 Structure Comments 5 Set Counter  ~
Line angle (deg) -48.27 1 =|) Weight(N) 1
strain.str ] 2 1 L
Station (m) 2056.591 3 2
Height adjust.  (m) 0.000 4 3
Offset adjust. (mj 0.000 s 4
Orientation (deg) 0 6 - 5 -
[ Pres: ] [ MNext ] [ Apply ] [ Wi ] [ Edit ] lMﬁteriﬁI] [ Google Earth ] [ Groups I [ Jumpers ] [ 0]:9 ” Cancel ]

The set:phase arrangement is

v

also updated when structure
type changes

Chapter 3 — Modelling a line
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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

File Edit WView Terrain Criteria [Structures Sections Lines Drafting Window Help

0 = & | = | R Add.. ® % dmm N O8] T T T2 R R
- | LSZEIET TechMotes 3 -
Mowve .
=  Project View | 1] Profile View T Sheets View

Remove

Remove Range...
Staking Table...
Jumpers L

Copy

Paste

Check

Loads &

Automatic Spotting L Spot At Feature Codes..

Available Structure List L Snap Station and Height to Feature Code...

Material L Angle Structures...

Create New Structure... el PEEiE=

Edit Structure... Spotting Constraints &
Customize Structure & Optimum Spotting &
Snap Base ar !_egs to TIN Auvutomatic Pole Selector...

Eqp=lins VEr=0sr— Optimum Body and Leg Extension Selection...

-« LU

Spot a specified structure at all line angles i «;

Chapter 3 — Modelling a line
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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

FilE Edit View Terrain Criteria [Structures] Sections Lines Drafting W

H =
H I 3 =
: : : O B &, S Addd...
i : g - | Maodify T
H - @ = . . , Maove .
E E = Project View E Profile View Move on (snapd..
H ¢ Remove
H v Remowve Range...
H H Staking Table..
E E Jumpers
: : Copy
H : Paste
' ' Check
' | Loads
E E Automatic Spotting
E E Available Structure List
E E Material
H H Create Mew Structure...
H H Edit Structure...
H H Customize Structure
E E Snap Base or Legs to TIN
E : Equalize Tension...
@i .
— el
o <
5 i~
L=} =
[} o
o =
MM%
D PR B
H : i
H H Mave structure to station of survey point closest to mouse
e |

Chapter 3 — Modelling a line
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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

Select Bottom of
the structure to
snap to the
desired PI
location

Structure Snap

This feature automatically adjusts a structure's station, height adjustment and/or
oftset adjustment to make the structure coincide with a designated survey point.

ol

Feature Codes To Snap To: 1.

Select PI

Part of structure to snap to
() Structure top

15

> (@) Structure bottom
() Cable attachment point for designated set and phase

(") Insulator attachment point for designated setand phase

Structure coordinate to change

Station <

v

Feature Code

[ ] Offzet adjustrment
[ |Height adjustment

Chapter 3 — Modelling a line

Structure Station
number to be
adjusted after
adjusting
structure location
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Structure Spotting — Removing Structures

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

1 File Edit

Drafting
D= | Ee - R Add... b
I -1 Modify .
— — Mowve 2
= Project View @ Profile View E

R

View Terrain Criteria

EStnIctures Sections Lines

Mowve on (snap)l...
Remowve
FRemowve Range...
Staking Table...
Jumpers

Copy
Paste

Check
Loads

Auvutomatic Spotting
Available Structure List
Material

Create New Structure...
Edit Structure...
Customize Structure
Snap Base or Legs to TIN
Egualize Tension...

16

Chapter 3 — Modelling a line
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Structure Spotting — Removing Structures

* To remove a group of structures from the alignment, use Structures -> Remove Range command

e =

ﬁ File Edit View Terrain Criteria

D | =1
= Project View @ Profile View

Structures | Sections Lines Drafting

Add...

Modify

Mowe

Mowve on (snap)...
Remove
Remove Range...
Staking Table...
Jumpers

Copy
Paste

Check
Loads

Auvutomatic Spotting
Avvailable Structure List
Material

Create Mew Structure...
Edit Structure...
Customize Structure
Snap Base or Legs to TIMN
Equalize Tension...

|
g

Chapter 3 — Modelling a line

Remove Structure Range

Selectthe desired structure range below:

Start |5

End

33

[ Ok J |Can|::el|

]
etcbl global
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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
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Stringing a Tension Section

Etf File Edit View Temain Criteria Structures | Sections | Lines Drafing Window Help

D@ﬂ| B @4 —m

- |

E Project View - [ Profile View E =

4

Add..

