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ever,is susceptibleof someimprovement.In myownOpinionaslightincreasein theintensityof thebeamoflight, togetherwith the decreasein the cost,which
Wouldfollowthemanufactureof it in largequantities
will makeit a verydesirableadjuncttoanyblockorinterlockingsystem. •

Thereare veryfewrailroadseastof theMississippi,
northoftheOhioandsouthofalineatabouttheaverage
latitudeoftheSt.LawrenceRiverwhichcouldnotvery
easilyandwithlittleadditionalexpenseestablishblock
signalsat their regularstations,maintaininga nearly
"Constantdistancebetweenthemof five or sixmiles; I
refernowtoasingle-track.I believeI am notwrong
in assumingthatonordinaryrailroadstrainswill aver.
ageaspeedoftwentymilesanhour. At thisspeedand
Withblockstationsfivemilesapartan apparenttraffic
of 96trainsin 24hoursis£ theas
Sumption,however,thatthereshall benobreakdowns,
mo stops,, a constant speed of 20 miles per
hour, and a passing siding at each block
station. These conditions are of courseimpos
sible;for therewill be breakdowns,mustbe stops
forpassengers,freightandsoforth;but bytakingone
balfof96-that is

,

48—weare, I think,quitewithinthe
bounds o

f probability,and a
t

thesametimemakequite

a respectableshowingfor a perfectlysafe train move
ment o

n
a single-trackroad. Examinethis proposition

carefully,andyouwill seethatwith 2
4

trainseachway

a day,movirig a
t

the rate o
f

2
0

milesperhour,with
blockstations5 milesapart,therewill be a distance o

f

2
0

milesbetweeneachtwo trainsmoving in thesame
direction.Please d

o

notunderstandme a
s sayingthat

underordinarycircumstancestheremust b
e

a space o
f

2
0

milesbetweeneachtwotrains—for it is notso. They£ beanydistanceapart, so that it is notlessthan 5MillleS.
Again,supposetheblockstationsareonlyfour miles

apart,Whilethetrainsrun a
t

thesamespeed a
s

before.
Theapparenttrafficwouldthen b

e equal to 120trains aday. Takingone-half o
f

this a
s possible,weshouldhave

anactualtraffic o
f 60,that is
,

3
0

trainseachway a day,
with an interval o

f
1

6

milesbe-weeneachtwotrainsmoving in thesamedirection.
Thereseems to menothingimpossible in thisarrange

ment,and,whilemyfiguresarenecessarilyo
f

anempiri
Calcharacter,theyprovehowperfectlypossibleandpos
itive a blocksystemmaybe.

Thenumber o
f

trainswhichmay b
e

run o
n anypiece

o
f

roadevery 2
4

hours is determinedthroughthe com:
bination o

f
so manydifferentconditions,besidesthe

length o
f blocks,that n
o

rulecan b
e dependedupon.

What I wish to insist o
n

is thefactthatabsoluteblock.
ing is just a

s necessaryand quite a
s possibleonsmall

roadswith a lighttraffic a
s

o
n

roadswith a heavytrain
Service.Manythingstend to increasethecapacity o

f

a piece o
f track-frequentand overlappingpassingsidings,isolatedpieces o

f

doubletrack,etc.;and a
s

thecapacity o
f

a railroadnaturallygrowswith thedemand
madeupon it

,
so musttheblocksystem.

ThemethodI havebeendescribingis o
f

themostele
mentarycharacter. It requiresnothingbut the tele
graphoperator,whowould b

e

needed a
t

almostevery
Stationeven if therewereno blocksystem,and a two
armSemaphorepostconnectedwiththetelegraphofficeb

y
a piece o
f

wire o
r

chain.
With blocksaveragingfivemiles in length,the first

cost o
f

materialsnecessarywouldnot, I believe,much
exceedfifteendollarspermile. The increasedcost o

f

QperationWouldvarygreatlyoverand abovecertain
fixedcharges,such a

s
o
il

andwasteforthesignallamps;

it mighteasilybeverylittle, and could not be very
much. The mostimportantitemwould b

e

the addi.
tionalOperatorsrequiredoverand abovethoseneces
saryfor the ordinarywork o

f

the road. This would
dependgreatlyonthe ingenuityand careused in thelocating o

f

theblockstations. • * -

[Mr.PaineheredescribedtheHall, theUnionandthe
Westinghouseelectro-pneumaticSystems.]

