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COMPARISON OF THE REGULATIONS IN FORCE IN VARIOUS
COUNTRIES FOR THE ERECTION OF OVERHEAD LINES.

INTRODUCTION.

Publication 49 gives a survey of the regulations for the erection of overhead lines in the following
countries :—Australia, Belgium, Canada, Czechoslovakia, France, Germany, Great Bxitain, Ttaly, Japan,
Netherlands, Norway, Poland, Roumania, Spain, Sweden, Switzerland and 'ted States of America.

The regulations reproduced are those officially in force in each coupgly, exceptNn thw case of the

following two countries :—

Australia.—The information given is based on a collection o &g & ineipal bodies
concerned with the distribution of electrical energy. Further, the rulesse | e cpossing and the
parallelism of electric power lines and telegraph lines (Part IT e bhose wf the Australian
Department of Posts and Telegraphs,

Canada.—A uniform regulation for all the provinces1sin p ition. The Mlormation given in the
meantime relates only to the province of Quebed and—e 2 om the Quebec Public Service
Commission. '

In this fourth edition of Publcation the elatilg to Australia, Czechoslovakia,
France, Germany, Great Britain &nd Ite X s6ount of modifications that have

been made to the national regulatio  bhede ies.\ Partigulars relating to Sweden have been
introduced for the first time.

(See page 107),

Documents

Document Sharing Hub

Full document details: IEC 60049 1938


http://avadocuments2026.com/doc/iec-60049-1938
http://avadocuments2026.com/doc/iec-60049-1938

PART L

CHAPTER 1.

CLASSIFICATION OF OVERHEAD POWER LINES INTO CATEGORIES.

The following table gives the classification adopted for the drafting of regulations for overhead lines *
in the following countries :—Australia, Belgium, Canada, Ozechoslovakia, France, Germany, Great
Britain, Italy, Japan, Netherlands, Norway, Poland, Roumania, Spain, Sweden and Switzerland.

CATEGORY 1.

Voltage between conductors of
30 t0 250 V A.C. or 100 to 250 V D.C.

Voltage between conductors and
earth not cxeceding 600 V D.C. and
250 V A.C. (Low voltage.)

Voltage between conductors up to
750 V. (Low voltage.)

Voltage between conductors| and
carth above 50 V and less than 300
(Low voltage.)

Voltage botween conddctors
earth not exceeding 600 4
Bl Voltage between

(Low voltage!

Voltage between condw
exceeding 1 000 V.

CATEGORY 2.

AUSTRALIA.

Voltage between conductors of 250
to 650 V.

BELGIUM.

Voltage between conductors and
earth above 250 V A.C. but not ab
375 V. (Medium voltage.)

Voltage betweer ondud{or

betiwween conductors and

7, but less than 60 000 V
or33 000 V A.C. (High voltage.)

GERMANY.
Higher voltages.

jvisten Hy.
corductors and

Voltage between conductors of
7 500 to 50 000 V. (High voltage.)

Voltage between conductors and
carth above 33 kV. (Very high
voltage.)

Voltage between conductors and
earth above 60000 V D.C. and
33000 V A.C. (High voltage, divi-
sion I.)

* T.S.A. in their reply specially mention the voltage of the lines to which the rogulations apply. Unless stated to the
contrary, the particulars relating to the voltage apply to both D.C. and A.C., and in the latter case they refer to the

R.M.S. values.

1 The classification quoted is that of the Department of Posts and Telegraphs,
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CATEGORY 1. CATEGORY 2. CATEGORY 3.

GREAT BRITAIN.

Voltage between conductors or Higher voltages. (High voltage.)
between conductors and earth, when
one conductor is earthed, not exceed-
ing 650 V D.C. and 325 V A.C. (Low
voltage.)

ITALY.

Voltage between conductors not Higher voltages. (High voltage.)
exceeding 600 V D.C. and 300 V A.C.
(Low voltage.)

JAPAN.

Voltage between conductors not Voltage between conductors above Voltage between conductors ex-
exceeding 600 V D.C. and 300 V 600 V D.C. and 300 V A.C. but not  ceeding\3 500 V A, (High voltage.)
A.C. (Low voltage.) exceeding 3500V AC. (High

voltage.)
NETHERLANDS.

Voltage between conductors not
exceeding 500 V --10% D.C. and
250 V - 10% A.C. or 380 V + 10%
if the ncutral is earthed. (Low
voltage.)

ROUMANIA.
igher voltages. (High voltage.)

SPAIN.
Voltage between conductors and Voltage between conductors and Voltage between conductors and
carth not exceeding 1756 V D.C. and  earth above 175 V D.C. and 125V  earth above 1000 V D.C. and 600 V
125 V A.C. (Low voltage.) A.C., but not above 1 000 V D.C. and  A.C. (High voltage.)

600 V A.C. (Medium voltage.)

* The replies to the questionnaire relate only to this category of lines.
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CATEGORY 1. CATEGORY 2.

SWEDEN.

Voltage between conductors not (a) Voltage between conductors

exceeding 550 V. (Class VI: service not exceeding 11 kV. (Class V:
lines). local lines.) )

(b) Voltage between conductors

not exceeding 44 kV. (Class IV:

district lines.)

(¢) Voltage between conductors not
exceeding 55 kV. (Class IIT: secon-
dary inter-urban lines.)

SWITZERLAND.

Voltage between conductors up to Higher voltages. (High voltage.)

1000 V. (Low voltage.)

(@) So-called standard lines, with spans not exceeding 50 m.
(b) So-called long-span lines, with spans exceeding 50 m.

CATEGORY 3.

(a) Voltage between conductors
not exceeding 110 kV, (Class II:
large inter-urban lines.)

(b) Voltage between conductors

exceeding 110 kV. (Class I: capital
lines.)

@

©
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CHAPTER II.
CONDUCTORS: GENERAL.

2. COPPER OR COPPER ALLOY CONDUCTORS.*

A. Solid Wires.
2.1. — Solid Wires : authorised or not.
In general, solid wires of copper or copper alloy are permitted for lines of all categories.

