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I NTRODUCTION 

I t is the nature of railroads that an economi c ad van­

tage may b e secur ed throu6h t ~1e operation of groupings of 

cars rather then ca.rs individually . These 3r0upin3s , or 

t rains , uerr:1 i. t the railroad to specialize the uropulsion 

vehicle and reduce manpower requirements . Propulsion and 

crew costs are thereby far less than would be r equired were 

the railway frei ght car to be the unit of o-::,eration. 

Freig ht . cars can be as'.".:2moled into series and oper­

ated as a unit because they share many features. Standardi ­

zation of gauge, flange , , coupl er heig~t and surfaces , under­

ly the high productivity of frei ght tre.in operation. Thi s 

prod uctivity mani f ests itse lf in long frei g ht trains o f low 

horsepower- weL;;ht r at i o . The basic f ive r::a·:1 cre1.-r is more 

ttan adequate to ope r ate and c ontro l frs i ~ht tra ins of one 

hundred en~ f ifty c~rs . Such leng th is not at a l l u n corn~on . 

:i!:xt r eme lengths of up to two hun d red cars are at c:-:1.ined by some 

roads but the l aw of d i ~i~ish ing returns t akes ef:ect in t h is 

r~g ion . Del2.y i n b rake reation time makes such t ra j_ns d iff i-

cult to control . Slack action becomes unweildy with increas­

ing trai n l eng th and pull ed drawbars become increasingl y co.m!Ilon. . 

The economies resulting from such fant~stic production, 

however, are e phemeral. A considerable !)rice must be paid to 

attain t he p r el''eq_uisi te cond itions under vrhich such o neration 

v ii 
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occurs . This price take s several forms. They are :;n-'iT?.r ilj" 

the costs of assemblage and disassemblage of tra ins and the 

time costs (d elays) incurr ed in the process. The adverse 

effects o f these two f actors upon sales t h r ough upwar d r a te 

pressures a nd long in- t r ansit times are considerable. They 

c ombine to s eriously hamper t h e r ai lroads competitive battle 

against other modes o f transport. 

The freight yard is the scene of t he creation of 

f r eight t r ains and the s ubsequent r evisions of their consists . 

The yard may talce many forms. It is defined as a system of 

tracks in which terminal functions are performed . Ea.ch form 

adapts the system of tra cks," as a tool, to the characte r of 

the terminal at hand. TerI!linals vary widely in terms of the 

traffic flow and in the de3ree of s ·.-i i tchi n3 work that t ney 

a :ee re o ui red to uerform . These varying. j "Jbs , however, are 

})erf:::irmed U'JOi.1 a srnall nll!Tiber of baPi c tr2.ck patterns . 

I t is the pur~ose of this paper to explore several 

of these ba s ic designs and their 11:ni tations . One of t h e 

mo st severe of these limi te.ti ons is the ina.bili ty o f c .:mtern­

~orary ya r d desi3ns to satisfa c torily reillove r~nd owness in 

car s equence in the tr::>.i::is it crea.t s s . As will be demon­

strated , a train is more than a s e ri e s of cars haul ed b y a 

locomotive . Over the road tra in perfo r mance is onl y one 

step in an overa ll p roduction p rocess. By ordering these-

quence of cars , t r a in operation To~s perfe c tly meshes i nto 

succeedins stages o f p roduction. Th~s tne cff:ciency of 

terminal a :1ci road o~)e r::,t ion may be c onsiderably encia.nced. 

viit 
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The failure of modern yard design to order ce.r se-

q_uence sufficiently is the b2..sis for the presenta-c,ion in 

this thesis of a design that may accomplish this desirable 

goal . 'rhi s design . will create trains o r car sequences by 

individual c2,r selection , thus i l1-surin0 tha.t the sequence 

may be as ordered as desired . It ,;•.rill ·oe kncwn as the res 

des i gn. In order to illustrate the us,3.3e of such a techni -

que a nd indicate the broad outlines of the economic adv~n­

ta3es of s uc~1 an ap?lica~ion, a co:I1par2.tive £t1JCly will oe 

made . 

·rh~ terminal probl ems of St . Louis will b6 r evie1·1ed 

and will be the base of a comparative study. 'l'he basis vrill 

not be the cost of operation and performance of the present 

fixed plant in St. Louis. This plant is g erierally recognized 

to be c1...L-nbersorne in operation and costly in psrformance . The 

com:p~ra.tive bG,se vril1 be a cl.esi3 n which has been speci fically 

recornr,ended to solve .the St. Lo t.:is ·9:cobl ~G . 'I':iis desi2:n is 

the most aJvanced possible wit~in the li~itatio~s of e~istin: 

technoloe;y . It is a.n 11a 1Ft O'""'.! ?. ted 1t hwn:!_J ye.re~ . 

Auto~at i on i s a ~uch misused c on cept, but it is in 

fact correctly applied here. Unfo·rtuna tely it i s only one 

stage of the terminal ftmctions tha.t is automated. This 

stage is classification. In the critical functi8n of train 

assembl'.1ge , wherei n ye-.rd output is d ete!':Cined, more . conven­

tional methods persist . Consequently a residual ranGomness 

of c:J,r seo~ence exists within the b loc~s of cars trt1ich then 

cor:1po se T:.1i s di s or,l e r is costly. ·I'hrou; h the 

i :: 



greater use of automation , the I CS des i 3n is intended to 

r emov e this r esi dual r andomness and its consequent costs . 
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CF.APTER. ONE 

TEE TER.HI NAL PROBLEM 

It is the purpose of this dissertation to explore a 

basic physica l fact, whi ch is the essence of rai l roading, 

a.nd its relation to the everpresent railroad problems. 

The f undamental datwn from which we must begin is that 

the U..Yli t of r evenue and sal es in railways · is the car, whereas 

the unit of operation is an a.3,;re~ate 1.mit , t he train . The 

di chotomy of car and t r ain is both created and resolved in the 

terminal of the railway. Thus it is that this paper focuses 

on the relation of car and train, i. e ., the " terminal" problem . 

The dimens i on of the terminal problem is suffi cientl~ 

vast to be reflecte1 i n t:1.e overall railway problem. The com-

9etitive pressures on the railways clurins e,n automot ive revo­

l ution are certainly largelJ r22pons i ble for the raihra.y de­

cline . 'lhe terminal :;,roble':1 is the p rinciple channel throu5h 

whic':1 these com:peti ti ve :pressures became effective. i·[i thout 

the curden of cost and dela.:,3 r2sulti.'.1;: :-1.~'.):J termi nal operations 

the railroads would not have been so s ~vere l y handicapped . 

This chapter will first .e:camine the effects of this 

handi cap in terms of the growth of other transpor:t :media. Then 

the burden itself will be examined to3ether ~1th a look at the 

terminal functions e.nc1 costs. Fi na.lly , the interrelationship 

of yards i n a rai h1ay systeIJ ':~:11 be E:c :a.;,iL1ed to establish a 
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basis f o r a n ana l y sis of cl2.ssi :ic2.ti on techniq_ues to follo w. 

