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

INTRODUCTION.

Pubhcatlon 49 glves a survey of the regulations for the erection of overhead lines in the following
ey oA clgium zechoslovakia, 'rance, Germany, Grgat Britain, Italy, Japan,
Netherlands Norway, Poland Roumama Spain, Sweden, Switzerland and 'ted States-of| America.

The regulations reproduced are those officially in force in each coup i sfcase of the
following two countries :—

Australia.»—'l“he information given is based on a collection o ipal bodies

oncerned with the distribution of electrical energy. Iurther, the rules segatdy pssjng and the
parallelism of electric power lines and telegraph lines (Part ILAC » 56 0 Australian

Department of Posts and, Telegraphs
Canada.—A uniform regulation for all the provincesis in Preparabion. ion friven in the
neantime relates only to the province of Quebeq and~ 2 ; : lic Service

ommission.

In this fourth edition of Publcation he ) : hoslovakia,
France, Germany, Great Britain &nd Ite ¢ d 4 that have
have been

been made to the national regulatio
introduced for the first time.

he National

Committees

(See page 107),
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PART L

CHAPTER 1.
CLASSIFIGATION 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 CATEGORY 2 CATEGORS g\

AUSTRALIA.}
Voltage b¢tween conductors of Voltage between conductors of 250
30 t0 250 V ALC. or 100 to 250 V D.C. to 650 V.
BELGIUM.
Voltage bedtween conductors and Voltage between conductors and hyisten Hy.
earth not cxepeding 600 V D.C. and  earth above 250 V A.C. but not ab corductors and
250 V A.C. [Low voltage.) 375 V. (Medium voltage.) e A.C. but not abovd

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

Voltage begween conductors up to Voltage be¢tween—gondudtor

750 V. (Low| voltage.) 750 to 7 500

Voltage bdtween conductors| and , g Voltage between conductors an
carth above 50 V and less than 300 V) eart 0 and less than earth above 33 kV. (Very high
(Low voltage, voltage.)

Voltage b totg betawveen conductors and Voltage between conductors an
earth not exc Y D.& larth,_ecxceeding 600 V. D.C. and  earth above 60000 V D.C. an
Bl Volta, 5 7, but less than 60000 V 33000V A.C. (High voltage, divi
and earth not or 33 000 V A.C. (High voltage.) sion II.)
B2 Voltag
and earth no
(Low Voltagg

GERMANY.

Voltage b Higher voltages.

exceeding 1 OPO\V,

* 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.
[N
Voltage between conductors not Voltage between conductors above Voltage between. cpnductors ex-
exceeding 600 V D.C. and 300 V 600 V D.C. and 300 V A.C. but not  ceedini\3 500 V AR [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 g¢onductors and
earth not exceeding 175 V D.C. and  earth above 175 V D.C. and 125 V_ 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.

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.)

(b) So-calleg g " TXCCCUINE S0 T

g

N
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2.1, — Solid Wares :

CHAPTER II.
CONDUCTORS: GENERAL.

2. COPPER OR COPPER ALLOY CONDUCTORS.*

A. 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, i Thessame span, overhead

and the voltage does not exceed 250 V and the hne is of Class VI
than 80 m or when the line is of Clags I, IT, IIL or IV ; 10 mm?in other cases.

communication lines and, an overhead contact line ;
spans less than 80 m ;
less than 70 m ; in Australla their use is not allowed ; and in Sweden
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.

2.3, ~— Mintmum Sectional Area of Solid Wires.

Canadd
10 mm {
for longer™spa

in Germany and Poland fhey may be fised only for
in Roumania they are permltted only for the 2 ry for spans

gitted only

Gernany, Poland
it at 28 mm? for all

hin, which fix
bry 1 and, in

s section is fixed at 13 mm3 for ordinary
6 and 10 mm? are specified respectively for
sategory 1. Switzerland specifief a minimum
2 for lines of category 2.

pivay, allow sectional areas of b to 8 mm? for lines of

2 for conductors of categories 2 and 3; Norwhy prescribes
6 to 80 m, 16 mm? for spans from 80 to 150 m,|and 25 mm?
A. prescribes, ab ording to conditions, minimum sections of 84 my##, 13-3 mm?
an spocifiessd wiihum section of 125 mm? for lines of category 2 and [19-6 mm? for
auds preseribes 25 mm? for lines of voltage equal to or greater than 15000 V
Poland spemﬁe's 10 mm? but permits the use of a minimym section of

onomic category : 25 mm?2

: (a) Lines of category 1: 6 or 10 mm? according to whetfher the span
is below or above 35 m.

(b) Lines of category 2 : 10 mm?2,

erthe—span ote than 50 m
16 mm2 when the span is greater

* 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.

2.5. — Stranded Conductors :

Strande

B. Stranded Conductors.

authorised or not.
condietont af aonvororsonperallos are normittod for Lines af all catecomos. £ N\
b B i i3l o i I O

2.6. — Max
2.7, — Mina

2.8. — Spece
In gener
number of st

Australig

Poland p
as follows :—

2.9. — Mim

2.10. — Mindy

Germany] fixes the mini

however, and
and for bronz

Australid
and earth dod

Belgium (s

500 kg for cat

U.S.A. 12
Great Br

Japan pe

um Sectional Area of Strands in Stranded Conductors.

um Sectional Area of Strands in Stranded Conductors.

rands.
and Belgium specify a minimum of 7 strands.

rescribes a minimum number of strands, accord)

Up to 50 mm? 7 strands
From 50 to 120 mm?2 ... 19 strands
From 120 to 240 mm? 37 strands

aldad of stranded conductors of 280 kg for category 1,
1, Cof category 3, and 1 200 kg for sub-division H, of category 3.

Netherland

country, the cha.rac’censtlcs of the oonductors must comply with the standards of the Swedlsh Assocxatlon
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.
31— Solid Wires : authorised or not VAN

The use of solid wires is not permitted in Australia, Czechosloy
Roumania and Switzerland.

Netherlands,

_ The use of solid wires is permitted in Belgium for lines of catego ;3 v, however,
@ . ommunica-
tion wires and an overhead contact line ; Britain [n the latter

r spans not

dinary lines

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

onductors must be at least equal to that of a copgler conductor
6 mm? for category 1 and 4 mm? for branch lines of dategory 1.

edking strength must be 600 kg for lines of categories 2 a1jd 3.

B. Stranded Conductors.

36— Stra

Conductors :  authorised or not.

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 se allows 13-3 mm? for category 1 a

for the othet categories. U.S.A. prescribes 42-4 mm? for spans up to 457 m and 53-5m? for
spans. Netlerlands imposes a minimum section of 35 mm?, and Sweden 16 mm?.

Poland prescribes 25 mm? but allows the use of & minimum section of 16 mm*\{or lpc
category 1 ip which the spans are less than 35 m.

Czechoglovakia specifies a minimum section of 16 mm? for conducte
for conductrs of categories 2 and 3.

500 kg for lines of category 2 and sub-divisiondH; ok catégor
of category|3.

In Roumania the breaking strengths of stranded alundpjy conductors must be the same as thos
of the solid|copper wires which would normally\ be
In Switzerland these streng e kg-To : 1 and 560 kg for category 2.

4.4. — Minz

Compdsite Gop and aluminium-steel conductors are permitted. In general, the minimuy
breaking lond'ef coppel- eel and aluminium-steel conductors is not spe01ﬁed For steel- cored aluminiun
conductors : 045
for copper-steel conductors the minimum sections spe01ﬁed are the same as for sohd copper wires. Belglum
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.

certgth of Aluminium-steel Conductors.

=3

=
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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 spec1fy elther their make-up or their breaking strength. Their use in Grﬁ,at\Bgtam is subject to
t c (,LPPIUV(LJ. OI Dne lJl(_,(llJ].lblUy \Jouunlbblonelb

i zinimum

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

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

=

s 1s autho-
ri

stand. In
hised wires

Germany, Nether)
oumanija the metho
re prescribed.

=2~

Pola;

5

nd U.S.A.
I ot exceed-
11 oners. In
R intry only
{
4
513.

)]

. e o sroseribosthe sameiniman sections
as for sohd copper conductors namely b 3 mm2 for lines of category 1, 12 6 mm2 for llnes of category 2
and 19:65 mm? for lines of category 3. U.S.A. imposes a minimum section, for spans not exceeding
45-7T m, of 11-14 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.
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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. — Mongmum Breaking Strength of Stranded Conductors.

Germarly and U.8.A. prescribe the same minimum sections as for solid iron wirgs
sections are| the same as for item 3.10.

Japan gpecifies 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 gpecifies the same minimum breaking strengths as id Tron Wres. In Roumania th
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 b minimum section of 16 mm?, anfl in local<petworlks of\gategety |
35 m, a mirlimum section of 10 mm?2.

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

Czechoglovakia specifies a m
conductors|of category 2 or

x

6.1. — Ins

G 3
erm

and. for vol

Insulaped overhead conductors are used in Great Brifain only for lines of voltage not exceedin
250 V bet
They are

-l

eefivconductors’and earth, and in Belgium, Norway and Poland only for lines of category 1.
fermitted 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 Jownts : authorised or not.

In Switzerland, however, soldered joints are allowed for so-c« : Wlines rory 1.

7.2, — Types of Joint authorised.

Authorised types of joint are not specified. Germany : joints and
saw-tooth joints. Czechoslovakia simply specifies that the nabure 0 hust be such
that the effects of electrolysis are avoided.

Conductor).

conductor,
in Qzecho-
in Norway.

brmitted for
e effectively
n of 35 mm?
le minimum
s of rounded

a minimum section of 20 mm? for galvanised iron earth wires ; Spain [256 mm? and
In Roumania solid or stranded steel wires are permitted.

Poland, Switzerland and U.S.A. apply the same rules for earth wires and guard-wirgs 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 ... 26 7 1875

ditto 35 7 2625

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

ditto O 12 “‘"

ditto | ... 85 12 200

ditto 135 19 16 200

ditto | .. . 265 19 <\ 1 80

Czechodlovakia 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 volfage exceeding 50 kV.

&

earfh
T edeb\wi

{res for of
respectively for
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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

They are prescribed for other categories in Belgium, France, Great Brltam, Italy and Netherlands.

Netherlands.
In

Italy, however, their use is considered unnecessary when the support is cyhnd%ml\or tapered and is of

IPOn-—OT rawnfnvnuﬂ concreteand has a dismeter at the bhase of atleast 30 cm

following cases :—

(@) Completely enclosed areas.

er-plates 13

of categ

orli 3 hive theilpo

o need only be fixed at road crossings. In Czechoslovakia a plate i
fell as for supports at crossings and for those in densely populate
: tmposed or not.

of poles of all categories is imposed in France, Japan, Roumania, Switzerlan
posed by Belgium, Great Britain, Netherlands and Spain for poles suppoi

%p gahon ghl supports.
ger-p shecified for lines of categories 2 and 3§

i¢ed supports

ﬁp‘o in the

frequented

roads or In

t is specified

5 of lines of

odry 2. Lines
the poles at

compulsory
| areas.

d and U.S.A.
ting lines of

categories otler than category 1. Great Britain, Japan, Roumania and Switzerland furthe

tion of wooden poles.

require the
of impregna-~

In Sw1tzerland this marking must be fixed at a height of 4-5 m above 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.


https://iecnorm.com/api/?name=37a1e4a1a3eb2328adf1d84baa9a888e

15

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 dlameter at the top is spemﬁed and depends on the he1ght of the pole In US.A,,

amely 13, 15, 17, 19 and 21 em correspondmg to hght standard heavy, extra heav
respectively, the light poles being used only for category 1; these diameters b
2 e¢m 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. — Maunfimum Depth of Foundation.
Germany specifies a depth of foundation equal to 1/6 of the total heip

Australip specifies the following minimum depths :—

Total length of support, in metres ...
Ibepth of foundation in good soil, mepie
i of

Canada [specifies 1-2 m for wooden poles suppdxtingNinds
categories. Japan specifies 1/6 of the total heightt for poles e
longer poles) Poland specifies a minimum of 1- 6 m. :
as the minithum depth of foundat
this depth isjincreased by 10 cm
specifies a nfi
the total hel

10.5. — Spegi

10.6. — Typ
No tiyps

10.7. — Imgyr

The usq
land for alldg is spe01ﬁed in Roumania for lines of the st economic category and for
conifers. G bhe uge of non-impregnated wood for temporary lines of category 1 where
the life is ngt t0~be-mbdre thand years ; for other lines the use of non-impregnated poles 1s allowed on
condition thiat the bt 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 rognhﬁn‘nq

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 1mpregna’mon is spemﬁed in each case. Sweden recommends treatment wi Iiﬂ cosote and. specifies

lovakia does

Q }igher cate-

10.9. — Guys : authorised or not.
Generally, the use of guys is allowed for lines of category 1.

gories of lines in Germany and Netherlands. Australia allows t apedories. They
are prohibited in Belgium for lines of category 3 and for lines ollower 2af i o public highway
or in the neighbourhood of telecommunication lines. Francg allow: ) int of attach-
ment of the guy is below the conductors and when the g if atba n mulator spfindle or to a

metallic part of the support, is separated therefro in¥wu/ati ial ;™1 the case| however, of
small posts fixed to buildings, less severe conditio i

Poland permits guys only for lines of ca } ‘ i i it them when

b for higher
categorles

10.10. — Metal authorised for Guys.

e specified by

um section of

zeehoslovakia specify galvanised steel wires or cables having a mirimum section
ound, and a minimum section above ground of 256 mm?in Switzerland and 20 mm?

Fiart ing or Insulating of Guys :

spemﬁﬁed or not.

t. Germany

o ; . i 2 o does U.S.A.
except for hnes of voltage not exceedmg 300 V Austl‘alla speclﬁes for hnes 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. ) T~

In Aust]ralia a notch must be provided in the support for each cross-arm. The 1
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.

Netherlands recommends that the notching of wooden supports should be ayaided
Czechoslovakia specify that each cross-arm must be capable of Wlthstandmg at eache
senting the yeight of a man, this load being stated as 102 kg in U.8.A. and/80%g in Cz2e

11.1. — Mipw
German , i witzerland spedify a minimum thickness of metal of]
4 mm. Ja i i N simum thickness of 6 mm for the

principal m¢ inimum thickness is reduced to

5 mm ; the|minimum thlckness g ) g 3 \ WS.A. makes a distinction between
galvanised poles and painted pdles ; 0 sunimym thickness is 6-35 mm ; for galvanised)
poles the mipimum thicknessof theprinvi hetsd mm when the poles are liable to rapid]
destruction [due to the atmgsp o npurities, and 477 mm in other localities ; the

thickness of secondary,
5 mm for pginted m
of metal of 4 mm
categories 1{and 2 or 3 regpechive

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

11.2. — Me (@) above ground, (b) below ground

The me secified are a coat of anti-rust paint or metalisation for the parts above
ground level. etrel and for poles which are not in stone or concrete foundations,
hot tarring IiCzechoslovakia all construction must be metalised or protected by a coating

of red lead

11.3. — Fleps

The usq offlexible is allowed by the American, Japanese and Swedish rules. The rules of othes
countries dg 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

_pnot in Czechoslovakia /N

11.7. — Is Welded Assembly authorised ?

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

SRt in Gzechoslovakia ; only in

In Germany carthing 1s specified for lines ofvq X 1 ¥ ors and earth.

Barthing of the reinforceme ifi¢ Belgivrh for Jines gf category 3 and by (zechoslovakia
for lines of categories 2 and 3. is a] nd in Nether-

osition ?
hpports can be
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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.

The Belgis

conductors.

Australia
span, as follof

Vs i —

fixes the minimum spacing between conductors as a function of the life

Minimum Spacing.

S

Line Voltage, in volts. .
Spans not exceeding

4575 m

Below 650
650 to 11 000

7 N
Omc.

In Swede
following fory

with a minim|
In the al
These fol

the case, and
formule aboy
studied in ea

For reilﬁ

A. — Categor

1stances are given by the
pulee -—

Rigid insulatg

um in e
ove for

g conductory/in vertical planes at least 0-56 m apart. If this is not

fixéy the mi

Germany

finum spacing at 35 cm.

