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Having derived formulaefor bodyand truck bol
stersof specifiedshapeand loading,and havingex
plaineda graphicalmethodfor findingthedeflection
of suchbolstersof any shapeandany loading,i-tre
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'-ig.2.—GrnphicalMethodsfor BolsterComputations.

mainsto comparetheresultsof theapplicationof the
formulato certainbeamswith theresultsof testson
thesamebeams,and to examinethestiffnessof cer
tain formsof beams.

Applyingthe formula(A) to a.bodybolsterwhere
I‘ : 115, 1

,,

= 28, l : 53in., n for theside bearing: Q3. andE = 30,000,000,we find,for W = 750lbs.
per running inch, that the deflectionat the side
bearingequals0.117in., and that at the endof the
bolsterthe deflectionequals0.268in. By the graph
ical methodthe sidebearingand end deflectionare
respectively0.108in. and 0.266in. as comparedwith
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Fig 3.—Diagramsfor Deflectionof a BodyBolster.

0.117in. and 0.268as above. The agreementis thus
quiteclose.

Thequestionarises:Will theassumptionof uniform
loadinggive results very differentfrom those ob
tainedwith the actual concentrations?A graphical
processappliedto the beamdescribedabove,using

actual concentrationsof 10,000lbs., eachspacedas
shownin Fig. 3

,

gave deflectionsof 0.106in. and
0.256in. at thesidebearingsandendrespectively,as
comparedwith 0.108in. and 0.266under 8 l1flif01'm
loadof thesametotal amount.

Another question: Does
I‘--1.,

i

formllyincreasingmomentof inertia,introducemuch
error? The assumptionis Hl11l\'Pl1l”11i10 d!'fllWlI18‘8

straightline betweenthe pointsA and B of curve

the assumptionthat

]= 1,, + x, or the nsmiiiptioiiof a uni

No. 1 in Fig. 3
.

The writer coulddetectno differ
encein deflectionamountingto one-hundredthof an
inch betweenthe resultsfrom the true inertiacurve
andtheassumedinertiacurvefor thecasetried.

The samebeamwas placedin thetestingmachine,
andloadsof 10,000lbs. eachweresuccessivelyplaced
at the points indicated in Fig. 3

.

One load was
appliednear the end,and the deflectionat the side
bearingswasmeasured;thenextloadwasappliedat
intermediatesill, and the deflectionagainmeasured.
We areableto maketheassumptionthat,within the
elasticlimit,the combinedeffectof the loadsacting
togetheris equalto thesumof their separateeffects.
This deflectionat the side bearingby actual test
was 0.115in., not sensiblydifferentfrom that com
putedby theformula. So closean agreementmight
not havebeenexpected.

The followingtablesummarizesthe results:

3Deflcctionofbody

l bolsterininches
at

Conditions.

‘ Side
BearingsEnd‘

l__ __ ii __
Byformuh(Al...... .. 0.117 0.268Uniformload: M

1
‘ sumedI.

Byactualtrial . . ..... 0 115 ..............Concentrations;real
Bygraphicalmethodl 0 108 0.266Uniformload:real I“ " " 0.108 0 266 Uniformload; as

l aumedI.“ “ " 0 091' 0.259‘Concentrations;real
“ " " 0.1% 0.256Concentrations;a

sumedI.

The valuesmarked ' 8)‘i‘€smallerthan the others,
sincethe reactionat the centerbearingwas taken
to actat a point 3 in. fromthecenter.

