LINE AND TRACK

(PART 1)

THE LINE

1. The term line, when used in connection with an
electric railway, covers quite a large field of work. It may
apply to the wires used for supplying current to the cars, or
to a high-tension transmission line for transmitting the power
from a distant power station. It also includes the various
devices used for transmitting t ars operated
by surface-contact or by conduit systems-

A A AT
OVERHEAD LINE
—When overhead construction
understood to refer to the com-

mon overhead-trolley system that is used wherever it is per-
mitted, because it is SO much cheaper than any of the other
systems. Overhead construction includes the setting ot the
poles, the stringing of the feed-wires and the trolley wire,
with its span wires, guard wires, anchor Wires, insulating
hangers, coupling devices, switches, etc. The feed-wires,
or feeders, i. e., the wires communicating directly between
the generators at the station and the several points of dis-
tribution, are carried overhead or are laid underground if
necessary. When the feeders are carried overhead, it is the
rule to support them on cross-arms from the same poles that
support the span wires and trolley- Sometimes, however,
if the feeder followed the line of the track, it would be
unnecessarily long; in such @ case, its route would lie across

country or across town, as the caseé might be-
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BERIMRIZi P s/ thet site of the power house, and
k-a—C B-b-¢ is the trolley wire, which of course has to follow
the track. The wire is divided into two sections, ¢ and &,
separated by the line circuit-breaker, or section insulator, C 5;
the term circuit-breaker uged in connection with line work
denotes a fitting for putting a break, or insulating joint, in
the trolley line. Each section of the wire is fed by its own

feeder. Feeder 64,
I S e -, feeds into section «
Feeder at @ and follows the

®

7rolley a

line of the track up
to that point; 4, feeds
the second section at
b, but instead of fol-
lowing the track and
taking the long path
around, as shown by
the dotted line, it
Rl E ST e cuts across, as shown
by the full line, thus
It is, as a rule, cheaper in
en if a pole line has to be
ause great length in a feeder
ay in copper, but the additional
€ purpose of the feeder—that of
practicable value on the line.

Wire

effecting a great saving in length.

such cases to take the short cut, ev
erected just for the feeder, bec
not only means g great outl
resistance helps to defeat th
keeping the voltage up to a

4. Most overhead-tr
and it is just ag im
return circuit as in t
it is of more impo
poor, current is lia
thus cause damage

Fig. 1 shows th
short path from t
it does not prov
The return curre

olley systems use a rail return,
portant to provide a good path in the

he outgoing lines; in fact, in some cases

rtance, because when the rail circuit is
ble to return on neighboring «pipes and
by electrolysis, as will be explained later.
at although feeder b. allows the current a
he power house to the point of distribution 4,
ide a short path back to the power house.

nt must follow the rail, and it would be very
easy. under such conditiops for a greater drop to take place

i i rea
except in special cases, is to0 &
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i 7 > der. A ground
in the track return than in the ov erh'(,a'd f;(l:c AT
wire run from some point on the rail in

0‘ () or e . > » 1 rt tl > OT hllb 'l)sl! clt the
) ¢ en ( 1A € (0] 1€ ()1“](.1

improve the service.
power station, would greatly improve

FEEDERS
ic railway may
5. The distributing system of an ::}l]ic;:idcrs Ay
be generally divided into two Imrts‘:uq“y takes the form
working conductor. The lattcr_ ‘]1;11£ it may be a third
of a trolley wire in overhead work.. Y tem. The feeders
rail or the conductor rail in a condlu]lt:)r.un ks qlat AR
are usually in the form of heavy cab f-‘orking MR
to supply different sections of the ‘\ Oty roads, feeders
small towns and cities or on -CYOS;-Cchcapest construction.
are run on poles, because this is t :un o e Cify
- xo cliles, howisEh theg arel m overhead on account
ordinances often prohibit running tltcccount of their being a
of their unsightliness and also on de Ll (rareng
nuisance and source of danger {n cas‘ its advantages. Elec-
construction is expensive, ‘E)ut it hazry trongly when they
ey companies ObJCCte'd 'tY eders underground, but
were first required to put their ‘;" or of it. Underground
fieny'of them are nlow strORg g ﬂ(‘; sleet storms, and on
Wires are not disabled by snow allliabie than that of over-
the whole their service is more I¢ .
B e un undergfound' L 1?1'3 iistl;aclilgctl:
here feeders are r e pulle
th:Vform of lead-covered Cables;. theffealzrtopallow access to
and manholes are provided .at mtzf locating faults, as pre-
the cables for making repairs an‘th the general subject of
viously explained in connection Wi

line construction. tng i The simplest
ofy, Feedlng ire, serving
6. General Methods ngle wire,

. : use a S1
method of line construction 18 t?
both the purpose of trolley w:ia
heavy load, the drop of poten

ith a

feeder; but w1t.
e1 fll?dthe end of the ln}e,
‘t when the trolley wire .
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alone is used. It is, therefore, necessary to run a heavy
cable alongside the trolley wire and tap it into the wire
at intervals along the route. Such a plan is shown in
Fig. 2, where m n is the trolley wire, a4 the feeder, and £, f

—

a ¥ - b
8 f S/ 4
m n
‘ FIG'.2
the taps; the power station is supposed to be at one end
of the lin

e at S. It would be much more economical if the
power station were in the center, as in Fig. 3, so that it
might feed in both directjons and thereby halve the distance
from the power Iouse to either end of the line.

If the trolley wire is

] divided into a number

of sections Cyiadnest o

3 a each connected at its
[ 7a] Sz el AT center to the feeder 4 b,

m o n as shown in Fig. 4, the

drop in potential at any
der and that portion of
n question and the tap.
the route or in case of a

a ¥ b
S
e ST
Fic. 4
lix}e. To do thjs, each tap should be

ower terminal is ¢
ch is opened the
i

onnected to the trolley,

and when the swit blade can be thrown ali
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rts
. All the exposed pa
the way down and the door closed. A1~]10ts~ed until the door
are then dead and the switch c;u‘mot be L} c trolley wire are
is.unlocked. The several sections of th

well insulated from one another
by line circuit-breakers, or sec-
tion insulators, which will be
described later.

7. TFig. 6 is a plan of feeder
Wiring that approaches the cox.l-
dition where the trolley wi_re' 15
divided into several scctx()x}S.
€ach of which is provided with
its own feeder. But in the case
shown in Fig. 6, each feeder
Supplies several sections of
trolley wire by means of exten-
sion feeders or mains a £, £ on
the end of the main feeder and
an independent tap running £
€ach section of trolley. It is ;
advisable to connect the ends b.l o X
fuse or circuit-breaker, thus tying te
System together. Then, in ca.se 011116 other part can help to
the feeders and mains supplym.g ) tion 77 carries a }{eavy
Lbply current. For example, if Secf feeder e f and main fb,
load, current can be supplied by way © load occurs on 77, the

ut if a short circuit or excessive OVer

the mains by means otfh:
e different parts of ;
part is heavily loaded,

S ——
C J d —i
¢ | Py & m
S a 7 o m
m m m =
S —

F16. 6 .
et go before the main
with the final result
but not from the
e run out from a

fuse or circuit-breaker at &7 will 1t:ion
Circuit-breaker on feeder ¢ £ in the Station’z']'
that current will be cut off from Secders ar
Test of the road. Where several fee
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station, it is advisable to tie them together in this manner,
because it will help greatly to equalize the voltage, and if
circuit-breakers are installed at the junction points and prop-
erly adjusted so that they will trip before the circuit-
breakers in the station, the power, in case 6f short circuits
or excessive overloads, will be cut off from only that section
on which the trouble exists.

Fig. 7 shows the best plan for a feeder service. In this
case, each trolley section has a feeder of its own. Of course,

\Fower House
Trolley fJ )
a ) c d
F16.7

the feeder is tapped into its section in as many places as

may be deemed advisable. Each feeder and its section of

trolley wire may be looked on as a single unit, and the idea
can be extended to any system, however large. Such a plan
not only simplifies calculations, but limits the field for

troubles as well. Any trolley section can be cut out by
means of its feeder switch.

8. Booster Feeders.—Fig. 8 shows the layout of
feeders for an interurban road in Ohio, and illustrates the use

of booster feeders for supplying distant sections. The road
2

is 18% miles long and the power house is situated 6 miles
from one end.

The two 6-mile sections on either side of
the power house are fed directly from the generators, while
the two distant sections at the left are fed through boosters.
Thus, on section No. 3, the feeder runs over 10 miles from
the power house before it is tapped to the trolley wire, and
the feeder for No. 2 section runs for over 6 miles before

bf:mg tapped. Each section can, therefore, be supplied with
different voltages at the power station, thus compensating for
the larger drop and maintaining an approximately uniform
voltage on all parts of 'the road. In Fig. 8, the two No. 00
trolley wires are tied together an .

d attached to the feeder,

§37 LINE AND TRACK

there being about four
trolley-feeder taps to
the mile. Current is
carried from the rails to
the station by four re-
turn feeders of 795,000
circular mils each. The
trolley feeders are not
of the same cross-sec-
tion throughout, but are
reduced in size after
they begin to tap into
the trolley wire. For
example, the feeder for
No. 3 section is 715,600
circular mils for 10%
miles from the station
and 397,500 circular mils
for the remainder of the
distance. The road for
which this feeding sys-
tem is designed oper-
ates on an average SiX
interurban cars 49 feet
5 inches long over all,
equipped with four
75-horsepower motors
geared for a maximum
speed of 40 miles per
hour. The feeders are
of aluminum and their
cross-section for equal
conductivity, if made of
copper, would be about
60 per cent. of the cross-
sectional areas indi-
Cated in Fig. 8.
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to which booster feeders are run, it is frequently advisable to
bear in mind the possibility of instal
at some future d

storage-battery s

ling line storage batteries
ate, and choose locations where sites for
ubstations can be obtained without difficulty.
9. Overhead feeders 2
stranded cables covered wi
tion. If a very large feede

6 usually in the form of heavy
th weather-proof braided insula-
I is not required, solid wire may
be used or two or more wires may be run in parallel to make
up the requisite Cross-section. Table [ gives the make-up
of triple-braided Wweather-proof railway feeder cables as
manufactured by the American Electrical Works.