The exceptions are as follows : In Belgium their use is permitted only for lines of category 1; in
France their use is not permitted in the case where the power line crosses, ip the~same span, overhead,
communication lines and an overhead contact line ; in Germany and Poland they may be used only for
spans less than 80 m; in Roumania they are permitted only for the 2 9 o
less than 70 m ; in Australia their use is not allowed ; and in Sweden re gaperally p mitted only
for spans not exceeding 100 m.

2.2, — Maxtmum Section of Solid Wires.

The maximum section of solid wires is generally not spe
and Sweden fix this section at 16 mm? for all categories,
categories.

Germany, Poland
it at 256 mm? for all

2.3, ~— Mintmum Sectional Area of Solid Wires.

s section is fixed at 13 mm? for ordmary
6 and 10 mm? are specified respectively for
sategory 1. Switzerland specifies a minimum
section of 12'5 mm? fox all li : N 2 for lines of category 2.

Canady i £ 2 for conductors of categories 2 and 3; Norway prescribes
10 mm { 6 to 80 m, 16 mm? for spans from 80 to 150 m, and 25 mm?
for longer™spadsN A. pPrescribes, ad ording to conditions, minimum sections of 84 mu##, 13-3 mm?

or 21-2 myy an spogifiessd wuihum section of 125 mm? for lines of category 2 and 19-6 mm? for
ands preserihes 25 mm? for lines of voltage equal to or greater than 15000 V

sconomic category : 25 mm?,
nothic category : (@) Lines of category 1: 6 or 10 mm? according to whether the span
is below or above 35 m.
(b) Lines of category 2 : 10 mm?2,

Sweden prescribes the following minimum sections : 6 mm? when the span is not more than 50 m
and the voltage does not exceed 250 V and the line is of Class VI; 16 mm? when the span is greater
than 80 m or when the line is of Class I, IT, IIT or IV ; 10 mm?in other cases.

* The reporter considers it unnecessary to refer to the replies to the questions 1.1, 1.2 and 1.3.
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Furthermore, the characteristics of the conductors must comply with the standards of the Swedish
Association of Engineers and Architects.

Czechoslovakia prescribes, for conductors of category 1, a minimum section of 6 mm? or a section
greater than 6 mm? according to whether the span is below or above 35 m ; for conductors of categories 2
and 3 the minimum section is 16 mm?.

For lines of category 1, Belgium imposes a breaking load of 280 kg, France 280 kg (which may be
reduced to 200 kg for branch lines), and Switzerland 350 kg.  For higher categories, France maintains
280 kg and Switzerland prescribes 500 kg.

B. Stranded Conductors.

2.5. — Stranded Conductors : authorised or not.
Stranded conductors of copper or copper alloy are permitted for lines of all categories.

2.6. — Mazimum Sectional Area of Strands in Stranded Conductors.
2.7. — Minvmum Sectional Area of Strands in Stranded Conductors.

2.8. — Special Requirements regarding the Number of Strands in Stranded Conds

number of strands.
Australia and Belgium specify a minimum of 7 strands.

Poland prescribes a minimum number of strands, accord)
as follows :—

Up to 50 mm?
From 50 to 120 mm?2 ...
From 120 to 240 mm?

7 strands
19 strands
37 strands

\ < aldad of stranded conductors of 280 kg for category 1,
500 kg for oategor nd for s 1, Cof category 3, and 1 200 kg for sub-division H, of category 3.

Japan permits 50w for lines of category 1, 14 mm? for category 2 and 22 mm? for category 3.

Netherlands imposes a minimum section of 26 mm? and Sweden 16 mm2.  Further, in the latter
country, the characteristics of the conductors must comply with the standards of the Swedish Association
of Engineers and Architects.

Poland specifies a minimum section of 16 mm? for copper and bronze conductors.
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" In Roumania the conductors are not subject to any regulations,
Switzerland specifies a minimum breaking load of 350 kg for category 1 and 560 kg for category 2.

Ozechoslovakia prescribes the same minimum sections as for solid wires ; stranded conductors are
normally used only for sections greater than 10 mm?2.

3. ALUMINIUM CONDUCTORS.

A. Solid Wires.

3.1. — Solid Wires : authorised or not.

The use of solid wires is not permitted in Australia, Czechoslovakis any, Netherlands,
Roumania and Switzerland.

_ The use of solid wires is permitted in Belgium for lines of catego

In Great Britain the minimuf ion of\so
and 16:2 mm? for copsumers’ branch lin

B. Stranded Conductors.

3.5 — Stranded Conductors : authorised or not.

Stranded aluminium conductors are permitted for lines of all categories.
3.6 — Mazimum Sectional Area of Strands 1n Stranded Conductors,

3.7, — Minimum Sectional Area of Strands in Stranded Conductors.
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3.8. — Special Requirements regarding the Number of Strands.

The minimum and maximum sectional areas of the strands in stranded conductors are in general
not specified, noris the number of strands.

Belgium specifies a minimum of 7 strands.

For Australia and Poland the requirements quoted in item 2.8 are applicable.
3.9. — Minimum Sectional Area of Stranded Conductors, or
3.10. — Mintmum Breaking Strength of Stranded Conductors.

Germany fixes the minimum section of stranded conductors at 25 mm?, but permits the use of
conductors of 16 mm? for lines of category 1 and for spans up to 35 m. Great Britain specifies a
minimum section of 29-2 mm? for all categories. Canada allows 13-3 mm? for category 1 and 5 mm?

for the other categories. U.S.A. prescribes 42:4 mm? for spans up to 45-7 m and 53-5 0
spans. Netherlands imposes a minimum section of 35 mm?, and Sweden 16 mm?.

category 1 in which the spans are less than 35 m.

Czechoslovakia specifies a minimum section of 16 mm? for conducte
for conductors of categories 2 and 3.

of category 3.

In Roumania the breaking strengths of strgnded alumipitgp conductors must be the same as those
of the solid copper wires which would normally, be
In Switzerland these streng ¢ kg To g 1 and 560 kg for category 2.