If the beamconsideredabovewere of the same
depththroughout,equaltothedepthat the center,the

_ 4
deflectionat theendwouldbe t %, or 0.280in. If
we supposetheenddepthto bezero,the enddeflec

. 4

tionwouldbe 1
,

-}
-1

.-
,

or 0.280in. The realdeflection

is intermediatebetweenthesetwovalues;it is about‘ w it

E 11"
The deflectionat the side bearingis about43per

w l'

E?
The latter expressionmightbeusedfor mostpracti
cal purposes. '

It may be remankedthat thedeflectionby testof
manyformsof bolsterwill begreaterthanthatcom
putedfrom theseformulaa,becauseof the looseness
of partsof thesebolsters.That is, theformulatakes
accountonlyof theelasticdeflectiondueto bending,
and not of the in-elasticdeflection.In the caseof
built-up bolstersof I sectiontherewill be a.slight
additionaldeflectiondueto shear;that is, dueto the
verticalslidingon eachotherof theverticalsections.
This latterwouldnotbe morethan one-fifththede
flectiongivenby the aboveformula. Becauseof the
in-elasticdeflectionwe mayflnd that themethodof
puttingtogetherthe materialof the sectionwill in
fluencethe deflectionas well as the size of thesec
tion. There would be no appreciablein-elasticde
flectionin thecaseof a bolster made of -I beams;
whereas,in the caseof a.bolstercomposedof parts
riveted together, this in-elastic deflection may
amountto one-thirdthe total deflection.A review
of the stiffnessof the bodyand truck bolstersnow
in use disclosesthe fact that theseparts, designed
for thesameservice,differin theircapacityto with
standtheloadsput uponthemto sucha largeextent
that their designwouldseemto becontrolledby the
Judgmentof thedesignerrather thanby any formal
computation. The same thing is true of brake
beams,which vary in stiffness(extremerange),as
fifteentoone;and in strengthas thirty-flveto ten.

95percent.of that givenby theformula Q

cent.of timeenddeflection,andis thusabout 1
'5

The Block Systemon the Atchison.

TheAtchison,Topeka& SantaFe nowhasabout750
milesof its lines equippedand mannedfor running
trainsby spaceinterval,and167milesmorewill soon
be equipped.GeneralSuperintendentH. U. Mudge
has givenus thefollowingdetailsof the regulations
underwhichtrainsarerun_with factsof interestcon
oemingtheapparatusand theresultsof thechange,

The Atchison,Topeka& SantaFe is nowequipped
with thetelegraphicblocksignalsystemfromDouble
Track Junction, 11.5mileswestof Chicago,to Shef
field, 8 mileseastof Kansas»City Union Depot;from
Holliday,Kan., to Newton,via.Topekaandmainline,
andfrom Holilday to EmporiaJunction,on Emporla
branch,which runs via North Ottawa. The double
trackfromA. T. & S. F. junction,in KansasCity, to
Holliday, 12miles,is equippedwith Hall automatic
electricblocksignals,and the Raton tunnel,in New
Mexico,is alsoequippedwith theHall automaticelec
tric absoluteblock.The linebetweenBeeCreekJunc
tionandTerminalYard, on theSt. Josephbranch,7.7
miles,is operatedunderthestaff system,this track
beingusedby two tenantlines,having an average
serviceof 30trainsa.day. The mileageworkedunder

thetelegraphblocksignalsystemis as follows,with
costof constructionof signals,etc.:

Block.
Miles.Offices.Cost.

ChicagoDivision:
DoubleTrackJct. to Sheffield........ .. i39.4 98 $18,000

EasternDivision:
Holliday-toEmporia,via.MainLine...114.721 2.225
Hollidayto Emp. Jct., via Emporia
Br. ........................... ..... 98.4 Z) 2,838
MiddleDivision:

Emporlato Newton......... .. 72.1 14 2,027

Totals ................. ............ 726.6153 823.091
TheChicagoDivisionis equippedwith three-position

signals,thearmsfor both eastboundand westbound
on thesamepost. The Easternand Middledivisions
areequippedwith two-positionsignals. Of the total
153block ofllces,14have telephoneconnectiononly.
Thesefourteenare locatedat unimportantpassing
tracksandare run thesameas telegraphoffices,ex
ceptthattelephonesareusedinsteadof telegraphin
struments.

