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Basic Design and Construction aspects of Transmission Lines

1 Introduction

1.1 What is Transmission line?

This question can simply not be answered by a few words. Each chapter in this lecture notes probably will use to give a proper answer of it.

A transmission line is a device for the transfer of electric energy. It can transfer the energy over long or short distances, and at different voltages. Transfer of electrical energy over very long distances calls for a trunk line with high voltages. The transmission lines of very high voltages, such as; 70 kV, 150 kV, 220 kV, 400 kV, are part of a national grid (GRT in Belgium). To make it easier to understand it can be said that the transmission lines with the higher voltages are the highways in the energy transfer system. In between these highways and the small “paths”, which might call distribution network to drop the voltage line from higher level to lower level, there will be a lot of transmission lines with different voltages.

In the planning and design of transmission line, a number of requirements have to be met. From the electrical point of view, the most important requirement is insulation and safe clearances to earthed parts. These, together with the cross-section of conductors, the spacing between conductors, and the relative location of ground wires with respect to the conductors, influence the design of pylons and foundations. 

1.2 Main components 

A transmission line consists of different components. The conductors through which the electrical energy is to be transferred are to be supported by insulators and pylons. Therefore basically main components, which consists in transmission line are:

· Conductor

· Earth wire (Ground wire)

· Insulators

· Other hardware (clamp, vibration dampers, cable connector etcs)

· Pylon

· Foundation

1.3 Definitions (Terminology)

In transmission lines planning and design, the following terms are commonly used:

· Basic or normal span

· Ruling or equivalent span

· Average span

· Wind span

· Weight span

Basic or normal span

The normal span is the most economical span for which the line is designed over level ground, so that the requisite ground clearance is obtained at the maximum specified temperature.

Ruling or equivalent span

The ruling span is the assumed design span that will produce, between dead ends, the best average tension throughout a line of varying span lengths with changes in temperature and loading. It is the weighted average of the varying span lengths.

A customary rule is to estimate a ruling span which will approximately = Average span + 2/3 (maximum span – average span)

Theoretically the ruling span is calculated by the formula:


[image: image1.wmf]n

n

r

l

l

l

l

l

l

L

+

+

+

+

+

+

=

....

......

2

1

3

3

2

3

1


 Where l1, l2,….,ln are the first, second and last span lengths in the section. Generally, as the number of spans increase, the ruling span approaches the average span. The erection tension for any line section is calculated for this hypothetical span. This span is then used to calculate the horizontal component of tension, which is to be applied to all the span between the dead end towers.

Average span

The average span is the mean span length between dead ends. It is assumed that the conductor is freely suspended such that each individual span reacts to changes in tension as a single average span. All sag and tension calculations are carried out for the average span, on this assumption. Two basic hypotheses must be considered for extreme loading:

· Low temperature at a given wind speed

· High wind at a given temperature

Apart from this other hypothesis shall also be considered:

· High temperature no wind for ground clearance

· Mean temperature for coldest month for Aeolian vibration

Example: Find ruling and average span for 4 spans in a dead ended line section consisting of lengths, 300, 400, 500 and 800 m respectively.
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Normally longer ruling span shall be considered during design stage.

Dead End Span

A dead end span is one in which the conductor is dead-ended at both ends. Dead end spans should preferably be avoided, but in certain cases field conditions dictate their use. It is frequently convenient to cross a river, a valley with a single long span. When such a span occurs, it is desirable to dead-ended it at both ends to avoid using a ruling span that would be too long for the rest of the line.

Wind Span

The wind span is that on which the wind is assumed to act transversely on the conductors and is taken as half the sum of two spans, adjacent to the pylon. This span will be used to calculate the wind load of conductor on tower.

Weight span

The weight span is the horizontal distance between the lowest points of the conductors, on the two spans adjacent to the tower. The lowest point is defined as the point at which the tangent to the sag curves. The weight span is used to calculate the dead load of conductor on tower.  Typical figure for wind span and weight span is given below.