4.4, — Manamwan, Brsakorg Sts

Composite copper-steed and aluminium-steel conductors are permitted. In general, the minimum
breaking load of coppersstéel and aluminium-steel conductors is not specified. For steel-cored aluminium
conductors, U.S.A, preseribes 13-3 or 21-1 mm? according to whether the span is below or above 45-7 m ;
for copper-steel conductors the minimum sections specified are the same as for solid copper wires. Belgium
and Switzerland specify the same breaking loads as for stranded copper or aluminium conductors. Great
Britain specifies minimum breaking loads of 560 kg for ordinary lines and 370 kg for consumers’ branch

lines. Netherlands prescribes a minimum section of 25 mm? for copper-steel conductors and 35 mm?
for aluminium-steel conductors.

wigth of Aluminium-steel Conductors.
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In Italy the conditions are the same as for item 3.4.

For Poland the requirements quoted in item 2.8 are applicable. These conductors must be able to
withstand for one minute a tensile load of 380 kg, and in local networks of category 1 in which the
spans are less than 35 m, a tensile load of 228 kg.

Czechoslovakia prescribes a minimum breaking load of 230 kg for category 1 and 640 kg for cate-
gories 2 and 3,

4.5. — Other Types of Composite Conductors.

4.6. — Minimum Brealing Strength for these Other Types of Conductors.

Generally speaking, other types of composite conductors may be permitted, bub the regulations
do not specify either their make-up or their breaking strength. Their use in Great-Britain is subject to
the approval of the Electricity Commissioners.

In Poland the requirements quoted in items 4-1 to 4.4 are applicable

In Czechoslovakia these conductors must be submitted to a laboypat
breaking strength must be the same as for steel-cored aluminium

Germany, Nether)
Roumania the metho
are prescribed.

Pola

sciponal Arvea of Solid Wires, or

5.4, — Minimuyt Breaking Strength of Solid Wires.

In Ttaly the conditions are the same as for item 3.4. Japan prescribes the same minimum sections
as for solid copper conductors, namely 5-:3 mm? for lines of category 1, 12:6 mm? for lines of category 2
and 19:65 mm? for lines of category 3. U.S.A. imposes a minimum section, for spans not exceeding
45-7 m, of 1114 mm? (grade C installations) or 18:68 mm? (grade A or B installations), and for spans
exceeding 45-7 m, minimum sections of 18:68 mm? and 25-72 mm? respectively. Czechoslovakia pre-
scribes a minimum section of 10 mm? for lines of category 1 and 16 mm? for lines of categories 2 and 3.

Documents

Document Sharing Hub

Full document details: IEC 60049 1938


http://avadocuments2026.com/doc/iec-60049-1938
http://avadocuments2026.com/doc/iec-60049-1938

11

Germany specifies a minimum section of 16 mm?, and for spans up to 35 m a minimum breaking
load of 228 kg. Japan prescribes, for iron and steel respectively, breaking loads of 186 and 297 kg,
440 and 645 kg, 687 and 1 000 kg for lines of categories 1, 2 and 3 respectively. In Roumania the
breaking load for solid iron wires must be the same as for the solid copper wires that would normally be
used. Sweden imposes a minimum section of 16 mm? and a minimum breaking stress of 45 kg/mm?.
Switzerland prescribes 350 kg for lines of category 1 and 560 kg for lines of category 2 respectively.

5.5. — Stranded Steel Conductors : authorised or not.

Stranded steel cables are authorised as conductors in (zechoslovakia, Germany, Japan, Netherlands,
Poland, Spain, Switzerland and U.S.A. In Australia they are permitted provided they are composed
of at least 3 strands. In Great Britain their use is subject to the approval of the Electricity
Commissioners. In Roumania and Sweden they are permitted in exceptional cases.

5.6. — Minimum Sectional Area of Stranded Conductors, or

5.7. — Minimum Breaking Strength of Stranded Conductors.
Germany and U.8.A. prescribe the same minimum sections as for solid iron wirg
sections are the same as for item 3.10.

Japan specifies minimum sections of 55 mm?, 14 mm? and 22 mm? fo
3 respectively. Netherlands specifies 26 mm?2  In U.S.A. the tendency i

31-65 mm?,
Japan specifies the same minimum breaking strengths as id Tron ¥ires. In Roumania the
minimum breaking load must be the same as for the solid copppr wirey norpmally be used.

In Poland the requirements quoted in itery28 are apyplicable ; f
must have a minimum section of 16 mm?, anfl in local<petworlks of categety |
35 m, a minimum section of 10 mm?2.

In Sweden the minimum section is 16 mm?
section and composed of 7 strandg is 1 125 kg.

Czechoslovakia specifies a m 1
conductors of category 2 or

AVERHEAD CONDUCTORS.

6.1, — Insulated guthorised or not ; and Nature of Insulation.

Germaryalloys the usk of these ¥Yonductors only for very short spans or when they are fixed to walls,
and for vSitagesngot exqeeding 260 V between phases or between phases and neutral.

Insulated overhead conductors are used in Great Brifain only for lines of voltage not exceeding
950 V between condudbars’and earth, and in Belgium, Norway and Poland only for lines of category 1.
They are permitted in U.S.A.

France does not allow the use of insulated overhead conductors. Italy allows their use for lines of
category 2 in special cases only, particularly for the crossing of telecommunication lines ; their use is
deprecated for lines of category 1; the insulation, when its use is permitted, must be resistant to atmo-
spheric conditions.
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Poland specifies that the insulated conductor used may bein the form of a rubber-insulated conductor
(the rubber covering being resistant to atmospheric conditions) or in the form of a lead-covered conductor
suspended from a support wire.

In the Netherlands insulated overhead conductors are not permitted for lines of 15 000 V and above.
In Switzerland insulated conductors are permitted only for temporary lines.

In Roumania there are no regulations relating to the use of insulated overhead conductors,
Ozechoslovakia permits in general the use of insulated overhead conductors. When they are specified,

lead-covered conductors or cables suspended from a support wire are used. The insulating covering
must be effectively protected from the action of the atmosphere.

7. JOINTS IN CONDUCTORS.

7.1. — Soldered Joints : authorised or not.

7.2, — Types of Joint authorised.

Authorised types of joint are not specified. Germany

saw-tooth joints. Czechoslovakia simply specifies that the nabuge the mebal of the ]omts must be such
that the effects of electrolysis are avoided.

¢ Tt must have a minimum section of 35 mm?
v d1v1s1on Hz, and of 25 mm? for lines of other categories. The minimum
m. The cable must be fixed to the top of the supports by means of rounded

{ a minimum section of 20 mm? for galvanised iron earth wires ; Spain 25 mm? and
In Roumania solid or stranded steel wires are permitted.