A: 1rHE PROBLEM DEFL,rzD 

1 : 'The Declin e o f t he R3. i lroad s in the Transport Sy stem 

I n o r deT to document t he pre sence of a p r oblem f2.cin5 

t h e rai lroad s, 1:.-ie m-3.Y t ake note of s e v e r a l facts . 

The percentage o f total intercity t on - mile s carri ed 

2 

in 
.,_. 
vne Uni ter:1 States "i-;"J ::.1-:e r a ilroar:1 s Q9. s_ d e cli nei c on tin.uousl y 

over the past twenty-five years. The only e x ce:p ti on to this 
1 

decline occured und er t he s tresses of the second ·world We,r. 

Traffic on the Great Lake s has sho"m re la.ti ve stability since 

1940 . Oth e r mod es , however, have experie nced a mushrooming 

3 rowth which appears to be a postwar phenomenon. I ndices of 

this gro1rrth are g iven in Table 1. 

Yea r 

194-l~ 
1945 
19L~6 
1947 
19-'-.-S 
191.~9 
1950 
1951 
1952 
1953 
19 9~ 
1955 
1956 
1957 
1958 

·rABLE 1 

Distr ibuti on of Int ercity Fr e i g ht Tra ffic 
by Nodes (Ton- mi le s) I ndex 1944= 100 

Rail Great :!:nJ.2.n d Moto r Oil 
Lak es iia te pvmy s Trucks Pipelin e 

100 . 0 1CC . C 1 cc-. 0 1CO .O 100 . 0 
92 . 5 95 . 2 94 . 7 11 4 . 9 95 . 2 
C"' ,.. . cc . 1.) ;jo . 2. 8S . 1 1-4-C . 7 72 . C 
3~) . o 1C2 . 9 11 0 . 1 175 . 2 79 . 1 
26 . 7 oo a ..,, _,, . ./ 137 . 4 11] . 2 9 0 . G 
7 1. 6 22 . 1 1 :;:::; . 5 21 7 . :::; 06 . S 
79 . 9 9,:+. C 164 . 6 ·296 . 7 97 . 2 
87.7 101 • 0 19G . 3 322 .7 11 4 . 5 
83;5 88 . o 2C3 . 4 331~. 0 11 8 . 5 
82 . 2 1C7 .3 239 . 1 372.7 127 . 9 
74 . 5 76. 8 262 . 9 36S.4 134 . 9 
SL~. 5 100 . 1 311 . 2 388 . 2 153 . c 
87. 8 93 . 2 348 . 3 435 . 5 173. 1 
A -:::, ::·. 98 .7 -• .-c::: . r-,. tA7 . 7 175. 1 -.,/ . -- .:)0.) • V 

74 . 8 7 1. 6 337 . 7 41~6 . 2 167 . 8 

Air 

100 . C 
122 . 2 
131 . C 
222 . 5 
31 4 . 1 
313. 0 
1~~7 . 9 
533 . 8 
584 . 5 
581 . 7 
:559 . 2 
677 . 5 
793. 0 
84-6 . 5 
9 15 . 5 

Source : ~chibi t ac c ompanying the testimony o f J emes M. Syme s 
before ti.1e 3uoc..::,.:1~n i ttee -:m '11r o.ns~~0:::''c :.:.t ~0!1, Hous e Co:nm i ttee on 
Ar:]ed Se ~''l~CE· --:- , .s.t t~1e :-: .::·.::.1 :'.. ;·:::s. c:1. A-i eq_ua.cy o f 'I're.ns:r,,ort .<.>.t i o:: 
i·,,·~ ·: ~:. ,:; .C:;rc:1.J~ o~~ :.c--i~i r-- ~+ .; 0:.1, J· 1l ~r : 1;.59 . -9 . 73 . 
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The 0 1 ·0 .-, .... ~~ .i.:1.di c9. tEd 2.tove has continued apparentl y 

independent of' the variat ions in e.s.:r esate t r affic volume of 

the period . Consequentl y the pr opor tion of the a,;:_;6 r e3ate 

carri ed by rai l has cons istently decl ined . The decl ine , 

expr essed as a percentae;e of the ag5r egate is exhibited i n 

Tabl e 2. 

TABLE 2 

Pe rcen tage Distributi on of 
Total Intercity Freight 

Tr a f fi c By Modes 

3 

Year Ra i l Great 
Le.t:es 

Inland Motor 
Trucks 

Oi l Total 

1934 

1939 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

70 . 8 

62. 4 
68 . 6 
67 . 3 
66 . 6 
65. 5 
61.9 
58.4 
5.5 _ 2 
- f"4" ,,,... 

::;;:, . 0 

54 . 5 
5 1. 0 
49 . 5 
49 . 4 
48 . 2 
46 . 3 
45 . 3 

12. 5 

1 L~ . 0 
10 . 9 
11. 0 
10 . 6 
1 1 • 0 
11. 4 
10 . 6 
10 . 5 
10. 2 
9 . 1 

10 . 6 
G. 1 
9. 3 
G. 2 
8. 7 
6. 9 

Uaterway 

2.4 

3-7 
2. 9 
2. 9 
3 . 1 
3.4 
4 . 1 
4 . 6 
4 . 9 
5. 3 
5. 6 
6 . 2 
7 . 4 
7 . 7 
s.o 
8. 5 
8 . 6 

c:; l.J.. _, . . 
9 .7 
5. 4 
6.5 
9 . 1 

10.0 
11. 1 
13. 8 
16 . 3 
1 6 . O 
17. 0 
1 8 . 1 
1 9 . 1 
17 . 7 
18 , 7 
19 . 3 
2 1.1 

Pipel ine 

e .. 9 1 or. . o 

10 .2 
12 . 2 
12 . 3 
10 . 6 
10 . 3 
1 1 • 5 
12. 6 
1 2 . 1 
12. 9 
13. 3 
14 . 1 
15 . 9 
15 . 9 
16 . 9 
17 . 2 
1 8 . 1 

Source : E::,:hibi t acconrr)e.~ying testimony of James ?-L Symes , 
cefore the Subcommittee on Transportation , House Co~mittee 
on Armed Ser vices , at the Heari n3s on Adequacy of 'l'ra.nsporta tion 
i n the Event of ~obi l ization, July 1959 . :p . 72. 

A..riother stri king char acterist i c of this shift of 

traffi c a.l'!long the modes is t!:"!e baclc~round 3.5ainst Hhi ch the 

shifts took place . The aggregate ton- mi l e output increased 

al:Jo st uni forr:1ly since the d enressi on year of 1932 . Popul a tion 
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4 3ro 11rth 1vas also 1...m.di s t ',..1r bed e:-.:cept m.ini!Ilally during t he war 

years . The country has experienced expansion o f its out put 

in manufacturing , farming a :id :ilin&r s~ls . ·:r:1i s econor.ii c ~rowth 

of the nation is expressed gra.phically in indices in Fi.sure 1. 

'l'h e year ·1929 is presented as the index level 100 . Al so in 

this ex:hi 'oi t, a re curves depicting varia.tions in intercity ton­

mile s . 