Figure 1: 
Wind span and weight span

1.4 How to proceed the transmission line project

Before start to construct a transmission line a lot of planning and design work need to be carried out to provide necessary plans and lengths of the profiles, selection of main components of the line to be built.

The first thing is to have a look on the most up to date maps available to acquire a general impression of the topography of the area where the line is to be erected and thus detect any obvious problems that might arise. The topographical survey shall be carried out with a most optimal solution both environmentally, technically and economically. A proper line profile with necessary information shall be prepared. The profile shall be normally made with appropriate scale; for horizontal 1: 2000 and vertical 1:500.

After preparing profile design work shall be started. When designing a transmission line the first important thing to be known is the operating voltage of the transmission line. What conductor to use will depend upon operating voltage, transfer capacity desired and total length of the transmission line.

The detail discussion on the design aspects is briefed in next chapter.

2 Design aspects of transmission line

2.1 Basic Methodology

The design methodology is based on the concept whereby a transmission line is designed as a system made of components such as foundation, pylons, conductors, insulators and other hardware. The methodology is principally based on international practice.

The methodology can be described in the following steps:

· Gather preliminary line design data and available climatic data

· Select reliability level in terms of return period of design load

· Calculate climatic loading on components

· Calculate loads corresponding to security requirements (failure containment)

· Calculate loads related to safety during construction and maintenance

· Select appropriate correction factors, if applicable, to the design components such as use factor, strength factors related to numbers of components, strength coordination, quality control, and the characteristic strength

· Design components for the above loads and strength requirements

Reliability levels

In all cases, lines shall at least meet the requirements of reliability level one, which correspond to a return period of design loads of 50 years.

Reliability levels for transmission line (Ref.-5)

	Reliability Levels


	      1
	       2
	       3

	T, Return period of climatic design loads, in years
	    50
	      150
	      300


The reliability level shall be dependent on the importance of the line in the national grid. Higher the reliability level means the factor of safety is higher and ultimately more cost.

2.2 Selection of conductor

The selection of conductor size shall be governed by two factors:

1. Electrical requirement

2. Mechanical strength

Electrical requirements

The size of conductor will be determined based on following parameters:

· Installed capacity of the plant, P in kW

· Operating voltage of the line V in kV

· Total length of the line to calculate the losses

· Cost of construction 
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Therefore these factors must be compared during selection of conductor size. However it has been recommended that for line 220 kV and above the size of conductor shall not be less than 400 mm2.

For example refer “Manual de travaux pratiques destine au cours du Professeur Jean Louis Lilien”

The above method is primarily applicable to transmission lines that are not subject to load growth. That would be the case for transmission lines from new plants down to the nearest point of connection in the existing system. While in the case of load growth, the selection of conductor shall be carried out by optimizing the system planning based on costs and benefits for the total benefits for the total system with projected load growth and generation expansion plan. The following formulas apply to the calculation:
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Where;

Ppeak 

= Maximum transmitted power in MW

Urated 

= Rated AC line voltage in kV

R

= AC line resistance in 
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Tloss

= Loss duration in hours

kE

= Energy cost in Usc/kWh

D

= Discount factor

CO&M

= Annual operation & maintenance cost (% of initial investment)

The optimization study will be carried out by using these formulas for different types of conductor and optimum one shall be selected for the line. This is a comprehensive study in system planning.

Mechanical strength

The mechanical strength of the conductor is one of the major parameter during the selection of the conductor of the line. Three limits on conductor tension are set by “The National Electrical Safety Code (NESC)” to keep normal tensions within reasonable limits and to prevent conductor stresses above the elastic limit when the conductor is fully loaded.

When the conductor is loaded to the assumed climatic load, the tension shall not exceed 60% of the ultimate strength. This is referred to as the “loaded condition”.