In establishingtheblocksystemit wasnecessaryto
open23new offices,and 21additionalday operators
and45additionalnight operatorswereemployed.At
presentthereare 10day officesthat are closedat
night. This will vary accordingto thebusiness.All
of thenightoflicesare dayofficesalso. The average
pay of telegraphoperatorsis $45;telephoneoperators,
$35.The increasesin payrollsto operatethetelegraph
block were as follows:

ChicagoDivision ................. ..-32,620monthly
EasternDivision... .. . . . . . 1,300 “
MiddleDivision.... ............ 450 “

Total ........... ................. ....$4,8‘70"

The averagelengthof the blockson all threedivi
sionsis fivemiles. The longestblockis eightmiles,
although when businessis dull some intervening
oflicesmaybeclosedat night,makingblocksas long
as 10miles;but ordinarilythe longestblockdoesnot
exceedsevenmiles.

The standardsignalpostis of iron pipe,32ft. long,
set in a concretebase,which is inclosedin a 12in.
vitrifiedsewertile, makingthe structureas penna
nentas possible.The ChicagoDivision is equipped
with theseposts. Westof KansasCity woodenposts
wereerectedin thebeginning.Fittings for thehome
signalswerefurnishedby the Union Switch & Sig
nal Company,of Swlssvale,Pa., and are the design
of thatcompany'sChiefEngineer,Mr. J . P. Coleman.
Thestandardsemaphorebladeis used,twobladeson
eachpost,governingtrains in eitherdirection. Pipe
connectionsare used. The signalis so designedthat
shouldany connectionbreakor becomedisconnected
the arm will go to horizontalor stop positionfrom
eitherthe clear or the cautionposition. With the
three-positionsignal the permissivesignal is indi
catedby incliningthesemaphorebladeupwardat an
angleof 60degrees.

Permissive.Clear.
Three-PositionSemaphoreforBlockSignaling-—Atchison,

Topeka 8
1

SantaFe.

At stationswherethe view of the homesignalsis
obscuredby curvesor obstructionsdistant signals
areused. Thesedistantsignalsareof standardtype,
suchas areemployedat interlockings,andall thefit
tings are madeat the company'sshopsat Topeka.
The iron postsfor bothhomeand distantsignalsare
furnishedby thePennsylvaniaTube Works,of Pitts
burgh,Pa. Whennodistantsignalis usedthesignal
is operatedby a short leveron the operator'sdesk.
Wheredistant signalsare usedall the signalsare
operatedby long levers similar to thoseused to
handleinterlockingsignals.

The rules provide for permissiveblocking for
freighttrains followingoneanotherand for passen
ger trainsfollowingfreighttrains (but this only in a
fewcaseswhereblocksarelongandgradeascending),
butneverfor passengertrainsto followeachotheror
for freighttrainsto followpassengertrains. Permis
siveblockingis practicedonlywherethetrafficis so
heavy‘thatit cannotbeavoided.Wherethree-position
signalsareusedpermissionto followanothertrain in
the blockis givenby the upwardinclinationof the
semaphoreor by greenlight at night. Where two
positionsignalsare usedpermissivecardsare issued.
Thedispatchercontrolsthegivingof permissivecards
or signals,but doesnot givetheoperatorspecificor
dersin eachcase.

In additionto the signalsheredescribed,the At
chisonexpectswithin thenextthreemonthsto erect
three-positionsignals at 30 stations on the Okla
homaDivision,fromWinfieldto Purcell,a distanceof
167miles. Therewill besix distantsignals.
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_creasein train loaddueto lowerruling grade.

1 in -;-—~w_n J_ _--r

The heaviestfreight trafilcon anysingletrack line
of theAtchisonis thaton theEmporiabranch,where
as manyas 60freight trains have beenmovedin 24
hours. On thewhole,it is believedthat trains are
not delayedany moreunder the blocksystemthan
under the time interval,and in a numberof cases
collisionshavebeenprevented.The permissivesys
temhasbeensuccessfullymanagedthusfar, with no
accidents.Responsibilityfor collisionrestswith the
followingtrain, Duringsnowstormsandfogsthe in
structionsare to use the absoluteblock. It is be
lievedthat thefastpassengertrainsmaketimeeiisier
undertheblocksystemthanbeforeit wasadopted.