Poland, Switzerland and U.8.A. apply the same rules for earth wires and guard-wires as for the
conductors.

In France earth wires must be protected against mechanical and chemical erosion and must be of

sections appropriate to the currents that may flow through them, but the section must not be less than
28 mm? if the wires are of copper or 50 mm? if they are of iron.
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In Poland the use of solid wires or stranded cables of aluminium or aluminium alloy is prohibited for
guard-wires. For lines of category 2 solid guard-wires may only be of copper or bronze.

In Sweden earth wires are ordinarily of galvanised iron or steel; they may be solid or stranded.
Their minimum breaking loads are as follows :—

Metal, Section : mm?, Number of Strands. Breaking Load ; kg.

Iron ... 25 7 1125
Mild steel ... 25 7 1875

ditto 35 7 2625

ditto 50 7 3 750
Hard steel ... 50 12

ditto 70 12

ditto ... 85 12

ditto 135 19

ditto 265 19

Mes

r edrbh\wiles_respectively for

Czechoslovakia prescribes minimum sections of 20 mm? for steel or copp
voltage not exceeding 50 kV ; 50 mm? and 35 mm? for steel and cop
lines of voltage exceeding 50 kV.

O
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CHAPTER il

SUPPORTS AND ACCESSORIES: GENERAL.

9. GENERAL.

9.1. — Anti-climbing Devices : tmposed or not.

Anti-climbing devices on poles are not imposed for lines of category 1, except in the Netherlands.
They are prescribed for other categories in Belgium, France, Great Britain, Italy and Netherlands. In
Italy, however, their use is considered unnecessary when the support is eylindrical or tapered and is of
iron or reinforced concrete and has a diameter at the base of at least 30 cm.

following cases :—

(@) Completely enclosed areas.

er-plates 13

category 2, in addition to the red mirks %p pealon gt supports.
-p

of categori 3 he INp® ainted red and furthermore danger plates are placed on the poles at

o need only be fixed at road crossings. In Czechoslovakia a plate is compulsory
vell as for supports at crossings and for those in densely populated areas.

g el Dating of Supports : imposed or not.

ing of poles of-all categories is imposed in France, Japan, Roumania, Switzerland and U.S.A.
Numbering is ymposed by Belgium, Great Britain, Netherlands and Spain for poles supporting lines of
categories ot¥er than category 1. Great Britain, Japan, Roumania and Switzerland further require the
numbered supports to be dated. Netherlands and Switzerland require the marking of the date of impregna-
tion of wooden poles. In Switzerland this marking must be fixed at a height of 4:5 m ahove the ground.
In Italy the numbering of supports of category 2 is recommended. Numbering and dating is advised by
Czechoslovakia. In Sweden the marking and dating are required at least at places requiring reinforced
security.
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10. WOODEN POLES.

10.1. — Wooden Poles : authorised or not.

The use of wooden poles is authorised by all countries and for lines of all categories, with the excep-
tion of Belgium, where their use is prohibited for lines of category 3, sub-division H, ; and France, where
they are allowed only for lines of category 3 if they are temporary.

10.2. — Kinds of Wood authorised.

In many countries the kinds of wood authorised are not specified. Moreover, they vary according
to the country.

10.3. — Top Diameter tmposed. State whether this Diameter depends upon the Height of the Pole.

In general, the diameter at the top is specified, and depends on the height of the pole.
however, the minimum diameter is 152 or 17-8 ¢m, accordmg to the region and to the grade f the

namely 13, 15 17,19 and 21 em correspondmg to hght standard, heavy, extra heav
respectively, the hght poles being used only for category 1; these diameters B\ D
2 em if the poles are not impregnated. In Czechoslovakia the diameter is 15 or %
whether the line is of category 1 or a higher category.

10.4. — Manimum Depth of Foundation.
Germany specifies a depth of foundation equal to 1/6 of the total heip

Australia specifies the following minimum depths :—

Total length of support, in metres ...
Dgpth of foundation in good soil, mete

categories. Japan spe(nﬁes 1/6 of the total helgt for poles ;
longer poles. Poland specifies a minimum of 1. 6 m. :
as the minimum depth of foundat
thls depth is increased by 10 cm

is spe01ﬁed in Roumania for lines of the st economic category and for
bhe uge of non-impregnated wood for temporary lines of category 1 where

be years ; for other lines the use of non-impregnated poles 1s allowed on
condition that the but Qe poles are provided with non-rotting bases. U.S.A. permits the use of non-
impregnated wooden potes’; but only impregnated wooden poles may be subjected to the maximum
stresses for the period stated in the regulations.

The Italian rules advise the impregnation of soft woods ; hard woods (larch, acacia, etc.) need not

be impregnated. The portion of the pole below ground, if no$ 1mpregnated must be superﬁ(nally charred
or tarred, specially at ground level,
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Poland specifies the impregnation of the portion of wooden poles below ground, as well as the impreg-
nation of wooden beams used, for increasing the stability of such poles.

Sweden authorises, under the conditions stated in item 10.3, the use of non-impregnated wooden

poles. The portion below ground forming the foundation of the pole must be impregnated except in
special cases.

In Czechoslovakia the use of impregnated wooden poles is imposed for lines of categories 2 and 3,

unless the poles are of larch or oak, are not buried in the ground, or are for a temporary line having a
life of less than 3 years.

10.8. — Method of Impregnation prescribed.

Generally, the method of impregnation is not specified, but it should be effective against rotting.
Netherlands specifies that the year of impregnation should be marked on the poles and that, at the
authorities’ request, a certificate showing the preparation used should be supplied. In U.S.A. the method
of impregnation is specified in each case. Sweden recommends treatment wiph-creosote, and specifies
that the quantity of creosote used must be at least 90 kg per cubic metre of wood. Tzechoslovakia does
not regard treatment with copper sulphate as an adequate method, of impreghytion.

10.9. — Guys : authorised or not.