I amnot in a position to know whattheexactcost o
f

!naintenanceis o
f

the electro-pneumatic.I havebeentold, however,by personsusingthe Systemthat the
signalsshould b

e properlymaintained a
t

a
n expense

o
f

about$90perblockperyear. Thiswouldincludethe
fuel, o

il

and wastenecessaryfor Operatingthe compressorsandfilling andcleaningthe lamps,aswellas
thepay o

f

allmenemployedin inspecting,Operatingandmaintainingthesystem. -
Althoughthecost o

f
a plant o
f

this character is large

a
t

thestart,thecost o
f

maintenanceis so slight in comparisonwiththecost o
f

maintenanceo
f

a mechanicalSystemthatitsadvantagewill b
e

seen a
t

once.On a cer.
tain,railroadthesystem o

f pneumatic-automaticsignals
hasbeenputin, embracinga section o

f

roadsevenmileslong,fourmaintracks,withtheblocksignalsabouthalf

a hile apart.. A mechanicalsystem o
f

thesamelength,
Withtheblockstationsthesamedistanceapart,would
havecost to erectlessthanhalf a

s

much a
s

didtheauto
maticpneumatic.Thecost o

f operatingthemechanicalSystemforoneyear,however,includingthepay o
f operators,22 o

f

whomwouldhavebeenrequired,wouldhave
beenequal to aboutthreetimesthe sum which it has
cost to maintainandoperatethe automatic,and in fouryearsfromthedatethatthe automaticSystemwasput

in Servicethissavingwill havemuchmorethanpaidforit
,

without a
t

all taking into considerationthe entire
immunityfromcollisionswhichhasbeenprocured.Thisproportionategainincreasesrapidly a

s

thelength o
f

roadprotectedis increased.
Togiveanotherillustration,all theelements o

f

cost o
f

a 14-milesection o
f

double-trackroad,with the blocks
Varyingfrom1,500 ft

.
to 2,650 ft

.
in length,havebeenes:

timated.Toerect a mechanicalsystem o
f

thesamesize
wouldhavecost.Somewhatlessthanone-thirdasmuch.TOmaintainandoperatethemechanicalit wouldhave
costfourtimes a

s

much a
s

wouldthepneumatic,andthe
metyearlygain in favor o

f

thepneumaticwouldhavepaid
for it in theamazinglyshorttime o

f

twoyears. o

SomeRailroad Crossings a
t Chicago.

With thelargenumber o
f

easternandwesternSystems

o
f

railroadsobtainingan entrance,oneaftertheOther,
into theheart o

f

thecity o
f Chicago,therehavebeen

establishedmanycomplicatedsystems o
f tracks,not

onlyformain-linebut foryardpurposes.Eachroad,as

it procuresa right o
f way into one o
r

theother o
f

the
half-dozengreatpassengerStations, is obliged a

t

times
notonly to usethetracks o

f existinglines,but to cross
andrecrossmanyopposinglines. The Altonand Bur
lingtonroadsuse the Ft. Waynetracks,the former
north o

f

Grovestreetandthelatternorth o
f

Sixteenth

Street,the Chicago,St. Paul & KansasCity usesthe
WisconsinCentralorChicago & NorthernPacifictracks
forquite a distanceout ; the St. CharlesAir Line is