TABLE 1

WEATIIER-PR()OF FEEDER CABLES

Size ¥ Approximate
Circular Mils Style of Conductor Weiglilt pfi]rs Mile
oun
e
1,000,000 61 wires, .128 each 19,000
950,000 61 wires, .125 each 18,250
900,000 61 wires, .122 each 17,280
850,000 61 wires, .118 each 16,320
800,000 61 wires, .115 each 15,360
750,000 61 wires, 111 each 14,400
700,000 61 wires, .107 each 13,450
650,000 61 wires, .103 each 12,480
600,000 61 wires, ~099 each 11,600
550,000 61 wires, .091 each 10,560
500,000 49 wires, .101 each 9,800
450,000 49 wires, .096 each 8,600
400,000 49 wires, -000 each 7,500
350,009 49 wires, .085 each 6,500
300,000 49 wires, .078 each 5,500
250,000 49 wires, .oy each 4,860
\
e A T e

Aluminurn has

feeders, but unlegg
Bum are gych that t

been ugeq,
the rel
he uge

I gome cases, for railway
ative priceg of copper and alumi-

of the latter effects a considerable
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and is used in the great

is Dr ed : AN
saving in cost, copper 1s preferr aluminum 18

‘tivity of
majority of cases. Since the C(mdu('ttlic\:nzrooss-scction of a
about 60 per cent. that of copper, 511 be 1% times that
copper feeder for a given service Wi ervice, or the alu-
of an aluminum feeder for tl:; ;i‘t‘i‘sn Sof 12 ’timcS that Oi
i ill have a Ccross-seci -circular-mi1
2]‘22:):)2:0?§:d\2r. For cxample., if aer3v(;2(,:(’)0:(:nc 3 i
copper cable is required f'or s gl-ve?msve a cross-section of
cable for the same service must

300,000 X 1% = 500,000 circular mils.

—

s B
LLEY WIR

e jre is of hard-drawn copper

r

A i\
ases, especially tough c?n
e the wear is excessive.

10. Material.—Trolley W i
for all ordinary work. In someWher
Position wire is used on curves NorOBHE IS though on
Trolley wire is seldom less than 1 9, or even 8 B. & S.
some old lines wire as small as BO% (0% To000, put No. 00
i used. Soine rordsNoW R Ndo.if the feeding system 18
3 . ize, an ; ey

most popular size e in using
;:isy fa: t?r(:)perly there is little advan.m{g] t to be supported
t L1 It only makes a greater w-elg easing the cost of
bl‘;“tiy wu:r; wires and hangers, thus, nct
e sp )
ine s : ile strength 1s
" S“DPO“Z- per is used because 15 t;’;i soft copper.
¥ f C /% )
grii: (ngv?ts vpi;earing I betttheiz is of little conse-
Its resistance is slightly higher, btutusually depended on to
is no II gives
se the trolley 18 ] e. Table
g::;;’cethle):ei?;:'rent for any great IS
e are
data on hard-drawn copper- r places where there
F lley wire on curves OF DisS ter than on straight
str O trod (igear on the wire much gl'e.ae e d
Strztnhi;1 of track, phono-electric ﬁ’lr wire made by t}1e
Thi c‘s a special composition or 2 fg:i to have a tensile
Bri(;g:aport Brass) Compats i itcitcr than that of hard-
er cent, gres ( that Of pur@
Strength from 40 to 40 per €enr S5 v cents
dl‘awg copper; its conductivity 15 50 p
copper.
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Mo TABLE 11
RD- .
D-DRAWN COPPER TROLLEY WIRE
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T8 ehase or :
| rounlc)j igfc'forolley 'erc.—Trollcy wire is nearly
B ss-secit{on, as this shape answers for
Fig. 9 (o) P and. cities where the speed is not high.
Clami e 1 ordinary round wire held by a soldered
S tapered down to an edge, so that it will
allow the under-run-
ning trolley wheel to
pass as smoothly as
il possible. Even if
J=GY  the fins on the ear are
»/ thin, there is always
more or less of a
Jump when the wheel
passes under the
hanger, which causes

e —————
LR T
NS

wa
:t(l)urse B jtttllriphfl 2ger and leads to breakage in
at clam L gt S éven more i
or crfs;he e psteadiof being Soldlo;::gounced 0k
A ' , ar
country or, interurban roads, where liilglf;ed. d
, spee

is attaineq
y» 1t is very desi
suspended that it il esirable to have the troll i
at it will offer a smooth running surfzf:’e‘?re tlslo
or the
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re designed to accomplish
in cross-section and the
ars a, a, the lower part &
bjection to this style of
pports, SO that

trolley. Fig. 9 (4) shows a wi
this. It is the shape of a figure 3
upper part is gripped by the clamp ¢
being free from obstruction. The o
wire is that if it becomes twisted between st
it lies crosswise, the wheel does not run well.

Fig. 9 (¢) shows a style of wire introduced by the General
Electric Company. This wire, also, is supported by clamp
ears a,a, and the surface presented to the trolley wheel 1s

F1c. 10

smooth. The wire is practical]y circular ir? cross-s.ect1o?,
with the exception of the two grooves b, b in the .81de, s,.o
that if the wire twists between supports it does not mterf.exe
perceptibly with the smooth running of the wheel when hlgh
speeds are attained. Fig. 10 shows the method of support-
Ing this wire. . '

When solflered ears are used, the obstruction oi’fered. is so
slight that a round wire answers in the gre.at muJo;'ltyl of
cases. When clamped ears, however, aré desired, anc wlien
high speeds are developed, these specially shaped trolley
wires will be found advantageous:

algtehiel A
METHODS OF ARRANGING TROLLEY WIRE :

12. There are three styles of support for trolley WIT-eS:
they may be suspended from brackets on poles at hthe side
of the road; a double track may b€ provided wit Cel?tel:
poles carrying the wires on a projecting arm on either jlde’
or the poles may be placed at the sides of the street and the
trolley wire supported by span wires stretched across.

13. sSpan-Wwire Construction..——ThiS is the most
common method of suspension and it is preferred for the
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following reasons:

In the first place, it does not obstruct the
center of the road

way like the center-pole construction; in
the second place, there arg, locations where only one side of
the road can be used, as on country roads, where passages
for two teams must be left outside of the track. Again,
where a single track is laid with the prospect of making it

a double track if the traffic warrants doing so, the side-pole

- ol
e meemm -~ £ SPAN-WITE CON struct 10n

leaves very little addi-

5 T Z tional work to be done

W— when the time comes for
F1c. 11

doubling the track. In

8 or 10 inches apart. As
ack, the cars use one wire when
wire when returning; this saves
rnouts and saves copper in the
comes for doubling the track,

long as the road is single tr
going one Way and the other
overhead special work at tu
feed-wires, When the time

A
o
Strarght line Suspension f
~

| ~olley Wire

/nsulated furp buckleo

Loedrs

1l
lron Rele,

T2 as

o oo
L X o 2

it is only necessary to slide one wire into place and see to its
il}sulation from the ground. In such straightaway construc-
tion, it may he that no feeders are used, in which case the
road cannot he divided into sections, but the two wires must
be continuous from the power house to the end of the line.

In Fig, 11, 2 4 is one trolley wire and ¢ ¢ is the other; 7 is
a turnout—g switch where cars can pass each other; the

13
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. 1 as

e f the wire a b after it ha

dotted line ¢ f shows the position of [}LL “’llt}(;is ek alelb it

been moved over to the second tmL..: of‘any SRR W
struction does away with the necessity

Na/l Cypper Tekephore Wre(Bars): i
Wa/0 1r1sul. Srgnal Wirée
A
o
N
S
N
—~r__ N I AN
~ole 777
77 Groupa
70/,

R1G. 13
i 4 if ail turnouts are placed

Sbecial work at the turnouts, an e wire straight.

e ves on
On the same side of the track, it lea

an-wire

ent for sp

14. Fig. 12 shows a general arrangen:)les are shown, so
. . > ! (e n

Suspension in cities. In this case iron P
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that an insulating turnbuckle is used between the pole and
the span wire. The trol]ley hanger is also insulated, so that
there is high insulation between the trolley wire and the
ground even though iron poles are used. The feeders are
carried on cross-arms bolted to the poles. Where wooden
poles are used, the insulated turnbuckles are often omitted.
An eyebolt is simply passed through the pole and the span
wire is stretched by screwing up a nut.

- | ==~
re FRod Screw Endts Y
f6t0—; (-
I Stee! Tuta,
T 4
6-6°-
[Ny
SR RY
H 3 3
{ B
S, P15 <A o | 1S, e siaror
L S g == = g sy -
e | _%‘-Cq‘/
72 i v Yad QST ARG T FEOAT TR § 7 BTN A AN A STy KRG NN
Ballast 6‘/1”/ Conerent = rCacrel. Gmm/) = %
‘ L— 260" g {7 ___] S
5 I
— 1] L ,':_".l
9
“N

Fig. 13 shows a span-wire construction for a single-track
interurban road where the poles carry a 16,000 volt three-
phase transmission line in addition to the direct-current feed-
wire. The suspension carries two No. 0000 trolley wires
Sl.lspended 10 inches apart. The poles are 8 inches in
diameter at the top and are set 7 feet in the ground. The
span wire is of §-inch twisted steel.

|
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15. center-pole construction can be used to good
advantage on wide streets where poles in the center of the
street will not obstruct the traffic. It is also much used for
interurban roads operated with an overhead trolley.