Generally, the use of guys is allowed for lines of category 1. igher cate-

gories of lines in Germany and Netherlands. Australia allows t They
are prohibited in Belgium for lines of category 3 and for lings ol\lower e public hlghway
or in the neighbourhood of telecommunication lines. France

ment of the guy is below the conductors and when the g if atba n mulator spindle or to a
metallic part of the support, is separated therefro in¥wu/ati ial ;™n the case, however, of
small posts fixed to buildings, less severe conditio e

categones.

10.10. — Metal authorised for Guys.

Earilying or Insulating of Guys : specified or not.

Most codntries do not specify whether the earthing or insulating of guysis imposed ornot. Germany
and Roumania specify the use of a tensioning insulator above the accessible height. So does U.S.A.
except for lines of voltage not exceeding 300 V. Australia specifies for lines of category 3 the use of an
insulator, at a height of not less than 26 m above ground, capable of withstanding a test-voltage of
1:5 times the voltage of the line. Belgium prescribes that the guys must be insulated or earthed. Great
Britain specifies that all guys used for lines of category 1, other than those connected to earth by means of
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a continuous earth wire, must be provided with an insulator placed at a height of not less than 3 m above
ground ; all guys used for lines of category 2 must be earthed. In Italy the guys must be insulated when
they are in contact with the insulator spindles. Norway specifies the earthing of guys used for lines of
category 2. Switzerland specifies the earthing of guys for lines of category 2, and for category 1 when the
point of attachment is not below the lowest conductor.

In Poland the guys must be directly attached to the pole in such a way as not to touch any cross-arm
or metal part. The use of an insulator, appropriate to the voltage of the hne, at & minimum height of
2:5 m above ground, is specified.

In Czechoslovakia the guys of lines of category 1, the point of attachment of which is not at least
20 cm below the lowest cross-arm, as well as all guys for lines of categories 2 and, 3, must be earthed or
provided with insulators placed at a height of at least 3 m above ground.
10.14. — Method of Fizing Cross-arms.

In general, the method of fixation of cross-arms is not specified.

In Australia a notch must be provided in the support for each cross-arm. The labfe
a bolt through the support and are usually kept horizontal by a stay, and all bolts mus
a varnish to protect them from the corrosive action of the wood.

Germany, Netherlands, Poland, Roumania and Switzeérland spesify a mirnimum thickness of metal of
4 mm. Japan differentiates between steel toy PN simum thickness of 6 mm for the
principal members is specified, and ordinary me al Ppd ich inimum thickness is reduced to
5 mm ; the minimum thickness #i\g N\ WS.A. makes a distinction between
galvamsed poles and painted pé mym Ahickness is 6-:35 mm ; for galvanised,
poles the minimum thicknessof the mm When the poles are liable to rapld

thickness of secondary,
5 mm for painted m
of metal of 4 mm

mm. fo galmse mal
-6 ym and 3-5 mm for Mannesmann poles for lines of

ground level. etrel and for poles which are not in stone or concrete foundations,
hot tarring j« N shosloVakia all construction must be metalised or protected by a coating
of red lead sud vaxq} gthod of additional protection of the part below ground is not specified.

The use of flexible palpdis allowed by the American, Japanese and Swedish rules. The rules of other
countries do not mention this type of pole.

11.4. — If in the Affirmative, the Mazimum Distance between Rigid Supporis.

In Czechoslovakia the maximum distance is 3 km, Japan specifies a maximum distance of 1-5 km
between steel towers and 2/3 km between poles,
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11.5, — Earthing of Metal Supports : specified or not.

The earthing of metal supports is specified in Australia, Czechoslovakia, Great Britain, Roumania
and Switzerland for lines of all categories. In Germany it is specified for lines of voltage higher than
950 V between conductors and earth. In Belgium the earthing of supports is specified for lines of
category 3 and for lines of category 2 supported on metal poles in concrete or stone foundations. In
France, Norway and Spain earthing is specified for supports of lines other than of category 1 ; in U.S.A.
for supports carrying transformers or metal-covered conductors ; in Italy for voltages exceeding 1 200 V ;
and in Netherlands for the lines of 15 000 V and above which alone ate considered in the reply from that
country. .

11.6. — Is a Stone or Conerete Foundation imposed for every Metal Pole, trrespective of its position ?
In Australia it is specified that the foundations must be such that the strength of the supports can
be fully utilised.

Stone or concrete foundations are specified in Norway and Spain for angle and crossing poles respec-
tively. Japan and U.S.A. recommend the use of concrete foundations. This is specified in Sweden but
not in Czechoslovakia.

11.7. — Is Welded Assembly authorised ?

In general, welded assembly is not referred to in the regulations
Japan is welded assembly not allowed.

akia ; only in

Barthing of the reinforceme
for lines of categories 2 and 3.
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"CHAPTER 1V.
ERECTION OF LINES: GENERAL.
13. GENERAL

13.1. — Prescribed Distance between Conductors.

Let d be the minimum distance in metres.
F the maximum sag in metres.
U the voltage in kV.

conductors.

Australia fixes the minimum spacing between conductors as a function of the Lide
span, as follows :—

Minimum Spacing.

Line Voltage, in volts. Spans not exceeding M%\\ﬁ\
4575 m,
/
Below 650 38 om. & 46 \/
650 to 11 000 &cm 676 oy

In Sweden, for copper conductors of given secti 1stances are given by the
following formulee :—

Rigid insulatg

with & minimum in e

In the above formul.

A. — Category 1.

Germany fixes the mibiftoum spacing at 35 em.

Spain specifies 25 em for spans up to 50 m, with an increase of 1 cm per mefre span in excess of
50 m.

Japan does not prescribe the conductor spacing.
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In Poland the conductor spacing is derived from the formula :—
d = ay/F + 000670

where a is 2 numerical coefficient equal to 1 for aluminium and aluminium alloys, and 0-75 for other
metals. The spacing, however, must not be less than 0-356 m.

Roumania specifies a minimum distance of 30 cm or 40 cm according to whether the span is below
or above 35 m.

In Switzerland it is recommended that minimum spacings of 35 cm be adopted when the span
does not exceed 25 m, 45 cm when the voltage between conductors and earth does not exceed 250 V and
the span does not exceed 50 m, 50 cm when this voltage is greater than 250 V and the span does not
exceed 50 m. The distance must be increased by at least 209, when the conductors are in the same
vertical plane.