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 do

es 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 :— AN
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 minjm

B. — Categories 2 and 3.

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

(i) Aluminium or aluminium alloy :—

conductors,
f 30-48 cm,

0 : 1al 1 cm per
metre of gpan al n. ateg spans up to

50 m and\an 2dditi % ¢ | the voltage
15 000 V at'the darhet] 2 pension-type
insulators fhe Q frpuny’ digts hen the con-

ductors

etween con-
he following

d = 00076 U -+ 0-178VI3 F — 8.

(11) Conductor cross-section more than 33-65 mm :—

d = 0-0076 U - 0-203v/ 3-3F.

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
CUIICLL{L/LUJ_D UJ[: UL}IUL .lllU{/.ar‘lb

(1) [U < 3000 V. 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 fixied as follows :—

(i) Condluctors at rest :—

(@) [For all metals except aluminium

(b) For aluminium
(i1) Con
tude of which is 4°30" for all metals except aluminiumy
d = 0001 UH- 0-3.

In Switzprland it is recommended that for so-called ¥tz
50 m, the digtances should be as follows (—

55 ¢m if the voltage between conductors is hetyeeny
60 ¢m if the voltage between conductors i n 5001
Ab 75y per fixgher LOBQVV.

In Czecl g :

(@) Con piumdgteel (more than 309, steel) :—

(B) Con el (less than 309, steel) .—

In thesq or sag according to assumption (i) of item 14.4.
13.2. — Dust,

Let d b<

German| between conductor and pole for voltages up to but excluding 15000 V
For higher v

R' s 4 3 : h PPN A -IaaE IR
(22 1g T S ator s Gt St Ppe RSOt avo I T rer e Postrion—

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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Tor rigid insulators U.8.A. specifies a minimum distance of 7-6 cm increased by 064 cm per 1000 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+ 03) m. T~

In Sweden the distance between conductors and poles is specified ¢
security, and is as follows

for thek@: of reinforced

1 0-005 U) m.
I 0:005 Uy m.

TFor wooden poles for lines of category 1
For wooden poles for lines of categories 2 and 3
For earthed metal parts of wooden poles and for metal and goncret®

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.

Czechoslovakia fixes the followin dspacing

case of metal
fl or not.

than or more
the neuntral is

not exceeding

49V, and at a voltage of 15 U for lines of voltage higher 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. TN

In Cchhoslovakia 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. — Is|an Earthing Ware throughout the Length of the Line specified ?
An eafthing wire throughout the system is not specified in any country, 18 ) i f.
In Franee 3-phase lines of category 1 and single-phase lines of categ
part of a pplyphase system, must carry an earthed neutral conducgers
than that pf the highest phase conductor.

Czechoslovakia recommends the fixing of an earthing wire Q_SYS for lines of catp-
gories 2 anfd 3 carried on iron or reinforced conexete pylo

13.7. — Is|Iron or Steel authorised for the Karthv

Tron gqr steel is in general authorised for b In Belgium and Czechoslovakia tle
conditions [are as for item 8.2. U.8.A. permits the sarthing wires of any of the metals
allowed fox the line conductors, ingluding iron and st oéifies a minimum section of 20 mmp

In Netherlgnds a minimum seciion ef 35 ) anmised iron wires. In Roumania iron |s

not permifted for the earthing afiy other metal of adequate mechanicpl
strength may be used.
13.8. — What Condipions are ; X ¢

In geijeral, the warjhi ire join ¢ tops ofMhe poles must be connected to earth at least every
500 m.

U.8.A| gives i o surfgles between artificial earth plates and the ground. The
total resisffance of the\ear st not exceed 3 ohms if the earthing is assured by water pipeg,

In F ehrth\eonnectians are made by conductors of various forms, resistant to the destructiye
action of & refedably buried in moist ground. The distance between the parts of two
earth cony s Mm%y neverdbd less than 3 m. The earthing of the neutral conductor of aline of category
1 must beldonebinas leashone earth connection per km and at least one per 300 m in areas particularly
exposed t¢ the effects ef i

In Great Britain earthing is specified fo be done 4 Times per mile and n such a manner that, inthe
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 of categories 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.
[N

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. — Wingl Pressure acting on the Wires (in g - eoted 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
conductor in|mm).

(b) Tem

Australig assumes two sebs
(@) Temperature, — 7°
(b) Temperature

Belginm| assumes two s
(¢) Temperature,
(b) Temperature,

Canada
thick ; wind

Spain as
(@) Minj

(b) Minimum tempe

re of the region ; vertical overload corresponding to the weight of a coating
of snow 10 ctn i’ 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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A “light loading territory »’ comprising the region of the south of the country and the Pacific Coast
as far as California.

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 “ normal safety,” but they apply
to cases calling for ““ special safety * (reinforced security) conditions.

Grades A, B, C.
Territory.
Heavy Loading. Medium Loading. Light Loading.
V4
Temperature . —178°C — 94° 101-1°C
Thickness of ice coatmg 12-7 mm 6-3 < —
Wind pressure 39 kg/m? 39@ 58 [kg/m?

N\

dgwito~he talen into ajccount when

France assumes two sets of conditions :—

(b) Minimum temperature of the region ; wind of 307} N ive to be taken [into account
when necessary.

Great Britain assumes only oxe
Temperature, — 5:-5° C; ice coabding 4° 18 ines of category 1 and 9 mm thick for other
lines ; wind of 39 kg/m? acting on thed ‘

d 26 mm?2, or if the section of ste¢l conductors
is not greater than %25 et\0f conditions may, by special consent, be replaced by the

Temperatu

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

coating of snow or ice to be spemﬁed according to the region.

eglimate of the region is rigorous, a temperature of 0° C,-an ice copting 12 mm

es tywo sets of conditions :—
inimum Temperature of the region, and wind of 100 kg/m?.

%) m temperature of the region ; ice coating 6 mm thick ; wind of 50 kg/m? 4pplied to all
thevConductors 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 ” 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.

assumptions to which the “ permissible extreme stress ”* is related :—
(i] Maximum frost without added load.
(ii] Temperature, — 5° C with maximum hoar frost.

: AN
(b) Foxconductors of category 2 other than standard hard-drawn copper CONAUCTOIS [ tWO ex\ime

The nopmal 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 :—

where z is
equal to 31D.

The ng
The m

A

Nore.4+-By the term
supports, whether they be undenyoltag

Roumapnia assupfes two hditions :
(@) Temperaturs, 07 C.; werticahgverkad o m~/d kg per metre of conductor.

In thi
tractor. ]

ly'mm, and m = a coefficient to be chosen by the cor
llowing limits :—

ategory, 0-65—0-90, generally 0-75.
hic category, 0-30—0-60, generally 0-45.
lines, m = 0-30.

Since
is divided frofhythis potmg 61 view into two zones, G and F' (bordering region M between these two zones
hoar frost 1s as§umed 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 13

2 v 19 15

v 21 17

11T 27 20

3 1I 34 24

1 42 29

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

’ s U
of the cylindrical body is taken into consideration.

kg/m2.

res indicated
the pressure

boions where

bf temperate

, [according to

of conductor
his is greater

s,
face is 0-D in

ial and Sweden,

jfected surface

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 t

of Ice !

29

hese Calculations take into Account the Increase of Diameter of the Wires due to the Presence
?

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.

151, — Is t,
15.2. — Or

15.3. — Stat
Alloy
Alumyg
ducto

In coungri

apply :—
12 kg {4

19 kg £

s 1f

9 kg for

Other n

(¢) In Roumania, a factor

must be use

(6) In 4
breaking str
strength is t

In coungri

e Mazimum Permissible Stress in Service Fized o priory ?

nium  Conductors, Composite C’oppev steel ‘Conductors, Co
s, other Composite Oonductms Solid and Stranded Conductor

6 kg.

.

function of the breaking stress is fixed, this factor

is: b in Spdin
inhabited M}t in No ay ; 2 in Great Britain and Canada ; 2 to 2-5 in Japan
for copper w g stress of 35 kg/m?; 2in U.8.A. for grade B installations

and 1-66 for
equal to 909

specified for
P 4

Australi
Str
Str

the latter country it may be reduced to 2 outside

reaklng load of a stranded conductor being considered as bemg

nded alumintym and composite aluminium-steel conductors with suspension insulators, 2-5.

Dit

t0, but with rigid insulators, Z-¢9.

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, 100%, of the permanent breaking

The permanent breaking strength is the load that the conductor can withstand for one y

strength.

ear without

breaking. Tf it is not determined by a laboratory test, it shall be assumed to be 80%, of the breaking
[N

strength.

In Roumania the following figures apply :—

tlively of the breaking load, with a

16. CALCULATION OF THE MAXIMUM SAG OF THE WIRES.

is Jiyit is not

breaking

an 509, of

For earthing wires placed above/t ard-wires and stays : 309, and 40%, respec-

b overloads

2}

trength :—

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

+ 25

Maximum of the district.

Country. Temperature in °C. g/m. kg/m?.
+ 40 - —
Germany ... — 5 180v/d —
— 920 — —

. -1 — 48-8
Australia ... { 149 . 73.9
Belgium ... -+ 40 — —
U.S.A. See item 14.1. — —

OT RN
France Average of the region. 11 necessary. 30

* For Polgnd, the *

axipau
permissible strgss not being\gréa

1 The ma3
1 The neig
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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 ? T~

18.2. — If not, siate the Maximum Load due to the Conductors that the Suppp st a0t d.
The rules state that the poles must support the conductors under th ¢ 'gns of load

for which the conductors have been designed.

18.3. — What are the Other Loads that the Supports must withs he Supports

themselves, the Cross-arms, efc.) ?

The wind pressure assumed in the des1gn of the suppor 3 125k : Ay ; in France and
Spain ; : ; :
Germany specifies a wind pressure of 125 kg/m¥ ; P Y. ich if higher than

40 m the wind pressure is increased to 150 kg above is i 0 175 kg/m?

Belgium specifies a wind pressure re of height

above 20 m, with a maximum of 280

ing territories,

on the con-

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

m? for metal

ess from the

the supports,
Heightte§s than 40m ... oo 125 kg/m?
—trom 40 46 100 m . 10,
. ,, 100 to 150 m .o s,
. ,, 150 t0 200 m e 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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The supports must withstand the following stresses :—
(i) Wooden poles, cross-arms, conductors with hoar frost and insulators with hoar frost. The
weight of hoar frost on insulators is fixed at :—
(@) 25 kg per metre length of chain, for normal frost.
(b) 5 kg per metre length of chain, for maximum frost.

(ii) Pressure of wind against the supports, cross-arms, insulators and conductors,

(itf) The tensile pull of the conductors, assumed to be horizontal, and equal (for each conductor)
to the product of the permissible stress and the section.

The pressure of the wind on the conductor and the pull exerted by the conductor must not be
assumed to exist simultaneously. When the wind blows obliquely to the surface of the conductor or
support, Poland authorises the application of a reduction factor equal to sin « for plane surfaces and
for the conductors, o being the angle which the direction of the wind makes with the plane surface or
the axis of the conductor. TN

In Rowpania the wind pressure is from 125 to 175 kg/m?, according to whether {
support is leps or greater than 40 m ; on the sea coast the specified pressure is 175 kgf

Czechoslovakia specifies a wind pressure of 125 kg/m?,

18.4, — Assymed Direction of the Wind.
The dirg¢ction of the wind is assumed to be horizontal and perpendi

18.5. — Red,

The red
0-35 in Swed ; 0-bin Poland ;
0-6 in Belgit Ttaly ; O-7 in Spain,

Norway and|Switzerland.

This faq is 0-6 i ia. 1 e total diametral surface of|
one pole muft be taken into account.

No redqction is madc in Grept Britai S\A., where stabMprojected surface of the cylindrical
body is takepn into consideration

18.6. — Redyctron Factor for

No redyction fack
specifies a factor of 176
pole exerts fhereon a forcg

18.7. — Red,
Poles

The red
supports is
the factor is
if the ratio ¢xce
it 1s 2/3.

ab10 of't e open spaces of the front face to its total surface, or is equal to unity
n the factor is 0-5 for steel towers and O for steel poles In Roumania

In Ausfralia’no reduction is allowed. Neither is any reduction allowed in Sweden when the front
and rear surfaces are more than 60 cm apart ; if they are less than 60 cm apart the reduction factor 1s
d(60, where d is the distance (in cm) between the surfaces.

In Poland the total surface exposed to the wind by lattice supports is obtained by adding to the
effective front surface one-half of the effective rear surface,
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In Italy and Switzerland the total effect of the wind is calculated by taking as a basis a conventional
surface given by the following formula when the two opposite surfaces are identical :—

2
F,

P=F -3

e

where T, is the total surface and F, is the surface of the openings.

18.8. — Additional assumed Conditions, if any, such as Unilateral Pull due to the Breakage of Conductors.

Germany takes into account the following assumed conditions in the design of the supports :—

TYPE Ol POLE.
1

PULL DUE TO NORMAL ILOAD.
2

PULL IN THE EVENT OF BREAKAGE
OF A CONDUCTOR.
Applicable to Lines with Suspension Insulators.

3

Lol Wind pressure in o direction normal o the

Then nrmminnq of

FAR |
7

He-bole
T

dircction of the lines applied to the pole and at
the same time to the half-lengths of the con-
ductors in two adjacent spans.

(B) Wind pressure applied to the pole in the
direction of the conductors.

(y) Forces assumed to be acting at the level
and in the direction of the conductors and cqua.<
to 1/4 of the wind pressure acting perpendicularly
to the conductors of the two adjacent half-spa
These forces are only applied to polesSsyhose
height exceeds 10 m.

(2) Angle pole.

(a) The resultant of the pull
ductors of two adjacent spans
time the wind pressure apph
fittings in the ¢y

¢ stresseso
eotion of this

Jne of

unde d 8 and the pull

reakage of conductor are
acequnt simultaneously.

e conditions of hormal pull

pull o and
pull due to
r is alone

due to the
taken into

A

Il}h{{l’/

pressure applied to the
a direction normal to that

The normal conditions of

B are not considered. The
pull due to the breakage of
is alone considered.

pull @ and
case of the
conductor

ductors of the span producing the highest pull.

One of the conditions of j

must be taken into acco
same time as the condition
to a breakage.

ull o and
nt at the
of pull due

The total pull of the conductors of the adjacent
span and at the same time the wind pressure
applied to the pole and fittings in a direction
normal to that of the line.

The conditions of normj
the conditions of pull due t
age of a conductor are
account simultaneously.

11 pull and
the break-
taken into

(6) "Crossing-pole.

Kor crossing-poles there are separate rules which differ according to the cropsings.

(7) Branch poles and
distribution poles from

which conductors
branch in several
directions.

(o) Same as 2, o.
(B) The greatest resultant that can occur when
one or several branches are removed.

The normal conditions of pull & and
B must be taken into account simul-
tancously with the condition of pull
produced by the breakage of a con-

ductor.
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In the calculation of pull under normal load, the bases of calculation «, 8 and y shown in column 2
must not be used simultaneously, but the cases in which the maximum strain occurs in each part of the
support must be selected. In addition, the basis of calculation shown in column 3 must be used for
lines with suspension-type insulators. Line poles are supposed to withstand half the pull produced by
the broken conductor which gives the maximum strain in each of the parts of the pole. Tor all other
poles, the full pull must be taken into account. In this case, the wind pressure may be neglected.
TFurthermore, the breakage of earth wires may be left out of account when they are capable of
carrying a greaber load than the conductors. Finally, when the line goes through regions where the
climatic conditions are such that additional loads regularly exceed those enumerated i 16.3, the full
pull must also be taken into account for line poles.

Tn Spain it is specified that the poles must be capable of withstanding a unilateral pull equal to 1/m
of the breaking load of the whole of the conductors. This pull is supposed to be applied at the fixing
point of the highest conductor. s increases as the number of conductors increases, and for a given
number of conductors, it increases with their diameter. S~

(For 2 Wires of 3 mm diam. m = 4 ; for 6 wires of 3 mm diam. m = 6 ;

., 2 Wires of 8 mm diam. m = 12 ; for 6 wires of 8 mm diam. m = 18.)

Italy spgcifies the following additional assumed conditions :—

(@) A fdrce due to a wind of 118 kg/m? on the support and the guard-wite or earthi
the force dug to the same wind on all the conductors, and a unilateral pulhequal to 1
the two latepal pulls exerted by the power conductors assumed to be i ;
minimum for the region.