Revisedrules for the lil"'<_'l'(signalswereissuedby
S‘LlpgI'llllf’fIld8lll.1\-lodgein Octoberlast. There is a
Clltlpt-3|‘o.‘tiefinitions,like that in theStaiitlardCode
or theAnierlt-anl‘iailioai"l.~\sst.t-iation.A clearblock
i:';.i.:il in-zlitatesthat ilie track is clear to a point
1,000ft. bt-{ole1'eachiii;:_the next “homeblock sig
nal." lltile 1Ts.i_\.>that theuseof the lilocksystcni
dot->not in any way relievetiiiiinmenfrom il.i-gging
at an tunes,accoitiiiig to thegeneralrule. Rule 23
reads: "A homelilo’-l<signal must lie restoredto
the ‘stop’indicationalter having beenchangedtor
a train,assoonas therearcar carryiiig theiiiarkers
has passedthe signal, if the train stops, and if it
doesnot stop,as soonas the markersare .500feet
beyondthesign-.il." A distantsigri:3.imustnotbere
storedto the cautionindicationuntil after the rear
car carryingthe markershaspassedthesignal. To
sendforwardan eastboundtraina blocksignaloper
ator mustsimplyseethat theblockis clearand that
he hasnoorderon handto holdeastbound[or west
boundtrains. To send 1‘iirwaiila westboundtrain
hemustsay to theoperatorat theotherendtfor ex
ample): E. for No. 1,” which meansblockall
eastboundtrainsfor westboundtrain No. 1.Theoper
ator iet-eivingthis order enterstrain No, 1 on his
registerand thenresponds:'‘I 13B. for No. 1,"
signinghis personalandotllcecall.

FromTradeto Profession—Advancesin AmericanRail' roadLocation.

By Williain G. Raymond.‘

IV.—I'IQUATINGVALUES.
In this paperit will not beattemptedto introduce

new principles,but rather to restatesomeold ones
in concise form, and to furnish lateand what is
hopedare reliable figures for comparing various
routes.

The two considerationsthat practicallydetermine
the generalroute are businessand ruling grade.
Cost of construction,climaticdifferences,lengthof
line, amountof curvature,and rise and fall, all,
theoretically,enterinto theproblem;but it is a fact
that under ordinary circumstancesthe first two
namedelementscontrol the selection. The other
itemsenterto confirm or to show total differences
in valueof differentlines,or to decidewhendiifer
encesin businessor ruling gradeareverysmall.

Bearingthis in mind: 1. Of two or morelinesof
the sameruling grade,selectthat of mostbusiness
in sight. 2. Of two or morelinesof approximately
the sameapparentbusiness,selectthat having the
lowestruling grade. 3. If bothbusinessand ruling
gradevary,considerproportionateadditionsto busi
nessas worththreetimesan equalproportionatein

This
doesnot mean,as intimatedin one text-book,an
equalproportionatedecreasein numberof trains. It
meansthat if onelineseemsto offer1percent.more
businessthananotherwhichaffordsgradesonwhich
3 per cent.heavierloadscan behauledthan on the
first line, the two lines are of approximatelyequal
value. The rule is a roughone,andprobablyerrs in
attachingtoo little importanceto business.On the
otherhand,if the bulk of the businessimmediately
availableis to be throughbusiness,which will un
doubtedlybecome,if it is not at once,competitive,
ruling gradeat once becomesa vastly more im
portant item. In such mattersdefinitefigurescan
not begivenapplicableto evena few cases,and in
dividualjudgmentmustbeexercised.