Czechoslovakia specifies the following minimum distances —
Minimum vertical distance : 1/200 of the span, with a minimum of 15 cm
Minimum horizontal distance : 1/200 of the span 4~ 10 cm, with a minjrn

B. — Categories 2 and 3.

In Germany the spacing is derived from the following fo
same material, of the same section and have the same sag :

otors are of the

(i) Aluminium or aluminium alloy :—

spance between conductors must be justifiable. With suspension-type
igbarice is increased by 709, of the length of the chain when the con-

d = 00076 U -+ 0-178VI3 F — 8.

(ii) Conductor cross-section more than 33-63 mm :—
d = 0-0076 U -+ 0-2034/3-31%.
The distance may never be less than 30-5 em, and if the voltage between conductors exceeds 7 500 V,

this minimum is increased by 1-02 em per kV above this value. In the case of suspension-type insulators,
the above horizontal distances must be respected by assuming that the chain is free to move 45° on either
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side of the vertical. The minimum vertical distance between conductors, which in general determines
the distance between cross-arms, is 0:6 m or 1-2 m, according to whether the voltage between conductors
is less than or greater than 7 500 V. These distances may be reduced or increased in certain special
cases.

In Netherlands, for lines of 15 000 V and above, the spacing is given by the formula —
d = 0-2v/a 4 0-0067 U

if the conductors arve not superposed, .. if they are separated by more than 0-7 m in horizontal projec-
tion ; @ is the horizontal displacement of the conductor under the action of the maximum horizontal
wind at a temperature of -|- 20°C.

In Poland the spacing of conductors is obtained from the same formula as for category 1, but it
may not be less than the following values :—

(i) U >3000V. Aluminium or aluminium alloy conductors
Conductors of other metals

(1) U < 3000V. Spans greater than 40 m
Spans less than 40 m ...

In Roumania, for voltages below 3 000 V, the minimum spacing is 0-8 m.
spacing is fixed as follows :—

(i) Conductors at rest :—

(@) For all metals except aluminium
(b) For aluminium

55 cm if the voltage between conductors is hetyeen\
60 cm if the voltage between conductors i n 5001
. per faxther 1 00QVV.

Germany specifies 20 cm between conductor and pole for voltages up to but excluding 15 000 V.,
For higher voltages thesdistances are in accordance with the following formule —

(a) Rigid insulators and suspension insulators in normal position :—
d = 0-1 - 0-0067 U.

(b) Suspension insulators when the chain is inclined under the action of a wind of 125 kg/m? :—
d = 00067 U.
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For rigid m%ulators U.8.A. specifies a minimum distance of 7-6 cm increased by 0-64 cm per 1 000 V
above 7 500 V. Tor suspension insulators these distances must be respected by assuming that the chain
is free to move 45° on either side of the vertical.

Norway fixes the minimum distance between conductors and poles by the relation d = 0-1 - 0-005 U,
with a minimum of 0-1 m for lines of category 1.

Netherlands adopts the following formule for lines of 15 000 V and above :—
(@) Rigid insulators : d == 0-15 4 0-0067 U.
(b) Suspension insulators : d = ¢ - 0-0067 U, i being the height of the chain, in metres.

Poland fixes the distance between conductor and pole at 0:2 m or (0-1 - 00067 U) m, according to
whether the voltage of the line is less than er greater than 15 000 V.,

Roumania specifies that, under the action of the maximum wind, the distance shall not be less than
2/3 (0-01 U + 0-3) m.

In Sweden the distance between conductors and poles is specified guly ages of reinforced
security, and is as follows
TFor wooden poles for lines of category 1

For wooden poles for lines of categories 2 and 3 54~ 0-005 U)m

For earthed metal parts of wooden poles and for metal and goncrete -+ 0:005 U)m
Switzerland recommends the following distances :—

Up to 260 V between conductor and earth . 4 cm.
Above 250 V up to 1000 V . Hom,
Above 1000 Vup to 5000V ... . ... 6em.
Above 5000 V, per 1 000 V §bovad 0Q . 04 om.

Czechbslovakia fixes the followindspacing

49 kV, and 4t a voltage of 1-5 U for lines of voltage hlgher than 49 kV.

13-5. — What Devices ave specified for Earthing the Supports ?

Australia prescribes the earthing of metal supports if the resistance of the support to earth is not
less than 5 ohms.
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Great Britain, Netherlands and Belgium (the latter only for lines of category 3) specify effective
earthing of the metal parts of the supports either by individual earthing or by means of an overhead

earthing wire. For lines of category 2 this rule applies in Belgium only for metal supports on concrete
or stone foundations.

In Italy, if the poles are connected together by means of an earthing wire, individual earthing is
not necessary, but it is recommended that an earth connection be made at least at intervals of 1 km
on an average. Iron or reinforced concrete supports buried direct are regarded as earthed.

In Roumania, in the absence of an earthing wire, every pole must be earthed ; if there is an earthing

wire, every third pole must be earthed. For wooden poles an earth connection must be made every
300 m along the line.

Switzerland specifies the individual earthing of metal supports unless there is an earthing wire
running the whole length of the line, in which case a maximum distance of 1 km between two consecutive
earthing points is specified.

In Czechoslovakia every iron or reinforced concrete pylon of lines of categorie
earthed. In this case, and for all lines of over 50 kV, the fixing of an earthing wipa

13.6. — I's an Earthing Ware throughout the Length of the Line specified ?

In France 3-phase lines of category 1 and single-phase lines of categ
part of a polyphase system, must carry an earthed neutral conducgers
than that of the highest phase conductor.

Ozechoslovakia recommends the fixing of an earthing wige Q_SYS for lines of cate-
gories 2 and 3 carried on iron or reinforced conexete pylo

13.7. — Is Iron or Steel authorised for the Karthv

Tron or steel is in general authorised for b In Belgium and Czechoslovakia the
. sarthing wires of any of the metals

allowed for the line conductors, ingluding iron and ste
In Netherlands a minimum secjion ef 35 is anised iron wires. In Roumania iron is
i afiy other metal of adequate mechanical

strength may be used.