(b) In o Y kg/m? on the|
support and] ( on all the wires
covered wit] 1 he greater of the twol
lateral pulls : : 5 editobe intact and covered
with an ice poating 12 mam thick.

These ¢
steel tubes,

Japan specifies a unilateral
of important lines, and 1/6 of the

Netherlands speci 3
(@) Ling poles m
(1) The
(2) The
perpendicul
The len|
(b) And}
(1) 2/3
should all t}

(2) 2/3 |of‘the maxithfm tensions that can occur in the different conductors in a span and on one
side of the rrecien—plane—eoi-thetinershould-sat-the-otheroondustorsberomoved

(¢) Angle Poles.—These poles must withstand the forces prescribed for anchor poles; the wind
pressures, however, must only be taken into consideration for one of the directions of the line at this
point. Turther, angle poles must be able to withstand the maximum tension in each conductor and
acting in both directions of the line,
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(d) Terminal Poles.—These poles must be capable of withstanding the loads specified for anchor
poles, but instead of taking 2/3 of the tensions mentioned under (b) (1) the total tension of all the
conductors must be taken into account.

Poland assumes the following conditions for the design of the supports, cross-arms and insulator
spindles :—

) PULL DUE 'TO NORMAL LOAD. PULL IN THE EVENT OF BREAKAGE

TYTE OF POLL. Applicable to Lines with Pin Insulators and to Lines OF A CONDUCTOR.
mounted on Simple Wooden Poles with Suspension Applicable to Lines with Suspension Insu-
Insulators. lators, except those mounted on Simple

Wooden Poles. Note.—The action of the
wind may be neglected.

1 2 3

(1) Line pole. (o) As in Germany. As in Germany.
(B) As in Germany.
The wind pressure cxtends to the insulators
and cross-arms ; on the pole it is only taken into
account if the pole height exceeds 10 m.

(2) Angle pole. (x) As in Germany.

Line pole (subjected If the wind pressure, however, on the con. k only the
to different pulls | ductors gave, according to the assumed & | ¥ 1e unbroken
on the two sides). | sultant, a component greater than this resultan of the pole

nsion of the

pnsidered in

Branch pole. it should be substituted therefor.
(B) As in Germany.
Here the wind is normal to the resultan e cxletation bf torsion.

The assumed conditions are taker into dego
in all cases.
(3) Anchor pole. (o) As under 1, o. MGermany.
(B) Asin any. ! Q >
& dNptall.

Germ
Note.—Crpdssarms a
designed ofy the basis

(4) Angle anchor pole.

C

() The load of the anglp pole on the
assumption of the breakape of a con-
ductor. :

(B) 2/3 of tho unilateral pull of the
conductors as under 4, y. [The rule in 2
above is applicable.

(5) Terminal po As in Germany.

It is specified that the|pull of two
conductors placed symnpetrically in
relation to the axis of the [pole must be
neglected, one of the twlo being the
broken conductor.

which the maximum stress calculated under [the assumed

“permigsible reinforced stress ”” which the maximum stress calculated under|the assumed
1 for the breakage of a conductor must not exceed.

ition to the horizontal forces set out in the table above for the two pulls, the fdllowing must
beéken intd consideration each time :—

(i) The weight of the pole, cross-arms, insulators with their spindles, and the conductors with the
maximum added load of hoar frost.

(ii) If the pole is continuously subjected to torsion, the torsional moment must be brought into
the calculation of the pull due to normal load. The wind pressure may be neglected but the weights
must be taken into account.
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Line poles are supposed to be able to withstand half the pull of the broken conductor giving the
greatest torsional moment ; for the other poles the full pull must be assumed,

Roumania assumes the following conditions for the design of the supports :—

TYPE OF

POLL,

PULL DUE TO NORMAT LLOAD.

9

PULL IN THE EVENT OF BREAKAGE
O CONDUCTORS.
Applicable to all lines.

3

(1) Line pole.

Pressure of the wind acting normally to the
direction of the line and applied to the pole and
its fittings and, at the same time, to the whole
length of the conductors (without ice) of the two
adjacent spans.

Pull in the case of the breakage of
one conductor. Poles of lines of the
1st economic category are supposed to
be able to withstand the full pull, and
those of the 2nd economic category,

half the pull, of the broken conductor
giving the maximum strain in each part

of the pole.

Pull in the case of
the least loaded spa;

(e} The resultant of the pulls exerted by the
conductors of the two adjacent spans, and at the
same time :

(i) The pressure of the wind on the pole and
fittings in the direction of this resultant ;

(ii) The pressure of the wind applied to the
whole length of the conductors of the two adja-
cent spans, in a direction normal to the direction
of the line in each span.

The conductors arc assumed to be at 0° C with-
out added load.

(B) The resultant of the pulls cxerted by th
conductors of the two adjacent spans, the con-
ductors being stressed according to the condi-
tions (@). Sce items 14.1 to 14.6.

The wind pressure is We &

account.

As for (1).

(2) Angle pole. breakag

2/8of tht maximum unilateral ten-
\Qon of the line.

None.

(3) Anchor fjole.

(4) Angle anchor pole.

(5) Terminal pole.

Only th
is not necesd]
to unload.
the assumed
not be taken i

In Sweden'the assumptions indicated in the following table are made, In cach of these assumptions
the dead weight of the pole and its fittings must be taken into account, together with the weight of the
conductors and, if necessary, the flexibility of the supports, the forces due to the deviation of the line,
and the difference between the forces exerted by two neighbouring spans of unequal lengths or unequally
loaded. The wind is assumed generally to be normal to one of the spans adjacent to the pole and in
such a direction that the forces set up by it are added to those due to the deviation of the line. Account



https://iecnorm.com/api/?name=37a1e4a1a3eb2328adf1d84baa9a888e

38

is also taken of the presence of a supplementary vertical load of 100 kg representing the weight of a man
and placed on the pole in the position most unfavourable to the stability of the latter. In coastal regions
or in particularly exposed hilly districts, the wind pressures mentioned above must be multiplied by a
factor of 1:25 to 1-75. Finally, if the height of the supports above the surrounding country is greater
than 25 m, these pressures must be increased by 12 b kg/m?, b being the height of the line above the

ground in question, but not exceeding 250 kg/m?2.

TYPE OF POLE.
1

EQUAL STRESSES ON THE TWO SIDES OF
THE POLIL.

2

SIDES OF THE
3

UNEQUAL STRESSES ON THE TWO

POLE.

(1) Line pole, and for
deviations not ex-
ceeding 2°.

(o) Temperature of — 10, — 20 or — 30°C
according to the region; wind of 100 kg/m? on
the conductors and poles.

(B) Temperature of 0° C; ice or snow coating
k mm thick on the conductors (see item 14 for
values of k) ; wind of 42 kg/m? on the conductors
and 100 Inr‘lm2 on the noles

to the po

(8) Temperature of 0°C;
snow coating £ mm thick on the con-
ductors; wind of 100 kg/m? on the
poles, parallel to the line.

(€) Temperature of 0° C; added load
of 1 kg/m Mof the spans adjacent

ice or

(y) Temperature of 0° C; added load due to
hoar frost on the conductors.*

(<

e.

) Bor flexible “poles,
temperature of 4 1RO
é%)\ m2 on_thixpoles)

in addition :
and wind of
arallel to the

poles, or limiting a
section under condi-
tions of reinforced
safety.

(2) Angle polefor devia- | Assumptions («) to (y) above. ssumphisars (8 fm(Ne above.
tions exceeding 2°.

(3) Anchor pole placed | Assumptions () to (y) above. S)Kmp raturé”of 09C; snow or
about every km in i mm thigk; wind of
lines with flexible kg the conductors and

€)' For flexible poles,)

hnilateral pull
| the wires on

in addition :

(4) Terminal pole.

D

(O

ie ;
%0
) the poles;
due to the breakage of a
ohe sid6 of the pole.
(
(\ /\ \gssumption (1) & above.
\ w

of 100 kg/m? on the
supports ; unilateral pul
wires.

(B) Temperature of 0
ice coating & mm thicl
ductors ; wind of 42 kgf

unilateral pull duc to all

(o) Temperature of —
— 30° C according to thel

ductors and 100 kg/m?2 on

10, — 20 or
region ; wind
nductors and
due to all the

C; snow or
on the con-
2 on the con-
the supports ;
the wires.

NUMBER OF CONDUCTORS.

UNILATERAL PULL
(in % of the maximum unilateral pull).

i Wllsidered as forming part of zone G from the point of ¥
ow ahd ic

! Anchor poles must withstand a fraction of the maxinj
which fraction varies with the number of conductors as follows :—

iew of frost and

poles (carrier
pen which are
| latter case it
effect of the
lum unilateral

2 1009,
3 5%
4 60%,
5 509,
more than 5 40%,

Carrier poles, when they are used in conjunction with anchor poles, must withstand, in addition to
the force of the wind, 2%, or 5%, of the maximum unilateral pull, according to whether there is an earthing
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wire or not at the top. The “ maximum tension of a conductor ” being the tension resulting from the
application of an overload of 2 kg per metre of length, the “ maximum unilateral pull ” is the sum of
the maximum tensions of all the conductors. Except for carrier poles used in conjunction with anchor
poles, the effect of the wind is only taken into account when fixing the forces normal to the line that the

poles must with

stand.

In Czechoslovakia the following conditions are assumed :—

TYPE
1

Oor POLE.

PULL UNDER NORMAL LOAD.,

2

PULTL UNDLER ABNORMAL LOAD.
3

(1) Line pole
(* carrier ).

(o) Wind normal to the line and acting on the
pole and the half-length of the conductors of the
two adjacent spans.

(B) Wind parallel to the line and acting on the
pole and, in the same direction, the unilateral

(y) For steel and reinforced concrete
poles of lines of category 3: couple due
to the pull of a single conductor
assumed to be loaded to half the
normal load and carrying jf adttition an

pull due to the conductors and equal to 1/4 of the
force which would be due to the wind blowing
normally to the linc and acting on the half-
lengths of the conductors of the two adjacent
spans (unilateral pull to be considered only in the
case of poles more than 10 m in height).

overload of 650 g/m.

(2) Line po
(““ rigid

- O

—

() As for (1)o.

(B) Temperature of — 5°C; wind parallel to
the line and acting on the pole and, in the same
direction and at the height of the conductors, a
unilateral pull equal to 1/5 of the total pulls due
to the conductors on one side of the pole.

(y) Temperature of — 5° C and, at the height
of the conductors a unilateral pull cqualt

ductors being 650 g/m.

(3) Angle pple.

(o} Temperature of — 5°
pulls due to the non-loaded

Weel and reinforced concrete

poles of lines of category 3 : couple due
the pull of a single conductor carrying
notmal load (half the normal load in
¢ case of chains of insulators) and
the resultant of the pulls of the other
conductors.

(8) When the height of the poles is
greater than 12 m, or when the span
exceeds 120 m : the resultant of the
pulls in the case of abnormal load.

(4) Anchor|pole.

(5) Angle s

. 4

wchor yole,

N

() For steel or reinforced concrete
poles : couple due to the pull of two
normally loaded conductors and carry-
ing in addition an overload of 650 g/m

(y) As for (4) § with, in addition, the
resultant of the pulls due to the other
conductors.

(8) As for (3) 3.

(6) Termingl pal

X

Wor(l)oc.
B) Temperature of — 5° C; wind in the

dirgction of the conductors and acting on the pole;
apd the pull due to all the non-loaded conductors.
(y) Temperature of — 5°C, and the pull due

(8) For steel and reinforced concrete
poles of lines of categories 2 and 3:
breakage of one or of two conductors.

{¢) As for (3) 8.

1 . PP
0 all UITC CONUUCLOTS CalTyIIZ Il Uvertoat or

650 g/m.

The vertical forces (weight of conductors, supports and insulators) must be taken into consideration
when the height of the pole exceeds 12 m or when the span exceeds 120 m.
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19. MAXIMUM STRESSES IN MATERIALS.
19.1. — Is the Mawimum Working Stress per Unit of Section fized a priovi ?

19.2. — Or does 1t vesult from the Application of a Factor of Safety to the Breaking Stress ?

Some countries specify the maximum permissible stress per unit of eross-sectional area, and others
prescribe a factor of safety. '

19.8. — State the Mawimum Siress or Factor of Safety for :—
Wood.

19.4. — Tension or Compression for Bending Strains.

Germany specifies a maximum stress of 145 kg/em? for conifers and 190 kg/em? for hard woods,
whether impregnated or not, and Norway specifies 70 kg/em? for non-impregnated wood.

w supports.

ub-division

to 3:5 for
4dn& of metal

1, and for lines of lower categories along the public highway, factor of
oles not buried in the ground and maintained above it at a distance of &y lea
r concrete pedestals or bases.

1

Canada : Tactor of safety of 2.

U.8.A. : The load depends on the kind of wood used. The ' N s fop grade B jnstallations
re : 127 to 313 kg/em? for transverse loads and 255 to g/cin ituch For grade C
installations the maximum value is 190 to 521 kgjc ¢

France : Factor of safety of 3, increased to : SN re they run

|50 kg/em?, and under the supple enta@) :
for

not exceed
exceed 250

r cedar and

Permissible Stress, in kg/emf.

Normal, Reinfpreed.

Soft Wood. | Hard Wood. | Soft Wood, | Hard Wood.

Whe fibres) ... .. w. .| 145 190 215 285
gion (algng the fibres) ... — 215 285

Ex —

Bendinp~,.. 145 190 s —

Bénding of simple poles... e e v e — — 215 425

CULLl LUDD;UIL IWULUDD tho ﬁblbu\ e “ae 35 56 56 75
tl \ ’ e L Avy L=

In Roumania the maximum stress per unit of section, when designing the supports on the assumption
of normal load and of breakage, may not exceed 30%, and 459, respectively of the breaking stress; in
the sections exposed to moisture the permissible maximum stresses are 2/3 of the foregoing. If, on the
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other hand, breaking tests are not carried out, Roumania specifies the following stresses for the parts
not exposed to moisture :—

Material. Normal Load. Breakage.
Hard Wood, pressure impregnated . .. 180 kg/cm? 270 kg/em?
Hard Wood, impregnated at atmospherlc plessure 150 » 225 »
Conifers, pressure impregnated . 120 . 180 )
Comfers impregnated at atmospherie pre%sure 100 ) 150 .
Hard Wood non-impregnated 80 ) 120 "

Tn Sweden the following maximum stresses and factors of safety are allowed :—

Permissible Stresses, in kg/em?,

Pine.
Nature of Stress.
Conductors.
Broken
. Conduc-
Without |  With tors.
Ice. Ice.

Bending
Compressi¢n normal to the fibres ...
Compressi¢n parallel to the fibres ...
*Buckling[A = 0

TFactors of Safety with Reference to Breaking Stress.

Compresslonnand bending 4-8 2-4 1-9 4-8 24 1-9
Buckling 6 3 2-4 6 3 2-4

l
* A = where I = length of the member subjected to buckling.
r r = minimum radius of gyration,
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Switzerland specifies 150 kg/em?2

Czechoslovakia allows the following maximumn stresses, in kgfom? :—

Nature of Stress.

Pine, Spruce.

Larch, Beech.

Normal. Abnormal. Normal. Abnormal.
Tension, compression in the direction of the fibres, :
bending... . e 145 220 190 290
Compression across the fibres ... 35 55 50 5

In this country the factors of safety against buckling are 4 or 3, according to whether the stress is
normal or abnormal.

AN

19.5. — Shearing.

For the maximum shearing stress, Germany allows, in the difecti kgfem? for
hard wood and 18 kg/em? for conifers ; and in the direction nor dfor hard wood
and 30 kg/em? for conifers. Netherlands allows 10 kg/em? and(Switz

Poland allows the following maximum stresses :— Q

Permisgible Stress, in kg/qm?.
M
Direction of Stress. /\ X{maﬂ. Abnormal.
S}cjw}&{ Hard Wood. | Soft Wooll. | Hard Wood.
Normal to the fibres \ 30 40 15 60
Along the fibres ... A “ N 18 20 o 30
\( N
In Swedew lowmg(maxim mNspresseg, in kgjom?, are allowed :—
N ) Conductors Conductors Broken
Q k < \ without Ice Load.| with Ice Load. Conductors.
Pine /\. 10 20 26
Oak \ ..) 13 26 34
xze@m&'\a allows the following maximum stresses, in kgjem? :—
\ Pine, Spruce. Larch, Beech.
Direction of Stress.
Normal. | Abnormal. Normafl. | Abnormal.
Along the fibres 18 27 20 30
Normal to the fibres 30 45 40 60
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Steel.