When the conductor is initially strung and is carrying no climatic load, the tension shall not exceed 35% of ultimate strength at a temperature of 15.60 C (60o F). This is referred to as the “initial unloaded condition”. After the conductor has been subjected to the assumed climatic load, it receives a permanent or inelastic stretch. When the conductor reaches this condition, the tension without climatic load at a temperature of 15.60 C (600 F) shall not exceed 25% of ultimate strength. This is referred to as the ”final unloaded condition”. For a given ruling span only one of these conditions will control the selection of conductor size and the other two may have relatively little significance in so far the maximum allowable tensions are concerned.

2.3 Spacing and clearances for power lines

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

The ground clearance for different voltages, which generally applicable are:

· 66 kV

6.5 m at  +650 C conductor temperature

· 132 kV

7.0 m at  +650 C conductor temperature

· 220 kV

7.5 m at  +800 C conductor temperature

The minimum clearances of conductor over rivers, which are not navigable, shall be kept 3.05 m over maximum flood level. 

The minimum clearances between the conductors of a power line and telecommunication cable shall be:

· 132 kV

2.44 m

· 220 kV

2.74 m

· 400 kV

4.88 m

The minimum spacing between power lines shall be:

· 132 kV

2.75 m

· 220 kV

4.55 m

· 400 kV

6.00 m

The spacing of conductors is determined by considerations, which are partly electrical and partly mechanical. Usually conductors will swing synchronously (in phase) with the wind, but with long spans and small size of conductors, there is always possibility of the conductors swinging non- synchronously, and the size of the conductor and the maximum sag at the centre of the span are factors, which should be taken into account in determining the phase distance apart at which they should strung. As a rule of thumb, minimum horizontal spacing between conductors should not be less than 1% of the span length in order to minimize the risk of phases coming into contact with each other during swing.

There are number of empirical formula in use, deduced from spacing, which have successfully operated in practice:

· NESC, USA formula

Horizontal spacing in cm,
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Where A = 0.762 cm per kV line voltage


S = Sag in cm, and


L = Length of insulator string in cm

· Swedish formula

Horizontal spacing in cm,
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Where S = Sag in cm and


E = Line voltage in kV

· French formula

Horizontal spacing in cm,
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Where S = Sag in cm


L = Length of insulator string in cm 


E = Line voltage in kV

Tower top clearance

Tower top clearance is the vertical clearance between earthwire and top conductor, which is governed by the angle of shielding. The shield angle varies from about 250 to 300,depending on the configuration of conductors. Tower top clearance shall be taken 1.5 and 2.25 m for 132 kV and 220 kV respectively for 00 swing.

2.4 Sag-tension calculation

The sag and tension of the conductor are subject to variations due to the changes in temperatures and loading. For spans of the order of 300 meters and less, the sag and tension calculation can be carried out by parabolic formula with sufficient degree of accuracy. For the case of very long spans, catenary formula gives more accurate results than parabolic.

Parabolic formula:

[image: image39.wmf]q

H

H

q

S

q

T

H

q

S

D

H

q

S

S

L

+

=

=

+

=

8

.

8

.

.

24

.

2

2

2

2

3


Catenary formula:
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Where:

q
= resultant load on the conductor per unit length

S
= Span length

D
= Sag of conductor at its lowest point

L
= length of the conductor in span

T
= Tension at either point of support

H
= horizontal tension at the lowest point

The horizontal tension at the lowest point (H) shall normally be taken 60 N/mm2 for span less than 300 m and 100 N/mm2 for span grater than 300 m span. This tension will be treated as a pretension.