usedbyand jointly ownedbytheNorthwestern,Bur
lington,IllinoisCentralandMichiganCentralfortrans
ferfromthewestsideof theriverOvertothelakeshore.
The Chicago,Madison & Northern,which is a proprie
taryline o

f

the Illinois Central,will usethesetracks
east o

f

theAir Linecrossing,and the WesternIndiana
bringsintothePolkstreetstationsomehalf a dozenor
morelines. Sothatnow,besidesbeingextremelyhard

to pickoutanygoodway o
f getting in a
t all,whenthat

way is found it proves to beenormouslyexpensive.Not
withstandingthe fact that thereareseveral o

f

these
passengerstations it is rapidlybecominga problem in

somecaseshow to handlethetrainsatcertainhoursof
theday.Whenthehandling o

f
a heavysuburbanservice

andthe departure o
f throughtrainsoccuratthesame

hours o
f

the day on severallargeroadsrunninginto a

singlestation,the question o
f changinga timecard is

a ratherseriousaffair.
For thetransferandshipment o

f freight,this subject

o
f

trackfacilities is one o
f verygraveimportance.The

number o
f freighthouses is legion,andtheyarelocated

in all parts o
f

the city. This is not onlytrue o
f

the
roads in general,butwithsomeallowance is true o

f in
dividualroads. The Northwestern,for instance,has
largefreightdepots in severalquarters o

f

thecity. The
effort to get at their respectivedepotsbyeach o

f

the
roads, it will be readilyseen,produces a complicated
network o

f

tracks which,as a whole,will give one
abundantexerciseforhisingenuityforsometime.

Theworsttanglewhichweknow is theoneillustrated
here,extendingfrom one-half to oneand a half miles
south o

f

some o
f

theprincipalpassengerstations.Some
timeagotherewas a moveonthepart o

f

several o
f

the
enteringroads to attempt to betterthe condition o

f

af
fairs in this section o

f

the city,andMr. E
.

L. Corthell
undeltook to bringaboutsomeconcertedactionamong
the differentcompaniesfor overcominga part o

f

the
difficultiesexisting a

t

thesethreepoints. Most o
f

the
studyhasbeendoneattheStewartavenuecrossing,and

it is herethat theimmediatework is tobeundertaken.
The trackseastof the Indianaelevatorare to be

changedbycrowdingtheWesternIndianatracksover,
andgivingspacefor a sixthtrackwherenow thereare
butfive. From a pointwheretheSantaFéandChicago,
Madison & NortherncrosstheFortWayne, a doubleline
Cfslipswitches is run acrossthe Alton and into the
WesternIndianatracks,enablingtheSantaFé to use
their Indiana tracksfor their passengerservice,the
threetrackssoutheast o

f

theChicago,Madison & North
ernbeingusedforfreightonly. Theworkfor this por
tion is nowbeingpushedbytheMordenpeople,whoare
making45crossingsand65switcheswith frogs,besides

2
1 slip switchesand all o
f

the cut lengths. Every
piece is finishedandmarked a

t

theshops,andwhenlaid
downonthegroundthewholeneedsonly to be bolted
together. Thechanges a

t

theAir Linecrossing a
t

Six
teenthstreetweremadeby thissamefrogandcrossing
companya little overtwo yearsago. Theyput in 125
crossingsat thatpoint.

It wasproposedto put in a doublecrossoverbetween
theSantaFe and Chicago,Madison & Northernnear
Twenty-secondstreet so a

s
to giveopportunityforusing

thetwo Chicago,Madison & Northerntrackscrossing
theWesternIndianaas a double-tracksystem.This
wouldfacilitatethemovementoftwotrainsofthesame
roadgoing in oppositedirections,butwould not allow
twotrains o

f oppositeroads to crossthe Fort Wayne
tracks in oppositedirections,astherewouldbe a fouling
pointbotheastandwestoftheirnorthandsouthtracks.