It must also be rememberedthat by the ruliiig
gradeis not meantthe singlesteepestgrade,\~.hich
maypossiblybeoperatedbyassistrintpiiwer,nor the
rulir-g gradeof a singledivis.onoi‘ the line, if the
line is longenoughtohaveseveraldivisions.but the
gratinthat i"t:estheweightof trriinthatt-anLeliitiileil
ovc .iie entireroa-l,breakingthe train o---c_isio.oi.oilly,
i_"11-3(_-e:<y.;11'5',tit‘tisiiigil1'.~lp*;l'>'i.

'i‘-_-findtheloadin livi tonsthata givenlocomotive
canhaul upa -.;I\'e..,;i"i-.ileof r parc .iit. at oi-ii'-rriry
fi--IizbtFpwd, thei'rilliiv."ir.§:cqtiatiiiiiis 't‘.$‘(l.in this
c~,i.z.t.i»nL is tl.t-l-lflll ii: ll -t l\Jl‘.~ithatcanbell'l'll~_'\l
behindthe tender.ll is the wt-ightin net tonsof the
locomotiveand tci ll -i-,and\V is the weight,al-:'.iin
net tons,on thedrivers.

10‘XV

—1+41'
L --Fl

This equationis basedon a rolling resistanceof 0
poundspertononstraightleveltrack,whichis prob
-1-— A-— _ -

‘Professorof Geodesyand Roadhlrigiiieerlngin theRensselaerPolytechnic.Institute.

ably an ample allowance for ordinary summer
weather. An allowanceof about20per cent. must
bemadein winter in northernlatitudesfor working
loads,becausethe coeilieientof adhesion,takenat

'1‘.-\BLEll.
Di~"ri!mfion.ofOprrltling!*.‘.i'pl'n.s'eOfAmt'rica.nR Hlr'0lld8

At‘..,\.'_1.t*i1prrTiain Jiilc TltcscIiigurcsBt-com-cL-‘en0'11¢?‘
flrutnMilo.

Percent.of
Item, wholec.\"pt-ruse.

Maiiitenaiiceof aivlstructures:lie,at:. oi rim‘ii.1; .... ....... ...... 10.54l.c:ic'v... i.;rails ... ...... ...... ...... ........... 1 4
._

i

lleiiuiitilsoi ' =55. . .. .. . .. . . . . . . . ... ..... . . ........ 2.90
ht-piiiritriilrc.:e-val.<ofbridge-iandculVcrts_ 2.22
l.ep.irs l'll'l roiiiiwi-l~ol lt.!llt;U~',roadcrossings,

AmiitnlCosf,perDaily Train RoundTrip, of OneUnit of Distance,Curvature,andRiseandFall.
illilc assumctlat$1.00. J i, L —-1-i

_ => ;-——;7— ii - 1_
line which lies at all pointson the surfaceof the
ground,and sincesuch a line is manifestlyimpos
sible,it becomesnecessary,in orderto comparede
tails of location,to knowthe costof earthworkand
superstructure,of rise and fall, curvatureand dis
tance. Figures for estimatingcost of construction
are plentiful, and hencethere will be given here
onlythoselessfrequentlyseenin print. As a basisfor
comparison,thelocatingengineerformulatesa state
mentshowinghow muchmay beexpendedto throw
outonefoot,or onemile,of distance,onefootof rise
and fall, or onedegreeof curvature,on the particu
lar line adopted. To do this he first estimatesthe

in ii... (l(‘tii.i»f~'--iHl"'l~3. 0.55_ b b
]

t ffi 1 ' -IlU,;‘tll'~'lli.li.lre .-i~... oibtiililin,-'sandfixtures... 1 70 p_m8' e Fa n daily
trains’andthecostof hand

licp iis...i rc‘io..uisoli.ocksandwbarvos.. . .... 0.27 1mg3-llralll 111119.ES11b&SlSIO WOI‘l{from. He then
L~<'.i[1I1‘1tl“q=_ll1112.1111.-mitts‘)I‘ w~@.;rHDl1------- applieshis own knowledge,derivedfrom experience,i_.-\ ..‘01-I6 ‘ L U‘..... ....- . » - . .. . - . ---- . ...- -
o..ii..i-0..,It-.i.-e.-....... ..