Add Graphical..

Madify

Remaove...

Swap Attachments
Copy

Graphical Sag...

Display Graphical 5ag Fit Points
Table..

Display Options...
Automatic Stringing...
Sag-Tension...

Check..

Clearances

Stringing Chart

Offset Clipping Report..
Cable Files
Concentrated Loads

Electric
Thermal Calculations {IEEE, CIGRE and TNSF)

v YOUY A U% B NehaM G H Y BEGF

BT

170.05

1
23

138,55

21140
187.80
1ab'31

ﬁfﬁ

——

0

Create a new section from one dead end structure to another

Chapter 3 — Modelling a line
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Stringing a Tension Section

Choose from available attachment sets to
string the wire and click Next to connect
next structure in the stringing section

Section Stringing | — ” (=] ”&|

Structure 1 strain.str 1:41:1

Attachment set ’1 DE. 1 phases 'l 11:1?_:1
12:1

L 3:1
Transposition 131
[ ] Autornatically scroll views to keep structure on screen

In Use

Frew. Branch ’ MNext Branch “ Fres H It H K “Canu:ell ﬁ“ﬁi‘rﬁg‘;ible

768.35

FA
@

etcbl global
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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)
e - |

1421 Help
Structure 18 strain.str 4:1 = = — —
Attachmertset 1 DE. 1 phases - LS N RV GO Y AN G YW A B
3:1 121 ')
Transposiion 1 i 13:1 Sy Y
[ Automatically scrall visws to keep stucture on scraen e rew
[ Availabl o i i x
Frew. Branch ][ Mewt Branch [ Fraw H N ” QK [Cancel] et ; o Section Madify 2] =
; ; o Section 1 from struchars #1 to stiucture #18
Type
Cahle file [zala\Desktop\WP modelyConductorydans_acsr 307 3.0 Lwir
Woltoage k) 132 ¥  Conductors per phase 1
Sagging
Condition Cieep RS -
| Crerride calculated wling span Temperature (deg ) 150
Fuling Span 14756 ao04.8
[ Mutarmatic Sagging Horiz. Tension (M) 2730.0
Disploy
Color E Catenar, an4.6
V] Show selected w=ather cose Swing ongle
WC [edt]5d ~ | windtram Bath w
Zondition |Qeep =11 v] Fhaca 1 -

Sec Motes:

CRINgies:  TEMPLATE FOR Hy | EditSvinging | [ 0K | [Cancel|

Dizplassad Fhaza will nottake efect untl ovearide in Section/Display-0Options is
disablad.

SAFS Finite Element Sag-Tansion Options
:| Clip Insulatars (ock unstressed length, force finite alament sag-t2nsion)

Edit Span SpacificWire Lengths.

Giroph Tension
s Concentrated Loads, Attachmert Stiffnesses,

Ell:lngz.ltinn Surveyed Tempemtuss

Chapter 3 — Modelling a line
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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 line

Section Modify % =]
Section 1 from structure #1 to structure #18
Twpe
Cahkle file [zala'\DesktDp'\WP mDdeI\Conduc,tor\darts_acsr_BD_?_E.D_I.wir]
oltage (ki 132 - 1
Sagging

Creep RS -

Owarride calculated ruling span 168.0

147.56 304.8
Automatic Sagging 2730.0

Displany

[ Colar j Catenary 2048

Show selected weathar case Swing angle

WC [edt15d ~ |  Wind from
Condition lCreep FE - | Phase 1 -

Sec Motes:

CRIMotes:  TEMPLATE FOR HY | EditSuinging | | ok | [cancel

Displayed Fhase will not take effect until owerride in Section/Display-Options is
disabled.