In those instances where the conductor supports are not at the same elevation, sags are determined by means of inclined span sag formulas, which express the sag in terms of the sag of a level span of the same length as follows:

Figure 2:
Inclined Span
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where:

D1
= conductor sag below lower support

D2
= conductor sag below upper support

E
= differences in elevation between support

S1
= horizontal distance from low part of sag to lower support

Example: Find the conductor sag by the parabolic and catenary method for the conductor with the data given below:

Conductor span S

= 700 m

Diameter, D


= 21 mm

Wind pressure at 4.40 C
= 972.2 N/mm2
Weight/meter length

= 9.8 N/mm

 Area



= 261 mm2
(see Annex )

2.5 Dimensioning of tower

2.5.1 Determination of height

The factors governing the height of tower are:

· Minimum permissible ground clearance, h1
· Maximum sag, h2
· Vertical spacing between conductors, h3
· Vertical clearance between earthwire and top conductor, h4
The total height of tower will be determined by:
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2.5.2 Loading cases

The loads on transmission line tower consist of three mutually perpendicular systems of load acting vertical, normal to the direction of line, and parallel to the direction of the line. It has been found convenient in practice to standardize the loads as under:

· Transverse load

· Longitudinal load

· Vertical load

· Torsional shear

· Weight of structure

Vertical loads

Vertical loads are weight of conductors and earthwire and structures as well as down-pull caused by level differences between towers, which is taken into account when determining the weight span.

Transverse loads

Transverse loads are caused by wind and horizontal pull from deviation angle in the line.

Longitudinal loads

Longitudinal loads are caused by pretension of conductor tension on one side only of tension towers and by an abnormal (broken wire) load on suspension towers, subject to definition by standards or national codes of practice.

Weight of structure

The weight of structure is an unknown quantity until the actual design is complete. However, Ryle
 has evolved an empirical formula giving the approximate weight of any tower in terms of its height and maximum working overturning moment at the base.
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where;

W =
weight of tower above ground level in kg,

H  =
overall height of the tower

M =
overturning moment at ground level, in N m (working loads)

Working load for tower in Ryle’s formula defined as ½ of ultimate load of conductors and earth-wire; where 2 is the factor applied for normal condition.

Wind load

Wind speed and turbulence depend on the terrain roughness. With increasing terrain roughness, turbulence increases and wind speed decreases near ground level. Four categories of ground, of increasing roughness are considered as indicated in table below (Ref).

	Ground roughness categories


	A
	B
	C
	D

	KR


	1.08
	1.00
	0.85
	0.67


The reference wind velocity for a particular line, 
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, Where VM is wind speed.

The line, which follows the ridge of hill, valley and cultivated fields, falls under the category C and D. However for calculation purpose the line shall be regarded under category B, i.e. 

KR =1.

The present practise in wind load calculation is:

· Wind pressure on conductors:
P = 0.634 VM2 
in N/mm2
· Wind pressure on structures:
P= 1.0252 VM2 
in N/mm2
Air resistance factor shall be taken 1.71 for total wind pressure, front and back of structure. Thus total pressure on structure will be 
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on the projected area of the tower. This practice and number is based on American Society of Civil Engineers No.52; “Guide for Design of Steel Transmission Towers”.

Example for calculation of tower loading for a typical 132 kV double circuit line is enclosed in Annex.

2.5.3 Force Analyses methods

Once the external loads acting on the tower are determined, one proceeds with an analysis of the forces in various members.

Before the advent of digital computers, method of analysis of complex structures generally involved lengthy, time-consuming calculations, involving longhand calculations, for obtaining 

member forces and deflections. The use of computer programs has enabled the analysis of large structural systems to be carried out more easily and accurately.

Among the various methods available for the truss analysis, the matrix formulation of analytical method has the advantage over other methods, since the operation of matrix algebra can be provided in the form of routine in the computer program.

The matrix method of structural analysis is broadly subdivided into two distinct methods:

1. Flexibility method

2. Stiffness method

Although two approaches are fundamentally different, they are linked to each other by a complementary relationship.

Flexibility method

The flexibility method of analysis is also known as the force method or compatibility method.
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Where 
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 are flexibility influence coefficient, member forces and displacement respectively.

In general, if a structure is n times statically indeterminate, it will be necessary to set up n compatibility equations at n releases in order to analyse the structure. The compatibility equations are set up by establishing the continuity of the structure at each release in turn, using the displacement 
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(termed as flexibility influence coefficient) at I due to unit stress at j. 