‘f

........................... .. 031 Or from such a set of figuresas will presentlybe

Tom!
'——

2025
given,and determinestherequiredvalues.

Maimcnan(_eUfC_,um_m'm: Thus, at a cost of onedollar per train mile, the

liltt,»/‘.illli~'iiie cc

1 .1
. . . . . .. . ...... . annualcostof onedegreeof curvatureperdaily train

it-'\.iii-si-nfiic cw:"of ocoiuoives . .. .... ...... . ' - . - -
l\'.lJ,).-ll")i n-il"CllL‘-nil:o. ]).l.songorcars... . .. . . .... 0

9 both
“a3s_m_aybe falrly esumatedat 80-355»which

i{c,,...i'.~:..it'll‘ Ill‘\'1_\..:=0l|I‘Ol‘__flltcars...... .... .... Rum,multipliedby the probablenumberof daily
c‘all.".iiiitr: i ."~‘~ill-two. K C11" ... ...... .... -'1 - - » -

ltcplI‘:'lll(11'i‘l|‘(L‘-'.il.-i II]iriii--eiltiiiiiiicnt 0.17 tral:S__bOth
“ayS'

lhal is by 10 If thereare 10trains

5 p'1l__,,_m,,,t,iuc“.“lL_
m5uUp.u,‘,L,,,,ie1-_tulltltools. 3 3

0 eac way,andcapitalizedat therateof interestthat
I. it 1.-iiictyan prin.iug.... . . . . . .. .... . . ..........
0.... .............................. .. 04-1 goeiigjiafoogoigriogt tolivoo 0

1
3

oiioooooos
or

oioo—— ' _ure on e par enar roa un er
C

‘

...t..
....

pntactlvoouloiooooooununuun

, -------
-onuciingiranspora1on: ' , _
5vl1[)(_;i‘lll'tt_‘ll-l0llt'0.... . .... . ..... ... .. . ... 1 77 properto spend

U
? 5339onedegr_"eof curvature

h.iigiiie..n.;io..n.lliousemen. . .... ..... . . . . . .. . ... 9.00 The value of distanceis not independentof the
I‘\Ll~llUl'ltJi‘OU\_)I»l\'L8_. . . . . . ............... . . .. 9.‘0 amount saved For Sula" Savin 8 Ba u d 3V\'at.trs-iippiytori comotivcs .. . . . . . . . . . ....... 0.70 _ ' ' 3' » Y n 91'
git,1-ll.llOWtl.t|tl.wastel’1()l‘l0L'0l1l0LlVC8

. .... .. . . . ... milesof singletrack, the estimatedcost18$0.40per
-i~l!.‘i'"..‘..‘.?.Yl*l‘3.§"“.'if‘“"."“?i‘1::1".'.::::.:::::".::::".::.~.0i miiooor coin. or ooooowoo-oooor oooom poi ooiiy

'71:]-{gill-"5lt[l[Jll(‘B1111.]expeliises.l
.1 . . . . . .... . . . . . .. . . ... train round trip. For distancesgreater than 2

-‘i~.‘..”iit°.‘-2.?;iI.“.’.§.l;i§‘i;;;2“?i..“.‘???'.'.*:‘.":.~.~.~.~.~.~.1;;;;;;-1210:: or o oiiioo. out iooo woo i; o lo moos.oio oooi
Stationst-.r\

ilc
o .. . .... . . ... . ... . . . . .. . . . . . . . ....... is estimatedat $045per mile per train, or about