Fig. 14 shows a substantial center-pole construction on an
interurban road in New York State. The poles are of yellow
pine, octagonal in cross-section, and are set in concrete, as
shown, in order to give them a firm base. A single No. 000
trolley wire is used over each track and is suspended 20 feet
above the rails. The trolley-wire hangers are attached t? <
small stranded steel cable, thus making the suspension
flexible and taking up the blow of the troll.ey wheel as it
Passes the supports. The cross-arm carries a 500,000-
Circular-mil feeder and two No. 10 B. & S. copper tele-
Phone wires.

16, ‘Stde-Brucket cOnstruction.——When thls. con-
Struction is used, the track is generally on one side of
the street; it is used most extensively fc?r cross-coux.ltry
lines where a single track runs along one S.lde g
Way. For this class of work, cheap gas-piPe precect g
g¢€nerally used; and since the constfu‘:tio,n f:alls for ol Y
Pole, whereas a span wire requires two, it is less expenS}ve.

Fig. 15 shows a side-bracket construction of %O.Od d?SIgnd.

he bracket is braced from above and belo“.” & a-m;h tlle\;\f:r

eing used for the upper brace and 1}-inch pipe for t f(zi Zn t(;

he feeders are carried on the cross-al"m =1 tapp.e lieht-
the trolley wire, as shown by the connection @ Y re
Ning arresters are mounted at suitable intervals, five or Igob
to the mile, as shown at 4, and are connected fo gro‘::tnain 'Z

0. 00 weather-proof wire ¢. The e e dto % e to the
8round for these arresters is to attach the groun .WIg 0SS~
Tails, as indicated. Two trolley wires of ﬁgu.‘et leC;lone
Section equivalent to No. 00 B. & S. are G

Wires are carried on side brackets 4 d.

487
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POLES
17. Poles are either of steel or wood. For cross-country
or suburban roads wooden poles are generally used, since
appearances are not of so much consequence as with city
roads; and even in cities, wooden poles are erected when
there is no strong objection to them on the ground of unsight-

liness. For city work tubular wrought-iron or steel poles of
these are usually made

the telescope type are very common;
up of three sizes of pipe welded together. Seamless steel-
tube poles are also coming into- much favor. Iron or st-cel
boles are invariably set in concrete, for which the following

IS a suitable composition:

Portland cement . «/siioiiriiepisibolis eI ;par:
Clean sharp sand. . . = joife sbeMieRisns 33:&2

Clean broken stone . . . « « * * .

18. Wooden poles are usually of chestnut, hard pine,
cedar, or redwood. The use of redwood poles is confined
Mostly to a few of the western states. Poles with tops less
than 8 inches in diameter should not be used in railway work;
they may be suitable for some classes of telephone and te.lew
graph line construction, but they are to0 light for the heavier
Work of electric railways. Chestnut poles should, prefer.a?ly,
be second growth and left in their round natural condm.on.
Oles sawed to octagonal shape are usually of hard pine.
In general, while sawed poles present 2 better appearance
than round poles in their natural condition, the removal of
the outer part of the wood shortens their life. If poles are
€pt well painted, their life will be prolonged, to say ngthmg
of the improvement in their appearance. The part in the
gr.ound should, with the.exception of the base, be cQated
With tar or some other preservative compound. Experience
as shown that it is better to leave the bottom .uncovered by
the tar, because the center of the pole ther remains constantly
damp and does not rot as quickly. In many cases, poles are
tl‘.eated with creosote in order to prolong their life. 'Table I1I
Rlves data relating to untreated poles of best quality Amer-

ic i
an yellow pine or cedar.
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TABLE III
APPROXIMATE SIZES, WEIGHTS, ETC. OF WOODEN
% POLES
Diameter ‘
Pengih Allowabl
e \ Volun:nc Shape of Weight smf-“.:?rf‘ﬁr
Top | Bottom | Cublt Feet Section Pounds for 7-Jnch
Inches | Inches Deectos
:isi g 10 12.5 Circular 600 to 700 72.5
: 10 13.2 Octagonal | 650to 8oo 725
3o g 10 13.4 Circular 670to 820 700
3o 10 14.2 Octagonal | 700to 840 700
3 9 12 19.1 Octagonal |gooto 1,140 850
19.

Setting Wooden Poles.—Wooden poles are not,
as a ruley-set-with concrete, although there is no good reason
why they should not be. When fhe side-pole span-wire
f:onstruction is used, they should have their earth bearing
increased by the proper disposal of several large stones. A
couple of stones should be jammed into the hole alongside
of the ppl_e on.the side away from the track and a couple
more near the mouth of the hole on the side next the track.
This will (.io a great deal toward preventing the span of wire
ffom pulling the tops of the poles together. A piece of
tlm’ber may be substituted for the stones on the track side. in
\.Nhlch case it should be about 3 feet long and 8 square inciles
fn cross-section. After the pole has been placed in position
it sho.uld be solidly tamped around to make a firm bed. Tht;
tampn?g should be done while the pole is free; if done while
there is tension on the span wire, the effect will be just the
op.pos1te.: to that desired. On straight stretches of track
using side-bracket construction, the poles should be given a;
rake backwards from the track, the top of the pole not bein
more tha.n 2 or 3 inches out of plumb. Where side poles arge
used, with span wires, the rake should be considerabl
greater because of the tendency of the span wire to pull thz
’;:)Opsf together (see. Fig. 13). In soft ground, the rake should
€ from 8 to 12 inches, depending on the character of the
ground and the kim'; of pole foundation; the more yielding
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the soil the greater should be the rake. In setting poles
having a rake, it is advisable to use a spirit level or plumb-
bob; by doing this they will all be on a uniform slant,
Whereas if the eye alone is depended on, the pole line may
be very uneven. The poles are usually spaced from 100. to
125 feet apart. In cities 100 feet, or about 53 to the mile,
IS a common average; while in other places, where a lighter
construction is sufficient, they may be placed 125 feet apart,
Or about 42 to the mile.

«.—Fig. 16 shows a tubular

Steel pole adapted to the various types of construction,
(a) being for the side bracket, (4) for the center pole, (.c) for
the span wire. The method of attaching the ‘span wire to
the pole in (¢) is shown in the small detail sketch. A

20. Tubular Steel Pole

TABLE IV
APPROXIMATE  WEIGHTS OF, IRONJEONE
Diameter of Sections il el
N7 of P Bottom | Middle | ToP Feet | Pounds
Inches | Inches Inches
pndard 5 4 3 27 350
Xtra heavy . 5 4 3 27 500
Standarq 4 6 D 3 .8 5
Xtra heavy . 6 5 4 28 200
Standard \ > 5 P by 4
Xtra heavy . z 6 5 30 I’goo
Standarq ) 3 7 6 30 25
Xtra heavy . 8 ” 6 30 1,300

Clamp jg fastened around the pole and to it 18 attached a

ire to be
tm:nbuckle that allows the tension OT' the spz:in ':IVII:I- L :r %
ad]usted. USua]ly this turnbuckle is 1nsu¥ate :i g
govide insulation between the trolley wire an or

iti i ’ d-
aqdltlon to that afforded by the trolley-wire hangerthe F(:;e
Wires are carried on an iron cross-arml bolted ‘to pole,
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as in ' - 5
(¢). An enlarged view of the center-pole top 1S shown

‘tl}:e((;)(;.- The trolley-wire hang.cr is 1.10t fastened rigidly to
- s.11'7,(mtvz'11 cross-arm but 1s flexibly supported frc?m .a
USua]].ypdn wire stretched between brackets; the slzan'wlre '1s
diamci made of strax?ded steel cable about "."c inch in
er. Table IV gives the approximate weight of iron
pO]Qs_
tu}\:ff] ;)olcs are sometimes made in oth ‘
tozct‘hr .orm. Poles made of prt':ssed steel parts. riveted
T er have been used; also- la.ttlcework poles built up of
teles ural steel. In the majority of cases, however, the
cope type of pole is the one generally adopted.

er than the telescope

————

LINE FITTINGS AND LINE ERECTION

S

TROLLEY WIRE AND FEEDERS
. 21. The general arrangement of wiring for a double track
is shown in Fig. 17. The poles p are placed not more than
1.25 feet apart measured along the road, and between oppo-
site poles are stretched the span wires s. At intervals of
al?OUt 500 feet and at the approach to all curves, anchor
Wires ¢ are put up, being secured by special hangers, as
at 4. These take up the strain on the trolley wire in the

?P T P . ] [ ]
8 3 a h a 8
-
s
op ° po— @ a~~ep ®
F1G. 17

SIYECtion of its length, for it must be borne in mind that the
rolley wire is put up under considerable tension, so that

should it break it would draw apart in both directions if
there were no anchor wires to hold it in position. The two
general methods of stringing the trolley wire depend on
;’Vhether it is put up dead or alive; i e., whether the current
S off or on. In the first case, the wire is run off the reel
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under the span wires and is then raised and tied temporarily
to them; the tension is put on afterwards and the wire fast-
ened to the insulators. )

If the wire is put up alive, the reel is put on a flat car thz?t
is moved by a trolley car. As fast as the wire is paid off, it
is fastened to the insulators, once for all, by a line crew that
follows close behind. It may be necessary to go over the

2 F1G.18

road afterwards and make a final adjustment, especially at
curves and crossings.