Stiffness method

The stiffness method is also known as Displacement method or Equilibrium method. The method begins by fixing the structure at the nodes, applying unknown displacement
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 one at a time and finding the nodal forces, P, due to each one of them. The equations of equilibrium are set up in terms of nodal displacements accounting for boundary conditions. 
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Solving these equations, unknown displacements, 
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Every structure must fulfil the dual requirements of equilibrium and compatibility. The flexibility method maintains the structure in equilibrium and uses compatibility conditions for the solution, while the stiffness method maintains the compatibility of the structure and makes use of equilibrium condition for the solution.

For solving pin-jointed trusses, the stiffness method generally leads fewer equations. Therefore, the stiffness method is more commonly employed in the analysis of transmission line towers.

2.5.4 Selection of tower members

The axial force is the only force for tower member (bracing). Therefore, the member has to be designed either compression or tension. Some members in cross-arm will be subjected by bending moment. When there is multiple load condition certain members may be subjected to compression and tension as well as bending and axial. The leg section will be subjected both bending and axial forces. The basic design criteria, which are applicable for selection of tower members, are as follow:

Tension
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Compression
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Bending moment
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where:

Anet
= Net cross sectional are of angle section

Aeff
= Effective cross sectional area of angle section
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= Ultimate strength of material in Mpa
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= Yield strength in Mpa

Weff
= Effective sectional modulus
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Bending and axial forces

The cross section of leg section will be satisfactory if the following criteria are satisfied:
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Buckling Phenomenon

Towers are normally composed of column members supported by stress-carrying bracing and redundant members. Limiting values of 
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 (slenderness ratio) are for legs, 150; for other members carrying calculated stress 200; Redundant, 250. Where Le is the effective length and r is radius of gyration. 

The Euler Formula is used in the elastic range. For general case 
[image: image37.wmf]KL

L

e

=

, where K is the effective length factor, which depends on the end restraints. Effective lengths of columns with different restraints are shown in figure below.

Figure 2.2:
Effective lengths of columns with different restrains

2.6  Dimensioning of Insulator

Air clearance refers to the minimum distance, which must be maintained between the live conductor and earthed metal parts of the support to avoid flashover between them. The minimum air clearance has to be maintained even under the conditions of system over-voltages with the insulator strings in the deflected position due to the action of wind pressure. In extra high voltage systems, three types of over voltages are likely to occur:

1. Over voltages due to direct strokes of lightning

2. Over voltages due to switching surges

· Energising of transmission lines on no load

· Switching off of long lines on no load

· Interruption of transformer magnetising currents

3. Power frequency over voltages

· When a long loaded line is interrupted at one end

· When an open line is suddenly connected to the source

· On the occurrence of a single phase to earth fault or two phases to earth fault

It is therefore necessary to specify three different clearances corresponding to three different types of over voltages mentioned above, with the insulator string in the deflected position.

The number of insulator discs and air clearances normally adopted are given in table below:

	Table:      Number of insulator discs for EHV lines
	
	

	
	
	
	
	
	

	 
	 
	                 Nominal system voltage, kV
	 

	      Over Voltages
	
	66
	132
	220
	400

	 
	 
	                  Number of discs (254*146 mm)
	 

	Switching surges
	 
	2
	5
	9
	13

	Power-frequency
	 
	3
	5
	10
	20

	Lightning
	 
	1
	1
	1
	2

	Recommended number of insulator discs
	 
	5
	9
	14
	23


	Table:      Air clearance under different system operating condition
	

	
	
	
	
	
	

	 
	 
	                 Nominal system voltage, kV
	 

	      System condition
	
	66
	132
	220
	400

	 
	 
	                      Minimum clearances in cm
	 

	Switching surges
	 
	38
	70
	114
	228

	Power-frequency
	 
	33
	76
	133
	188

	Lightning
	 
	90
	150
	210
	290


2.7 Tower Foundations

The foundation is called upon to resist the following types of forces:

· Uplift

· Downthrust

· Lateral load

· Overturning moment

The basic vertical forces are derived from the deadweight of the tower and the conductors. The wind contributes to the horizontal force on the tower, producing not only horizontal shear force (lateral load) on the foundation, but also an uplift on the windward side of the structure and downthrust on the other. The uplift or the compression forces are of primary concern in tower foundation design (see figure below). The design of the tower foundation depends on the nature of loading and type of soil that supports the foundation.