:3
‘

i. ‘ll ' Q .. . .. . . .....- . .... . . ... . - . -.. . . - . .... .
.i::i".:i..;.*z.:i.:.z.._i...i........................... .. . =o_oo_oo

poi»mom poi ooiiy train mo trill oi»
Car11lllL*.2t5.'($—-lmltlillcfl.......... ......... .. .. . distancesbetween10milesand, say, 50miles,$0.75
i.‘.;,‘l;;‘.’.‘..‘.’io‘.i‘.1‘.’.‘.‘i‘.;-'.‘.‘.;:::::1::i::'.111'.".".".";:::1:;::1:"0.79 moi ooooomoioooormilenortroioror aboutsooooo

%iiJut'ii.s
Lopcifiiolis. ... ..... . . . ... . ........... per annumper daily train 1-Qundt1~1p_Fgr greater

?.o.iriig \\10."s . .... .. . . . ..... . ..... . .. . ... .

Up.ritti_ii;itniirineequipment. . ..... . .... . .. . . . . .. 0.8} distanéesthfu}‘this’
possiblynecessitatingan extra

.A¢_t\'t§l'Ilr5.llg. .. . . . .. . .......... . . . .... .. . . . . . . . .. operatingdivision,nearly the wholeaveragecost,' \ ' 7 ' ' - - -Q-- -Q---- ¢ u | u- Ilfiiil .0 -
i‘6.‘.'i‘;;.‘.."i‘;;1%ti'i;"“’*"............".T'.I'....... ............ .. 017 or- soy»$0-90poi “om mflo about$oo<>~<><>oor oooom
Slit:-L-it)'ill'ilb'&lJld(‘lcVt1t0l‘s.l

. . . . .

.._...l...
per daily train roundtrip, must,be e3tim3_ted_But

}i§'fIl.2ix.t.:*.%.*i?i.,i::';:.:i*:.‘i'...::*i'.';1;.':.'i*.*;..~.~.~.-.1:.-;.-; for ow sooooooiooooi iooooi as ooor moremiios
stat.i0ii0i-yuiitl[)t'lill.ll'1-I. ........ . . . . .... . . .. . .. . .. 0 i_

3

therewouldalmostcertainlybesomeoffsettingad
Uthcrexpenses........ . . .. . . . . . . . . ...... . . .... 0.07 vantage in increasedrevenue which would very

Total.................. ................... .. 58.50likely equalor exceedthe extracostattributableto
GORE-111%-\'P"1$°*= it. At any rate this must be carefully consideredbalaiiesoigciicruloflicors. ....... . . ... . .. . . ... 1.22:) i U 1Sa ricsttcloiksandiittcntlaiits. . . . . . . . . . . . . . .. 1.110 I1an)’Par Cu31'case
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0llwv@Xl1¢‘ll=‘°=‘¢11111e11l>Pl1¢$~- - -- - - --- - --- Rise and fall, like distance,is not constantin cost

1,1,“-“;§\,l:,£i,L,,5@"_','_'._. . ....

' ' ' ' ' ' '' '' '' '"":I_':,_"'" 0,75 per foot. Its cost will, notwithstandingstatements
P1‘l"l»l"8li5°"°"1l°11l¢°5l to the contrary,dependboth on the amount in ab .[ a ... . ........... ...... . .. . .. ........ . singleplace and the rate of gradeon which it oc

Tolal. - . - . . ---- . . - - .- - - . . - . . . . - . - - - -.. - --..........“ curs. on gradesunder per cent.,\vhich is the
GrllfltlTOLttl........ ...... ..... . 100.00gradeof reposefor fivepoundsresistance.therewill
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'r.iist.n'i.