SAFS Finite Element Sag-Tension Options
Clip Insulatars (lock unstressed length. force finite element sag-tensian)

Graph Tension
=
Elongatiaon

Edit Span Specific Wire Lengths.
Concentrated Loads, Attachment Stiffnesses.
Surveyed Temperatures

a
"y
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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

Section Modify

w =3

Wire Lengths and Attachment Stiffness

Section 1 from structure #1 to structure #18

Twpe - The data below applies only to finite element sag-tension (not ruling span). Unstressed lengths are ot 0 degrees Celsivs forthe sagging cable condition.
Cable file |Za|a\D99kt°p\Wp m‘:'dE"\C‘:'”d”Ct‘:'"\daﬂg—acsr—3D—?—3-D—|-W“'| Stifnesses below are for level 2 SAPS analysis and also for level 3 analysis of stuctures not modeled with PLS-POLE or TOWER. ‘Default’ stifiness implies stiinesses from Criteria/SAPS apply.
“oltage () 132 - 1 F_or level 3 SAPS analysis W\th_PLS—P_OLE or TOWER structures attachment stiffnesses will be determined automatically.
Light blue calumns used to define optional concentrated loads (marker balls, spacer-dampers. )
Sagging Unstressed lengths are calculated priorto the addition of concentrated loads (concentrated loads assumed to be applied after sagging)
Creep RS -
Override calculated ruling span 15.0
14R458 304.8 Sagging condition Creep RS
Automatic zagging 27300
Structure Set Phase Ahead Ahead Ahead Structure Structure # # #2 #2
Number | Number | Number Span Span Span Attachment Attachment Load Load Load Load
Display Unstressed Unstressed | Surveyed | Transverse Longitudinal Point Point Point Point
| Colar BN  cotensny 304.8 Length Length Wire Stiffness Stiffness Span Concentrated Span Concentrated
e SEISERE HEETHET EEeE Sing GREIE I (m) Change | Temp. (N/m) (N/m) Fraction Load File Fraction Load File
WC |edt15d ~|  indfrom Eaoth  ~ m) (deg C)
— m ©!
Conditian |Creep FE - | Fhase |‘I - | 9
Sec Motes: 101 1 1 163.305 0.000 NA NA
CRlMotes:  TEMPLATE FOR H | EditSwinging | | ok | [cancel| 22 1 1 165.510 0.000 Default Default
Displayed Fhase will not take effect until owerride in Section/Display-Options is 33 1 1 165.965 0.000 Default Default

disabled.
SAFS Finite Element Sag-Tension Options
/| Clip Insulators (lock unstressed length. force finite elemeant sag-tension)

Edit Span SpecificWire Lengths.
Concentrated Loads, Attachment Stiffnesses,
Surveyed Temperatures

Graph Tension
WAL
Elongation

>

Chapter 3 — Modelling a line
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Clipped / Unclipped Sections

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

Section Modify £ e Wire Lengths and Attachment Stiffness
Section 1 from structure #1 to structure #18
Twpe The data below applies anly 1o finite element sag-tengion (nat ling span). Unstreseed lengths are at ( degrees Celsius forthe sagging cable candition.
Cahle file |zala\DesktDp\WP modslhConductaridarts_acsr_3 U_?_E.U_I.Wirl Stiftnesses below are for level 2 SAPS analysis and also for level 3 analysis of structures nat madeled with PLS-POLE or TOWER. ‘Default stifiness implies stifnesses from Criteria/SAPS apply.

Forlevel 3 SAPS analysis with PLS-POLE or TOWER structures attachment stifiesses wil be determined automatically.

Light blue calumng used to define optional concentrated loads (marker balls, spacer-dampers..)

Sagging Unstressed lengths are calculated prior to the addifion of concentrated loads (concentrated loads assumed to be applied afer sagging).
Creep RS -

oltage (kv 132 - 1

Oryarricde calculated ruling span 168.0
147.56 304.8 Sagging condition: Creep RS
Aulomatc Seading cny Structure |  Set | Phase | Ahead | Ahead | Ahead | Structure | Structure # # 0 #
Number | Number | Number Span Span Span Attachment Attachment Load Load Load Load

Display Unstressed |Unstressed | Surveyed | Transverse Longitudinal Paint Point Paint Point
| Colar B catenery 304.8 Length Length Wire Stiffness Stiffness Span Concentrated Span Concentrated

Show selected weather case Swing angle (m) Change | Temp. (N/m) (N/m) Fraction Load File Fraction Load File
WC |edt15d ~|  windfrom Both w (m) (deg C)
Condition |Creep FE - | FPhase |1 - |
Sec Motes: 101 1 1 165.505 0.000 NA NA
CRilMotes:  TEMPLATE FOR HY | Editstinging | | ok | [cancel 2p 1 o 165.510 0.000 Default Default
Displayed Fhase will not take effect until owverride in Section/Display-Options is 303 1 1 165.965 0.000 Default Default

disabled.