Figure 2.3:
Forces on tower foundation.

The types of foundations generally adopted for transmission line towers are as follows:

1. Augur type with undercut

2. Pad and stem type

3. Under reamed pile type

4. Grillage type

5. Rock anchors

Figure 2.4:
Different types of foundation

2.8 Earthling

Once the geometry of the tower and the line insulation level are fixed, the one factor, which affects the lightning performance of a line that can be controlled during the construction phase of the line, is the tower-footing resistance. Consequently, this should be measured during this phase of the work and, if necessary, extra earthing provided. The footing resistance to be attained for different voltage categories according to Soviet Union practice is given in table below:

	Specific resistivity of soil

(ohms/cm3)
	                Resistance (in ohms)

	
	    Up to 330 kV
	      400/500 kV

	Up to 104
	10
	10

	104 up to 5 *104
	15
	13

	5*104 up to 10*104
	20
	15

	10*104
	30
	30


3 Construction aspects

A transmission line construction project is fundamentally a series of individual projects, which are spotted over the length of the line.  This construction work cannot be organised in the same manner as a compact dam, powerhouse and building construction. Due to the great time it takes to travel between tower sites, more construction inspectors or supervisors are required to control the project. A construction communications network is a must for the transmission line construction.

To perform all operations required for constructing the line comprises the following phases:

· Transportation of material at site

· Construction of foundation

· Tower erection

· Stringing of the conductor

3.1 Transportation

The weight of materials and equipment required for building the line is several hundred tonnes, while construction sites are scattered over a wide area. Logistic operation thus becomes a major factor in the line construction.

3.2 Construction of foundation

Generally most of the tower foundation is concrete foundation with different type. The volume of concrete will vary from 15 m3 up to 40 m3 per foundation depending upon the load on particular tower. 

Quality control during the construction of foundation is most, since the construction materials like, sand, aggregate, cement and steel are brought from different location and quality may vary. Curing of foundation is often challenging, because of lack of water at each tower location. 

3.3 Tower Erection

Built up method, erecting the tower members by member is most commonly used for erecting towers. The erection progresses from the bottom upward. The four main leg members of the first section of the tower are first erected and guyed off. The cross-braces are then assembled on the ground and the assembly is raised as a unit and bolted to the already erected corner leg angles. The first section is thus built and horizontal struts, if any are bolted in position. For assembling the second section of the tower, an erecting pole is placed on the top of one of the corner legs for raising parts of the second section of the tower. The leg members and braces of this section are then hoisted and assembled. The erecting pole is thus moved up as the tower grows. The process is continued till the complete tower is erected. Cross-arms are also assembled on the ground and raised up and fixed to the main body of the tower.

3.4 Stringing

Stringing the line, involves the following four operations:

· Stringing the pilot line to haulage the conductor

· Running out the conductors from reels

· Pulling up the conductors to correct sag and tension

· Tying off

Conductor should always be paid out from rotating reels or some similar rotating device. To speed up the work, and wherever the topography permits it, the conductor is paid out from the rotating reels mounted on truck. This will minimise the possibility of damaging the conductor by dragging it over fences, rocks, etc.

In recent years, the use of helicopters has become prevalent since the stretching method can reduce the work force and at the same time avoid cutting trees.