22. Frection at Cur
trolley wire at curves is
sents the arrangement of
wire / when a single p

ves.—The method of securing the
shown in Fig. 18, where A4 repre-
guy wires g attached to the trolley
ole is used. Strain insulators are

¥ 23
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-olley wire, at the
usually inserted, as shown at £, :m.d 3 tlr(::(];l} \i\s held by
bcginning of the tangent or straight P”. cng'ioll Ja*Ehiown
anchor wires . A flexible method O-f hu.ﬂ}:nlas‘ up the guy
in diagram 2, where a heavy span \\:1rc % m]i;,c the strains
Wires; this form of construction tends (tlo Ct(;d‘ in pl
on the span wires, and is generally adop re is shown at C,
Which is the older method. A.double iy
the different wires and poles being
designated by the same letters as ;
in the preceding layouts.

ace of A,

23. offset in Trolley Wire.
In going around a curve, the trol?ey
Wire does not follow the center line
between the rails as it would .dO
if the trolley wheel were ﬂ}?plled
to the wire at a point immedla.tel.y
Over the center of the car, but it 1-s
shifted over toward the inside rail PNt X
by a distance that depeng:S Ogegliture from the center 13::
Tadius curve. This et TR e curve 7 is
of the ?rfactl}cleis shown in Fig. 19, vVht(}alreofththe trolley wire.
Center line of the rails and 7 the pa middle of a 90° curve
The amount of offset measured at thien the figure should be
at the point indicated by the arrows

about as follows: OFFSET
Rabrius or Curve . . 16 inches

40feet . . . . ..ottt " " yginches
80 feet; . . . .0 IR NSTOR e

80" feet il it oo o MATNENEINE 8 inches
80 feet . .y, w s LRSS IR
100 feet . 5 inches

120 foet. . ff. o7 @ikl SECRRERE G e
150 feet . b Apdt bRt _ . 38inches
200 feet . .4y RGN
\ , th
The object of the offset is to a}}jo:ot P
More closely to the wire; 1t.w011f the trac
Wire followed the center line © g

e: trolley wheel to lie
o this so well if the
k, as the wheel
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would lie diagonally across the wire and cause a large
amount of wear on curves.

24. Guard Wires.—In some places, guard wires are
located above the trolley wires, as shown in Fig. 20. They
are placed about 18 inches above and to one side of the
trolley wire, their object being to prevent telephone or other
wires from falling across the trolley wire. Guard wires are

now very little used, as.they are of doubtful advantage and

Guard Span Wire _Guard Wire Hanger

Forcelain mmnq Guard Wire
Insulator

,<7F'a//e_y Hanger Trolley Span Wive
Crrolley Wire
F16. 20

are themselves apt to break and come in contact with the
trolley wire. They are, however, useful in some special
places, as, fc_)r example, at railway crossings. They have
usually been made of No. 6 or 8 B. W. G. bare galvanized-
iron wire, but it is now considered better to use weather-

proof insulated iron wire, as the insulation adds much to
the effectiveness of the guard.

25. Tension on Trolley Wire.—In putting up trolley
wire, judgment must be used regarding the tension put on
it. Thus, wire strung in hot weather must be allowed more
sag than that put up in cold weather, otherwise the contrac-
tion will put severe strains not only on the trolley wire
itself, but on the whole overhead construction. A range of
80° F. between summer and winter temperatures is not at
all unusual, and this corresponds to a variation of nearly
4 feet per mile in the length of the trolley wire. For a
125-foot ‘span of No. 0 wire, put up with a tension of
2,000 pounds, the sag at the center of the span will be,
according to Mr. E. A. Merrill, 3.8 inches; for a tension of
1,500 pounds, 5 inches; for 750 pounds, 9.5 inches; for
500 pounds, 15 inches. Dawson recommends as a safe
allowance for localities where the temperature does not fall
below —20° F., a sag equal to three-fourths of 1 per cent. of

< %
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the span when the wire is strung at the ordlnnry.tc(:ngfer;:;];et
of 60° to 65° F. Thus, for a 125-foot span, :1‘5:1? th;r i
11} inches would be allowed, and in the warmest wea
sag would not exceed 15 inches. bk
26. Span Wire.—Span wire is usua]l;r maq:;mdca S
ized iron or steel, and in the best cozls.trucn-on.]..'lm‘ctcr' 3
is always used. A common size 1S 16 m(}h in ¢ 1‘1 LY
of seven strands, No. 12 B. W. G. W 1.1crc a d\c‘ el
struction is desired, &-inch stranded wire, ma fvire i
strands, No. 11 B. W. G., is used. SOllf]. spaﬁomd By
desirable, but in case it is used, the size S g pols
smaller than No. 1 B. & S. for No. 0 trolly<.:r§:3 \wm .be SRy
wires should be placed so that the tfo]le_v)f\n AR
19 to 20 feet above the top of the rail: (d :(()) for, o T
places where this rule cannot be ad]?c;'er th;m R
railroad crossings the wire must be hig llc S
under elevated structures it must be much . e
27. Ins .ors. —The hanger supp.ortmg the trc w7
ety o to provide thorough 1n
used to connect the tro'lley
les, the hanger provides
lley wire and ground, sO
e span wire from the

Wire is always constructed sO B8
lation, except in cases where it 18
Wire to a feeder. With wooden PO
sufficient insulation between the e
that it is not necessary to insulate th

F16. 21

ally used in the
Doles. With iron poles, insulators a.ren gen;irg. .‘5271 shows an
Span wire as an additional pfecaugow.henever a span wire
Ordinary strain insulator much 1se ole. The span wires
or pull-off is to be insulated from. thekI::n up against piece b,
are attached to @, a, and the pull l,s s lating material. The
Which is separated from a,a by 11.1511 of the two eyes, is
Whole insulator, with the exception
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covered with molded insulation. Fig. 22 shows two styles

of insulated turnbuckle for span-wire construction with
iron poles.

F16. 22

28. Trolley-Wire Suspensions.—The hangers for sus-

pen.ding the trolley wire are made in a great variety of
designs, but in general they consist of three parts, namely,

a casting or body that is held by the span wire or bracket,
fm ear .that grips or is soldered to the trolley wire, and an
insulating material that separates the ear from the casting.

oomm e Fig. 23 shows a com-
%@7//‘/‘/‘7///\"{?\/\/2\;{% mon fo.rm of suspen-

\ %/% sion with .the ear re-
moved; a is the main
casting provided with
/ the grooved exten-
sions 4. The span
wire passes through &
and around a, thus
holding the hanger
in place; by using a
special tool, hangers
are easily sprung into
d in molded insulating
y a metal cap 4. The
ed screws onc¢. Fig.24

$ \/
y
A MMM

N

Fic. 2
place on the span wire. Bolt ¢ is bedde
material and the casting is covered b
ear to which the trolley wire is fasten

|
|
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L8 in Fig. 23.
is a sectional view of a hanger very S’ml.lar t"lt:?at];: il;ll;iac‘gc
The bolt a, with its molded insuluti()f) b, is hclf : 1lr]l:\’ A gorawe
by the screw cap ¢, but can be easily removed D}
ing the cap.

The metal castings for overhe
of malleable iron or brass. The ears,

ad fittings are made either
when soldered, are

Fre. 2

on the wire are
made of brass; those designed to clamp

usuall de of malleable iron. Wil )
lelgy 2I5nth\\?s four styles of ears intended for

] : roove on the
the trolley wire. They are pr.OVIdei hvglt:arasiown at (a) is
under side, in which the wire S dinary straight-ahead
known as a plain ear; it is msecyo) Orcalled because it is
work. (&) shows a strain ears = ires a,a, Fig. 17, are
brovided with lugs ¢, e, to which the W
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attached: (c) is a feeder ear; it is provided with a lug £,
to which the tap from the feeder attaches. (4) is a splicing
ear, used where the trolley wire comes to an end at a
ba.nger. This ear serves the double purpose of holding the
wire and acting as a splice. The ends of the trolley wire
are passed up through two
openings /%, 2 and bent back
over. Feeder ears and spli-
cing ears are used compara-
tively little.

Fig. 26 shows a suspension
provided with an automatic
ear. This ear is made in
two parts that are hinged
together. When & is screwed
A T ; up, the ear ¢ clamps the wirc?,
s holding it firmly without the use of solder. Automatic
ears make more or less of a projection, and hence tend to
make the trolley wheel jump more than soldered ears. They
are, however, easy to put up and are especially useful for

temporary work or in places where the location of the hangers
may have to be changed.

“T16. 26

F16. 27

F1c. 28

29. In rounding a curve, the trolley wire is at first
stretched in temporary wire slings and anchored, after which
the hangers or pull-over clamps are attached. For ordinary
Curves, suspensions such as shown in Figs. 27 and 28 may
be used. Fig. 27 shows a single-curve suspension used with

single-track work; Fig. 28 is a double-curve suspension used
|
l
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where there are two trolley wires and where a span wire or

i s
pull-off wire must be attached to each side of the }'fange :
and making repairs on the

For suspending trolley wires
, . s consists of a platform

same, a ‘“‘tower wagon’’ is used; thi

Trolley Wir -

i i read
Supported on a wagon at 2 convenient height for y

£y 4 arranged
access to the wires. This platform 18 geﬁzr;ilt{ejomay stand
as to project beyond the wagon., SO that. ; rogress and not
clear of the tracks while repairs atelieb

F16. 30

hen not in use, the platform

Interfere with regular traffic. w f a winch.

May be lowered to the wagon by maatisio

i from
30. ¥rogs.—At the point where one 1ine branches fro

to guide the
another, overhead switches, or frogs are ;Sieg?% (&; A
trolley wheel from one wire to the gther-
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the : :

larg:l:i;:;.le(:)f iy Sm.]p]e two-way V frog of a type that is

In these frc’)gs tlljs i rlght'ha’fd frog and (¢) a left-hand frog.

Fig. 30 shows a Vef trOI-ley. wire is soldered into the ears.

the trolley wire is r}?ﬁ in its natural position.- In this case,

necessary. The s ed,by.damps b,6,6 and no solder is
. € span wire is attached to the ears a.