Costof Train
—-1 A 1-- —— _ _

pg.-1,~ _ RiseandFall.
Costlperl‘n.§l3ilc. CostPer Foot

Curvature" "' COSl,

I |l-<11‘ Gradesbet.0.25%_Gra.desExceeding0.755
‘W1 °?1?’ ":.:::i‘.riir::i".*;**.i.“:aiiniii"ii-it-i..“:::;°""“"‘-1"PW
1\1i1¢S- 1\'1'1<>=*-1".i1<>-Y-Miles. 0 20:1.riseinoneplow fiiadé. Under21. Over2;,

$‘.."_).'r.Ut)$330.10 s.-350.00$4-360.00$0.355‘ 0.00 $0.50 31.80x rate it $1.80 $2.00-$2.50A
*1$asctlon 1

4
3

poundcurveresistance.With 1 poundresistancethecostis $0.408.

TABLE111.
ShowinylPortionof SeveralErpcnscItemsthatis assumedtovarymoreor lessdirectlywithDistance,(‘urvatm-gam;

Risewill ball. The(Imounttiarymg-isshownin ccnlspertrain unit andin percoral.of thewholeitem.
mils;5l.00. -14
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__r ;_-1 I -5 -7-4 mi -~ -A 1

_ _ RiseandFall(pertrain
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Distance(pertrainmile). foot),
otinl

(}()\t “ 1 j ‘ _“ ”— Curvature -
Qf (pertrain l0 -

ltein. iteni (|__3 3710 1¢,___50(W91.50 degreei.
Under50 mvggeaglgeégr,

(“elf miles. nines miles. miles. feetinone‘Gradesbet.
ltllrltlgl place. 0.75%and2%.
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0 2.1100000.01550.0750.0150.0750.0700.346

l\l"i'~.t.ii~.otoofl~‘i|i~i;~iii~_-iit....11;{>00.3002J 5"_"Ol-52.2;14ill ba.0r10.009l_.000.1-2210 13;!’0.0170 103,0.0280.170, U ,1“~_;_’,_J ;.~_.,.i_ __ 0 so -1.20,42.0 4.20 4
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To‘-.-.3....................... .. iiiiiln‘ 40.00;.. 15

0
0

‘ .... .. 75.00 9000 0.0457 0.069 0.246

.,1~,¢_--fitii'tl1in the (‘(1ll;ll.lt)ll,probablyoften drops to
one-iiftli. \l,p_}t_;;t-l~ii-iksaysthat sucha loadas is
U1,¢;~_;;,.-.1[\_(illlill. i'~ic-goingequationmay not al
\-_--,_-,-5i,.__-(\._._i-pl.-i__\l,liccziusethesteam-makingpower
01"11;.»1,,¢~1i.it.\e ii.;i_vbeinsuilicientif the hill bea

With iodern notionsof locomotivede
'.-.;.iiti. stezini-makingpowerof themachineis not
111;.1

}
,

to berleliciciit.
The Sitflll:l'lllt'Sthat apply to the line as a whole

apvilytil singletiivisions.
if twoliii.- setin tobeabouteqilillly“’0FthY-meas

uredby l_illSlllPQSandruling grade,thefinal decision
mayber--l('liI.'tlby consideringtheotherelementsof
theprolilt-iii,as iiiilicatctlin what follows.

\\'li<_-nthegeneralrouteis determined,thelocation
must be put on the groundand studied in detail.
Sincethecheapestpossibleline,milefor mile, is that

1-71111::(ill!)

benoappreciablecostof riseandfall, nomatterhow
longthegrade. If thegradeis steeperthanthis,but
the hill is short,makinga rise of not morethan 40
or 50feet,andis workedby storedenergy,that is, is
approachedwith high velocity,which is partly con
vertedinto potentialenergyin climbingthehill, and
is reconvertedinto velocity in descending,the hill
not beinglongenoughto requirethe useof brakes,
thereis noapparentlossof power,andlittle expense
resultsfromsucha grade. As sucha grade cannot.
always be workedby storedeiiei',~.r_v.anti as brakes
must sometimesbe applied,and as there is some
little extraexpensein caringfor roadbedand track,
it will be fair to assignto sucha hill a cost some
wherebetweenthat due to working it by stored
energyand that dueto workingit entirelyby extra
fuel on the hill, andapplyingbrakeson thedescent.
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