19.6. — Tension or Compression for Bending Strains.
Australia : Factor of safety with reference to the elastic limit, 1-5 for the supports. With reference

to the breaking stress the factor of safety is 2:5 for the supports, 3 for the brace wires, guys, rivets and
other accessories.

Belgium : Factor of safety of 3.

Canada : Tactor of safety of 2.

France : Factor of safety of 3, increased to b where lines cross inhabited areas or where they run
along certain public roads.

Great Britain : Factor of safety of 2-5.

Norway_:_Tactor of safetv of 2-5

Germany allows a maximum stress of 1 600 kg/cm? in the design of poles undexnorm
2 000 kg/emP in the case of breakage of a conductor ; :

kg/em2. Rqumania allows, for each of these de51gn conditions, values of 1 500 and

tively.

Japan 3| Factor of safety of 3 for a breaking load of 3 750 kg/em?.
Netherlpnds allows a maximum stress of 1 200 kg/cm?.

In Roujnania the tensile stress of bolts is reduced to 750 kg
when desigring for normal load and for breakage of a conductqr.

U.S.A. specifies 1 828 kg/em? for grade A
tions.

Switzerjand specifies 1 800 kg/em?2.

In Italy a distinction is made between :—

(@) Weldless tubular steel
the normal fssumptions indicatd : L
mentary asfumptions indicaped inNpem 8.8, 36 kp
' (b) Latpice supports, the 1 e 8
46 kg/mm? | the max
breaking stress und

Poland [specifies the

Permissible Stress, in kg/em?.
Na re of tress
Normal. Abnormal.

Compresm 1600 2000
L ‘ bright... 1 200 1500
Tensile stes Dlack... ... 500 1100
Tension| of yiyets a right screwed bolts on the inner side of the
openipg 4 000 5 000
Tension of black screwed bolts on the inner 51de of the openmg 2 500 3100

Compression, extension, bending of weldless tubes of breaklng
strength of 5 500 kgjem?* ... 2 200
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In Sweden the following maximum stresses and factors of safety are allowed :—

H

] ption of brgakage ; Switzerland, 1 600 kg/cm? and 1

4

otheé pole.

Czechoslovakia specifies, for bolts and fivets, maximum stresses of 1 200 or 2 000 kg/cm
to whether the pull is normal or whether one or more conductors are assumed to be broken.

19.8. — Buckling.

Maximum Stresses, in kg/mm?.
Steel Rods ¢ St 37.” Steel Rods ¢ St 44.” Bolts and Rivets.
Nature of Stress.
Conductors. Conductors. Conductors.
Broken Broken Broken
Conduc- Conduc- Conduc-
Without ‘With tors. Without With tors. | Without ‘With tors.
Ice. Ice. Ice. Ice. Ice. Tce.
Extension ... 9 135 17 10-5 16 20 10 15 19
Compression ... 18 21 34 21 32 40 16 24 30
Bending 11 16:5 21 13 195 25 M~ 15 19
|
N
Factors of Safety with Reference to t{@%&ie %\
Compression
and bending 2 15 12 2 p .
Czechoslovakia allows a maximum stress of 1 ing for normgl load, and
2 200 kg/em? when designing on the assumption of the Hrea ) tor or of the maximum ice
Joading.
9.7. — Shearing.
Germany fixes the maximum stressa % ets’and 1 100 kg/em? for boltd, in the case
{ normal pull, and at 2 000 kg/om? for rivets ko/em? for bolts in the case of brdakage.

at’1 000 kgfem?; Roumania, 1200|kgfecm? for
gforhormal load, and 1 600 kgfem? and 1400 kg/em?

200 kg/cm?

Canada, 2

ible normal stress at 1 280 kg/em? or 1 000 kgfem? respectively for rivets
; in each case the ¢ permissible reinforced stress >’ is increaged to 1 600

eden the maximum stresses for bolts and rivets are 800, 1 200 or 1 500 kg/cm?, gecording to
uctors are not loaded with ice, are loaded with ice, or are broken in a span adjacent

2 gecording
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19.9. — Give the Formula used for the Caloulation of Buckling in Compressed Parts.

A
Let A = 7—.where ! = length of the part subjected to buckling.

¢ = minimum radius of gyration.

I
Germany, Poland and Roumania use the formula %<0‘

where o = one of the two maximum stresses of item 19.6.
I' = force in kg in the direction of the axis of the compressed part.
8 = cross-sectional arca in em? of the compressed part, without deducting the rivet holes.
w == a variable factor of safety given by a table an extract of which is given below :—
A=0 20 40 60 80 100 120. 140 160 180 200 230
w=1 102 110 126 159 236 341 463 604 7656 945 1240
VAN

8’ stew

In Routhania the above values of w are applicable for “ No. 37 7 steel. For ““ Ngo
values of w dre as follows :—

A=0 20 40 60 80 100 120
w=1 103 112 132 176 307 443

15

Australip, specifies the same factor of safety as for item 19.6.

Belgiun] and Canada specify the factors of safety of 3 and 2 respectiv

U.S.A. gpecifies the use of Tetmayer’s formula :—
1 828 —|6-3 A for grade B installations, .e.
2109 —|7 A for grade C installations, ¢.e.

These fqrmule are applicable for values of A
values of A <2 200 for the other parts.

Haly usq

Ja y
2-5. e ?

Netherlqnds us
A < 80,|Tetmayer’s ula giving the buckling stress in kgjem?: 3100 — 11-41 A and applying a
factor of saf¢tyof 2-58

' M2E
A > 80, Euler’s formula giving the buckling stress in kg/om? : bp and applying a factor of safety

of 4 (B = 21 500 kg/mm?).
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In Sweden, for A greater than 110 (St 37 steel) or 100 (St 44 steel) the factors of safety are 3-2 or
1-6, according to whether the conductors are not ice loaded, are ice loaded, or are broken in a span adjacent
to the pole. ‘The permissible stresses are given in kg/em?® below :—

Conductors without Ice. Conductors with Ice. Conductors Broken.
A
St 37 Steel. St 44 Steel. St 37 Steel. St 44 Stecl. St 37 Steel. St 44 Steel.
0 1100 1 300 1 650 1950 2 100 2 480
10 1097 1297 1 646 1945 2 094 2473
20 1088 1286 1632 1929 2073 2 4438
30 1071 1263 1 606 1895 2036 2 402
40 104b 1229 1567 1843 1982 2 332
50 1009 1181 1514 1771 1911 2 234
60 964 1117 1446 1675 21 2108
6 969 1-039 1363 1558 ] 1956
80 843 942 1264 1414 1771
90 766 830 1149 1945 1 556
100 678 700 1017 10560 1312
110 H78 578 868 868 1084
120 486 486 729 911
130 414 414 622 622 7
140 357 357 H36 6 669
150 311 311 466 583
160 273 273 513
170 242 242 454
180 216 216 405
190 194 194 364
200 175 328
210 159 159 298
220 145 5 271
230 132 1 248
240 122 22 228
250 112 112 Q 210
S
lowing formule :—
5 ANkg/em? for values of X -between 10 and 110,
fem? for values of A greater than 110,
e formule as Germany, but the coefficient w is given as[follows i
80 100 120 140 160 180 200
171 195 2-8 3-82 5-0 6-32 7-81
Reinforeed Concrete.
forcement (Tension and Compression).
lies a factor of safety of 3 when designing the poles for normal load, hnd a factor of

safety of 2 when designing on the basis of breakage. Reinforced concrete poles must comply with the

requirements laid down in “ Bestimmungen des Deutschen Ausschusses fir Kisenbeton,”

Belgium specifies a factor of safety of 3-5.
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U.8.A. specifies a factor of safety of 2 for grade A and B installations and 133 for grade C installa-
tions.

Great Britain specifies a factor of safety of 3-5 on the elastic limit, and in certain cases a factor of
25 1s allowed.

In taly, for the conditions indicated in item 18.3, the maximum stress in the reinforcement is fixed
by the official regulations at 12 kg/mm?; under the supplementary conditions indicated in item 18.8
this value may be increased by 76%. In the case of centrifuged reinforced concrete, the steel must
have a minimum breaking stress of 756 kg/mm? and, under the ordinary conditions indicated in item
18.3, the maximum stress must not exceed 25 kg/mm? or, under the supplementary conditions of item
18.8, 50 kg/mm?.

Netherlands specifies a maximum stress of 1 200 kg/mm? and Norway 1 400 kg/mm?,

Poland spe(nﬁes a factor of, safety of 3 and 2 for the permlbsﬂole normal stress and the reinforced stress
lespectlvely info mentim minimun on Q -6 o3 [ Q .Mi e

Roumanja specifies the same maximum stresses as in item 19.6.

In Swedén the factors of safety with reference to the elastic limit are 3-2 or 1-6, & g
the conductoks are not loaded, with ice, are loaded with ice, or are broken in a span_adjacent dehe poley

For the flesign of the reinforcement, Czechoslovakia specifies a factor of sale
tions of nornpal pull, and 2 on the assumption of one or more conductors

19.11. — Comppression.
Germany specifies a factor of safety of 3 in £
Belgium and| Great Britain specify a factor of safetynof 35

U.S.A. specifies a factor of safety of 2 for grache
tions.

In Ifaly.
concrete is t : supplementary conditions indicated in
item 18.8, th efitrifuged reinforced concrete, the concrete

must have a ader the same conditions as above the maximum

stresses reac

In PolaL : {861b Qpye Stress is 28 kg/em?.

In Rou bress \per uHit area, on the assumption of normal pull and on the
assumption 3 eed 309, and 459, respectively of the breaking stress under com-
pression.

In Sweget of sa ty are the same as in item 19.10. The stresses allowed in concrete
foundations 2 according to whether the conductors are not loaded with ice, are
loaded with a span adjacent to the pole.

a maximum stress of 40 kg/em? for the design of concrete in compression.

Czechosrovakia speci

19.12. — Ratio of the Coefficients of Elasticity of the Metal and of the Concrete.

2150 000 .
The ratio of the coefficients of elasticity of the metal and of the concrete is fixed at 13600 in

Germany and at a maximum of 15 in Belgium.
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20. OVERTURNING STABILITY OF SUPPORTS.

A. Supports Without Foundation Blocks.
20.1. — Depth of Burying imposed.

Do the Rules permit of taking into account —
20.2. — (@) The Friction of the Ground ?

20.3. — (b) The Thrust of the Ground ?

The minimum depth of burying is in general not specified. Germany, however, specifies

for supports

without foundation blocks a minimum depth of burying equal to 1/6 of the total height, with a minimum

of 1-6 m, the ground being of average quality.

reaction of the ground, fnctlon)
be at least equal to 1-25 times the laygest overt

of the maximum loads.

Netherlands specxhes that the d csig Y i
relating to civil engjs rmg works, \usin coe
employed for such ¥ ) se valies ard\given i

In Poland t

taken into account in'desigm
values :Q
(i) Permu aa

: 15 m.
: Classes IVand V: 1-8m
Class 11T : 2 m.

i3 not greater

e 8 m. For

?d frietion

nd thrust is

Fing account
f the whole,
forces must

er the effect

to the rules
c., normally

pund may be
bhe following

h of 2 ot

bsts. It may

In addition, the following factors of saiety against overturning must be assured -—

conductors without ice loading : 1-5.
conductors with ice loading : 1-0.
conductors broken in a span 1-0,
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B. Supports With Foundation Blocks.

Do the Rules permit of taking into account .—
20.4. — (a) The Friction of the Ground ?
20.5. — (b) The Thrust of the Ground ?

Generally speaking, the rules permit taking the friction and the thrust into account.

When the foundation is laid in good soil, Germany employs Frohlich’s method.

In other cases, a

special method is used. In the design of foundations, the weight of concrete may not exceed 2000 kg per m?
and of reinforced concrete 2 200 kg per m3, The weight of earth is taken as an average of 1 600 kg per m?,

In Belgium the conditions are those shown in item 20.3.

In cases

for steel polds and reinforced concrete
turning morhent under the supplementary assumptions indicated in item 18.8. ‘When $he grofund
into account these factors are reduced to 1-25 and 1-1 respectively.

is not taken

In Nethprlands the foundation calculations must be made as indicated in it

Poland
with greates
of the foun

In Swed

The ground
of the found
pyramid th
the small b

Sulzberger.

se of which_ coimcidey with\the 1dwerspart f the foundation.
erland ¢ oynd, friction is\ge neglected in the design of foundation blocks.

In Swi]z
Czechoglovakia all

earth-can-betalke bo—account specifies that foundati
poles must show a stability moment not less than 15¢imes the syer
thivd
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CHAPTER VIl

REINFORCED SECURITY.

Nore.—Chapter VII deals with the special precautions that must be taken in specified cases where reinforced security
isrequired. These special cases are dealt with in detail in Part 1T, and are therefore not dealt with in the present chapter.

In U.S.A. reinforced security is provided for only in the case of grade A installations.

In Roumania the requirements for conductors and supports, in cases requiring reinforced security,

are the subject of special specifications. /TN

In Czechoslovakia there are no special rules relating to reinforced secuypi

A. Conductors.

21. NATURE AND DIMENSIONS OF CONDUCTOR

41.1.
].

i

U.8.A. also allows\the s % inimum section of the conductors maj
13-3 mm? to 42-4/% . ersed, the length of the span and the n

opper.

In I@\
he standard” g

strength of a¢

Nift the absence of results of previous tests, must g
Electrotechnical Committee. Bronze conductors must have

ns are the same as for stranded conductors (see item
\ degree solid wires are allowed —

3
Q-

Brd. degree.

PANS WHERE

bre spans of

2 minimum
{211 mm?

F vary from
ture of the

mply with
a breaking

21.5). Tor

e permitted
prity of the

In Sweden the use of solid wires is in general prohibited. They may be used only in the following

cages -—
(@) Voltage not exceeding 220 V and spans not exceeding 25 m.
(b) Voltage not exceeding 560 V and spans not exceeding 15 m.
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‘In these two cases the sectional area of the conductors must not be less than 10 mm? and 16 mm?

respectively.

21.3. — Muinimum Sectional Area of Solid Aluminium Wires, or

21.4. — Minimum Breaking Strength of Solid Alumenium Wires.
The use of solid aluminium wires is not allowed for spans requiring reinforced security.

Tor Poland the requirements quoted in item 21.2 are applicable ; for the minimum sections see

item 21.7.

In Italy, conductors of annealed aluminium, in the absence of results of previous tests, must comply
with the standards of the Italian Electrotechnical Committee.

mum Section of Stranded Copper or Copper Alloy Conductors, or

21.5. — Ming
21.6. — Mwn
In Germ

U.S.A. 5

Belgium
category 3, s
1 200 kg is sj

Poland |
for reinforce
security of th
120 m or gre
alloy, they
for reinforced
than 120 m,
is prohibited

are 16, 25, 34

21.7. — Min
21.8. — Man

Canada
of 42-4 mm?

Belgium

Poland 9

35, 35, 50 o]
dant.

In Swedgn thé s¢

is the same as

hny the minimum section allowed for stranded copper conductors is 16 m

nb-division H;; for lines of category 3, sub-division H, 2 mini

In Germpny the nymy
How§ onlyvep;

are 13-3 mm{ f

mem Breaking Strength of Stranded Copper oF Copper Atioy Conauetors.

ecifies the same minimum sections as for solid copper wires.

specifies a minimum breaking strength of 500 kg for lines of cajégo
H im brea

ecified.

mum Breaking f

;, for which the minimum sections of conductors
U.S.A. specifies 2 minimum section

tion ofystranded aluminium conductors must be such that their breaking strength
tHat 0% copperConductors of the sections given in item 21.5, and, their resistance to corrosion
s that of iron conductors of the sections given in item 21,11

is the same a

21.9. — Manimum Section or Minimum Breaking Strength of Composite Copper-steel Conductors.

21.10. — Minimum Sectron or Minimum Breaking Strength of Composite Aluminium-steel Conductors.

Belgium

specifies the same minimum breaking strength as for stranded copper conductors,
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For copper-steel conductors, U.8.A. fixes the same minimum sections as for copper conductors, and
for alumimium-steel conductors the minimum section is 13-3 mm? for spans not exceeding 457 m, and
21-2 mm? for longer spans.