31. -

It is
relation to thent(i::farydthat frOgs be placed correctly with
are therefore desi ’;n mechanical fastenings for the wires
adjusted to the lm S b‘e<.:ausc they allow the frog to be
faction that an p(f):’ltlon.glw.ng the best results. The satis-
it is put up. ;'f rog will give depends a great deal on how
follow the same g-Ut R level, the trolléy is very likely to
o N Sidxre?tlon. as the car, but if allowed to sag
trouble, due to itse’thlt will be a never-ceasing source of
The position f rowing the trolley wheel off the wire.
or the frog may be found by the method

d
c'
C
a ~. /
N = =
g' % \’:‘é/_/ T
T~ v’
b //l
m
Fic, 81

shown in Fig. 31, wl‘lere a a .
igh . nd 4 are the main-li
e :Jz’ :::: E;:zc}li-hne track§, @' ¢ the main troﬁiytr:;];tse’
i becat troll.ey wire. The center of the trian:
e meet- ok adpomt t where the lines bisecting each
R li,ttle remls etermines the position of the frog. It
o ity Oftove;i from the center lines of the tracks
Sew ien ound necessary to shift a frog after i;
piis i Withoutp.un o.rder to make the trolley wheels run
RO jumping off. Lateral adjustment can b
y means of the turnbuckles attached to the spaxi

|
|
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wires. When a frog is first connected, the trolley wire
should be left long and the end coiled up on top of the frog
so that the latter can be shifted forwards or backwards in
case such adjustment is afterwards found necessary.

__At the point of intersection of two

32. Cross-Overs.
d. Fig. 32

trolley lines, a device called a cross-over is use

(a) is used where

overs;
) where they cross at

ting trolley wires belong
y to insulate the wires

shows two common forms of Cross®
the two lines cross at right angles, (
an acute angle. Where the intersec
to different companies, it iS necessar

vod Jnsulalion

-

e |

from each other. In such a case, @ special insulating trolley

Crossing, Fig. 83, must be used.

33. Section Insulators.——Section insulators are placed
at the junction of two divisions that are fed by Separate:
feeders from the power houseé, and are commonly known as

488
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line circuit-breakers or simply line breakers. The
diréct line of the trolley wire is unbroken, allowing t!lc
trolley wheel to run smoothly across the insulating material
(usunally hardwood) that separates the two castings to whicl_l
the sections of trolley wire are attached. Figs. 34 and 35
show two satisfactory types of section insulators, the insula-
ting material in both cases being hardwood.

The main requirements for line devices of any kind are
simplicity, durability, and strength. There is no place on
the road where appliances are subjected to as violent knocks
as they are on the line when struck by a pole that flies off
under a tension of 20 or 25 pounds with the car going 20 or
30 miles an hour. Where the device has an insulator, this

Fi16. 85

must be effective; for while the leakage current over one
may be small, that for hundreds of them in parallel may
amount to considerable. Every line should be subjected to
a constant and careful inspection, and as $oon as a fault
begins to assert itself, it should be remedied at once.

34. Feeder

Splicing.—The feeders, if they are not in
the form of lar

ge cables, are usually joined by using the

i
|
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ot ; a long twisted ,
ordinary Western Union joint, Fig. 36:'9r Izi\wl illmﬁmion ”
joint, as in Fig. 87. In the latter Lasc]‘ it e
removed for about 2 feet from t}?c cn;;. ;hen iy
twisted together while under t‘cn:sxon aCh e/ T
This makes a good joint and it is mu

bulky than the Western
Union when used with Wm -
large solid wires, such F16. 86

as No. 000 or No. 0000. d flux for solder-
A solution of resin in alcohol makes a 200

i de the wire. )
R el m})3t c;:)ril;:)ed either by weaving the
Large feeder cables may be

ing a CoOpper
: r else by usim
Strands together and soldering © ends into it. Another

i the
sleeve and thoroughly soldering t to slip a hedvy copper
effective method of joining cables 15

F1c. 87

. is sleeve to Very
ubject £ draulic
sl toint and then S ; “table hy
ee'le\:,e ove‘r‘ &% 1j)ommeans of a spec-lal 1;,I(;lice(l should be
Dr;sy pxisureel'llzqd wires after.bemg insulation at least
thorz. hi to Y)ed so as to provide an
ughly ta y ’
. re.
€qual to the covering on the Wi

lley wire is
__When a tro
rolley Wires.—% , because
Spi?i’s.d Stﬁlic.h‘lg; 1lazut(z>ybe mechanically strong

ced, the join

ioint must
.o also the join
there is considerable strain on the‘lv)‘;gi; the’passa}ge 3 lihe
offer as little obstruction as poszlmethOd of SplicmgFt';o 368y
trolley wheel. The most commo ass sleeve, I'18. 90-
Wire is;vlzyer(:aeans of a tinned tap;re(tizoll)lr“ecwr AT b}?nt
the . e is then
he wi i each end of ining spac :
up ethv:éixeshgtc;l;no;tanings a,a. The rer}?amends of the wire
) e . 3
Doureq fgull of melted solder z'llridgitve excellent servgiﬁ
trimmed off. This connector Wi avy enough ma
Care is taken to see that it is made tht;ivs dimensions for a
and is a good fit for the wire. (6) s

. wire.
Satisfactory connector for No. 00



34 LINE AND TRACK §37

The splicing ear shown in Fig. 25 (d) represents another
device for splicing trolley wire. The general idea is the
same as that used in the tubular trolley connector, except
that it must be used at a point of support, as indicated by the
lug for attaching to the hanger. The ends of the wire to be

(a)

o T A A
- 7 /‘ '4/,{"“,_71_ 2 3 : e o ooy -
|‘“ /8"
AL ()
Fic. 38

spliced go into the ear at the ends, pass up through the
holes %, 2, and are turned back and trimmed off. The fins
on the lower edge of the ear are clinched and the whole is
then sweated with solder and cleaned off. Splicing ears do
not always call for the use of solder;
in some of them the wire is held by
means of screw clamps, but they all
have the disadvantage that a splice
cannot be made except where there is
a hanger, whereas with a sleeve con-
nector, a splice can be made anywhere
on the line.

36. Feeder Insulators.—Heavy
glass insulators may be used for sup-
porting feeders of ordinary size. In
the case of large feeders, however,
the strain is very great and glass insulators are liable to
crack. This is especially so at curves, where the strain on
the insulator may be very heavy.

Where the heavy feeder cable subjects the pole insula-
tor to a side straip, as at corners and curves, insulators of

|
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composition material, such as molded mica, are used, because
this material is tougher than glass and does not p 13nder
the strain. Fig. 39 shows one of these insu]ntors ha-vm% a
groove large enough to take a cable up to 500,000 c1rculz]1r
mils cross-section. Fig. 40 shows another style whe're tl ;
top is made of bronze and the lower part of mOIC.]ed mSUba'
tion. The feeder rests in the groove and is held in place by
the screw cap a. Fig.41 shows
still another style, in which the
cable also rests in a groove on
top, but is held in position by
means of a tie-wire.

37. Connecting Feeders
to Trolley Wire.—Fig. 42
shows the most common method
of tapping the feeder to the
trolley wire. A piece of soli
(No. 00 to 0000) is tapped on to the
to the strain insulator @ by passing b
through the eye of the insulator and giving el
around itself. The other end of the feed-wire A
one end of strain insulator &, which is pla?ed %ltlsr(l)ot pET
to the left of the trolley hanger so that it WII.‘ el s
in case the trolley wheel flies off the wire.

d weather-proof feed-wire
e feeder and is fasten.ed
the end of the wire

Feeder:

o wire
o Weather--2% £ e
© Steel wire '3 Soldere

Fic. 42

: o ] hough
of the span from &, ordinary steel span Wlf:ci‘So::e;i’dt streﬁn
in some cases the copper wire is r.u I dearame position as a.
isulator 4 placed near the pole in thfi Sfrom the feed-wire

he weather-proof insulation is remove is attached, the
at the point where the trolley-wire e, sual insulation,
hanger having a solid brass bell, without the u

Soldered to the span wire.
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38. Line Lightning Arresters.—The overhead dis-
tributing system of an electric railway should be liberally
supplied with lightning arresters. There should be at least
five to the mile and a good ground connection should be
provided by connecting to the rail. The arresters used for
this work are practica'ﬂy the same as those for indoor loca-

tion in power stations, except that they are enclosed in
weather-proof cases.

THE TRACK

39. The track on which electric cars are to run must be
substantially constructed. FEach car carries its own motors
and the track is subjected to much greater wear and tear than
if the cars were propelled by some outside source of power,
as, for example, on a cable road. The rails are subjected to
the grinding action of the wheels whenever slippage occurs
and the weight of the motors on the trucks is so great that
unevenness in the track causes severe pounding. When elec-
tric railroads were first installed, the track construction was
altogether too light and the whole tendency has been toward
heavier construction, until at present the trackwork on the
b.est electric railways is fully as substantial as that on trunk-
line steam roads. On most electric railways, the track is
used for one side of the circuit and the rail joints must
therefore be of good conductivity. Special precautions must
be taken to see that the joints are so made that they will not
deteriorate rapidly; they should also provide a conductivity
'flt least as good asa length of rail equal to the length of the
joint, but on many roads the conductivity is not up to this
standard. Rails for electric roads, as now built, seldom
weigh less than 60 pounds per yard, and in most cases weigh
more. Many interurban roads use rails weighing 80 or
90 pounds per yard, and for city tracks, where high rails
must often be used on account of paving, the weight will run
over 100 pounds per yard.

The kind of roadbed and rail to be used depends on where

the road is located.i If the soil has a very poor bottom, the '

|
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subwork must be more substantial than where the soil is
firm or where there is rock. The construction also flcpcnd.s
a great deal on the traffic, and in many cases on city ordi-
nances that call for a certain class of rail.