I t is not suprising that the newer modes of transpo:tt 

shoul d carve for themselves an increasing pr oportion of the 

transport mar ket . What is su:9risin.3 , however , is the extent 

to which they have done so and the f act th2.t i n s o doing they 

have virtuall y denied to the r 9.ilroads any portion of the 

increase in a ggr egat e ton- mi l eage . Railroad output has not 

only declined asa perce ntage of total output , but has failed 

to increase in a bsolute qu.2. ::1. ti ty in a r.:iarket for t1,ansport 

,.-,hich has increased m9.r:-:edly i n the uostwar period . This fact 

can be seen easi l y in Fi gure 2 . 

I'he 11 i.'ailw2.y pr oblem11 has 10·:13 been ,.-d.t h u s . A 

manife s tat ion of the problem is the le~el of the rate of 

return of t he ce.rri r; !"s . A st udy , comparin5 this r a te of return 

with other regu l ated iadustries concluded , 11 
••• the comparison 

in each instance ir-..d ica tes clearly t i.le a bnor ::3.lly low r 2. tes 

of return r ealized by the railways , year by year". 2 The 

railwa y rate of return ha s not i rr.proveEI. since the period of 

the.t study (1 9 21-1 '.?1~:::) . It hBs in fact detGriora ted since 

1948 , never having returned to t ~e level established in that 

SE gpp s 

5 
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4. 31 %. I n 1958 it had declined to 2. 76%. 3 

A low rate o f r e turn in a "9articular i ndustr y is not 

necessarily, of course , a sign tha t the public \•tel fare is 

endangered. In the decade since 1948 competing carriers have 

siezed vast por tions of t he total tra ffic. The l ess traffic 

that the _ railways carry of the tota l the les s essential t o 

t he public welfare they appear. I ndeed , it may be that the :·· 

rai l way i s vic tim t o economic Darwi nism an1 th2.t steps such 

7 

as nationalization may onl y preserve an anachronism at public 

expense. Such a conclusion is not intended here. Rather, it 

should be noted that private interest ia not identical with 

the public welfare . 

2 : The Terminal a s a Fa ctor in the Railway DP-cline 

Relevant , from the standpoint of the publi c , a r e the 

ca.use s for the r a ilway decline . The decline is indicative 

or symptomatic of the presence of a p r oblem, at least t o 

the rail carrier s . The problems may be categorized i nto three 

s rou:pi n~s ; t echnological , 3overnment 1.l or :nana 5erial. Ea ch 

may conta in a key or critical factor . Necessarily acting 

within the limits of a z iven technolo6y , neithe r gover nment · · 

nor managers should impede the use of t he economic potenti al 

of a mode contrary to the publi c inte r est . Some r estraints, 

howeve:c , may be establi shed for the 3 ene r a.l welfare . Such 

r estraints prevent a mode from r ea chin::5 the upper-· lirbi t · or· its 

economic potential. rhey C3.:1~o t -:: o , -f:.!--,or•.-ri se , as the limt t 
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of 3. mod e lies wi thi n the technolo0 i c2.l cha.r a cte r i stics o f 

t ha t mode . Thus t he t e chnologica l probl em i s a fundamental 

one . I t sta nds l ogi cally apr i ori t o t h e p r obl em s incurred 

· from t h e mismanagement by government or p rivat e executives 

o f the potentia l .t h?. t lies with i n a tec hnique o f t r ansport . 

If the p ubl i c is to obt ain dependable , safe , e'c onom­

i cal transport i t is necessary to accomp l i sh s ev e r a l thing s . 

Ea.ch mod e m~1st abs or b -::md - appl y from t he sciences t h e k now-

led ge wh ich i t can use to i mprove its technolog ical for:nule . . 

Furth er, ea.ch mode must be fre e of the human e rro r s tha t d i m­

inish t he e ffi cacy of that f or mula . Failur e t o do s o tra n s ­

forms t he decli n e o f a n i ndu stry secto r f r om a. pr i va t e to a 

p ubli c concer n. 

I n the bel ief that the t echnolog i cal p r oblem is 

lo3 ic2.lly B.p riori a n d sign ifi ca n t , t h is paper und e r t a ke s to 

examine t h e . " oas .1. c p r i n cip le o f the r a ilway f o r!Ilul a . It i s 

with in ti:1i s basic p r i nci :?l e of r a iLr2.y c·:1.rr la.ge that a c r i L-

i cal ·;:irobl e I!l rn.9.y be f o u.n'.; . 

The r a i lw~y may b e d efin e d i n several wa ys . I n 

stri :cin3 t o\·.:?.r·:1.. the essence of r a ilr '.)aJ in;;; we :nust e limi na t e 

those c ha r acter i ·stics whi ch fl.re s upn l r.::me :-itar y o r der i ve.ti ve . 

The a s e o f t h e flanged whee l is such e. supplemen tal d evi ce . 

Mo re c omplex p;;ui danc e s y s tems are tchnica l l y possible and 

a r e a c t ua lly c ontempl ated f or h i g hway u se . Steel r a ils a nd 

wheel s p r ovid e additiona l econ omic.advanta:3e by o ~feri~S 

l ow r olling r esista~ce a nd h i J h axle load i n~s . Sta ndard ization 

o:i:' 02.u.::;::: and f ittin?s a!Tio:13 the va.r·ious f irms i n sur es ,-rider 
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distriuution of the .s.d.vanta6es of the raih;qy formula . 

Underlying'all of these , .however, is the economi c adva ntage 

of mass production of t _r a n sportation derived of the dichotomy 

of ca r and train. Were it not f or this advg,ntage, c onvention­

al ni ghway transport ·,·1ould probe.bly be the equivalent of the 

rai lway . No difference in principle \•Tould remain between 

these modes of trans9ort . 

The essence of the r3.ilwa.y is that the unit of p rod­

uction output is the train , whereas t he inputs t o urod ution 

are individual cars. The question which f aces r a ilroad ing 

is t his. Are the costs of the prereq uisite condttions of 

mass production (terminal operat ions ) togethe r with the costs 

of the road haul, si5nificantly,less t han the cost of any 

alternate method of creat i ng space utility? The railway de-

clin2 s -..16.;est s tna t t:1.is diffe1 .... ·ence is a quanta indufficient 

to s te!!l the (;r 0\·1th of other mod es of t r ansport. 

The key opportunity for the rail~~y lies in t~e con-

trol of the c·osts ::, f t er::i i nal ope rat i ons . It is in the ter-

mi ~~ l ~~~t t~e railway both cre~t e s a nd desasse~bles t~e 

t r ains . The ter~inal urobleCT is a projJcti on ~roble~ . The 

yar d is the basic t ,: cl of t~e t e r::1 i n:;,.l pro~ 1-11Jtiv:Lty . It is 
. 

a physical entity and defined as follow : '' ·rhe ya r d is a system 

of tracks within defined limi ts provided for the ma~,;:in3 up 

of t r ains , storins of cars and other pupo ses , over \·:hich 

move:nents not 2.u thorized by timet able, or by train order , 

may be mad e , s ub ject to prescribed signels a~~ r ules , or 
Lj. 

ins tructi ons ". 
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3 . rerminal Se~vices and Functions 

Not all terminal services utilize the yar d as the •· 

final instrument of producti on in accomplishing a terminal 

service . The se servi ces are manifold and necessitate 

10 

special f acilities in add ition to the yard for t hei r c r eation. 