In Ifaly, in the absence of results of previous tests, composite aluminium-steel conductors must
comply with the standards of the Italian Dlectrotechmcal Committee.

In Poland these conductors must withstand for one minute one of the following tensile loads :—

Reinforced security of the 1st degree : 380 kg.
. ) »  2nd degree : 600 kg.
v ' »»  ord degree : span less than 50 m: 600 kg.
5 s 5 120m: 950 kg.
,, greater than 120 m: 1 350 kg.

The strength of the aluminium wires in steel-cored aluminium conductors is not taken into considera-
tion for design purposes.

In Sweden the conditions are the same as in item 21.8.

21.11. — Manimum Sectional Area of Stranded Steel Conductors, or

21.12. — Minsmum Breaking Strength of Stranded Steel Conductors.
The minimum permissible section of stranded steel contiegors i r. In U.S.A.

In Poland the minimum sections, given i

,[16, 16, 25 or
35 mm?2.

allowed in spans requiring reinforced security. In
; ¢. In Italy they are in general prohibited. In Sweden

XO mgb for*Beppeicon Tuctors of at least 50 mm? section and for donductors of
¥ ing strength and resistance to corrosion as copper confluctors, with

pans Are allowed in the different countries under consideratiof, but U.S.A.

sAinder the same conditions as in item 22.1, provided the breakagp of the joint
nductors to fall on to the roadway or the line crossed.

remark is to be made regarding the types of joint authorised. Tor lines off categories 2

and’ 3, Belgium specifies the nse of fixing clips and special attachments capable of preventing any slip
without interfering with the mechanical strength of the conductors.

22.4. — Mechanical Strength of the Joints (expressed as a %, of the Breaking Strength of the Conductors).

The requirements regarding the mechanical strength of the joints are the same as for normal spans
(see item 7.3).
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23. RULES TOR THE DESIGN OF CONDUCTORS IN SPANS REQUIRING
REINFORCED SECURITY.

23.1. — For defining the State of Stress in the Conductors, are the same Assumptions made as in
Chapter V ?

23.2. — If not, state the Differences.

The assumed conditions to be taken into account are the same as for normal spans, except in
Sweden, where in addition to the conditions indicated in item 14.6, all spans at crossings must be capable
of withstanding an added load of hoar frost of 2 kg/m, and in Italy, where the following assumptions
must be made :—

(a) Temperature of — 20° C (— 5° C if the climate is very mild) and wind of 118 kg/m?;

(b) In addition, if the climate is particularly severe : temperature of — 20° C, ice coating 12 mm
thick, and wind of 30 kg/m?.

23.3. — Is the Maximum Working Stress fixed a priors ? or

93.4. — Is if deduced from the Application of a Factor of Safety to the Breaking Strosd\?

23.5. — State the Maximum Stress or the Factor of Safety for : Solid Copper or Qappex Allgy
Alunpinium Wires, Stranded Copper or Copper Alloy Conductors, Stranded Stee Conductess;
Coppler- steel C’onduclms Oomposzte Aluminium-steel C’onductms Other mposz Conk

Germany s
Italy sp

In othg
Belgium, 2
equal to 90

Poland
(a) Foy

security ;

(b) For spans requiring reiy
stresses > i

Other materials Q
Standapd alumini

In Swe

the following “ reduced permissiblg

I

he permanent strength.
/of the permanent strength.

CONDUCTORS ERECTED WITH REINFORCED SECURITY]

24. METI% ]
AND LENGTH OF SPANS.

Rigid-type Insulators.

24,1, — Requivéments for the fizing of Conductors in the Case of Lines with Supporting Insulators.

Germany authorises the use of the following arrangements :—
(@) The fixing of each conductor to two insulators in parallel.

(b) Safety guard on each insulator, designed in such a way that it will carry the line in case of
breakage of the insulator.
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(¢) The use of reinforced types of insulators, 7.c. a class higher than the insulators used in the line,
these insulators being mounted on reinforced pins.

Tor angle poles, the only arrangement anthorised is the double fixing.
Belgium and Japan specify the fixing of the conductor to at least two insulators in parallel.

In U.S.A. the insulator pins, the insulators and the conductor fixings of line poles, must withstand
a unilateral load of 318 kg. Special precautions must be taken to avoid the destructive effect of arcs.

In Italy every conductor must be fixed by means of two insulators situated in a plane normal to the
line (diamond arrangement) or in some way equally secure.

Poland specifies the following :—

(a) For span% requlrmg remforced secumty of the lst degree : the cond, to1s, except earthing

v1th guard horns where conmdered necessary

(b) For spans requiring reinforced security of the 2nd degree :—

() Double fixing,

(B) The use of insulators having higher electdy
line and at the same time the use of a bonding »
must be increased by 159, or 109, according
more than 60 000V,

(y) The use of guard horns where ¢o

used, in the
he insulator
s [less than or

¢ :nalt the arrangements preseribed for
 increased by 159, in all [cases. The
e conductors from a catenary cable

The bonding wir n Iength of the same sectional |area as the
principal conductor, ans Ached The guard Horn, placed
- 4t the extremity of th : soirdietor from falling away ‘from the pole in the event

In Roumania Wi ¢ ﬁxmg 1s authorised ; the insulators must be ubjected to
1ectrical L m i

650 V, the insulators must comply, as regards thejr electrical

andards of the Swedish Association of Engineers and Architects. Jfor crossing
preséribed in these standards must be increased by 15%, -+|15 kV and,

does notexceed 220 V, or unless the insulators have been specially tested) electrically
sulptors must be used. All insulators must have a mechanical factor of safety

(o) of item 18.8, and a factor of safety of 2 under the assumptiohs 1 (B), (v),
same item. The method of fixing must be such that the conductor pannot ship.

e method of fixing must be such that the conductor cannot slip on th¢ insulator.

Suspension-type Insulators.

24.2. — Requirements for the fixing of Conductors vn the Case of Lines with Suspenston-type Insulators.

Germany specifies the use of a double chain, or of a single chain with an increased number of insulators
or constituted of insulators of a reinforced type. By a reinforced insulator is meant an insulator having
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a wet flashover voltage 20%, higher than that of the normal line insulators when the line voltage does not
exceed 60 kV, and 109, higher for line voltages in excess of 60 kV.

Belgium specifies the fixing of each conductor to at least two chains of insulators, and the use of a
safety guard secured to the conductor on each side of the anchor clamps of the insulator chains and
connected to the conductor between the chains by one or more supplementary attachments. This guard

" must be placed in such a way that it can never be destroyed by an arc to earth.

In U.8.A. the requirements are the same as for rigid-type insulators.

Italy specifies the following — ,

(@) When the adjacent spans are ab an angle with each other of 180° to 120°, the use of a double
chain or of two terminal chains, each being fixed on one side of the support so as to form between them
an angle of 60°.

(b) When the adjacent spans are at an angle with each other of less than 120°, the useof a~double

terminal cha
Japan sy

Poland 3
(@) For
one of the fo|
(i)
(i1)
wet flasl
than or
(b) For
simultaneoug
(1)
(11)
If the en

in the event
must act as 4

(¢) Chai
(d) Arci
(e) Guar

In Swe
rigid-type in
minute a loa
of item 18.8.

Pouble chain of insulators ;

Roumanfa specifies the
(@) Incr¢ase in t @
(&) Dou

n on the side of the crossing span.

ecifies the use of at least 2 insulators in parallel.

ecifies the following :\—

spans requiring reinforced security of the 2nd degree : the conductors™wmustbe
llowing arrangements :—

ly —
Dne of the two arrangements specifie

of breakage of a cd
terminal insulafor.

ble chain ;
h of reinfo
he horns ;

Switzerls

ndvspecifies the nse of devices to prevent the formation of arcs

ed

Y

"94.3, — Mazimum Length of Spans erected with Reinforced Security.

In general, the maximum length of spans erected with reinforced security is not specified. Canada
fixes the maximum length for crossings at 38-1 m for wooden poles and 45-7 m for the adjacent spans.
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B. Supports.

95.1. — Types of Support profibited in Spans erected with Reinforced Security.
Germany prohibits the use of —
(@) Single wooden poles of less than 15 em diameter at the top ;
(b) Double wooden poles or A-type poles of less than 12 cm diameter at the top.

Belgium prohibits the use of wooden poles for spans of lines of categories 2 and 3 erected with

reinforced security.

Italy prescribes the use of metal or reinforced concrete supports with special earthing,

but permits

in special cases, however, the use of wooden poles for voltages not exceeding 15 kV when the total section
of all the conductors does not exceed 100 mm? and the span 30 m, provided that these supports are of
hard wood or of impregnated wood and are protected against atmospheric discharges. The thickness

£ motal used in the construction of metallic supports must not: be less than Hmm Sexcept

or diagonal

steel tubes for which the thickness may be reduced to 3 mm.

Poland prohibits :—

2nd and 3rd degrees ;

(b) For reinforced security of the 3rd degree :—
(i) The use of impregnated wooden poles when thé
(ii) The use of single wooden poles of diameter

of diameter at the top less than 12 cm in the ¢
(iv) The use of guys.

Steel or iron lattice supports f
square section.

Sweden allows the use only of $teel, reinforsgd 8
prohibited. At the ends of sectiong of {ine reinforced security, terminal p
used. These suppop coalled\for 1h the\following

cases —
5.2, — %
In Gernian

tate the Differences.

1>ty of the

use of poles

must be of

le poles are
bles must be

3.

reround part
pse mounted

Chapter VI ?

ed conditions to be taken into account are the same as those for normal spans

in Germany,

PR - S
U Dlltalll.

Tn Germany, however, for lines with rigid-type insulators, the poles must be able to

withstand a

pull at the top, in the direction of the line, equal to the maximum pull exerted by a conductor. When
the line is equipped with suspension-type insulators, the full tension of the conductor mentioned in

col. 3 of item 18.8 must also be taken into account for line poles.
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In Belgium, in addition to the stability conditions laid down in Chapter VI, the poles at the ends
of certain reinforced security spans specified below are checked by introduecing into the calculation
in conjunction with the maximum wind pressure, the further assumption of an overturning moment
equal to 409, of the sum of the moments corresponding to the maximum stresses in the conductors of
one span. 1f, however, this moment is less than that produced by any one of the conductors, the latter
moment must be considered. If the presence of a high chimney stack or of large trees in the immediate
neighbourhood of the line justifies the assumption of the breakage of all the conductors on one side of
the pole, this assumption replaces the preceding one. In this case, the factors of safety may be reduced
to 1:b for steel and reinforced concrete and to 2 for wood.

In Italy the following conditions are assumed :—
(@) Conductors intact, temperature of — 20° C (— 5° C if the climate is very mild) and wind of
118 kg/m?;

(6) Breakage of all the conductors, except the earthing wire or guard-wire, in the span adjacent
to the crossing span, temperature of — 20° C (— 5° C if the climate is very mild) and wind of 118 kg/m?.
[N

In additforn, whern the formation of = coating of foe Isto be amticipated

(d) Bredkage of all the conductors, except the earthing wire or guard wire, ip
to the crossing span, temperature of — 20° C, ice coating 12 mm thick, and wind ok30 }

It is prgscribed that for the design of the foundation blocks, in the case whe
ground cannpt be taken into account, the foundations of iron or coneret@gupports
moment at l¢ast equal to 1-75 times the overturning moment under theSagsunption
and, 1-5 timep the overturning moment under the assumptions (b) ape~d
does not allow the thrust of the ground to be taken into accoun
1-25 respectiyely.

Poland 1
A. Rein
B. Rein
1. Supp

The follpwing two calculatiefis

(1) For 1
poles or for gngle terminal pole

(i) The|poles mugt he at
parallel to the line) @‘n t
area) applied at the meadi héiy

ng in the plane passing through their axes and
swoduct of the permissible stress and the sectional

In these Y stresses due to the weight (the force of the wind may
be neglected ottion must not be greater than the reinforced stress,

I1. Supy i i ators, except single wooden poles.

The ass e as those in col. 3 of item 18.8, but here the full pull of the

conductor umed Yor line poles.

In thesq igons the\calclilated stress must not be greater than the reinforced stress.

C. Rein of the 3rd degree.

L. Supportswith petticont insutators oI Sigle wooden poles With SUSPeIsion (Nsulators.:

The following two calculations must be made :—
(i) and (ii) : the same assumptions as for reinforced security of the 2nd degree.
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In these conditions and taking account of the stresses due to the weight (the force of the wind may
be neglected) the maximum stress per unit of section must not be greater than the permissible normal

stress.
II. Supports with suspension insulators, except single wooden poles.
As for reinforced security of the 2nd degree.

In these conditions the maximum stress must not be greater than the reinforced stress.

In Sweden, in addition to the assumptions («) to (£) indicated in item 18.8, the following supple-
mentary assumptions are made for line poles: temperature of — 10, — 20 or — 30° , according to
the region, wind of 100 kg/m? (normal to the line) on the conductors and the poles, unilateral pull due
to the breakage of at least a quarter of the total number of wires. In this case the elastic limit of the

material may be exceeded in the parts of the support which are easily repaired or replaced.

o288 —— Is the Ma

25.6. — Does it result from the Application of a Factor of Safety to the I

25.7. — State the Maximum Stress or the Factor of Safely for

25.8. — Tension or Compression.

In U.S.A. the load in kg/ecm?;
from 84-5 to 208 elsewhere. Thege v
to circumstances.

Italy specifie;

Japan spect

Some countries specify the maximum working stress, and otherg spécify a miginmym ﬁéior of safety.

security condi-

, 1 . crossings, and
factor of safety varying from 2-p to 4 according

Li f .
\)(\\ Spang. Catl(:l;:rg 2. Lines of Catpgory 3.

1 >gn§e2d wood,

—A

6 for voltages up fo 15000 V.
75 for voltages aove 15 000 V.
6

™ _ B ed wood 5 { 7-5 for voltages up to 15 000 V.
N but)not exceeding 100 m< . ed w 9 for voltages aboye 15 000 V.
impregnated
wood 4 75

For normal-security conditions the specitied factor of salety 1s from 4 to O.

25.9. — Shearing.

In Canada the factor of safety is 4 (tendency) instead of 2 as for normal-security conditions.
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Steel.

25.10. — Tension or Compression for Bending Strains,
Germany and Poland specify the same values as for normal-security conditions.

Belgium : factor of safety of 3 as for normal security. This factor is reduced to 1-5 if one has to
assume the breakage of all the conductors on one side of the pole as the result of the presence of a tall
chimney or large trees ncar the line.

Canada : factor of safety of 3 (tendency), instead of 2 as for normal security.

U.S.A. specifies 1 406 kg/em?, (This value is based on a breaking load of 3 867 to 4 580 kg/em?
with an elastic limit not less than half the breaking load).

In Italy a distinction is made between :(—
(1) Weldles i oy :
the conditions () and (c) of item 25.4 the maximum stress is 18 kg/mm?, and under $
and (d) the maximum stress is 27 kg/mm?2,

(ii) Horhogeneous iron supports having a breaking stress between 38 and 46 kg/a
stresses, undpr the same conditions, are 12 and 18 kg/mm? respectively.

25.11., — Shgaring.
Germany and Poland specify the same values as for normal-securitgconditi

Belgiun] specifies a factor of safety of 3, as for normal security
the conditiofs stated in item 25.4.

Canada ppecifies 3 (tendency) whereas for normal-securi
U.S.A. specifies 1 406 kg/cm? for bolts andN 266 kg /e

Italy specifies that the maximum shearing
allowed for the axial loading.

25.12. — Buckling.

Belgiun]
the conditio

Canada
U.S.A. §
mately. Th

and for valu

Italy a
maximum §

Reinforced Concrete.

25.13. — Rewnforcement (Tension or COmpression)..
Germany and Poland specify the same values as for normal security.

Belgium specifies a factor of safety of 35 as for normal security. This factor is reduced to 1-7 under
the conditions stated in item 25.4.
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U.S.A. gpecifies a factor of safety of 1 to 3.

In Italy, in the case of centrifuged reinforced concrete, the maximum stress in the reinforcement,

under the agsumptions (@) and (¢) of item 25.4, must not exceed 22 kg/mm? and under the agsumptions
(b) and (d), 33 kg/mm?

25.14.. — Conerete (Compression).