RAILS

40. Composition of Track Rails.—Rails are alwayi
of mild steel; i. e., steel containing a low percentage o]1
carbon, together with manganese, silicon, and very :mz;s
bercentages of sulphur and phosphorus. The pcr;enhagd-
of carbon and manganese have a marked effect on the ar
ness of the rail; if small, the rail will be Soft and 1t]s }:r:a;']]:f:
qualities poor; if high, the rail will be bf‘lttle att:](e ;i;niting
trical conductivity will be low. Table. V .showii LB
bPercentages of carbon, phosphorus, silicon, an .m tgg(tre(;t-
as SDcciﬁcd for track rails for a number of Pfomlvni;f]n g;ve B
railway systems in the United Stateg These ¥ e
idea as to what is considered a desirable compos Sl
rails; it will be noted that the pergentages of the di

Substances do not differ greatly-

t of Rails.—Rails are

A A 1 Weigh
41. Cross-Section anc f pounds per yard that

always designated by the number O 5

they};veigh_g XM et weig‘hiﬂg.60 poundzdpse;ey;a;;lrd’

known as a 60-pound rail; one weighing 3.0 pou T

as an 80-pound rail; and so on. The \Yelglllt ;qu Ay

Yard divided by 10 gives the cross-sectlonoa a n‘d,ra“‘wou]d

inches, approximately. For example, an 8 -pm{}v Tl
ave a cross-section of 1§ = 8 square inches. We

W, (1)

45 ¥o
Where 4 = area of rail section,
W, = weight of rail, in pounds,
section of a rail, divide

in square inches;
per yard.

Rule I.— 70 find the area of ross
the weight, in pounds, per yard by 10
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TABLE V
RAIL COMPOSITION

LINE AND TRACK

Remarks
¥
inois Steel Co. standard speci-

cent. or above .62 per cent.
fication for rails under 70 1b.

will be rejected

yard

Sulphur
Per Cent

Manganese
Per Cent
8o to 1.00 |Not over .08 Rails with carbon below .50 per

.70 to 1.10 |Not over .05 Il

.80 to 1.00°

.80 to 1.00 |Not over .05 | Same for rails over 70 lb. per

.20

Silicon
Per Cent.
10 to .15

.IO Or over
.07 to .15

.10 to .20

Phosphorus
Per Cent
Not over .10/ Not to exceed .20| .80 to 1.10

.10 or less

\

Carbon
Per Cent.
.50 to .60 [Notover .08

.45 to .55 |Notover.10
.37 to .45 [Notover .10

.43 to .53
.46 to .56

.45 to .55 |Notover.10

Road

Boston
Buffalo. . .
Denver
Philadelphia .
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To find the weight of rails required per mile of single
track, the following simple formula may be used:

w, =116 W,  (2)

where W, = weight of rails, in tons, for 1 mile of single

track;
W, = weight of rail, in pounds, per yard.

Rule IL.— 7he number of tons weight of rail rt"quz'red [(/)r
1 mile of single track is equal to 1.76 times the weight of the

rail, in pounds, per yar d.

42, Resistance of Track Rails.—Since, in most gleQ-
tric railways, the track is used as one side of the cnrclﬂri"hlt
is important to know the electrical resistance. of steel. of e
resistance of mild steel varies greatly with .1ts composmon];
the harder the steel, the higher is the resistance. Tm(f
rails are selected for their wearing qualities; hence: a.c.ertz.ug
degree of hardness is essential; but wh.ere a. réll I use.t
simply as a working conductor, as in third-rail systems, !

to
can often be made of softer steel, because the only wear

Rttt s \ a the collecting shoes:
hich it is subjected is that of A. Capp on specimens of

Extended tests made by Mr. J- : .
rails obtaineé fsrtom differesl,)t gources sh.ow spemzic fls((;;;f;l
resistances varying from 6.4 t0 13.2 times tl(lia Oresistancé
A fine grade of Swedish wrought jron showed @ B
of about 6 times that of copper: It has been ;:{usrl;c;ril;tazce
assume, in making calculations : ing trac s resist:
that steel ordinarily used in track rails has a 51? ST
ance of 7 times that of copper: However, tf:b;srsthan thi;
in most cases the specific resistance is much highe thaps il;
and to be on the safe side 10 would be more
accordance with the facts and will be s0 taken here.

48. Steel for Conductor Rans.._-ln‘mostfc;is;s;;/::i:;
roads have been operated by 2 third rail oFl oA
conductor rails, as in slot systems, the rails R
rolled from mat,erial the same as ased for the t:qc t. e
tolled of special steel to secure higher conductivity

regard
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cost to ¢h 1 iori
-k t;:a’t“g;’h )1;:) the] majority of cases. Mr. Capp’s tests
T g diﬁlicu]l:er'y ?unxtn_ng the impurities in the steel
s i qrcaz ln. securu.]g a composition that can be
A nobt oveysm.creasmg the cost and that will have
P greatestr fftlmes that of copper. The element
e e ee fect'Q,;.; the resistance is manganese,
g presen‘tgin 0 thls.lS kept down, the other impuri-
ibdesihion reSistancea con51der.able amount without causing
e : -Chemlcally pure iron has a resist-
AT it percelia ;0 tlmfas thzit of copper, and compara-
iy RN L.(Ia)s of 1‘mpur1ties increase the resistance
L e Cost- \ ure iron, even if it could be obtained
B w;) ,]dvould not be suitable for conductor
200 il Shu not be hard enough to stand the wear
1 wimges' At the same time, if a conductor
T Ordinarilpercentages of carbon and manganese
Mr. Capp recommenydused, the coeructivity can be improved.
e e z.the foll.owmg composition as giving
et eee ing 8 times that of copper: Carbon
o Phosphoruspnr cent.; manganese not to exceed .30 per
e i ot to exceed .06 per cent.; and silicon
A th.e Nper cent. On some large systems, for
S, i Suef;iv .York subway, where the length of
o Ry (;ent to warrant the preparation of
R rail’s - as been used; but for ordinary roads
ave in many cases been installed. ,

44, wo :
25 squarerir:cl}:lgf for Tl.-ack Resistance.—A copper bar
Hatiior: s r(ESio:s-secn'on ha§ an area of 1,273,236 circu-
T e 10s ance of 1 mil-foot of commercial copper
s 10.8 ohms; hence, the resistance of a bar of

copper 1 square in i
e ch cross-section and 1 foot long would be

1979 gon’ and é
1,273,236 a bar 1 yard long would have a resistance

of 10\8>i§ oh / y
1,273 93¢ Oms. If W, is the weight of a rail, in pounds

Per yard, it
, 1ts cross- i i
0SS s‘ectlonal area, in square inches, is W,
! 10’

|
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sistance of ordinary rail steel is

A
]

and if we assume that the re
. ; . : /
10 times that of copper, a rail having a cross-section of 1

. : : 4
square inches will be equivalent to a COPPEL bar of T(—)(;
Hence, if the resistance of

square inches cross-section.
h cross-section is

1 yard of copper bar of 1 square inc
10.8 X 3 j ' : i3
_ohms, a yard of rail of weight W, will have a resist-

1,273,23¢

ance of 10.8 X 3 7 = —023—53 ohm; or
1,273,236 X —% y
%100
00254
R, = 3)
y W, (

where R, = resistance, in ohms, per yard of rail;

W, = weight of rail, in pounds, per yard.
ard of steel rail s

Rule T.—7Zhe resistance, in ohms, of 1 ¥
per yard.

equal to 00254 divided by the weight, in pounds,
t to have the resistance

Sometimes it is more convenien
Since 1,000 feet

expressed in terms of 1,000 feet of rail.
=3  yards,
1
W, W,
, per 1,000 feet of steel rail

Rule IT.— 7Ve resistance, in ohms
per yard.

s equal lo .848 divided by the weight, in pounds,

If the resistance per mile is desired, W€ have
RN .00254 X 1,760 _ 4.48 (5)

w, W,
» mile of steel rail is

Rule TIT.— TVe resistance, in ohms, pe
per yard.

equal to 4.48 divided by the weight, i pounds,
at these formulas are

It should be particularly noted th : .
| has a specific resist-

based on the assumption that the stee
ance 10 times that of copper.
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In Fig: 43 hoswat & ¢
(c) a ggroo",e(a;ir;l:“hl a T section, (4) a tram girder, and
w, the web; and f -th 11/ each case, 4 is the kead, or ball;
bearing rail, becaus,e the lange or foof. A T rail is a center-
e, et e 1 webe center o.f the head is directly over
called a #ram rail bec - BRI s el Aot i (0) 1
the groove o0 is th e of the projecting tram /; in (¢),

e distinctive feature; the projecting part

Head I

Head %

Base (af foof
a
) ®) s

Fic. 43

1s called the /; -
gauge touches f‘v.he: 18 thg Lauge line, or the part that the
The tram rail is th ga}lg'“g the distance apart of the rails.
more tsed than ane rst in order of invention and it is still
is to use long ra)i7l Ot?er type O.f girder rail. The tendency
reduce the number Sf Of A EIE i g e g
length, but man 2 Jo,lnts' Ordinary rails are 30 feet in
though they ar. y roads are now using 60-foot rails even
¢ more difficult to ship and handle. -

47. T Rails.—Th o,

e roial;s: W’flhe T rail is used on all steam roads and
A WD a3 T 'erever allowable. For suburban and
T Y wo,r kl. is the type universally employed; and
e i in p?.VGd streets it is taking the place of
TR vehralls. Th‘e T section gives a maximum
e bl hngt and stiffness with a minimum of
g Rl as n‘o groove or tram for the collection of
A A emalr‘ls clean, and a clean rail means less

€ propulsion of the cars. It is cheaper than the

|

|
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tre . % . -
: am or groove types and provides a track that is easier to
ay and is fully as good, if not better, SO far as running
There has always been more or

qualities are concerned.
aved streets on the

less opposition to the use of T rails in p
ground that they break up the surface of the pavement more
than the tram or girder shapes, thus interfering with street
tra.mc, However, with special paving bricks now used this
objection is overcome to a large extent, and T sections are
Strongly advocated by many prominent street-railway
engineers.