13.8. — What Condipiong are ' X %
In general, the warjhi ire join e tops ofMhe poles must be connected to earth at least every

500 m.

o S 1ans are made by conductors of various forms, resistant to the destructive
he ground andpreferably buried in moist ground. The distance between the parts of two
earth connections m¥yy neverbe less than 3 m. The earthing of the neutral conductor of aline of category
ab leashone earth connection per km and at least one per 300 m in areas particularly

In Great Britain earthing is specified to be done 4 times per mile and in such a manner that, in the
event of contact between a conductor and a metal part thus earthed, the leakage current shall be at
least twice the value necessary for cutting out the line. Roumania specifies the following requirements :
minimum surface of the earth plate, 1 m?; minimum depth of burying, 2 m ; section of connecting wire,
150 mm?2. Switzerland specifies a maximum distance of 1 km between two consecutive earthing points.
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Tor lines of categories 2 and 3, (zechoslovakia prescribes the connection of the wire to earth at least
every 500 m. The resistance of the earth connection must not exceed 15 ohms.

13.9. — What Obligations are there with regard to the Earthing of the Neutral Conductors ?
The obligations in connection with the earthing of the neutral are, in general, not specified.

In Japan the neutral may be earthed by means of a suitable resistance when the lines are not in
the neighbourhood of telecommunication lines.’

13.10. — Precautions imposed for the Rapid Cutting-out of Lines.

The precautions necessary to ensure the rapid cutting-out of lines are not generally specified. In
Belgium, for lines of categories 2 and 3, cabins, shelters or supports covering or carrying sectionalising
devices must bear notices to enable the operating staff to be immediately warned ; when the lines go
through inhabited areas the notices are repeated at least every 500 m,

Czechoslovakia recommends the use of sectionalising switches for lines o ories 2 and 3.
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CHAPTER V.
RULES FOR CALCULATING THE STABILITY OF CONDUCTORS.

Nore. — Chapter V deals only with rules defining *“ normal safety,” that is, rules which do not apply to special points
such as crossings, etc., where conditions of * special safety ” are specified. Conditions regarding * special safety *’ are
dealt with in Chapter VII.

14, ASSUMPTIONS TO BE MADIE IN DEFINING THE STATE OF STRESS IN WIRES.

Assumption A,
14.1. — Temperature.

14.2. — Load due to Ice, Frost, Snow, etc.

14.3. — Wind Pressure acting on the Wires (in kg per m? of Projected Surface

Assumption B.
14.4. — Temperature.

14.5. — Load due to Ice, Frost, Snow, efe.
14.6. — Wind Pressure acting on the Wires (in ks - sected & ormal to the Wind).
Germany assumes two sets of conditions :— '
(@) Temperature, — 5° C; vertical load, 180v/d g per webr of conductor (d = diameter of

(@) Temperature, — 7°
(b) Temperature
Belgium assumes two s

(@) Temperature,
(b) Temperature,

(b) Minimum tempera

dre of the region ; vertical overload corresponding to the weight of a coating
of snow 10 c¢m in diameter.

U.S.A, assumes only one set of conditions for each district, but divides the country into three terri-
tories :—

A “ heavy loading territory ” east of the Rocky Mountains and north of 35° latitude.
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as far as California.
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A “ medium loading territory ” placed between the other two regions.

The Americans also distinguish between installations which they designate as A, B, C or N. For
the latter nothing is specified. Grade A conditions are not imposed for *

to cases calling for “ (reinforced security) conditions.

special safety ”

comprising the region of the south of the country and the Pacific Coast

normal safety,” but they apply

Grades A, B, C.

Terrifory.

Heavy Loading.

Medium Loading.

Light Loading.

Temperature

Wind pressure

Thickness of ice coatmg

— 17.8°C
127 mm
39 kg/m?

— 94°

6-3

—-11°C
58 kg/m?®

France assumes two sets of conditions :—

N\

N\

ow\to~he talen into account when

we to be taken into account
when necessary.

Great Britain assumes only oxe

Temperature, — 5:6° C; ice coadi
lines ; wind of 39 kg/m? acting on thed

Temperatu

thick ; wind of 39 kg/m? acting on the ice-coated
conductor,

nimdm temperature of the region ; ice coating 6 mm thick ; wind of 50 kg/m? applied to all
the conductors assumed to be covered with this ice coating.

Norway assumes only one set of conditions :—

Temperature, — 5° C; vertical overload of (200 4- 50d) g per metre run of conductor (d = diameter
of conductor in ¢m).
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Netherlands assumes two sets of conditions :—

(@) Temperature, — 5° C ; vertical overload of 180v'd g per metre run of conductor (d = diameter
of conductor in mm}.

(b) Temperature, — 20° C without added load.

Poland assumes the following conditions +—

(@) For conductors of both categories : two normal assumptions to which the *“ permissible normal
stress 7 is related :—

(i) Temperature, — 25° C without overload.
(11) Temperature, — 5° C with normal hoar frost.

The highest of the stresses obtained in these two assumptions is the *“ permissible stress,” the
upper limit of which is the permissible normal stress.

(b) For conductors of category 2 other than standard hard-drawn copper conductors streme
assumptions to which the “ permissible extreme stress ”* is related :—

(i) Maximum frost without added load.
(i) Temperature, — 5° C with maximum hoar frost.

The normal hoar frost is given by :—

155 X 'y7d g per metre of conductor
(d = diameter of conductor in mp:

The maximum hoar frost is given by :—

equal to 310.

The normal frost corresponds to a temperature

Roumania assupdes t hditions :
(@) Temperaturs, 07 C.; \werticahoverhoad o m~/d kg per metre of conductor.

ly'mm, and m = a coefficient to be chosen by the con-

tractor. llowing limits :—
ategory, 0-65—0-90, generally 0-75.
hic category, 0-30—0-60, generally 0-45.
lines, m = 0-30.
(b) Te pithout added load.

is divided from this poiag 6i view into two zones, G and F' (bordering region M between these two zones) ;
hoar frost is assumed to give an added load equal to those of the wind and ice combined, without, however,
exceeding 25 kg/m, and it must be noted that certain regions of Sweden must be considered as belonging
to zone G from the point of view of hoar frost and to zone I from the point of view of ice. As regards
the minimum temperature, three zones are considered, where this temperature is — 30° C, — 40° C and
— 50° C respectively. As for the strength of the wind, this depends largely on the proximity of the sea ;
in coastal and mountainous regions the wind pressures indicated below must be increased by 25 to 75%,.
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The following five sets of conditions are assumed for the calculation of conductors :—
(@) Temperature, 0° C ; added load of 06 kg/m (zone G), 0-5 kg/m (region M) or 0-4 kg/m (zone F).
(b) Temperature, 0° C; ice coating & mm thick (see below) and wind of 42 kg/m?.