Germany and Poland specify the same values as for normal security, namely a factor of safety of
3 for Germany and a stress of 28 kg/cm? for Poland.

Belgium specifies a factor of safety of 3-5 as for normal security. This factor is reduced to 1-5 under
the conditions stated in item 25.4.

U.8.A. prescribes the factors of safety specified for the reinforcement in item 25.3.

In Jtaly the maximum stressin the concrete js that fixed hv the official rom\nq In the case of
,entnfuged reinforced concrete the maximum stress in the concrete under iong (a) and (c)
bf item 25.4, must not exceed 120 kg/em?, and 180 kg/em? under the ass ).

&
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PART 1II.

SPECIAL CONDITIONS SPECIFIED FOR LINES RUNNING OVER DIFFERENT
TYPES OF LAND.

CHAPTER |I.

LINES ERECTED ON DIFFERENT TYPES OF PRIVATE LAND.

26. SPARSELY POPULATED DISTRICUTS.
26.1. — Degyee of Security.

The nogmal degree of security is allowed by Australia, Belgium, Canada, Cz
Germany, Great Briftain, Italy, Japan, Netherlands, Norway, Poland, Roumania, §
Switzerland.| U.S.A. regards these lines as coming within grade N installatiog

26.2. — Mitimum Permissible Height under the Lowest Wire.
Let U le the voltage of the line, in kV.

The mipimum permissible height under the lowest wire is :

(@) Forlli
in Canada ;

In Gerny
means.
conductors and earth exceeds 650 V

In US.
than 457 nd ; th1s helght 1s [inCxess

In Czechoslova O . N " )
the public gr to vehiclesy apd redyeced da 1 mNn plages that are completely inaccessible.

(b) Foy Ii many, 6 m up to 100 kV, 6 + 0-0067 (U — 100) m abovd
100 XV ; 1| in Great Britain, 6-1 m up to 66 kV, 6-4 m up to 110 kV
6-7. m from 3 ; in Switzerland, 6 m up to 70 kV, and for higher voltages
this height i hem Per kV above 70 kV.,

In Belgi fmum height is 5 m for cabegory 2 and for category 3; sub- d1v151on H,; fo
lines of cat 2, the minimum height is 5 m increased by 1-5 times the electrica
clearance,* iS\incr¥ase not being less than 1 m.

In Canpda the mintmdm height is 5-5 m for lines of category 2 and 6-1 m for lines of category 3.

In U.S.A. the minimum height at a temperature of 4 15-5° C and without wind is 4-6 m for lines of
voltages between 300 and 15 000 V, and 5-2 m for lines of voltages between 15 000 and 50 000 V. These

* The electrical clearance is the shortest distance between live parts and carth, measured in air along the normal
insulator or the normal chain of line insulators,
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minimum heights apply to spans not exceeding 45-7 m. They are increased by 3 cm per 3 m increase of
span above 45+7 m, but the increase in height must not exceed the following values for the different
territories, which values also vary according to the factor of safety adopted in erecting the conductor :—

Factor of Safety.

Heavy Loading Territory.

Medium Loading Territory.

Light Loading Territory.

2
1-66

076 m
076 m

|

091 m
1-22 m

122 m
162 m

For voltages above 50 000 V the minimum height of 5:2 m is increased by 1-27 cm per kV above

50 kV.

In France the minimum height is 6 m for lines of category 3.

category 3.

e samhe replies as for item 27.1.

In Sweden the minimum height is 6 m for lines of category 2 and

ategory 3.

) m for lines of

- %of the chain

1y inaccessible.

wed, except in

e N if the land
rdance with the

for grade N if

rsely populated
her the voltage

. J "y P
Wi LA 2ATD

The minimum permissible height under the lowest wire is as follows :~

(@) For lines of category 1: 4-5 m in Great Britain ; b m in Czechoslovakia; 5-5 m in Canada and
Switzerland ; 6 m in Belgium, Japan, Poland and Spain,
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In Germany and Italy the minimum height must be such that the conductors cannot be touched
without special means.

{b) For lines of higher categories : 6 m in Germany, Netherlands and Spain ; 7 m in Poland ; 6-1 m
in Canada ; in Switzerland, 6-5 m up to 70 kV, while for higher voltages this clearance must be increased.
by 1 em per kV in excess of TOkV.

In Australia the heights are as stated in item 27.2.
In Belgium the minimum clear height is 7 m for lines of category 2 and catego‘ry 3, sub-division H, ;
for lines of category 3, sub-division H, the clear height is 6 m increased by 15 times the electrical

clearance, with a minimum increase of 1 m.

Czechoslovakia and Great Britain specify the heights stated in item 26.2 (b).

$C®
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CHAPTER 1L
LINES RUNNING ALONG ROADWAYS.

29. LINES RUNNING LONGITUDINALLY ALONG ROADS.

Germany does not specify any special rules except for lines along roads with heavy traffic and for
busy roads in large towns.

Belgium divides roads into two classes: class A, including State roads and provincial roads, and
class B, including communal roads where the amount of traffic justifies special pfeasures for safety.

itostrades ”’

X % and the

ts and foot-

]

]

a] roads ;

49.1. — Degree of Security required Jc
Normal security is allowed for all > reinforced

decurity is required.

For lines of hight Orie ity \is hoslovakia,

In n@
the distancebepie

k and when
prts.

A roads and

here are No
h item 27.1

secondary
etween the
s forbidden

quirements do not apply if the h

» SE-tHeh—b e s T

In Sweden, when the line is near enough to the road to make it possible for the conductors or the
supports to fall thereon, the same reinforced security as for road crossings is specified,
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29.2. — Additional Precautions, if any, for the Security of Lines along Class A, B and C Roads.

The additional precautions specified for the security of lines along roads are as follows :—

In Germany:—

Tf the line is erected on wooden poles along a road with heavy traffic, at a distance from the road
less than the height of the poles, special precautions are taken for preventing overturning  Every fourth
or fifth span, poles must have guys or stays.

If the lines run along busy roads in large cities :—

(@) Single wooden poles are not allowed for spans exceeding 50 m ;

(b) Wooden poles must have a base ;

(¢) Every conductor must be supported by two insulators. Suspension-type insulators must be
fitbed with guard horns or rings ;

(d) Poles supporting cubicles or overhead switchgear are prohibited ;
(e) No joints whatever are allowed in the spans ; RN

(f) Thd maximum working stresses must not exceed 75%, of the values given in ite 3.  Further-
more, with apn ice loading equal to four times the normal load, the stress in the conductof must fiokexce
the permanent breaking stress ;

(g) Stee] lattice poles must have a square section.

In Spain (which did not specify under Chapter VII the special precal
reinforced sg¢curity) :—

(@) Use
(b) Spaq
(¢) The
(d) Angles of at least 60°.

In Grea
reinforced sef
arrangementj
along roads

In Japap :—

(2) Lings of categories 1 or 22
already rung along the road, th

(b) Lings of category 3.
15000V, algng a ro @
The regulations imypoged

edge of the|road and thé

follows :—-
(i) Spa
Factor
Factor

are used) ;<

Minimd
Woodep poles 6 be ytrongly guyed every 12th span ;

Strandgd\coriductors™of at least 6 strands ;

(ii) Spans > 50 m;
Factor of safety of 7-5 for voltages not exceeding 15000 V ;

Factor of safety of 9 for voltages exceeding 15 000 V.  (This factor is reduced to 7-5 if impregnéted
wooden poles are used) ;
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Minimum diameter at the top of the poles, 15 cm ;
Wooden poles must be strongly guyed every 9th span;
Stranded conductors of at least 6 strands.

When a line of category 3 runs along a road, the spans must not exceed 50 metres if the voltage is
not more than 15 000 V and the line must S’msfy the conditions laid down under (i). Furthermore, the
conductors must be supported by two insulators in parallel.

In Norway (which did not specify under Chapter VII the special precautions to be observed for
reinforced security) : two insulators in parallel, and non-impregnated wooden poles strongly guyed.

In Netherlands (which did not define reinforced security under Chapter VII) :

(@) At least two insulators or two strings of insulators.

() No wooden poles.

(¢) Every pole to carry a notice : ““ It is dangerous to touch wires, even those fallen on the ground.”

(d) Along very imporfant roads listed by the “ Waterstaat,” the m;ueiwn stresses given under

luenl 1o.0 MUst De 1e().u(,eu l)y Ad /o-
i\gbgbween the wires

In Czechoslovakia, if the line runs along a road at a distenceghe A ?eheight of the
poles, the following precautions must be taken :—

(¢) When rigid-type insulators are used, the angl¢

In Poland, when the road is lined with trees, the minimum hoxixontal gpa

ids 2 and 3 must

( ) When qu%pensmn«type insulators are used a shain [provided with a
i s|; a double chain

ads.

The minimum permissible }

(@) For lines of category 1 ium, Italy, Spain

r which case no

7 m in Switzer-
inereased by 1 em

D067 (U—100) m
Igium\the clear heights are the same as those stated in item 28.2 (). In addition, for lines of

ivision H,, erected with suspension insulators, the minimum height [must not be less
15 m\gnder the assumption of the breakage of the smallest conductor in one of phe neighbouring

T © IOWeSt Nelgitts are 4-0 I 10T 11168 Of voltage [ower r lines of voltages
between 750 and 15 000 V,and 6-1m for lines of voltages between 15 000 and 50 000 V. These heights

apply, as in item 26.2, to spans not exceeding 45-7 m. They are subject to the increases stated in item
26.2 under the same conditions of operation.
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In Italy the minimum height is (7 + 0015 U) m, with a minimum of 8 m,

~ In Netherlands the minimum height is 6 m for class A roads and 7 m for class B roads. In Canada
1t is 61 m for lines of category 2 and 6-7 m for lines of category 3.

In Poland the height of suspension must be such that the wires cannot be touched without special
means.

In Czechoslovakia the heights are those stated in item 26.2 increased by 1 m.

30. LINES CROSSING ROADS.

30.1. — Degree of Security for Lines crossing Class A, B and C Roads.

Normal security is allowed for lines of category 1 in all the countries under consideration except in
Canada and Italy.

Belgium specifies in addition :—

(@) That for class A roads the conductors must be free from joints, splices and weld

(b) That each conductor must be attached to the insulators of the supports at$he %
way as to prpvent all slipping in the event of the breakage of a conductor in one gkthe'ei

For lings of higher categories, reinforced security is prescribed by Belgiumg
Britain, Japan and Norway, while Switzerland allows normal security.

Spain iposes reinforced security for lines of category 3.

U.8.A. specifies installation of grades B, C or N if there are nofrosgings ox if
lines, and the conditions stated in item 27.1 then apply.

France [specifies reinforced security at places
and thoroughfares in the precincts of ports.

Netherlands allows normal security for road
scheduled bly the ¢ Waterstaat,” however, reinfope

For lin
crosses a primary road and whept
only called [for when the line cr
is prescribdd.

T

T

Sweden] prescribes all

protection |s used. é}
30.2. — Adflitional Precdupiv
- For lin| ing j
The condug
For lines cpossi

under (f) a1

For lipe
down in i)

il

Specifies the conditions laid down in item 29.2 (, b, ).
gulators or by a reinforced insulator on a reinforced pin|
o] the above regulations apply and are completed by thos

B

Spain g1

e ling/is mounged on rigid insulators :—

(1) I b

(@) Thie use’of stranded conductors of at least 50 mm? section, anchored to the supporting insulato
and joined by a conductor, carrying no mechanical Toad, to The conductors of the neighbouring span:
which themselves must be anchored to separate insulators, or

(b) the use of catenary cables of galvanised steel having a minimum section of 26 mm?, anchored to
insulators independent of those carrying the conductors, which must be supported every 15 m at least,

=

3
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(ii) Tf the line is mounted on suspension insulators :—

(@) The use of conductors of at least 50 mm? section, and

(h) the use of one or more strings of insulators in parallel, in such a way that the maximum load on
any string shall not exceed 2 000 kg.

France specifies a factor of safety of 5 instead of 3 used under normal-security conditions. The
supports must be erected in such a way that one of them is as close as possible to the public road.

Great Britain prescribes the use of either two insulators per conductor in conjunction with a device
for ensuring the earthing of the conductors in the event of breakage, or two conductors in parallel sup-
ported by different insulators and joined together at intervals not exceeding 1-56 m, or any other arrange-
ment approved by the Electricity Commissioners.

In Italy the minimum breaking loads are as follows :—

(@) I‘or line Voltages not exoeedmg 1200 VD.C.or 500 V AC.:

: - ~a i mRe-steel con-
ductors ; 800 kg for alummlum aHoy or compomte aluminipsn®s Hetgrs.

Class B roads : 400 and 530 kg respectively.
(b) For higher line voltages

Class A roads: 800 and 1 100 kg respectively.

(Class B roads : 600 and 800 kg respectively.
l the supple-
are —20° C.
r prescribed
eed half the

class A road
is imposed.

mpregnated

s{at crossings

specifies the

ng from the

’

wrd-net.

In Netherlands reiforced security includes the rules (@), (b) and (¢) of item 29.2, together with :—
(d) The maximum stresses in the conductors specified in item 15.3 are reduced by 25%,.

{e) No joints in the crossing span.

(f) Angle poles to be avoided.
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In Poland one of the supports of the crossing span must be as close to the road ag possible (see
item 29.1). The crossing span and the two adjacent spans must be in alignment.

In Czechoslovakia, where a line crosses a main road, the conductors must be supported by two
insulators or, if suspension insulators are used, by a single chain which includes one more insulator
than in the normal chains used elsewhere on the line. Suspension insulators must be provided with
guard horns or rings. The use of single wooden poles of diameter at the top less than 18 em is pro-
hibited. - In towns, the conductors of lines mounted on rigid insulators in roads with heavy traffic must
be fixed to the supports by means of two insulators, and the maximum stresses permitted in service may
not exceed 759, of the values given in item 15.3. In the case of suspension insulators, the conditions
are the same as for crossings of arterial roads.

30.3. — Clear Height under the Lowest Wire of a Line crossing Class A, B and C Roads.
Let U be the voltage of the line, in kV.
The minimum permissible height below the lowest wire is as follows :— TN
(@) For [lines of category 1: 5 m in Norway; 5-8 m in Great Britain; 6 m in
France, Gerthany, Italy, Japan, Poland, Spain and Switzerland ; 6-1 m in Canada ;

67 or 5-5 m fin Australia, according to whether the voltage between conductors and akghexceeds
or not ; 7 or|6 m in Sweden, according to whether the voltage is greater than 250 V og no¥

(b) For lines of higher categories : 6 m in Japan, 7 m in Norway and PolaAd \J
voltages up |to 100 kV, 7 4 0-0067 (U —100) m for higher voltages; 7 or\7 - OM‘\
Sweden, accdrding to whether the line is of category 2 or 3; 7 m in Switzerland far ve
(7 - 0-01U) m for higher voltages ; (7 -+ 0-015 U) m in Italy, with a mimi

In Greaf Britain the clear heights are those stated in item 29.

1; for category 3,

In Belgiftm the minimum height is 8 m for category 2 and
I jncrease must not be

sub-division [H,, it is 7 m increased by 1-5 times the electyic
less than 1 1

=

For lineg on suspension insulators the minimum\beigh 4n 5 m, on the assumption
of the breakdge of the smallest conductor in one of the neighkon y

In Nethgrlands the minimum height is 6 m a¥ cros Lof clas\d foads and 7 m for class B roads ;
in Canada it Js 6'7 m for lines of gdte ) 3\ foxdings of capegory 3.

In U.S.A. the minimum fheight . [{n®
voltages between 750 and 15 OOV, and 6-7 m foxlinesof volta
heights apply, asin i veding 45-\mn.
item 26.2 un

Zes between 15 000 and 50 000 V. These
They are subject to the increases stated in

In CzecH by ax ed jR item 28.2 increased by 1 m.

30:4. — Angl

No crosy o {ied>% egountries under consideration, except by Franee, which specifies
a minimum 4 . i ¢ 30° for branch lines, unless the conductors run along a public
road makin

In Polan ust be as near as possible to a right angle. This principle may be
waived only with eonsent of the Government.