SAFS Finite Element Sag-Tension Options
| Clip Insulators (lock unstressed length, force finite element sag-tension)

Graph Tension Edit Span Specific Wire Lengths.
Concantrated Loads, Attachment Stiffnesses,

WS
Elongation Surveyed Temperatures

Chapter 3 — Modelling a line
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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.

Section Modify " [ =2
Section 1 from structure #1 to structure #18
Twpe
Cable file [zala'\DesktDp\WP mDdeI\Conductor\darts_ac:sr_BD_?_E.D_I.Wir]
Waltage (ki) 132 - 1
Sagging
Cresp RS -~
Crarride calculated ruling span 16.0
147 56 304.8
Automatic zagging 2730.0
Display
[ Colar j Catanan, 3043
Show selected weather case Swing angle
WC [edt15d ~ |  Wind fram
Condition [Creep FE - | Phase 1 -

Sec Motes:

CRIMotes:  TEMPLATE FOR HY | EditSwinging || ok | [cancel|

Displayed Fhase will not take effect until owerride in Section/Display-O0Options is
disabled.

SAFS Finite Element Sag-Tension Options
Clip Insulators (lock unstressed length. force finite element sag-tension)

Graph Tension
R =
Elongation

Edit Span SpecificWire Lengths.
Concentrated Loads, Attachment Stiffnescses,
Surveyed Temperatures

Chapter 3 — Modelling a line
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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.

Section Modify (| <
Section 1 from structure #1 to structure #18
Twpe
Cable file [zala'\DesktDp\WP mDdeI\Conductor\darts_ac:sr_BD_?_E.D_I.Wir]
“oltage (kv 132 - 1
Sagging
Cresp RS -~
Crarride calculated ruling span 16.0
14756 304.8
Automatic zagging 2730.0
Display
[ Caolor j Catanarns 304.8
Show selected weather case Swing angle
WC [edt15d ~ |  Wind fram
Condition [Creep FE - | Fhase 1 -
Sec Motes:
CRIMotes:  TEMPLATE FOR HY | EditSwinging || ok | [cancel|

Displayed Fhase will not take effect until owerride in Section/Display-O0Options is
disabled.

SAFS Finite Element Sag-Tension Options
Clip Insulatars (lock unstressed length. force finite element sag-tension)

Graph Tension
R =
Elongation

Edit Span SpecificWire Lengths.
Concentrated Loads, Attachment Stiffnescses,
Surveyed Temperatures

Chapter 3 — Modelling a line
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* Define Blowout and Departure Angle Report Criteria in Criteria Menu

27

Blowout and Departure Angle

Create blowout weather case criteria in Criteria -> Weather

Blowout and Departure Angle Report Criteria

2T =]

Weather case

Cable
condition

1 [BElowout

Creep RS

Chapter 3 — Modelling a line

F

111

F A

etcbl global



Blowout and Departure Angle

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

28

Lines] Drafting Window Help

Reports

Edit...

Merge...

Clear All...

New

Project Estimator...

Load DON File or Merge Projects...

Save DON File...

4 Structure Usage...
Section Usage...

Survey Point Clearances...
Clearance to TIN...
Danger Tree Locator...
Structure Clearances...
Wire Clearances...

Summary...

Wind & Weight Span Report...
Blowout and Departure Angle Report...
Structure Loads Report...

Section Sag-Tension Report...

Staking Table..

Bill of Material by Structure Location...
Bill of Material...

Bill of Material Delta...

Construction Staking Report...
Structure Longitude, Latitude, and Height Report...
Thermal Rating Report...

Structure & Section Usage + Survey Point Clearances...

)

Chapter 3 — Modelling a line

etcbl global



29

Blowout and Departure Angle

Format of the blowout report will be as below:

Blowout Report
Start Start Start End End End Ahead Volt
Struct Struct Struet Struet Strumet Struet Span -age
Number Set Fhase Number Set Fhase Cable
File
Name (kV)
8 1 1 9 1 1 darts acsr 30 7 3.0 l.wir 132
8 1 1 9 1 1 darts_acsr 30 7 3.0 l.wir 132
9 1 1 10 1 1 darts_acsr 30 7 3.0 l.wir 132
9 1 1 10 1 1 darts acsr 30 7 3.0 l.wir 132
10 1 1 11 1 1 darts_acsr 30 7 3.0 l.wir 132
10 1 1 11 1 1 darts_acsr 30 7 3.0 l.wir 132
11 1 1 12 1 1 darts_acsr 30 7 3.0 l.wir 132
11 1 1 12 1 1 darts_acsr 30 7 3.0 l.wir 132
For 132kV wires between structures £ and 11, maximum offset is -5.27

(m), the leftmost

Weather
Case
Description

Blowout
Blowout
EBlowout
Blowout

Elowout
Blowout

Blowout
Blowout

Cable
Condition

Creep
Creep

offset is -5.