TABLE VII

WEIGHTS AND DIMENSIONS OF STANDARD T RATLS

= LN (A. S. C. E. Sections
—— — e ————— e ‘_::,‘":':::_::_‘.‘_‘_ e ——
D s R '
Weight Area of  |\width of Base| Thickness Width of
Pounds per Cr()TS-Scctum alx(ld Height of Web Head
ard 51:]1“1“"’ Inches Inches Inches
ches
e e B | A vEn e
Y 9.8 5% 16 2
95 9.3 5% U 213
h
4 8.8 3 16 28
0
85 8.3 51 Tﬁb- 216
pr e 15
75 7.4 4H‘ 32 233
3 a3 i
70 6.9 4% 64 16
65 6.4 415 ¥ 2%d
60 ‘ 1 -3 28
5.9 41 75 >
55 5.4 475 39 21
50 4.9 3% 16 2%
27
45 4.4 3—}% 64 2

48. For suburban or interurban roads, standard T rails
are suitable; no paving

Similar to those used on steam roads

Conditions have to be met and a rail of standard height can
be used. Fig. 44 shows four of the standard sections for
T‘rails and fish-plates adopted by t
(?lvil Engineers and commonly kno
tions, In all these, the height is €d

he American Society of
wn as A. S. C. E. sec-
ual to the width of the
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basef (a) is 2 :
and I(d) an ;sl.ggf,?;ndr;a”‘ (b)v a 95-pound; (¢) a 90-pound;
various A. S. C. E sz;.ct' B \_'II gives dimensions of the
yard are given in tile t tl,ons; rails as small as 45 pounds per
are seldom used f i ]e’bu.t those lighter than 60 pounds
e rai]w(;r electric-railway work, except per-
r— i~k around industrial plants. Many of
7722
7%
4//

p——04—

T~ w7
724

o

® Z

I .

1

F1c. 44

the leading i
ASISE() Eg slzzf:-u rban electric roads use rails of standard
on, and unless there is some good reason

for usin
g a special secti :
) ction is i :
standard rail wherever pOSSibllet is advisable to install a

49. When i

3 la.; ;all:i?r;:.used in paved streets, it is usually
T Y ) llgher than the standard; therefore,
SN S ches in height are much used for this
i i ’t hreey e Son}etimes called skanghai rails
o ‘ihtYchal_hlgh T sections; () and (4) aré
i Ya de Lorain Steel Company, (a) weighing
il i (CY) it and (4) 72 pounds per yard. The
SN AlS r:ecommended by the Committee on
M b merican Streét Railway Association. It
e hper Xard‘ and the distinctive feature is the

, which is 3 inches as compared with 2% inches

in (@) and 2 i i
16 1nche§ in (4). The object of the wide tread is |
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having a 3-inch wheel tread, to

to allow interurban cars,
fering with the pave-

operate over city tracks without inter
ment. The splice bars, Or fish-plates, are also made with
an unusual amount of camber to prevent buckling when the
bolts are drawn up. High T rails are strongly recommended,

tee just referred
r the consent
ality can be

by the commit
to, wheneve
of the municip

obtained.
50. Girder Rails.—Girder
rails of the ‘tram or groove
tended to provide a

type are in
track that will interfere as

little as possible with street
traffic. A' groove rail leaves
the street surface unbroken
1 and there i8 little tendency for
yehicles to run along the rails.
The rail head, or groove,
active track for carriage Or truck
he surface of the street is
offers a good path for

i‘;}es not present an attr
eels, but with the tram rail, t

mor? or less broken and the tram
carriages and trucks. The tram rail should not, therefore,
dense city traffic. Vehicle

alities where it is

b ; i
e used in places where there 15

t p .
raffic is not of so much importance in loc

48—9
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not dense, but in large cities the wear on the track from
this source may be considerable, and a tram rail not only
attracts this traffic but makes it hard for vehicles to turn out
of the way. For densely traveled districts, a grooved rail
should be used; and for places where the street traffic
is lighter, a high T rail with special paving bricks next
the rail, as described later, will often be found preferable

to the tram rail.

51. Fig. 46 shows four girder sections. (a) and (&) are
Standard tram sections; (a) weighs 90 pounds per yard
and (4) 94 pounds. Groove rails can only be used satisfac-
torily where the streets are kept reasonably clean and
Where the car service is so frequent that dirt or ice does
ot have a chance to accumulate in the groove. The pres-
€nce of foreign matter in the groove not qﬂly mcreases
the power required to run the car, but also mtrodu.ces an
€lement of danger, as a small stone may be sufficient to

throw the car off the track. It is now customary to make
dirt can be pushed

the groove flaring at the top, SO that‘

out sidewise by the wheel flange. Fig. 46 (c) shows an

88-pound grooved girder rail used in Boston. The l.1p is cut
1, and the section 1s to

down ¥ inch below the tread of the rai . Tk
4 certain extent a compromise between the tram rail and full-

€roove rail. The groove is wide and flaring so that dirt will
be forced out at the side. (2) shows a Very beavy grooved
rail used for standard trackwork in Philadelphia in localities
Where the traffic is dense. For places where the traffic
Is lighter, the section shown in (a) is used. ’I.‘he. rail shown
in (g) weighs 187 pounds per yard and the lip is extended
to the right, as shown, thus combining the tram feature with
the groove. Another feature is the way in which the tread
Is cut off at («), thus helping to keep the part o.f the t1:ead,
on which the wheel runs, cleaner than with ordinary girder

Tfails. For a given groove, there is always a given shape ?f
ed to that groove; so that in

Car-wheel flange that is best suit
buying car wheels, due regard must be had f?r the Sha:pe
and size of the groove that they are to run in, otherwise
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there wi : )
ﬂange?nllf\b:llfggf;?:cf wear in the groove and on the wheel
to be safe; if the de ;tf must be of a certain depth in order
flange of the wheelI of the groove and the depth of the
wear in the tread of t}Z:re .abom .thc same, the least bit of
down on the flange whe \\1}e<?1 will let the weight of the car
will not stand it; i'f there it is not intended to be and which
groove, the WheeI’s c @wheel flanges are deeper than the
rail must be gaugeadnm)t be used at all. A track of grooved
chances for the wheels to e.Xactncss. because it offers two
the outsides of the ;to bind. If the gauge is too narrow;
TR rai‘;] eel flanges bind against the heads of
wheel flanges bind S are too far apart, the insides of the
nd against the side of the groove.

52, st

. and . g

gauge is 4 feetaéf' Track Gauge.—The standard track
# Inches, as measured by means of a gauge

such ags that _sh :
own i Fij
pressed on the axle to 4 fz;%.gfi (a). The car wheels are

L 1 inches by means of a gauge
¢'84”

similar to that shown
— in Fig. 47 (6). To

(@) “ apply such a gauge
7] correctly, one end of
55 ~1 it should be free to
Fro. 47 move laterally about

of the notch 2} inches, when both
are much mce)rse'a;l gaze t?e flanges of the two wheels. T rails
conomical from the operating point of view

than girde :

r
wheel may wrea:lsé because however much the tread of the
f own or' be ground down, there is nothing

or the flange of the wheel to.ride on.

53. Rai 3

are conical; lti:tvii:ht:on'lcal Tread.—The treads of wheels
iacihe ity By d', e diameter of tread next to the flange
() o i cal-' t1ameter a:t the outside edge. This is done
Whedls o this samo center itself on the track when the two
o e- axle are.s of different sizes. The device
For o oo o s its fun?tlon when there is no greater dif-
AETE e eels than is found on two wheels of the same

ey come from the foundry; this difference

- Care and precautions in their
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s, as a rule, not more than 2 inch in the circumference.

But the beveled tread cannot be expected to amount to very
er where the difference in diameter of the

Such a state of affairs should not
count of the slippage it causes and

much as an equaliz
two wheels is § or ¥ inch.
be allowed to exist, on ac
for other reasons; but, unfortu-
nafely, in some cases it does
exist. The general rule has
been to make the top of the rail
level, with the result that until
there is a certain amount of
wear in either the rail head or
the wheel tread, the traction
surface between the two is a (@) @
Straight line. Fig. 48 shows, o
in an exaggerated way, the po
becoming customary to roll girder rai
as shown in (4), thus providing a 89
between the wheel and rail from the s
the life of both by a considerable amount.
in Fig. 46 (4) and (d) have conical treads.

int referred to. It is now
ls with a conical tread,

tart, and increasing
The rails shown

SPECIAL. WORK, GUARD RAILS, AND CURVES

| 54. Special Work.—All roads have a number of cross-
Ings, curves, branch-offs, -cross-overs, etc., and since these
are different from straight track, in that they involve special
h installation, they are all
included under the general name of special work. Impor-
tant special work is made up complete at the steel works
and shipped ready to install. As the construction of special
work must be carried out with great precision (a difference
of } inch in the angle at which one arm of a frog or crossing
sticks out may cause no end of trouble), it is done step by
Step, as follows: The site of the proposed work is first
measured up carefully and a drawing of the survey made.
This drawing is then carefully checked and is used as a
means to lay the work out, in actual size, with chalk on

od traction surface
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a hard, smooth, maple floor, known
if the job checks up all right, the flo

used as a guide for making wooden templets to be used by
. . ‘ .
the patternmaker and the rail bender, When the :aepamtt
parts of the job are complete, it is set up in the laying-ot
ighi i i 1even
yard, where any slight €rTors or inaccuracies due to ur

shrinkage in the cast parts of the job or to want of care
in the bending are detected.

as the laying-out floor;
r LS E R
or lines and angles ar

55. Designation
a plain curve, in th
branch-oﬁs, turnou

of Special Work.—Fig. 49 () shows
€ sense that it is not complicated by any
ts, or other special features; such a curve
can be simple or compound, single or double, right-hand O;
left-han. (6) is a left-hand branch-off and (¢) a right-hana
branch-off- these are useq where a branch road leaves the
main line, Facing the point of departure of the branch from
the main line a right-hand branch-off turns to the right and
a left-hanq branch-off to the left. (&) is known as a connect-
ng curve and €rossing; in the figure, the curve is a right-hand
branch-off to the horizontal straight track and a ]eft-h.and
branch-off to the vertical one. (¢) is a plain Y; (f) is a
i Y; and (g) a through Y; the three-part Y can be
used instead of a loop to turn single-end cars at the end
of the line, (%) is a" reverse curve, and must often be u§ed
where a crogg street is broken at the main street. (%) is a
7ight-hand and (/) a left-hand cross-over, used to cross o.vel‘
from one track to the other; these are very convenient
devices to place here and there in a main line to turn cars
back, eitlies when they are crippled or to get them on their
time after 4 long delay. When it is practicable, a cross-over
in so that its switch points will lie in the direc-
on the two tracks. () shows a diamond turn-
an ordinary siding; and (o), a thrown-over turnout,
vy often in temporary work, where it is of the nature
borary cross-over to avoid a gang of workmen.