Such services include ; ; 

1. t'he spotting of cars at specified points , 

2 . trap or ferry car s ervice , 

3, plant switching , 

4 . the ~cing or heating of cars , 

5. stora5e of freight, 

6. grain elevation , 

7 . wei5hi n3 of freight, and, 

8 . l oading and unloading services . 

The physical facilities devoted to t '.!es-:: s e rvices include; 

1. r unning tra.cks from ya!'ds to i ndustries, 

2. sid i nGs from runni ng tracks to plants , p iers, 

an.: warehous es , 

3. te'.3.m tra clrn , 

4 . stora~e f acilities for ~erch~ndi s e traffic , 

- · S?ain Elev~tors, 

6. bulk frei3ht l oading f acilities , 

7 . freight stations , a nd , 

8 . transfer houses . 

The primary f unct i on of these facilities is to provide 

some service necessary t o complete the ser v icin3 of some 

con::modity move!ilent . They a.r~ d ::..stin;;ui shed e.s ?. s rou:p from 

yard act::..7ities per se in th~t thPy ar~ not conducted for the 
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convenience of t~e r~ilroad. They are part , rather , of a 

service for sale . Conversely, the asse:nblage and disasse!Ilblag e 

of trains is strictly a production activity, unrelated to 

sales except through its consequences upon price and quality 

of t h e service. As will be sho wn , these consequences are 

severe but the railroad chooses to incur these consequences 

rather than .to move cars as individual vehicl es. 

The operation of yards entails the gener ation of 

tvm types of cost. They are monetary · costs and time costs . 

The latter is usua lly recognized in the form of unusual 

del ays but yard tirneco s t s a r e properl y a functi on of all 

t ime spent in yards. •rime consumed in the yarding process 

is a funct i on of yard design and the ~mount o f work to be 

performed in that yar d . 

4. Terminal Delays 

The road moveme-nt of cars can c e p erfor,ned with 

r easonable d ispatch . Avera3.e frei 3~t tr2.in speeds have reached 

' 5 a. new htsh a.t 19 . 2 ~ iles per nour . This fi~ure is a nationa.l 

a.ve r a5e of all freigh:t, trains and is based upon the ag6 rega te 

mile3~e performance in a ny given year, divided by the total 

time that trains required from orig in to final t e rminal. 

These data include a ll time req_uired to pick un and set out 

car s on line and at ·intermedi ate terminals. 

·rrai n speeds have increased almost without pau se since 

1926. Grouped five year averages _of freight train speeds are 

~iven in Table 3. 
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TABLE 3 

Average Fr e i ght Tr a in 
Speed- 5 Year J-rouped Avera.ges 

And Sele~ted Years 

Years 

1926- 30 Av 
1931 - 35 11 

1936- 40 II 

1 941 -45 t1 

1946- 50 -· ti 

1951- 55 t1 

1956. 
1957 
1958 

Av. Sneed 

12 . 8 
1 5 . 5 
1 6 . 4-
15. 8 
16.3 
18.0 

18 . 6 
18.8 
19 . 2 

Sourqe : Ea-stern Railroads Presicftents Conference , 
Yearbook of Railroad I nformation, 1959 . 

12 

Train performance has improved in other respects as 

well. ·ronng,ge per train has increased consider9.bl y in the last 

6 decade. Pe rformances a r e not uncommon tode.y whi:c:h would have 

seemed sensational fifteen years ago. ?~erchand i se traffic 

now move s from Chica.go to the West Coast i n sixty ho;_i_rs fo r 

third mo rnin5 delivery! Boston is S GCO:ld ~~rning to and from 

St . Loui s and Chica.go~ 'Ehe key to such performance, however , 

lies in t he fact t~at sc1ch tr3ins h2.ve l i ttle or no work 

perfor@ed on them at intennediate points. Their perfo!'r;iance 

is not do\mgraded by the necessity of participating in the 

routine intermedi ate yardings that most t rains undergo, 

Train performance and car performance are i nterrelated . 

Car performance is based upon the former but canno t exceed 

it. Train performance is only ' one factor in determining 

c:;i.r Derform0.nce . The car spends only a frG.ction of i ts tota.l 

time in tra ins. A study of t.hi s rela tio:1.shi p was :::Ea.de by 
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Mr . L. F . Loree , an eminent operating officer of the Delaware 

e.nd Hud son Rai lroad . His work, publi shed in 1922 , found that 

14 . 9 days were r equired f or the average freig~t car trip 

from placement at the loading point until release after unl_oad- . 

ine; . The time during this interval was distributed as f ollows. 

TABLE 4 

Di stribution of Ti !lle of an Average 
Freight Car Trip 

Event Ti me in Days Pe rcent 

Roa.d 1'fovernent 
Del 4y· in road movement 

I nterchange 
Intermediate Ya rdings 
Storage Tr acks 

Movement to and de l ay on 
Repair track:s 

Move~ent to and del ay on 

Loading and unl oading 
Re consignment delays 
Delays loaiing and unloading due to 

weekends and ho l idays 

1. 49 10 . 0 
. 1 5 1. 0 

2 .4-8 16. 6 
1.55 10 . 1+ 

. 75 5 . 0 

1.34 9 . C 

5.74 38.5 
• 50 3.4 

. 90 6.o 

Total 14 . 90 100 . 0 

Shippers or consi 3nees ~a d ~ie frei3ht cars in their 

po ssession or control 36 . 3% of the above total .I.. . ul me , \·Thi l e 

the !'e.i lroad had pos sessi o~1 or control for the b2.l9.nce , 

63 . 7; of the time of t~e average trip . 

Switching and interch~nge operations accounted for 

60 . 4% of the time t h-'.?.t the cAr was in carri er possessi on 
9 

or control . It is this fact which accounts for the vastly 
~ 

slower . ca r movement than.that ot the t rains in which the 

car moves . 



c~~ sfeed , measured from consignor ' s r elease to 

consignee ' s p l ace~ent , is d ifficult to esti~~te . It is 

derived an d subject to considerable error . It is based upon 

a figure for average daily car mileage . 'l'his , in t urn ,· is 

based upon total loaded car mi leage per day divided by the 

size of the servi"ceabl e car f l eet on that day . The de:1on1in­

ator i ncl.udes a l l ca_rs servicea.ble b~t for which no loads 

were available and cars that ~ere being loaded and unloaded. 

The size of the ca.r fleet and the turna.round rate thus in-

fluences thi s statistic . During the p eroid 1943- 58 t he car 

f leet has been erratic in size, but shrin~dns sli .~l:t l y over 
10 

the entire period . Car daily mileag e has not moved upwa rd 

daring this psriod , To the contrary , it (12.S declined . This 

movement may be seen in Table 5 . 