A westboundChicago,Madison & Northern train
wouldfoulaneastboundSantaFe train a

t
a pointeast

o
f

theFortWaynetracks,and an eastboundChicago,
Madison & Northerntrain would foul a westbound
SantaFetrainjust west o

f

theWesternIndianatracks.
Any sucharrangemento

f

crossoverswould necessitate
movingbackthederailingswitch so far that it wouldnot
be sufficientprotectionfor the maincrossing.Thus
therearetwosides to thequestion,and,althoughthere
aredisadvantagesin beingconfined to a singletrackfor

a shortdistance,still it hasbeenthoughtbestby some
toputupwiththisinconvenienceratherthanadoptthe
Otherplan. •

The two Alton trackssandwichedin betweenthe
Otherseastof theFt. Wayneare old freighttracks. It

will benoticedalsothatthetwomain-lineAlton tracks
crosseachothersoonafter leavingthe Ft. Wayneon
account o

f

thislatterroad runningtrainsontheright
handtrack,whereastheAlton usestheleft-handtrack.

Mr.Corthell’sschemeis to erect a pneumaticinterlock
ingtowerateachof thesethreesystemsof gradecross
ings,and to erect a power-houseat Somecentrallylo
catedpointsoas to supplypower to thethreeinterlock
ingsystems.All threetowersare to beconnectedby a

System o
f

electriccallsandsignals,sothatwhenanout
boundPennsylvaniatrainpassestheSixteenthandCanal
streettower it will notifythe man a

t

Stewartavenue
andGrovestreet. Likewisewhenan outboundonthe
SantaFépassestheSixteenthandClarkstreettowerthat
towerwill notify the Grovestreettower. ThusGrove
Street,knowingthatboth trainsarecomingand must
Cross,can judgewhichshouldhavetheright o

f way,
andsethisswitchesaccordingly.

Eachtowerwill have a man in chargewhowill have
completecontroloverall interlockings a

t

his crossing,

theonlyconnectionbetweenthe severaltowersbeing
forpurposes o

f notification, a
s by telephone,bell calls

or automaticsightwarnings.Therewill be a superin
tendentoverthewhole,whosedutywill be to see to the
keepingup o

f

all machineryand appliancesaboutthe
plant.

Thesize o
f

suchan undertakingas advocatedbyMr.
Corthellcanbe realizedwhen it is consideredthatthe
interlocking a

t

Stewartavenuealonewouldrequire a

tower o
f nearlytwohundredlevers;and in order to run

thesecrossings, a
s maybe allowedbythenew law, it

becomesveryessentialthat the pneumaticsystems
shouldworkperfectly in everyrespect;andalso, to give
themostefficientservice,therewill berequireda quick,
clear-headedman in chargeateachtower. This is illus
tratedbythecountmade a

t

theAir Linecrossingabout

a yearand a half ago,when it wasfoundthat there
passedoverthiscrossing1,063engines,1,202coachesand
4,825freightcars in oneday,showingthat if theblock
ing o

f

trains is to be reduced to a minimum it is neces
sary to havetherightmanat thelevers.

Theidea o
f interlocking is strenuouslyopposedby

some o
f

theroadswhichhavehadlittle o
r

noexperience
withthemoreimprovedmethodsand whichthink the
oldstylethesafestandbest;but a

s

thetraffic is yearly
increasingandalreadydemandsheroictreatmentit is to

behopedthatsomesuchscheme a
s

the abovemaybe
carriedout. Takinginto accountthe fact that these
Severalnestsarealreadyestablishedand that it is cut