4 Financial Aspect

Transmission line cost will be broken down into different component costs: conductor, earthwire, insulators/fittings, towers, foundation, and engineering. Each component includes material and erection (construction). The breakdown into component costs, which is averaged internationally are given in table below:

Break down into component costs, international average

All figures are % of total line costs

	Components
	                < 150 kV
	         150 – 300 kV

	
	Single circuit
	Double circuit
	Single circuit
	Double circuit

	
	Matr.
	Erec
	Total
	Matr.
	Erec
	Total
	Matr.
	Erec
	Total
	Matr.
	Erec
	Total

	Conductors
	20.2
	11.4
	31.6
	25.0
	11.5
	36.5
	20.7
	12.0
	32.7
	27.0
	11.5
	38.5

	Earthwires
	2.4
	1.7
	4.1
	1.5
	1.1
	2.6
	2.1
	1.6
	3.7
	1.3
	1.2
	2.5

	Insulators

/fittings
	5.2
	3.5
	8.7
	6.5
	3.5
	10.0
	6.5
	2.4
	8.9
	5.0
	3.0
	8.0

	Towers
	21.9
	11.2
	33.1
	21.0
	9.4
	30.4
	21.0
	11.8
	32.8
	21.5
	9.8
	31.3

	Foundation
	11.5
	5.0
	16.5
	11.5
	5.0
	16.5
	11.2
	5.4
	16.6
	10.7
	5.5
	16.2

	Right of way, Engineering
	3.0
	3.0
	6.0
	2.0
	2.0
	4.0
	2.5
	2.8
	5.3
	1.5
	2.0
	3.5

	Totals


	64.2
	35.8
	100.0
	67.5
	32.5
	100.0
	64.0
	36.0
	100.0
	67.0
	33.0
	100.0


The cost distribution for double circuit lines up to 300 kV also applies to single circuit lines with twin conductors per phase.

	Components
	420 kV, Single Circuit

	
	Single Circuit

	
	Matr.
	Erec
	Total

	Conductors
	21.1
	12.6
	33.7

	Earthwires
	2.0
	2.0
	4.0

	Insulators

/fittings
	4.0
	3.2
	7.2

	Towers
	21.0
	12.8
	33.8

	Foundation
	10.5
	5.7
	16.2

	Right of way, Engineering
	2.3
	2.8
	5.1

	Totals
	60.9
	39.1
	100.0
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5 Annex (Exercises)

Sag and Tension calculation:

	Example:
	
	
	
	

	
	
	
	
	
	

	Given data:
	
	
	
	

	Conductor span S in m                            =
	700

	Diameter, D in mm                                  =
	21

	Wind pressure at 4.40 C in N/mm2           =
	
	972,2

	Weight per meter lenghth in N/m              =
	9,8

	Cross sectional area of conductor in mm2 =
	261

	
	
	
	
	
	

	Solution:
	
	
	
	
	

	Find the resultant load on the conductor per unit length
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	Wind load per meter run = 2/3 *D*wind pressure =
	13,6108

	
	
	
	
	
	

	q,N/m  =
	16,77182
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Parabolic formula:
	
	
	
	

	
	
	
	
	
	

	1. L   = 
	705,9015
	
	
	
	

	
	
	
	
	
	

	2. D   =
	39,35915
	
	
	
	

	
	
	
	
	
	

	3. T   =
	26760,12
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Catenary formula:
	
	
	
	

	
	
	
	
	
	

	1. L  =
	705,9164
	
	
	
	

	
	
	
	
	
	

	2. D =
	39,52534
	
	
	
	

	
	
	
	
	
	

	3. T =
	26762,91
	
	
	
	


Exercise: Find the conductor sag, length and tension by the parabolic and catenary formula for the conductor, Moose with the data given below:

Span S


= 650 m

Diameter D

= 31.77 mm

Wind pressure 
= 750 N/mm2

Ice load

= 15 N/m

Conductor weight
= 20 N/m

C/S area of conductor
= 525.8 mm2

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3 ���





�  Ryle, P.J., “Steel tower economics”, Journal of IEE, Part 2, 1946.
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