R5
R3

R3
R3

Left 1115.98
Right 1054.66
Left 1243.74
Right 1180.91
Left 1243.74
Right 1314.81
Left 1383.1%
Right 1454.9%

.00
.00

.00
.27

1243.74
1314.81

1383.1%9
1454.99

27 (m), rightmost offset is 1.28 (m)

.00
.00

.00
.27

—————— Rightmost------
——————— Blowout-------
Station Off=et |
_________ {m) ~———————-
1048.10 0.96
9g86.8 -1.31
1180.91 0.56
1115.98 -2.00
1314.61 1.00
1383.19 -2.00
1457.48 1.28
15258.30 -1.89

Chapter 3 — Modelling a line
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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.

30

_—

Blowout offsets measuted relative to alignment centreline
wi\r;d\fr(im left

wind from right

!

]
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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)

31

Departure Angle report format is shown below:

Departure Angle Report
Wire angle turned is measured in the plane of the wire and is the total angle turned at this struncture.
Structure Structure Station Line Set Phase Ahead Volt Weather Cable Wind Horiz. Horiz. WVertical Vertical Wire
NHumber File Angle Span -age Case Condition From Departure Departure Departure Departure Angle
NHame Cable Description Angle Angle Angle Angle Turned
File Back Ahead Back Ahead
(m}  (deg) Name (KV) (deg) (deg) (deg) (deg) (deg)
8 s=susp.str 985.35 -98.12 1 1 darts_aecsr_30 7_3.0_l.wir 132 BElowout Creep RS Left -44.5 -44 .8 7.0 5.5 89.9
8 susp.str 985.35 -98.12 1 1 darts_acsr_30_7_3.0_l.wir 132 Blowout Creep RS Right -53.9 -53.9 7.0 5.5 108.3
9 susp.str 1115.%8 -0.10 1 1 darts_acsr_30_7_3.0_l.wir 132 Blowout Creep RS Left 4.8 4.5 5.7 5.3 14.4
9 susp.str 1115.%8 -0.10 1 1 darts_acsr_30_7_3.0_l.wir 132 Blowout Creep RS Right -4.3 -4.86 5.7 5.3 14.2
10 susp.str 1243.74 0.02 1 1 darts_acsr_30 7 _3.0_l.wir 132 Blowout Creep RS Left 4.5 4.9 5.8 5.8 14.8
10 susp.str 1243.74 0.02 1 1 darts_acsr_30_7_3.0_l.wir 132 Blowout Creep RS Right -4.5 -4.8 5.8 5.8 14.9
11 =susp.str 1383.18 -0.07 1 1 darts_acsr_30 7 _3.0_l.wir 132 Blowout Creep RS Left 4.8 5.0 6.2 5.5 15.3
11 s=usp.str 1383.18 -0.07 1 1 darts_acsr_30_7_3.0_l.wir 132 Blowout Creep RS Right -4.9 -5.1 6.2 5.5 15.4

Chapter 3 — Modelling a line
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Blowout and Departure Angle

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

wire at blowout condition

N

B

condition

.
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Blowout and Departure Angle

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

14
ul horizontal departure-angle forward structure 11

Chapter 3 — Modelling a line
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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

Sections] Lines Drafting Window Help

Ad. Lt YOWY %% %
Add Graphical...

Modify

Remaove... e Angle Report

Swap Attachments

Copy
Graphical Sag..

Display Graphical Sag Fit Points
Table...

Display Options...

Automatic Stringing...

13D0.63
___9.______.______.____.______.______..
127.76

<+
Sag-Tension... g ; @ =
. e} - [=7]
Check... : g T o‘_':
M - '
Clearances L3 i
- : N /] p
Stringing Chart 4 P
Offset Clipping Report... 4 S
Cable Files 4
Concentrated Loads 4 Create New Concentrated Load File...
Elzsis o Edit Concentrated Load File..
Thermal Calculations (IEEE, CIGRE and TNSP) L4 Concentrated Loads Automatic Placement...

W Add Concentrated Load...