O
f

thequestiontotearthemoutandmake a freshdeal,

it wouldseemthat theproposedplan wouldmeetthe
requirementso

f

thegreatestnumberwith the smallest
amount o

f

alteration.Shouldtheinterlockingplantbe
put in a

t

StewartavenueandGrovestreet,the improve
mentofthetrainservicewouldbesonoticeablethatwe
doubtnot theroadsnow objecting to this triangular
planwouldbeglad to swing into lineand becomeas
strongadvocateso

f interlockingasany o
f

theothers.
Thisenterpriseis beingpushedby J. F. Wallace,who

has beenfor so longass7ciated in businesswithMr.
Corthell,andwho a

t

thebeginning o
f

thisyearreceived
the appointmentof Engineer o

f

Construction o
f

the
IllinoisCentralRailroad. Very greatand, in fact,ex
traordinarydifficultiesarise in carryingoutthescheme,
fromthenumerousandoftenconflictinginterests o

f

the
roads. Evenwheretheirinterestsdonotconflict,there

is often a mutualdistrustwhichmakesanyagreement
hard to getandharder to keep.

Pipe Culverts o
n

the “Plant.” System.

BY W. B.W. HOWE,JR., CHIEFENGINEER.
There is perhapsnooneitem in railroadconstruction

andmaintenance,which is o
f

moreimportancein a small
waythanthepropertreatment o

f

theminorstreamsor
drains,whichmustnecessarilybecrossedby the road
bed,whereperhaps,anarea o

f

two o
r

threesquarefeet,

is all that is necessaryto affordamplepassagefor the
water. Toprovideforthese,notsimply in the sense o

f

gettingthetrackoverthem,but to dispose o
f

them in

such a mannerthattheywill requirelittle or no atten
tion from thosechargedwith themaintenanceo

f

the
track,limitsdiscussiontocaseswherepermanentrather
thantemporaryconstructionis recognized to beconduc
ivetotrueeconomy.

Theaccompanyingplansillustrate in a generalway
thestandardpractice o

f

thePlantSystem, in theuseof
culvertpipe,which is employed in new construction
wherevercircumstanceswill permit,andwilleventually
replacethesmalltrestlesupontheolderportions o

f
the

system. A short description o
f

the conditionsunder
whichculvertsofthischaracterarefoundtobe service
able,and a fewnotesas to thepropermethods to beem
ployed in theirconstruction,maybeof interest.

A perfectroadbedcanbest b
e

obtainedbypreserving
uniformbearingfor thecrossties a

t

all points. This
ideahasfoundexpression in thepractice o

f carryingthe
trackballastevenOverironbridges,whosefloorsare
speciallydesignedwith that end in view. Thereare
cases it is true, in whichthiscannotbedone,butwhere
possible to adoptsuch a course,few will questionthe
advantagesto be derivedfrom it. The difficulty o

f

maintaininguniformconditions o
f

lineandsurface,and

o
f securinga smoothandeasy-ridingtrack, in therapid

transitionfrom a well-ballastedbed to a rigid bridge
floor,andviceversa,can only befully appreciatedby
thosewhoseduty it is toattaintheseresults.

Where a stream is o
f

sufficientimportance to warrant
theexpenditure o

f
a considerableamountfor a masonry

arch o
r

ironbridge,thematter is usuallyplacedbeyond
the everydaycare o

f

thesectionmen,but the petty
openingsaredisposed o

f

toofrequently in a temporary
mannerinvolvingconstantexpenditure formainten
ance,absorbinga portion o

f

thetime thatshouldbeex
pendeduponthetrack,anddestroyingthat uniformity

in theconditionoftheroadbed, to whichreferencehas
just beenmade.Theuse o

f

culvertpipeoffers a com
parativelycheapmethod o

f providingforsuchcases, in

a permanentandthoroughlysatisfactorymanner,sub
ject,however, to twolimitations,theheight o

f

thebank,
orthedepthatwhichthepipecanbeplacedbelowthe
track,andthetotalarea o

f water-wayrequired.
Thereshouldalwaysbesufficientearthinterposedbe

tweenthetop o
f

thepipeandthe crossties, to afford a

goodcushion.One and a half diameters o
f

thepipe
shouldbetheminimum in goodpractice,although in

specialcases,onediametermayanswer,There is no
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