TABLE 5 

Average Daily C=-1.r Eil_e.e.ge 

Year Eiles 

1943 51. C' 
1944 5 1. 9 
194:5 49 . 3 
1946 45 . 2 
1 9 1~ 7 40 . 0 
1948 L~7 . 2 
1949 42 . 9 
19:iO 46 . 5 
1951 47 . 2 
1952 46 . 2 
1953 46 . 5 
1954 43 . 8 
1955 46.2 
1956 L~8 . 3 
1957 47 . 0 
1958 43 , 6 

Source : Eastern Rq,il ro2.d :?rE-sidents 
of n3.ilroar] I:1for:::e.tion , 1959 . 

Conference , 

1-4 
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The latest statistic (1958 ) i nd icates a nile~ge of 
1 1 

43.6 per day . This is approximately 1 . 3 miles :9er hour 

over a twenty- four hour period. W'nen correction factors are 

applied to ~easure c~r speed for loeded cars only, from re­

lease by shipper to the consignee ' s doc~s , a current estimate 

of five miles , er ~o~r se~ms reasonable . It is not surprising 

that the Federal Coordinator (J'TC) reports described such ser-
12 

vice as 11 sluggish" I n the Freight Traffic Report of 1935 

the data is s ummed as follows : 

The highway motor vehicle at p resent provides the speed­
iest overall land transportation - on the whole averaging 
15 MPH between consignor and consi 6nee, compared with 5 
MPE by railway, 3 to 10 :l-lPH by wa terways and 1 to S ~-I?:~ 
by pipe lines. The relat ively :JOOl1 s h owine; of the rail 
carriers was due in part to low speed limits imposed on 
train crews, ... but chiefly to the fact that over two 
thirds of the carrier t i me is consu'1led in terminals and 
yards . . . 13 

Evidence concernin5 car nerformance in the 1950
1 s is 

available from a study by the America.n Ra.ihray En3 ineerin3 

AsBociation (AR:2;\). This study, issued in 1956, 1:1as base d 

upon data collected fro~ a 495 car s~~nle . It wa s concluded 

t~3t the average freight ca r spent 82 . 9% of t~e time of its 

movement ( 1-.m.der railroad control) st3.ndin6 in some ya.rd or 

terminal facility aw3.i tin3 road movemel1.t . Only 17: 1 ;i vras 
. 14 

spent in actual train movement . In 1933, the correspond-
15 

ing percentages were 69 . 6% - 30 . 4%. 

Wnen a car is standing it is performing a warehousin~ 

function, not a transportation function . It can earn no rev-

enue while a waiting movement . The mot i o~less frei ~ht car 

t~erefor e constitutes a liability to the carri e r . T~e ~rob-

l er:1 of t erminal delay i s comr10nlJ .::.cc-=:-~-J::::·': -:1-:= one of to.e \:lost 

15 
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serious sin3le pr oblems that the ca rriers f ~ce . The compe- ­

titive environment in the tr~nsportation industry today finds 

the railwa.ys effe ct ively handicapped by their inability to 

provide a service as fast and reliable as that provided by· 

the highwa.y . 

The Loree , FCT and AREA studie s have concurred on 

t hree :points . 1. Frei 5ht car movenent· is slow. 2 . The f r eight 

car spends onl y a small fraction of its time in trains , the 

bala nce bein3 spent motionless wa i ting for ;nover-r:ent to destin­

ation to occur. 3. Termi nal handling costs cannot be measur ed 

by the accounting records alone . 

rninal s consumes vast unmeasured r esour ces. 

No evidence is kno1,m to exist which maJ contradi ct 

the se concurrent views . They are the vi ews of the industry 

a nd the supporting data. are p r e s ented he re i n conci se f.:) rr:1 

to ind i cate t he d i 8ension of t~e p roblem. I n s ummary, it 

c::!.n be s t':l.ted tc.2..t t :.'lE: railways have no t succ:eedeJ in d eve l ­

o~,L1 ;; a ya r d d e s i _s:n car,>able of ·?ei~f orniing t he yg, r d f u:.1.ct i on 

wi thout ent a iling the mone t a r y a nd t ~~s c os t s p r esently in­

c1_1rrr-,}. Ya r d desi 6n s ha-ve been i mDr oved d.uri :12; t he c entur y . 

Th ey :1-.:we been bette r a.da "0ted to a \·ricJe va::c·i ety o:f loca l yar d 

requirements . During t his era of refinement however , no 

chan3e has occurred in the fundamenta l principle of yard o~­

era.tion . 

5. Te r minal Co sts 

Thi s cost cate;o~y includes ~11 ccsts i ncurred wit~-

16 
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costs i nhe rent i n the yar1 oper~tion. 

Terminal costs include the costs of a ll te~~inal 

services and thus exceed yard cast a l one . The bul k of these 

cost s are yard cos t s, however , and are incident to the crea­

tion and d issolution of trains . 

The Freight Traffic Repor t of 1.he Federa, l Coor-5.ine.tor 

in 1935 conta i n s a thorough analysis of the yard expenses . 

The data a r e not necessarily identical to that which would 

be based on present conditions . However, no current studies 

are existent on this subject . Further , it seems a reasonable 

assumption that t here has been no significant changein t h e 

str ucture of railway operations or costs in the i nterim period . 

Therefore we may use the Coordinat or ' s finding s as an index 

to t he existing structure of r a ilway costs, road and yard . 

·r h e Coord inator c onclud ed that yard operati ons were 

r e spoasi ble fo r 547t of total railw::i,y cos ts . Roe.d haul co sts 

absorbed the ba l a nce of 46%. I:1 1932 the t ot a l l-:.1 
.• !J"Jber of 

switch enzsi ne hours 'rl9. s so.{ ;;r s9.te r th9.n t he number o f road 

enEine l~our s . I n the same year t he mi lea5e o~ y~~d trac~s 

e1~ceeded t h3.t of all railr0a.:.l bro.:1.cr1 line tracks and were 
16 

half .3,s _;re3.t as tne t o:ta.l milea6 e of :.:e.in l ine trac~..:a::;e . 

'rerminal a cti vity domi:1ates t he r3.:lroe.'} i n other w:.1.~rs a.s 

wel l. . Exclusive of . i ndustry trac!rnge , . the ya.rd s ystem was 

f ound to have s ufficient cauaci ty to hold at one time over 

three and one quarter times · the freig:-1t C9.r fleet of the 

nation. 

T~1e Coor d inator ·studies found t ~1e i mpact of te!"o.inal 

awe SD $ ;,. Ul 
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r ather interest i ~z 2~t u~~~ o~ . ~t ~y~ot~es i zed the ezistence 

of a solid comrnodi ty movement from siding tre.clc at point of 

origin to final destination without a s in3l e break in the 

train line . The train line is the air brake line which must 

be separated is any change in consist is made en route . Thus 

t he tre.in \vas to inc ur a. b s olL:tely no terr:l i nal expense res:'._)on-

sibility during its trip. I n such a case , the study found 

that the movement of a full tonnap:e train could be conducted 
- 18 

-at a cost of l ess than 2 mills per net ton. · The revenue per 

t on- mile (avera~e) pai d the r ailroads during the five year 
19 

p eriod , 1]31-35 , wa.s 1. C. 13¢ . The l evel of 2 mills nc ~ net · 

ton mile, the study · noted , was below the the~ :::::~_ .:;tL13 level 

of average costs. fo r pipe l i ne transportation . 