The names given to the different parts of special work. vary
considerably, and much confusion results therefrom. Fig. b0
shows a Piece of special work that includes an example

tion of travel
out; (n)
Seen ver
of a tem
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i i monly met
of nearly all the crossings, swntchcs.. ctc.. C(:; i ricom.
Wwith, and gives the names of the various pa
mended by the Lorain Steel Company.
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.—In the switch
56. cConstruction of Special Work 4

i the greatest ,
fI‘Og, Andy crGRRiRR TPagiolig Specll)arl:eavlzs rI\js;hich i‘e sub-
e taken, plagegat ey oot AL wheel,s caused by the
lected to the pounding action of the
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breaks in the tread of the rail. On this account, methods
have been adopted for inserting hard steel at the points and
crossings. One make of special work, known as manganese,
takes its name from special plates of hard manganese steel
that are placed at the intersections. These are held in place
by special bolts, or fastenings, SO that they can be renewed

rk is known as guarantee,

when worn out. Another class of wo
d to wear as long as the

because the crossings are guarantee
abutting rail. In it, tempered S
in place by keys, and zinc poure

teel wearing plates are held
d in around the piece.

In a

Fi6. 52

as adamantine, the cross-
Fig. b1 shows a crossing
le hardened steel plates a, a
e stiffened by a liberal use
f the rails are cast-welded

third class of special work, known
ings are made of steel castings.
of the guarantee type. Renewab
are set in as shown; the joints ar
of cast iron, into which the ends ©
at the crossings.
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Fig. 52 shows a. guarantee curve cross, showing how the
renewable parts are arranged. The hardened-steel plate @
is held in place by wedges b, ¢ that are bedded in zinc, which
prevents their working loose. In order to remove the plate,
the wedges & are drivea down.

57. Curves.—Curves are of two kinds, simple and
compound, or transition, curves., A simple curve is oné
that is described with but one radius throughout its length,
while a compound curve is one so constructed that the
radii become shorter as the middle point of the curve i$
approached from- either end and is easier riding than 2
simple curve, Street-railway curves are always designated
by the radius, in feet, at the center. Long curves of light
rail are sprupg in, as a rule; that is, the rail is pried
Over with a bar and spiked into position, the paving being
f‘elied on to keep the track in place. The main objection to

springing in” a curve is, that if done on a curve of too
short a radius or with heavy rail, the job in course of time will
give trouble at the joints; the ends of the rails straighten out

and make an angle at the joint. This means that the C'flr
trucks in rounding such a curve will change direction in
jumps, instead of
able, jerky motio

and regular,

gradually, and impart to the car a disagree-
0 not to be found on a curve that is smO.Oth
On curves of heavy rails and moderate radius,
a portable rail bender should be used, while shorter curves
should be bent to 4 templet with a power bender. With
ordinary T rails, curves having a radius of 500 feet or over
can be SPrinyg in, but-with girder rails or high T rails 800
to 1,000 feet is the smallest allowable radius.

58. A very important point about laying out a single-
track curve is to be certain that a car will oo around it freely
without either enq overhanging the corner of the sidewalk
ot striking any obstruction. On double-track curves is also
introduced the feature of two cars being able to pass each
other without danger. It is not absolutely essential that the
curves be such that two cars can pass each other on them,
and in many existing cases it cannot be done. Very often,

< 57
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however, it involves but small ad('htTnnnl }coet t}tlc;n(srotocg(x)l.
struct the curves, and in the long run it 1S lhc': h).(,b i Jcpends
Whether or not a curve will allow cars to p“lhigth Y
on the following: The length of the car; tflt\‘.\il e
the amount thuf the ends overhang the W hcc. t];é élc\,ation
tance between the track centers; the curvvzllturle,basc. SRt
of the outside rail; the length of the W 1eeleS ;\150' i
double-truck cars, the distance bet.\veen ‘tftum.as T
matter of fenders should be taken into a(.(x,(: thc, e
increases the effective length of the car. xn;ls S h
double-truck car are relatively ncarcr.;l;creed R
overhang in the center m1(115tt:c:s(:c’:)lzsxa p];m. R
is to lay out on paper an a Y
curve; tI};cn, by means of a 1)asteboar(}1] dlcl,?:.mti; RS
dimensions of the outside lin'cs of the i,;e:], T
ance at all points can be readx!y dete{')m PG e o
of the car wheels may be indicated y'1 e
O tl.anSpm-te'lnktept‘hle right path around
gl‘at e dm?\lzztﬁ?; ;:i;: z1(<1>ebfaolo:)ked after hin zzitiinsgr:;;:
du‘jncrﬁ;vis to see that the widest Pﬂfzegf tto ethe AN
600 nsurcieo il S both sides of the car
arms of passengers, the clear.ance onare g o g
should be at least 12 inchc?s, if tl?setybe e e
TR latirelzttf:d n;f line construction is -us,fg;
¥Eere i ::f?:;r-r%(;;s on which the curve cliizzcies ;Srule
e me
OV:I‘re2 ?); 3 inches, but in most of such cases

against passing on curves.

rves.—These
59. Transition, or Compoun‘:;fcdlilﬁerent radii, so
curves are formed by combin.ing :ﬁ;vsurve shall be gradual,
t nce of the car int0 oint where
a}:;lt ;h:u(:lletéz shock avoided. The cur‘t’:ai; t(t)l: aptangent, as
it branches from the straight part of tltlse radii A
it is called, is of long radius and nter of the curve is
decreased until the radius of the tcemethod would be to
reached. Theoretically, the cOITec




58 LINE AND TRACK 8 37

m : -

cez:;l::raoftrr:esf;?l Cf;ﬂnect}on between the tangent and the
companies maki:e, Ut‘ thls_‘ would be impracticable. Steel
railways have de%rela sfleClalty i ekmork for electric
approximate a spir 10pe .Standard transition curves that
poses. For exari ? Suﬂimem].y close for all practical pur-
P ST t}})l e, the Loraxr{ standard curve for a radius
6 inches has an ente Ve \.rarymg from 40 feet to 62 feet

rance radius of 432 feet.

At one ti
ime XN
, curves for electric railways were made up oL

arcs of di s
ifferent radii struck from three or five different
— 58" centers, thus giving a rough ap-
b al ezt imati
jz_.wi._/;:__h_/e proximation to a spiral. Curves
= — T as now used are made up of a
// s
W //////// number of radii such that the
7 length of i
length ot arc of any one radius
is not over 5 feet. This gives
a curve that is practically as
smooth riding as a true spiral.

8ff -

60. Guard Rails. —Guard
rails are rails provided with 2
protecting flange to prevent 2
car from climbing the rail on
a curve; they may be solid or
built up. Girder rails are, as @
rule, solid; T rails are built up-

Fic. 53 Fig. 53 shows a section of a

a groove raj girder guard rail. It resembles
projects a;zl‘}evfhrztdosely excep.t that the lip is heavier and
e d Sirdead of the rail. There is always consider-
e ahbe Aos o ot e of the groove and in time the lip and
need only be pro ',das Shlown by the dotted line. The T rail
infa paved Streetw ;d with a regular guard where it is used
of laying a Secon.d £ n Country.work, the steam-road prac?ic'e
adopted. This pr g O.f T rail next to the inside-track railis
where the guar% actice is also adopted, as a rule, on bridges,
best authoriti 78 ! 18 laid beside both track rails. The
es are inclined to the belief that a guard rail on
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the inside, or short rail, of a curve affords ample protection,

but it is common to see a guard on both the inside and out-

side rails of short curves.
on the wheel flanges alone to keep the car on t

At any rate, it is not safe to rely
he track, for

Fic. 4

car wheels in street-railway gervice, on account of the heavy
weight attached to the axle and also on account of the nature
of the special work that they have to jolt over at times,
are addicted to the trouble of broken Or chipped flanges.

A wheel with such a defect in
the flange is almost certain to
climb the rail if that wheel is
on the front end of the car
as a leader. As in the case
of an ordinary grooved rail, a
great deal of judgment must
bl? used to select a groove Frc. 55
that is adapted to the flanges Y
of the wheils used. Fig. §4 s hods of attaching
rail guards to T rails, (a) being use for high T rails and
(6) for an ordinary rail, in this case a standard 65-pound
A. S. C. E. section.

61. Rail Chairs and Brace

enough to accommodate the paving
raised on chairs. These are forged

hows two met

g5.—When a rail is not deep
in a street, it can be
fittings on which the
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. threaded on each end; the most common form
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rail rests and which raise it to the desired height. Fig. 55

shows a common form of chair.

In order to keep the track from spreading, either tie-rods
The former consist of rods
is 14 inches
by ¢ inch forged ¥ inch round on the ends and threaded.
The threaded ends pass through the webs of the rails and the
track is held to gauge by nuts screwed up against the webs.

The track can also be held to gauge by means of tie brace
plates that bear against the outside of the rail. These are,
by many, considered a very much better form of fastening
than tie-rods because they support the head of the rail and
do not tend to eant the rails. They are particularly useful
for holding rails to gauge on curves. Fig. 56 shows three
common styles of forged brace plates, the small plates

shown in (¢) being designed for T rails.

or braces may be used.