30.5. — Maxpniint Length of Span at Crossings,

The maximum length of crossing-spans is not specified by the countries under consideration, except
by : Canada, which specifies 38-1 m ; Japan, which specifies 100 m for lines of categories 2 and 3 ; and
Norway, which requires that, if possible, the span shall not exceed 50 m for lines of category 2. France

* See footnote on p. 61.
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requires that the supports at crossings shall be as close together as possible in the case of national or
departmental arterial roads and roads in the precincts of ports; this requirement, however, is not
applicable to lines of categories 2 and 8 composed of stranded conductors having a sectional area not less
than 48 mm? for copper or an equivalent section, from the point of view of breaking strength, for other
metals. In Poland the crossing-span may not be longer than the other spans, and the same applies to
Sweden except in exceptional cases.

31. ROUTES THROUGH TOWNS OR VILLAGES.
31.1. — Degree of Security.

31.2. — Special Precautions imposed, if omy.

security is
line crosses

prlmary road with a span greater than 35 m,

For lines of higher categories, Germany specifies reinforced securit rd-wires
dr nets where the lines run over houses or industrial property. The use S, however,
ghould be avoided as far as possible.

France snd Spain specify reinforced security.

Belgium specifies reinforced security as outlined j

t to permit

J—

r lines, the
d

All lines

1 are allowed

in certain cases :

(a) Eof tsu
inhsulators 3

use of two

20 m, and
inductors of

les planted

account of

pory 3 from

oland—ca sour : egreo s—along—roads—in inhabited
areas; in the case of lines cro%mg roads Whethel prlmary roads or 1oads in large towns reinforeed
security of the 3rd degree is imposed. I‘urther when a line supported on suspension insulators crosses
a large town, the use of double chains is required.

Czechoslovakia specifies the same precautions as in item 29.2.
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31.3. — Is 1t allowed to fix Conductors to Buildings ?
The fixing of conductors to buildings is allowed for lines of category 1.

It is not allowed for lines of higher categories in Canada, Spain, Japan and Switzerland. It is not

allowed in France for lines of category 3.

In Belgium, it is not allowed for lines of categories 2 and 3. It is, however, permissible to fix con-
ductors of lines of category 2 to industrial buildings.

31.4. — Clear Height of the Lowest Wire passing over Roofs.

Let U be the line voltage, in kV.

Belgium, France and Japan specify 2 m, Canada and U.S.A, 2-4 m.

A. Lines of Category 1.

In Germf
‘When the ro

For Ttaly

In Czech
the maximun|

Germany
this height m
or of unequal
resistance mu

Belgium
of 1 m.

Canada {

In Italy
such as laddg

In Polan
be avoided 1if
materials. 'l

(1) For 4

(@)

ON

drawn ¢

(ii) For
least 2:6 m.

by, 2-5 m is specified when the roof is flat or slightly inclined, and 1-25
{ is covered with inflammable material (thatching, ete.) solid conductoys

and Poland, see section B below.

[ loading of the spans due to ice.

pslovakia, 3 m is specified when the roof is flat, and 1 m in
L loading exists, a minimum of 0-6' m is preseribed.

st be increased by 0-0067 (U — 100) s

specifies 2 m, increased by 1-5 timé

it is speci
IS, TOpes ,@

s in an adjacent span
kV between phases this

This height may be reduced 1 the following cases :—

(¢) When lead-covered conductors arc used, suspended from a supporting wire, or when conductors
with a sheathing of rubber resistant to the action of the atmosphere are used ;

* See footnote on p. 61.
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(b) If access to the conductors necessitates some special effort, the use of a ladder
{¢) When the conductors are protected or cross enclosed spaces.

, ete. ;

In the cases (b) and (¢) danger notices are erected close to these sections of conductor.

The passage of lines over roofs covered with non-inflammable materials, sheet-iron
buildings which do not contain combustible materials, is allowed when, on the assumpti
mum sag for a line of category 2 :—

(@) The clear height under the lowest wire is at least 3-6 m ;
{6) The clear height, in the case of maximum hoar fross, is at least 3 m.

, ete., and over
on of the maxi-

These requirements do not apply to buildings housing electrical services (generating stations, sub-

gtations, ete.).

Czechoslovakia specifies 3 m. This height is increased by the length of the chain
suspension insulators are used.

C. Lines of Category 3.

electrical clearance *, Wlth a minimum increase of 3 m.
insulators, the minimum height may not be less than 3 m ¢
conductor in one of the neighbouring spans.

In Canada there is a tendency not to permit

In U.S.A,, for spans up to 457 m, the
and 3 m for voltages up to 50 000 i

In Japan it is generally prohi
1500 V or above.

ight is (267 + U) cm. This height is increased ]
ed. Over flat roofs the specified minimum heigh

of lives ovenderrace roofs. Passage over balconies must, if possible, be avoided.

diveisi

in cases where
?‘: category 2.
25 times the

with suspension
e of the lowest

houses.

up to 15000 V,
T spans greater
these distances

bn conductors 1

infulators.

y the height of
tis b m.

infg over balconies

s over roofs ; in

for the passage

roofs. TFor lines of category 3, sub divigion H,, a height of 2 m increased by 2-5 tun

e height as over
es the electrical

clearance * is specified, with a minimum height thus obtained of 4 m over terraces and 3 m over balconies.

* See footnote on p. 61,
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Further, for lines erected with suspension insulators, the minimum heights of 4 m and 3 m must be
maintained in the case of the breakage of the lowest conductor in one of the neighbouring spans.

Tor the other countries the heights are the same as given in item 31.4.
In Switzerland no high-tension line is allowed to pass over buildings.
31.7. — Horizontal Distance between Conductors and Walls.
31.8. — Horizontal Distance between Conductors and Windows.
31.9. — Horizontal Distance ctween Conductors and Balconies.

31.10. — Horizontal Distamce between Conductors and Terraces.
Let U bp the Tine voltage, n kV.

The horfzontal spacing imposed between conductors and walls, windows, balcopie
as follows :—

A. — Fdr lines of category 1 : 0-9 min Canada and U.S.A. ;
in Japan.

In Belgmm the distance is 0-75 m between conductors and cornlc
distance is increased to at least 1 m from hand-rails of balconies g
walls.

Germany and Switzerland specify a distance guch that Qd st be touched without
special means. In Germany the use of insulate i : 50 V between phases
or between phase and neutral.

Poland dpecifies 25 m in the most unfavours ess the line is provided with means
for readily cytting it out ; in this case the minin 1:5 m. When the lIine complies
with one of the conditions enumer ted in ifem
case of constpuctions that are in S Q ym spacing under the most unfavour-
able conditigns must not be less\than . e herts do not apply to buildings housing
electrical serpices (generating sgatiohs, s bt :

In Czechoslovakig fhe min
of the distance measuxed pet
the line supjorts are fixed

cases the digtance mustaDe
latter condit] ie

between conductors and walls is 1 m or 1,100
and the nearest insulator, according to whether
inimum spacing being not less than 15 cm. In all
otors cannot be touched without special means. This

B. — Far lings obcabe dpecified horizontal spacing is 09 m in Canada and U.S.A., 1 m
in France, 1- 3 w Switzerland. In Italy the condition is the same as in A above.

Poland fpecifiesF m\imthe prost unfavourable condlmom unless the line Is prov1ded with means
for readily ¢ i
that are inagcessiblesa_the dublic, the minimum spacing under the most unfavourable condmons mmt
not be less thatvl:hb m. “Fhese requirements do not apply to buildings housing electrical services (gene-
rating stati S5 qﬂ\-qfqﬁnnq] ate )

In Czechoslovakia the spacings imposed are the same as the heights above roofs as given in item 31.4.

C. — BFor lines of category 3, France specifies a spacing of 2 m with rigid insulators and 3 m with
suspension insulators ; Canada 2-4 m; and Japan 3 m.
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Netherlands specifies, for lines of 15000 V and above, a spacing of (1-8 -+ 0-0067 U) m, account
being taken of the displacement of the line under the action of the wind.

Belgium specifies the following :—

(a) For lines of category 2 and category 3, sub-division H;, the spacings for lines of category 1
increased by 1 m ;

(&) For lines of category 3, sub-division H,, the same spacing as between line conductors, with a
minimum of 3 m,

For Czechoslovakia sec item 31.4.

@%
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CHAPTER Il

LINES ALONG OR ACROSS WATERWAYS.

32. LINES RUNNING LONGITUDINALLY ALONG WATERWAYS.

In Germany the requirements of the present chapter are those applicable to lines running along or
crossing railways (see Chapter IV).

Netherlands classifies waterways into : Class A, non-navigable waterways, and class B?%igable
waterways.

Poland mpkes the following distinction —
(I) Watepways navigable for high-tonnage vessels ;
(i) Watepways navigable for low-tonnage vessels.

Czechosloyakia states that the requirements considered in this chapter are Wnder 7 io )

32.1. — Degreg of Security for Lines running along Navigable Waterways o

32.2. — Specidql Precautions, if any, specified for the Security of Lings rupmg
of Claskes A, B and C.

Lines of ¢ategory 1 running along navigable »
countries undgr consideration.

met-Security ; Great Brifain,
of the canal, while Italy requires
han the height of the supports.

Gtenerally]
however, pres
reinforced sec

In Nethel 8 R_18 reg N lines punning along navigable waterways
(Class B). '

The requ
n item 29.2.

32.3. — Clear
B and

Belgium,

In Poland i Y pist be such that the wires cannot be touched without special
means. 4

33. LINES CROSSING WATERWAYS.

33.1. — Degree of Security for Lines crossing Navgable Waterways of Classes A, B and C.

33.2. — Special Precautions, if any, to be taken for the Security of Lines crossing Navigeble Waterways of
Classes A, B and C.

In Australia there are no regulations relating to lines crossing waterways.
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In Belgium, France, Great Britain, Italy and Switzerland the regulations are the same as for lines
crossing roads (national roads for France), as given in items 30.1 and 30.2.

In Spain, for lines of all categories, the same regulations apply as for lines of category 3 in item 30.2,
with the additional requirement that the poles at the ends of the crossing must be of metal or reinforced
concrete.

In France the use of wooden poles is prohibited for lines crossing waterways navigable for boats
or rafts, and on which navigation is effectively practised. Further, a factor of safety of 3 is required for
lines erected on the banks of navigable waterways which are not open to the public.

Netherlands permits normal security for lines crossing non-navigable waterways (class A) and
specifies reinforced security (see item 29.2) for navigable waterways (class B). Furthermore, for crossing
certain very large waterways scheduled by the “ Waterstaat,” the additional requirements stated in
item 30.2 also apply.

In Poland lines crossing navigable waterways are subject to the foHowuy}f\gulatlons ——

(i) Lines of category 1 : reinforced sccurity of the first degree is re }\1\5@1 of waterways

navigable for heavy-tonnage vessels.
(ii) Lines of category 2: reinforced security of either the 2nd do Pe_is required,
according to whether the waterway is navigable for light-tonnage or heavy ]

33.3. — Clear Height under the Lowest Wire of Lines crossing B ps A, wd C.

The clear height of the lowest wire of lines crGssing havips is ted by special
rules

In France, if navigation is not,effectively( prychiséd, ini i uctors may be
reduced to 6 m above the low-wyterxark, b § 3 ighgst water level.

In Ifaly the clear height is 6
with a minimum of 8 m, U being the : K If salling-boats pass under the lin
height under the 10we%t wire is specified by t /00 bent authority.

of category 2,
b the minimum

Agsuming the ‘ N\the fektt above the gauge of boats fitted wiph their masts
vertical must 3 vhe ater is at its maximum level. Further, in no case may
the clear height abore i : evel be less than 8 m for lines of category 1, and 10 m for lines

of cmt$2
In Swedeinthe k ¢ igable waterways is specified by the Government in ¢ach particular

& specified for crossings over navigable Waterways in the countries under con-
epf in Prafice, where it is specified that the angle shall not be less than 15° for the lines
anch Nnes, unless the conductors run along a public road making a smaller gngle.

LizPoland the crossing-angle must be as nearly as possible a right-angle. This principle may be
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CHAPTER IV.
LINES ALONG OR ACROSS RAILWAYS.

35. LINES RUNNING LONGITUDINALLY ALONG RAILWAYS.

The requirements dealt with in this chapter are under consideration in Czechoslovakia,
35.1. — Is it Permussible to run Lines along Roilways ?

35.2. — Degree of Security requived for Lines running along Ratlways.

35.8. — Spegial Precoutions, if any, required to ensure Secuiity.

Generally speaking, the running of lines along railways is only allowed by the authogiti
when no otler course is practicable. .

The lings are designed for normal security in Canada and Great Britait

In U.8.A. lines of voltage equal to or less than 750 V are designedfar he
for higher-vpltage lines, the supports of which could fall across the/track inthe™e
under discugsion.

In Italy
of the railw
of the longi
the railway [li
than the height of the supports.

Japan
comply with the requirements sp

Nether]
staat ”’ whare reinforced secprt
in item 29.9

In Polgnd the f@n g xe

The line supports
security of
could fall
separated |
conductors

InS
able to t(:?l

35.4. — Si

35.5. — Cleardunte between the Conduciors and the Nearest Communication Line, etc., on the Railway.

TS

w

Belgium prohibits any conductor running along a railway being erected in a space bounded by the

two vertical planes parallel to the railway track and spaced 3 m from the outer rails, or 1-6 m from the
boundary of the railway property. Further, wooden poles axe only allowed when they are at a horizontal

distance from the limit of the structure gauge at least equal to their height above ground.
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In the case of an electric railway, the distances of 3m and 1-5 m are increased to 5 m and 3-6 m respectively
and the horizontal distance between the wooden poles and the boundary is increased by 1 m. Further,
when the conductors of an electric power line are above a plane inclined at 45° to the horizon and passing
through any live part of the electrical equipment of the railway, the line must be erected with reinforced
security as regards the suspension of the conductors.

In Canada power-lines running along railways are, as far as possible, erected on the opposite side
of the track to telecommunication lines, and at a distance therefrom at least equal to the height of the
power-line poles.

Tn US.A. the poles are preferably placed on the railway enclosure and, if possible, at such a distance
that the track remains clear in the event of overturning. In any case, the minimum distance between
the outer rail and the pole is 37 m.

In Netherlands the poles must be placed at a distance from the track such that if they fall they do
not obstruet the track or come into contact with telecommunication lines. If/fhede conditions cannot
e fulfilled, anchor poles are used at a minimum distance of 2:25 m from the.guter raﬂ\

tc., on the
?ﬁnimum ’
ceptional

tailway is the same as that imposed between conductors and construf
Rorizontal distance imposed between the nearest conductor and the e
dases it may be reduced to 3 m.

35.6. — Clear Height under the Lowest Wire.
The minimum permissible height under the lowest

in Japan ;
¢

operty.

out special
1

bs stated in

re must be no joints in the crossing-span.

(©)
{11) Insulators.

(@) Rigid-type insulators must be doubled and of a higher standard than those used on the
line, the lowest permissible standard being that corresponding to a line voltage of 20 kV.

(b) Buspension-type insulators must be doubled. The chains must be composed of insulators
of a reinforced type (see item 24.2).
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(1i1) Supports.
Supplementary condition to be assumed : The pull resulting from the breakage of all the
conductors in an adjacent span. Maximum stresses :—
Steel, the same values as in item 19.6.
Impregnated wood, tension and compression, 110 kgjem?.
Impregnated wood, shearing, 10 kg/em? for conifers and hard woods.

Italy specifies reinforced security and the following breaking loads :—

(@) Lines of voltage not greater than 1200 V D.C. or 500 V A.C. : 600 kg for copper, bronze and

steel conductors and composite bronze-steel conductors; 800 kg for aluminium-alloy conductors and
steel-cored aluminium conductors.

(b) Lines of voltage greater than 1 200 V D.C. or 500 V A.C.: 800 and 1 100 kg respectively.

When the distance between the support and, the nearest rail is less than the height of thiepole plus
2 m, the mdximum stresses indicated in items 25.8, 25.10, 25.13 and 2p.14 lor the assu
(d) of item 5.4 must be reduced by 25%,, and the ratio of the moment of resistance
moment to pe considered in the design of the foundation, for all the agsumptions (g
item 25.4, iy 175 when it is permitted to take account of the thrust of the groufd,
contrary is phe case.

Unless [some special protective device be used, Sweden specifies reinforced sec
categories, without allowing the exception indicated in item 25.1 for linesobcate
15 or 25 m.