The conventional ca r undergoes severa.l ya.rdings during 

its journey however . The study f ound that 377{, of r a il costs 

were to be f ound in t he ter□inal and destination are~ yar ~s . 

I nte::-,med ia te yardin6 operations const itut ed 16;; of t c t ::i.l r e.il 
2C 

costs. The im9act of s uch cost s on t~e railroa~ co st struc-

t ure is con si ::! erable . Any improvement in ya r :i operation o r 

t echnique may becoo e a ~i 3~l y s i gaificant ele~ent o f cost 

reducti on . Unl ess so!Tle fundamental r evision of yard y :eact ice 

is undertaxen , however, there·is -.little hope . that any real 

progres s in yard costs reduction can be made . 

B: THE HISTORY OF Yl\RD INADE1UACY 

1; World W2,r I Congestion 

Trans·~)orta tion r equires r 2:; ~ ·· r ces 1::o t h :~~-~sri :i.l a nd 

1 a 
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effi ca.ci ously . Order must :::"= s -..'.~;e r im:pose:j U"9on an otherwise 

discoordinate~ set of entities . 

organizat i on was manifested by the transportation crisis of 

1917 . 

The first World War was responsible for a sur6 e of 

shi l)rnents to the Fast Coa s t of the Uni te-c St2.tes for e;~pcrt 

at that time . ·rhe railroad system , then under private exec­

utive direction , failed to absorb this rush volume . Fr om 

19 15 to 19 17 the United States ex:ported _vast quantities of 

freight to the rest of the world . I n 19 17 the advance war 

mater ial s for the United States Expedi '(,ion.s.1~y .?orces were 

added to this volume . The freight shipments of private , 

governmental and allied insti tutions co,!lneted for a place in 
21 

line for export movement. 

Consequently the Port of New Yor1.c, whose Dotential 

fl ow 1rri th p ro-per control was of millions o f tons of frei 6 ht 

annually, proved ineffecti ve . It and ot~2r North Atlantic 

ports became t lcckGd . Despite an al~ost u~ivers&l desire to 

ship f rom these p:)rts in vol:.1:ne, t~1eir o•Jt.put ,·ras f-:1r below 

c :o>.paci t y . 'rhe re9..son for the jam was ors ~rnizational. No 

si.:n.::;le c entral institution was responsible fo r controlling 

the flo•t1 of export materials to the ports. As each ship:nent 

came into the port area it constituted a marginal private 

product far great e r than the marg inal social uroduct it 

created through its consequences. 

The jam was caused by mutual i nterfo:::-s:1.ces of traffic . 

Ports and the ir p iers co.n onl~- =''-':'!ct :!. -:-':l eff ectively when a 
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delicate balance of inbound and outbound movements n rsvail s . 

There is lit t le storage s pace at the port . Frei~ht must 

arrive just prior to l oad i ng and the empty car promptly 

switched out of the way of addition a l traffic. Coordination 

requires a consolidated institution fo r its guidance. 

The immediate result of the uncoordinated flow to the 

ports was that· railr oad f r eight yards , in approach to the ports, 

became storag e noints. I t is at this point that the problem 

mushroomed in dimension . The :problem had been organizational. 

But here i t took on a technolo gice.l asnect . The freicht · yard 

whether· f l at , hump or g ravity, is a p rod ucti on tool t hat uust 

be l ubricated. The storage of cars in yards r educes the ability 

of the yard to do its job, i . e. , classi fy cars. The inve rse 
_, 

r elation between the car storage function and the performance 

of work in terms of swi tchin3 of ca.rs is a technical cha rac­

t e rist i c of ya.rd d esi ,::;n. 'rhe orEanizational problem had r.r.3,n­

ife sted i tself through the p~ysi ce.l limits t::e.t yar·d d.esi 5n 

imp osed u pon its output . 

In acJdition to t he jamrning of ya.r ;.s , there o ccured 

t:ie issuance of many priority orde r s for movement in a vain 

attemut to insu re movement . This necessitated the performance 

of extra swi.'tching work in linin2; these !Jriori ty cars for 

cut bound t rains . Conven tional yard design is such tha t m1.1ch 

time is required to extract a c a r fro~ t ie mi ddle o f a cut of 

car s . Du rin.5 this ti:ne tr-e yard lead s are jam':lea · and _ other · 

work c a nnot p r oceed. 

•\ r:: ya.rd out"'.)ut fp,7_]., so 0,lso trai ns c ou ld no_t. run , for 
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fewer could be created . The pe.ralysis s u:c>ead inL,mc1 from 

the Atlantic c6a s t ports. 

For example, on a typical day in December, 1917, 12,SGO 
carloads of freight 11 0n wheels", about 8 , 000 more on 
r ailroad piers, and s ome 22,4000 in gr ou~1 storage were 
held at ti:1.e port of New York alone. In addition , an 
estimated 25, oco· carload s on wheels were held out of 
port on sidings all alons the main lin~K as f a r West as 
Pittsburg and Buffalo and even beyond . G 

Thirty-s_even thou.sand , five hundred cars \·re r e unavailable 

for loading and usef ul movement. Ri 3 icl embar3oes ae;ainst the 

movement of export frei3ht became necessary. I t was not until 

March of 1918 that a free flow of traffic resumed. By this 

time the raj_ l roads had been siezed by t~-ie :3overnment in an 
23 

attempt to r esolve the crisrs . 

The Second i.-vorld I-Ta r export traffic was controlled 

f ar better. The underlying limi ta.tions of the yards, however, 

W-3, s atta cked as well a.s t he organizatio;,1al p r obl e::i . Th is was 

done by providing s :9ecia l holdipg and recot1;s i 3nment yards 

w~ers zoo~s c ~ul d be held ifi cove r e~ and o?en storage until 

the ;,crts we~€ r eady . By so doi n5 the other yard s ~ere free 

to act in t 1.1e1.r classifica.ti o;.1. f 1L1cti o:1. . Yard tr3.c~rn,::;e we. s 

not us ed for s tora3e 9e r se . 

Co!lsequentl y , al t hou3h the rail s ystem in World '\rlar 

II transported 746. 9 billion ton- ;-niles in the 1944 peak year 

as compared. to the 408.8 billion in World War I . (1918) the 

system remained fluid. This does not mean , d esp ite the 1958 
21~ 

o utuut of only 557 . 0 b i ll i on ton miles that out yards are 

a deq_uate to p r esent needs . Adequac y !Tiust be measu::.~ea •'in tsrTs 

c:. I 
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the Off ice ot' De f e nse Transportation . 

2 . The Development of the Long Train 

Y3.r::l capacity has always been adapted to some degree 

to the general patte rn of railway operat i on s . Often t h is wa s 

not accomplished throug h conscious desi _; n . The basic yar-:l 

uattern of trackg_e_;e is q_uite flexible . The uses to which it 

can be put are many , 3 iven a particular layout . A gro up of 

pa.rallel t r acks, simply interconnected, ce.n be used for stor­

age , claseification, _departure , inspection, and receiving of 

c a rs . Ad1iti 0n~l costs are inc~rred wh e n t he se many f unctio~ s 

are permitted to interfere wi th one another. Yard desi gn in 

some l ocations became quite sophisticated to avoid these costs. 