Lines. Values of %.
Catogory, Class. Zone G. Region M. Zone F.

1 VI 17

2 A% 19

v 21

11T 27

3 1I 34

1 42

(d) Temperature, 0° C; and hoar frost.
(¢) Temperature, — 10° G, — 20° C or — 30° C, according t

ind pressures indicated
ound, but the pressure

If the height of the supports above the ground is greg
above must be increased by 1-2h kg/m?, h being the height o
shall not exceed 250 kg/m?2.

Switzerland assumes two sets of conditions =

climate (—

(1) Ten perture, —
Whether o
(i1) Terhpera

v’added load or wind.
phd ©* maximum added load ” of (2 000 +- 10s) g per metre of conductor

No reduction is made in Australia, Canada, U.S.A, or Great Britain, where the total projected surface
of the cylindrical body is taken into consideration.

This factor is not taken into account in the calculations in Norway or Netherlands, where the action
of the wind on conductors is not considered.
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14.8. — Do these Calculations take wnto Account the Increase of Diameter of the Wires due to the Presence
of Ice ?

In countries where the ice and wind load is taken into account, such as Cahada, Great Britain, Ifaly,
Japan, Sweden and U.S.A., the increase of diameter due to the ice is taken into account in calculating
the wind stresses.

14.9. — Assumed Direction of the Wind.
The direction of the wind is assumed to be horizontal.

15. MAXIMUM STRESS IN THE METAL.

15-1. — Is the Maximum Permissible Stress tn Service Fized a priors ?

Alumzmum Conductors, Compostte C’oppev steel ‘Conductors, Co
ductors, other Composite Oonductms Solid and Stranded Conductor

apply :—
12 kg for solid copper conductors, in Germany, Netherla

(¢) In Roumania, a factor
must be used.

(b) In Germany, such

strength is the load a Q
In countries whereNofil

is: b in Spain; 3 in Belg

function of the breaking stress is fixed, this factor
the latter country it may be reduced to 2 outside

for copper with reference to's » 3 sakirg stress of 35 kg/m?; 2inU.S.A. for grade B 1nstallat10ns
and 1-66 for grade sballabi reaklng load of a stranded conductor being considered as being
equal to 909, of the su ] ig loads of each strand constituting the conductor (nothing is

Stranded copper oncopper alloy conductors, 2-5.

Stranded alumintum and composite aluminium-steel conductors with suspension insulators, 2-5.
Ditto, but with rigid insulators, 275,

Stranded galvanised steel conductors, 2-5.

In Italy the stress must not exceed half of the breaking load or 9/10 of the elastic limit.
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Poland fixes the following :—
(1) Permissible normal stresses :—

Standard hard-drawn copper : solid wires, 12 kg/mm?2, stranded conductors, 19 kg/mm?2,
Standard aluminium : stranded conductors, 8 kg/mm?. ‘
Other materials : solid wires, 35%, of the permanent breaking strength.

stranded conductors, 50%, of the permanent breaking strength.

(ii) Permissible extreme stresses :—

Standard hard-drawn copper : solid and stranded conductors, 34 kg/mm?2,
Standard aluminium : stranded conductors, 12 kg/mm?2,
Other materials : solid and stranded conductors, 1009, of the permanent breaking strength.

The permanent breaking strength is the load that the conductor can withstand for one year without
breaking. Tf it is not determined by a laboratory test, it shall be assumed to be 80%, of the breaking
strength.

In Roumania the following figures apply :—

For earthing wires placed above ard-wires and stays : 309, and 50%, respec-
tively of the breaking load, with a mini ]

16. CALCULATION OF THE MAXIMUM SAG OF THE WIRES.

16.1. — Temperature.
16.2. — Added Load due to Ice, Frost, Snow, etc.
16.3. — Added Load due to Wind Pressure of . . .
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The calculation of the maximum sag is based upon the following assumed conditions :—

Added Load due to Ice, Frost or Snow,

Wind Pressure,

Great Britain
Japan
Norway
Netherlands

Poland * ...

Roumania...

Sweden

Switzerland

Czechoslovakia

-} 50

Maximum of the district.

+ 25

Country. Temperature in °C. g/m. kg/m?.
+ 40 — —
Germany ... — 5 180v/d —
— 20 — —

. - 1 — 48-8
Australia ... { 149 . 73.9
Belgium ... -+ 40 — —
U.S.A. See item 14.1. — —
France Average of the region. If necessary. 20

S

30

>

* For Poland, the ‘@u

permissible stress not being\gréa
1 The maximum temperatg
1 The neighbouring sp.
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CHAPTER VI.

RULES FOR CALCULATING THE STABILITY OF SUPPORTS.
The note at the head of Chapter V applies also to Chapter VI

18, CONDITIONS TO BE ASSUMED IN DEFINING THE STATE OF STRESS
IN THE SUPPORTS.*

18.1. — Do your Rules require the Supports to carry the Conductors under the most Severe Loading Condi-
tions for which the Conductors have been designed ?

for which the conductors have been designed.

18.3. — What are the Other Loads that the Supports must withsts
themselves the Cross-arms, etc) ?

Germany specifies a wind pressure of 125 kg/m¥ ; p eSupport which is higher than
40 m the wind pressure is increased to 150 ke above the.pressure is increased to 175 kg/m?

Belgium specifies a wind pressure 2 ichuincréases by 1 kg/m? per metre of height
above 20 m, with a maximum of 2807kg/m?2.

(@) Minim
() it
ductors, and wihd s

vind pressure varies with the heights above ground of the various parts of the supports,

and the ug values are specified :—
Heightte§s than 40m ... ... 125 kg/m?
,, from 40 to 100 m ... .. 150,
’ ,, 100 to 150 m .. 115,
. ,, 150 to 200 m .. 200,
,, above 200 m ... 260

* Tt is agsumed that the calculation is made according to the most unfavourable of these conditions.
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