SwitzerJand specifies, for lines of all categories, a minimum spdcing oft
than the nofmal minimum spacing. The supports at the ends of the/sp
would encrdach upon the track-gauge, must have a higher

is carried on wooden poles, thes
al to their height from the limit of th
a factor of safety of at least b, impregf

are twin or|A-type poles and axg
structure gauge of the railway.

nated with against the destructive action of the soil.
The crossinjg- e or weld. Hach conductor must be fixed to the
insulators ind ! way as to prevent slip, even in the event of the
breakage o 8 S ingvdpans. The factor of safety is reduced to 3-5 fop
wooden po ot burted\i d and are maintained above it at a distance of at leask
10 cm by 1 i ferepspedestals or bases.

Canadj

Francq i ety of 3 relative to normal safety and also :—

(a) TH

(b) Th il ient of the whole structure mcludlng the guys, shall be at least 1-p

without taki

(¢) Thee i ion of the assumption of thc breakage of all the conductors on the same sidd
and in thepédofiditions There must be a factor of safety of 1-75 for the supports and insulator fixing
together wIth a stability coellicient of 1;

(¢) Two insulators per conductor ;

(¢) A guard device connected to earth and placed at a distance of at least 50 em from the insulators
in the crossing-span. This device is designed to earth the line in the case of breakage of either conductors
or insulators.

w
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Poland specifies the requirements relating to reinforced security of the 1st degree.
crossing-span and the two adjacent spans must be in alignment.

B. Lines of Higher Categories.

Further, the

Belgium requires reinforced security under the conditions stated in items 25.3 and 25.4 as for voad
and waterway crossings. In the case of electric railways, however, overhead crossings are only allowed

for lines of category 3, sub-division H,,

Spain requires reinforced security for lines of all categoﬁes under the conditions stated in item 33.2

for lines crossing waterways.

The lg

U.S.A. requires grade A installations for lines crossing railways.
Poles Tus T T
uniform construction, the unilateral pull of 1
greatest possible strain in the supports,

itudinal s

governing lines of category 1 completed by the following :—
(f) Wooden poles are prohibited ;

and 19 mm? for longer spans ;

() In the case of suspension insulators, the
device is replaced by a device that must catch
insulators, maintain them at the specified he

of 1nsulwtor

(t) The breaking strengths of
40 m, and 775 kg for longer spans,

Strakded conductors having a breaking strength of at least 1 400 kg.

Netherlands specifies reinforced security as laid down in item 29.2. Forimportant 1

rh orsin-chse of breakage of one or
ight andconlne em to,earth. This device |

trength of the
f the line is of
b 1o exert the

Qregulations

15 up to 40 m,

b compulsory gnd the guard

two strings of
5 not required

not exceeding

nd waterways.

of which the

ble insulators

).

luctors in one

nes scheduled

by the =~ Waterstaat,” the additional regulations 1n 1tem oU.2 must be complhed with.,

Poland prescribes reinforced security of the 3rd degree, In addition, the crossing-span and the two

adjacent spans must be in alignment,
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Roumania specifies reinforced security under the following conditions :—
(i) Conductors.
{(a) Assumption to be made in the design of mechanical strength :—

(@) — 30° C, without overload or wind, factor of safety of 5.

(b) — 1° C, with ice loading of (1-6 4 0-22 d) kg/m, where d is the diameter of the cable in mm,
the stress being up to the elastic limit.

(¢} Wind pressure of 150 kg/m? with a factor of safety of 5.
(d) + 50° C, without overload, with a factor of safety of b.

(B) Minimum Sectional Areas :—

(@) Copper, bronze and steel stranded conductors, spans < 100 m, 25 mm? ; spans > 100 m,
35 mm?2,

(b) Steel cables ; spans : 100, 150, 250, over 250 m : sectional areas 50, 70, 95, 120 mm?
respectively. -

(¢) [No joints in the crossing-span.

(1) Insflators.

Rigid oy pin-type insulators must be doubled and suspension-type insula st heveone more
unit than the line chains.

(iti) Supporis.

The supports must withstand separately :—
(@) [The pull of the conductors at — 30° C, without ovefload/ oy wingd
(b) |A wind pressure of 150 kg/m?2,
(¢} A unilateral pull resulting from thg’breakage

oNall the cnd@rs in 4 neighbouring span.

In cases m2for steel (tension or com-
pression) an ron), : o¢ Tivets and 600 kg/em? for bolts
(shearing). ayer fogmula and 3 for Kuler’s formula

In case (c) the elastic limit may be

The maximum length of sp Q. permi BEOSS ) m in Norway, 30- 5 m 1n Canada, 50 m in

Japan and Germany w,
metal poles are used
must be shorfter than the/adis

In Frang oxcept in special circumstances. Hxception is made for
lines of category 3 when_th duct6rs have at least 3 strands and a section of not less than
48 mm? for ( ; oran\equiyaledt set10n from the breaking point of view, for other metals. These
lines, howevy 56 nobal sngle of less than 15° with the track unless they follow a public

roadway. 4

h¢ conductors. In Roumania the crossing-span

In Polan
in Sweden expept if

fust not be longer than the neighbouring spans. The same applies

36. 4 '—-A1’6 ;’/)Iiﬂpn/p‘f@ wllowed on the pﬂ’;]dl!ﬂal p/rn/np/rfal 2

Supports on the railway property are not allowed in Belgium or Japan. They aré allowed in Poland
and Roumania. In France, Germany, Great Britain, Switzerland and U.S.A., authorisation remains
with the Railway Company concerned. In Italy the conductors of overhead lines passing over railway
tracks may be fixed to permanent works on the railway.
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36.5. — Mintmum Clearance between the Fencing or Outer Rail and the Supporis on Either Side of the
Crossing.

In Germany the minimum clearance between the axis of the outer track and the supports on either
side of the crossing-span is 3 m. The minimum clearance between the outer rails and the supports of
the crossing-span is 3-7 m in Canada in the case of important railway lines and 1-8 m in other cases.
In France it is 3 m ; in Netherlands 2:25 m; in U.8.A. 3-7T m in all cases except for loading tracks, in
which case the minimum clearance is 2-1 m.

Tn Belgium the minimum spacing between the outer rails and the crossing-span supports is 3 m;
the spacing between these supports and the boundary of the railway property is 1-5 m. In the case of
an electric railway, however, the distances of 3 m and 1-5 m are increased to b m and 3-5 m respectively.
‘When wooden poles are used, it is specified that the distance between them and the boundary of the
railway must be at least equal to the height of the poles.

In Ttaly the distance between the nearest rail and the support must be at least 6 m, or at least 2 m
1 2o £ ratlwass euttimas tha minimum-distance hetwoen e-Supbp Tt and top

ip—bowns—Hurtherin-the-ease—ofratlwey gy
f the slope is 3 m, and in the case of a railway embankment the minimum nce betwegen [the support
'l}(}rossing—

aud the foot of the slope is 2 m.
and Roumpnia impose

Tn Poland and Roumania the minimum distance between the axis o
pan supports is 5 m.

6.6. — Angle of Crossing.

o hatt 70 m. A minimum angle
f 15° is imposed for lines of category 3 detailed e . } ed.

This princ|ple may be

5 m in Belgium ; 7-6 m in Canada ; 6|m in Japan,
, according to whether the track is electyified or not,

In » 7 m, according to whether the track is electtified or not,
and in thi / in inhabited areas. In Sweden itis 11 m or 8 m, pecording to
whether the In Switzerland it is 9 m in open spaces and 10-5 nf at stations.

ies : 7 m in France, Netherlands, Norway, Poland, Roumania ; 6 m
i’ 12 or (7 -+ 0-015 U) m, according to whether the track is plectrified or
5o 8 m in the first case in inhabited areas.

um height is 7 m for voltages up to 100 kV, and 7 4 0-0067 (J]—100) m for
In the case of an electric railway, however, the minimum|clear height

incregsed to 13 m when the crossing is made within a space bounded by two vdrtical planes
notmal to the track and spaced 3-5 m from the axis of the contact-line supports.

Canada prescribes 9-1 m for lines of category 2 and 107 m for lines of category 3.

In U.8.A, the minimum height is 8-2 m for voltages up to 750 V between conductors and earth, and
85 m for voltages up to 15 000 V ; the height is still further increased for higher voltages. These heights
apply to spans of 45 m and must be increased for longer spans.
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Sweden specifies 11 m for lines of category 2 and 11 -- (007 (U —55) m for lines of category 3 in
the case of electric railways; for non-electric railways the specified heights are 8 m and 8 + 0-007
(U~5B5) m respectively.

36.8. — Height of Loading-Gauge above the Ral.

The height of the loading-gauge above the rail is 4-8 m in Belgium, Germany and U.8.A., and 4'6 m
to 4-8 m in Roumania.

36.9. — In the Case of Electric Ratlways, what is the Clear Height between the Lowest Wire and the Contact-
wire ¢ or

$6.10. — Between the Lowest Wire and Highest Point of the Current-collecting Device in the Event of the
Laiter leaving the Contact-wire.

In the case of electrified railways, the minimum height of the lowest wire above the co t-wire

is 3 m in Germany-for-tnes-of-aH-entegories:
Canada spfecifies a minimum height of 1-8 m in all cases.

In U.8.A.[the minimum height between the lowest wire and the contact-wire iS\1-2
voltage not exeeeding 750 V between phases, and is from 1-2 m to 1-8 m for lipésthe
1s between 76Q V and 7 500 V. For lines of voltage above 7 500 V the heights ire no

France injposes 2 m for categories 1 and 2, and 2/3 of the conducto schc'
2 m, for categpry 3. Further, precautions must be taken such that the-e
touch the distyibution line should it leave the contact-wire.

For inhalfited areas, Italy specifies a height of 2 m above the
Norway s

Netherlan|
of the curren

bemg increasefl by 9. cIm per mg

36.11. — Precquutions 0
In Italy, Wwhen there Ys dany

or equivalent [protection. AV

200 V D.C. or 500 V A.C. the conductors may be
simply insulated.
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CHAPTER V.

LINES ALONG OR ACROSS LIGHT RAILWAYS.

37. LINES RUNNING LONGITUDINALLY ALONG LIGHT RAILWAYS.

In France, Italy, Japan, Netherlands, Roumania and Sweden the regulations are the same as thoge

for lines running along other railways (section 35).

The replies received from Belgium, Canada, Great Britain, Norway, Spain and Switzerland do not

deal with the case of lines running longitudinally along light railways.

AN

In Poland the regulations are the same as those relating to :—

(i} Lines crossing railways, except as regards the security
is imposed only for lines of category 2 : in this case, reinforce

The requirements dealt with in this chapter are undé

The running of lines longitudinally along lig
U.S.A. Tt is also allowed in Belgium when no

31.3. — Special Precautions, 1f (mg/ to enssige Sevaly
Germany specifigs s rce 2
the line and the neg a1l

o—stipport or conductor parallel to the tracks may be erect

e kical planes parallel to the tracks, spaced at a distance of 2 m fr
In th cdse f ele rified light railways, however, power lines of category 1 are erected w
ky agcregards\the Suspenslon of the conductors, when one of these conductors is a

reinforced-security conditions may be avoided, however, if gua,rd cabld
‘. allel to the contact-wires, or if insulated weatherproof conductors are used.
higher categories, suspension for reinforced security is imposed when one of the conduct;

item 35.3):

reed, security
e 1s imposed.

1a.

, Poland and

nece between

the supports.

d within the
bm the outer
th reinforced
ove a plane
tion feeders.
s are erected
For lines of
rs is above a

plane inclined at 45° above the horizon and passing through either the fixing-points of t
suspension wires of the overhead electrical equipment or overhead feeders of light railway

he transverse
s, or through

the ends of the bracket supporting the contact-wires or of the ironwork supporting the overhead feeders.

U.8.A. prescribes a minimum distance of 3-7 m between the outer rail and the support, except in

the case of the contact-wire supports.
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37.6. — Clear Height under the Lowest Wire.

The min

6 m in Belgium for lines of category 1 and 7 m for other lines ;

In Germ:

the same way as crossings over other railways.
lines crossing funicular railways.

except as reg

imum clear height under the lowest wire is: 7 m in Germany for lines of all categories ;

in US.A. the heights stated in item 29.3.

38. LINES CROSSING LIGHT RAILWAYS.

any, Italy, Japan, Netherlands and Roumania crossings over light railways are treated in
In Italy, however, certain special regulations apply to
The regulations are also the same in Sweden as for other railways,
ards the clear height specified between the lowest wire and the rail (see item 38.8).

In Belgium crossings over non-electrified light railways are treated in the same way as crossings

over other non-electrified railways, except as regards items 38.5 and 38.7.

Crossing
Netherlands,

38.1.— Degy

38.2. -— Spec
Belgium

(@) For I

the erection

(6) For I
U.S.A. 14

France s

and a factor
latter the fol

over
orway and Spain.

ce of Securily required for Lines crossing Light Bailways.

al Precautions, if any, required to ensure Security.
specifies the following :—

ines of category 1 : d condictors or

f guard-wires ;

normal security or the use of wes

ines of higher categories : reinforced security.

for lines of category 1,
igher categories. Tor the

(@) The Juse of metal or reinfors

(b) Conductors the sections okwhich pm? for spans up to 40 m and 19 mm?
for longer splans ;

(¢) Brealing loads of 49(

In Italy] for lind he”'conductors must be stranded, bi-metallic and
steel-cored, of suspende and fixed to each support by means of two insulators

or two chainf

Italy spepl

ment, howev
not less than|
for other me]

In SwitzeTland and US-A. the fengthof §pan 19 not Himited:

38.4. — Are Supports allowed on Light-railway Property ?

Supports are allowed on light-railway property subject to the consent of the railway company.
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38.5. — Mintmum Clearance between the Rail and the Supports on either Side of the Crossing.

The minimum clearance between the rail and the supports is 2 m in Belgium ; in U.S.A. it is 3-7 m
except in the case of loading and unloading tracks, for which the minimum clearance is 2-1 m ; in France
it is 2-3 m.

38.6. — Angle of Crossing.
Tn France a minimum angle of 15° for lines and 30° for branch lines is imposed unless the con-
ductors are crected along a public road making a smaller angle.

In Italy the angle of crossing of a line with a funicular railway must not be less than 80°,

38.7. — Clear Height between the Lowest Wire and the Rail.

The clear height specified between the lowest wire and the rail is 7 m in Netherlands. In France
the specified haight is 3 m above the loading-gauge of the rolling-stock running onthe track

In Belgium the height above the rail is 7 m for lines of category 1. r categories,

the height is the same as for road crossings. If the railway is electrified is increased
to 8:5 m or 9 m for lines of categories 1 and 2, according to whether the 0 i aina,ry or of
catenary suspension ; for lines of category 3 the minimum height 4 o

In US.A., for spans not exceeding 45-7 m, the following mperature of

- 15-5° C with no wind :—
0[V, 8:5 m for

750 V, 6-1 m
nch railways

vV :—

egory 3, 10 + 0-007 (U — 55) m
9 2 anfl’9-2 -+ 0-007 (U — 55) m respechvely

is generally

Waire and the

38.10. — Clearance between the Lowest Wire and the Highest Point of the Current-collecting Device n the
Event of the Latter leaving the Contact-wire ?

In U.S.A. and in France precautions must be taken to prevent the current-collecting device from

making contact with the distribution line in the event of the former leaving the contact-wire. Further-

more, in U.8.A., when the voltage of the power line does not exceed 750 V, the minimum height between
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the lowest wire and the contact-wire varies from 1-2 m to 1-8 m. A height of 1-8 m is imposged for higher
voltages. These heights are based on an assumed temperature of 15-56° C without wind. For Netherlands
and Switzerland see item 36.10.

In Italy the minimum height is 4 m for overhead funicular railways (2-5 m if such railways are only
intended for the transport of goods).

38,11, — Precautions imposed for the Passage of Lines under the Property of Light Railways.

In Ifaly the following conditions apply to lines passing under overhead funicular railways :—

The supports of the power line must not be Jess than 4 m from the horizontal projection of the
nearest part of the funicular railway, or 2-5 m if the funicular railway is intended only for the transport
of goods ; the line must be provided with a very strong guard-net ; the minimum clear light between
the highest point of the line and the lowest point of the funicular railway must not be less than 4 m,
or 25 m in the case of the transport of goods only. The angle of crossing must be 90°.

AN

$&®
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