By the addition of spedia.l facilities as icin :3 p l:?.tf '.)r ms , 

sca l e s, etc ., a genera l purpo se track could be used for s pe~ 

cific functi ons in addit i on to its more ~ene rali zed u se. 

Fr€quently , however, t he soc)t.i st ications of se-pare..te 

' J9.r·::! s s x cl 1-1s i vely d evo t e d to storag e a nd other fun ctions we r e 

not a ttc.inw-1 . Ya r d tra c ~-:a.3e c a n ma tch t he r equire :ne nts of 

loca l conditions due to i t s inh e re·::t 919. sticity . Ther e is 

one l i ~ i t ation , ho~ev er , t o t his 3 ene r a l a ~a,t abi lity of y a r d s . 

This lie s in the l e nzth of the yard tra cks. Leng th controls 

the capacity of the yard to hold a n uninterrupted 6 r oup or 

string of C-3.rs on o ne trac1c. As the train must a rrive or 

depart from the yard in a continuous unit, t h e yard must be 

of sufficient length to ho l d a full tra in. Classification 

ca n be p arf 0rJ:Jed upon s horter t h ::1.n train len5th cuts of cars. 

I ~ the c onv 8~t ! on~l ya~d , h o we v e r, ,,-_-;l6 '.C€ a ll ~unctic~s ta~e 

~~-----~~--~~-----
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train length does not match yard l en~th the entire yard is 

of disp roportionate size . 

Prior 7,0 t h is century trains vrnre com.rnonly limited t o 

twenty~five cars. The cause of this limitation lay in train 

bra!-::e desi gn. Until t he a;;.t oma tic air brak e became universal 

in a pplicati on longe_r t _r a i ns were imp r a ctical. Vi olent slack 

action accompanied a_ brake appli c9. tion on a l ong train by 
25 

straight air. The automatic air bral{e was qui cker in re-

s pons e and was instrumental in per mitting t he gr owth of l onger 

trains as motive power was developed . 

Statistics on trai n l en6 th are distorted by the inclu­

sion of br a nch line tra i n s whose length is det e r mined by 

traffic r ather than by t echnologi cal f a ctors. While r ecog­

nizing the exist ence o f thi s downward bi as , the gr owth of 

train length can b e seen in Figure 3. 
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~~s ~2~l0Js in1icated in Figure 3 are characterized by the 

influence of the followin2: factors: 

Period 1. 19~ 1-1 930 . Imp roved motive power. 

Period 2 . 1930~1940. Low or moderate traffic l evels . 
No . significant chang e :. :i:n mo tive ·poHer. 

Period 3 . 1940-1 946 . High traffic volume . Some super­
power steam locomotives. Increased p~oporti ~ ~ of ~qi n line 
trains to the total . 

Period 4 . 1946-1 958 . Motive ~owe r r evolution- d iesel ­
izarion. 11 Normalized 11 traffic leve l s : Fewer trains . 

· The downward bias of branch line trains bees.me :nore 

pronounced in the last period as trains became fewer in the 

azgregate . In s pite of this .the trend toward the long train 

is pronounced . Multiple unit operation o f diesel-electric 

uni ts permitted the diesel to become everyman ' s superpower . 

It allowed roads with limited clearances, s harp c u rves and 

light axle loadings to indulg e in high horsepower locomotives 

whose forte is pulling pows r in the low s peed ranges . It ·was, 

in fact, the series wound d irect current traction '.:loto r (the 

d iesel ' s transmission) whic~ r evolutionized the freizht train 

in A'.Tleri ca . 

Ls.bcr 3.::1.d material costs ,-,ere ca1Jtured in an infla-
26 

tionary spiral in the decade fro~ 1946 to 1;55 , The lon3 

trai n made possibl e by the diesel- electri c I s tra_cti ve effort 

was the a nswer of the railways to this p r oblem . fu.sic in 

consequence was the fact that the yards of the nation were 

simultaneously outmoded. They no longer wer e matched in 

desig n to the characteristics of their input e.nd output . 

~ 
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3 ; Today ' s Situation Summariz ed 

Train length on the '.r..9.in line of American railways 

is now commonl y in the 1 25-1 75 car range_. A 150 car train 

is a pproxim~tel y one and one- quarter miles long . Such length 

is a po stwar phenomena . As trai!ls enter or depart from old 

yards they tend to han3 over onto the mainline , or at a min­

imum, block the yard approach lead s from whi ch the switching 

work must be performed. 

11 Doubling II and 11tripli115 11 a re the practice commonly 

used to create long trains of sho,rt segments. In this pr ac­

tice the l ocomotive ·will couple to a first group o f cars , pul l 

forwar d , and 11 double 11 back for a . second cut on an adjacent 

track. It backs until the coupling is made; train brake a ir 

l inas are then joined . If a third cut is to be added, the 

now combined two sections are moved forward and backed (tripled) 

a 3ainst the third cut of ca rs . 

Re cently , r-fr. Perlman, Pre sident of_ the i'JeH York Cen-

tra l Rai l r oad , i nquired &bout the oper a tin0 pr a ctice s a t o~e 

of NYC I s Ch i ca,;o ye,r d s . Two hundr ed f orty cars ws r e movin6 

E3.st per day in three tra i i1s . 

He a dked why a gr.9.deless road c ouldn ' t r un a pair of 120 
ca r trains and save a crew, was· told that ya r d swi t che s 
would permit doublins over to make up a train ... but not 
t riplin3 . A simple trackwor k chang e soon updated the 
yard to diesel l ength trains . 27 

Pre s umably the track:work che.ng e was an extended yard l ead . 

'rriplins could then occur without blocking the main line . Such 

e. cha nge would :no t e li!i:! inate the need f or doubling and tripling • 

r,10ves t~1erasel ves , hm·rever. It •-·--- -:-1:= r~i ts t':'le r::3.il r oe.d -c,o 
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live with an 011 -t-~c,'.J e·:! f ~.cili ty for a ·.-:hile l onser . 

Outmoded and inadequate yards are commonplace . Mr . 

J orm Barriger r eviewed the present day situation i n Ameri can 

railroad ing and wrote as follows : 

Techni cal , economi c and comme rcial obsolese-'.1.ce i s ;:~-.Le 
c~tst~~di~3 c~a r~cteristic desclosed in t h e ousr~tion o ~ 
most railr·n.d ye.r•::l 2.:"'.d t E- r '-:l L 1al f-e_c:'._ l .:.ti e s . These are 
most s ene rally l sci s r epr esentativ~ of 7oder~ s~3ins~~i~~ 
anJ operc:: ting t 2chnolo.:;i es than any ot:-ier i!Tiportant fea­
ture of r a ilroa~ ~ork .. . 