Move Concentrated Load...
Copy Concentrated Load...

Delete Concentrated Load...

FA
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Modelling Aerial Warning Markers

Concentrated Load Properties

File name, description and stock number

Froperies saved to file: DAFLE-CADD TRAIMING MODELSYPWC madel 1 - EXTRA (CAN BE USED TO SHOWY

Description tarker Ball

Stock numkber bB

Colors - to draw concentrated load as two filled half-circles (can be same color) Color |:|| ‘ Colaor D‘
Loads

Yartical load (weight) (M) 88.96

(9 [ =]

Transwverse load ()] If a diameter is entered below the program will assume wvou are dealing with

a spherical marker ball and will automatically compute the loads from wind
Longitudinal load ()] and ice on the marker ball. The marker ba” d|ameter Wl” be used to
Marker ball diameter  (cm) 31.44 >

Drag coefficient 1.0000

Fartial span icing

Additional ice thickness (contributes both weight and wind area) fcm)

Density for additional ice (if 0 then will use ice density from weather case) (M/m™3)

Additional ice load per unitlength (in addition to load resulting from thickness and density abowve)  (N/m)

Ice will be applied starting at this marker ball position and will extend to the end of the span or the next marker ball

position, whichewver comes first,

calculate the wind load on the marker ball

Ok | | Canral
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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

36

Wire Lengths and Attachment Stiffness

The data below applies only to finite element sag-tension (hot ruling span). Unstressed lengths are at 0 degrees Celsius for the sagging cable condition.
Stiffnesses below are far level 2 SAPS analysis and also for level 3 analysis of structures not modeled with FLS-POLE or TOWER. ‘Default stiffness implies stiffnesses from Criteria/SAPS apply.

For lewvel 3 SAFS analysis with PLS-FPOLE or TOWER structures attachment stiffnesses will be detarmined automatically

Light blue columns used to define optional concentrated loads (marker balls, spacer-dampers..).
Unstressed lengths are calculated prior to the addition of concentrated loads (concentrated loads assurmed to be applied after sagging).

Sagging condition: Creep RS

Ahead Ahead Ahead Structure Structure #1 #1 #2 #2 #3 #3

Span Span Span Attachment Attachment Load Load Load Load Load Load

Unstressed |Unstressed | Surveyed Transverse Longitudinal Point Point Point Point Point Point
Length Length Wire Stiffness Stiffness Span Concentrated Span Concentrated Span Concentrated
{m) Change Temp. (N/m) (N/m) Fraction Load File Fraction Load File Fraction Load File
(m) (deg C)

1 164 .105 0.000 0. NE N&
2 164.105 0.000 0. Default Default
3 164.549 0.000 0. Default Default 0.250) \cables\mb.mar 0.500)) \cables\mb.mar 0.750) \cables\mb.mar
4 164.310 0.000 Default Default 0.250) \cables\mb.mar 0.500) \cables\mb.mar 0.750) \cables\mb.mar
5 164.778 0.000 Default Default 0.250) \cables\mb.mar 0.500) \cables\mb.mar 0.750) \cables\mb.mar
6 31.5863 0.000 Default Default 0.250f) \cables\mb.mar 0.500) \cables‘\mb.mar 0.750) \cables\mb.mar
7 135.718 0.000 Default Default 0.250) \cables\mb.mar 0.500)) \cables\mb.mar 0.750) \cables\mb.mar
8 128.337 0.000 Default Default 0.250) \cables\mb.mar 0.500)) \cables\mb.mar 0.750) \cables\mb.mar
9 127.963 0.000 Default Default 0.250) \cables\mb.mar 0.500) \cables\mb.mar 0.750) \cables\mb.mar
10 139.728 0.000 Default Default 0.250) \cables\mb.mar 0.500) \cables\mb.mar 0.750) \cables\mb.mar
11 146.458 0.000 Default Default 0.250f) \cables\mb.mar 0.500) \cables‘\mb.mar 0.750) \cables\mb.mar
12 148.662 0.000 Default Default 0.250) \cables\mb.mar 0.500)) \cables\mb.mar 0.750) \cables\mb.mar
13 149.229 0.000 Default Default 0.250) \cables\mb.mar 0.500) \cables\mb.mar 0.750) \cables\mb.mar
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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
* |tis not recommended to have very small fractions in a span between marker balls

8
130.63
9
127.76
139.44
146.33
148.75
149.08
4

140.64
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