Modernization of the f rei ght yards and terminals o f 
the United states and the subseque!lt more effective uti ­
l ization of them represents an immens e unde r takins , but 
it i s essential to. avoid continued excessive cos ts and 
car detentions ... 

Ther e are p r obably as many e.s 500 frei?:'.ht yar ds in 
t he United State s which could be ~odernized or revi s ed 
f or mor e eff ective use . Afte r this is done , probably half 
a s many other s can be c l osed . The cost of transpo rta tion 
and equipment fo r the former will run from ~50 , 000 to ~20 
mi l lion each and wi ll aver a ge about $6 million . The tot a l 
cost of these i~provements will be about ~3 billion. 2~ 

Today ' s system of yards is costly a nd burdensome-. 

Impr ov~ments are needed acutely . 

C: TrtE YARD BT 'l'HE R.'\ ILWAY SYSTE'r-1 

1 : Randor;mess 

The 9r oduc t of the yard is t~e tr~in . Technically 

t he tr3.i n is 8. 
11 l ocomot i ve or locoraoti ves cou9led, 1,-ri th or 

? ,::) ~ .., 
1.1/"i thout cc.rs, be=1.ri n g :na. r ll."e r s 11

• For our· purposes the u r e s ence 

or absence of classification lights (markers ) on the cars is 

immaterial. The above definiti on is est ablished in order to 

facilitate control of road movements . Y~r dmen have a d iffer-

ent -perspective . To them the train has a more common sense 

definition , i . e ., a ca r or sequence of cars arrivin3 o r l eaving 

t::.e ys_rd . 

• • ' ; ~- - ,.. __ ... -:- ..... ,.,,, ,I':~ ~"Jt...,-
. ~-- --~ - ,. 



Apa.rt from any stora .~e function 1,l:1.ich the yard ;nay perform, 

the yar_d out put is that.which constituted the input. T:1.e same 

cars which flow inward late r flow o ut . The auparent input and 
i - -

output do not differ to the casual observer .' 

Yard s create order . This is their function. Their 

input must be l ess ordered t han their output for the yard t o 

have contributed to the railway operation. The input cars 

must . be handled in accordance with the individu~l character-

istics of each car . The chara cteristic mo st frequent l y con-

trolling in nature is the destination of the car . The 62.r 

:nust be fo r warded from the yard with other c-:i,rs towa r d its 

destination. Although the cars in the output group do not 

have identica l final destinati ons they may share a rout ing 

to some common a dvance point. It is the fact that there is 

a possible movement in common t hat underlies t he existence 

o f train operation . 

The order that t he yard superimpo ses upon its • + 1n·ouu 

may only be to select tje car s with co~mon ro uting to the 

next yard . It shoul d be noted that this :9r ocedur s , ho•.i2ver, 

joes not necessarily crea te an ordered sequence in the cars 

of the outp-.J.t trz1in . Rather it creatsn 3. train which it self 

is a unit of or der i n s ofar as all the element s wi thin itself 

have been selected. by a common criteria. Within the a g5r ee;ate 

unit of ord.er,i .e., the train, it is possible that there may 

b e no order . 

The obverse to the concept o f o r der is d isorde~ . Dis -

o.t·::1er of cs. r sequence vri l l 'cs :~nown as random seov.ence .· By 

r andom sequence i s ~e~~t th~t , if a ssle~~~~n process were 

-1. 



underta ken, any car of a sequence of cars would have an equal 

chance of beine; selected from the g r oup . Also, any prediction 

of car position would be limited to an a:9riori probabilitJ in 

which chance is the sole determinant qf car position. 

This statictical use of the concept of randomness is 

not full y ap)li c~ble to our case. · Occa sionally the timing of 

inputs to the yard may follow some pattern and the input it­

self may be consistently of certain. COIIlillodi ties in lrno"m move-

· ments. This may induce some residual degree of order into 

an otherwise truly random car sequence. Consequently, the 

term random will not be used here in its f ull statistical 

sense. To so use it would b e to overstate car s equence d is­

order. It is an appropriate term, however, when used in its 

generic sense . C-ar seq_uences are said to ce r G,ndo;n, for our 

purposes , when no conscious design or order has been imposed 

upon the sequence . 

ar·d in nature. 

The s equence is one of chance a nd haphaz-

2 : The Theory of Ya r d I nterre la.t-i ::msh1?s 

The yard p r epa.r es ses.:uences of ca.rs fo r road haula6 e. 

The road movement must terminate at a 90L1t at which the cars 

in the train no l enser hc.ve some cri t e rie. for inclusion in 

the t r a in . If such cars a re rand omly distributed in the train 

the entire train must be terminated . Roai movement , therefore, 

links the output of one yard to the input of the next. Road 



mo vement o cc urs '.rhe::1 ::-. J3.l"':1 ca n senel\:"c t.e a c3.r sequence '-:--:-.: -s·: 

upon the selection criteria of movement to s ome common point . 

As soon as ~oad movement has occurred yar d ing must be r epeated . 

A new criteria of common movement must b e f ou_Dd and used to 

crea te a train . If t he yard orders car sequence, as well as 

mer ely producing any haphazard sequence, it is establishing 

order interna l to the train. 

The t r a in, as an aggregate unit , is a uni t of ordered 

yar d output . However , when the train arrives at t he n ext yard 

~t ~as consQ~ed this unit of order . A unit of order has been 

expended in the sense that it is no lon3er in the stock of 

consumable resour~es . As the t rain enters the second yard it 

constitutes an input whi ch has no mo r e or der t han exists in 

the car -s equence alone . If t h is sequence were truly rando~ 

the order i n the i nput would be ni l . To the e:~tent t he. t t he 

sequence is ordered the yard input i s oriered . The first ya:::-"1 

will have perfor med s ome o f t he wor ~<: e~8.t the seccmd y:::i.rd 

could have been called upon to accomplish . 

Ya r ds a.re thus link ed to3ether in a raihr?.y s ystem in 

t\-io ways . First, the su~ of t he out puts of all yards must 

equeal t he s wn of all yard in~uts . Tee t2r~ s um is use d here 

to mean a cwnula t i ve count of the physi ca l units ( the c~~s). 

Second , the internal tr2.in order created at yard A beq)rnes 

an input to yard B. 

If yards c ::i.n, to some degree , substi t ;..:.tr:: =' ""' ::- t!:1.e e:.c-

tivity o f othe r yards , the ~~llo~in5 ouestio:1 arises . I ·'.'l 

•.rh2.t me, ::.:-s r :::;~o\J.l,:J ;_:-J~': 1Je e.lloce.ted 

as to ~ inimize the t ot? l cJsts : 

29 



The variables are many and interdependent . Rest r aints must 

be placed upon the pc s s i ble values wl1.ich t he va!'iables mi8ht 

take in order to establish a realistic model. This is the 

type of p r obl em well s uited t o the methodolo gies of operations 

research . It is not the purpo se of this paper to e :cp l o r e t h e 

structure or mathematics of these r e l a tionshi,s. 

The Nevi Yorl-{: Centra l Railroad faced s uch a problem 

durin5 the last f ew yea r s . The Central recognize d the need 

for a new yard of hi gh capacity in its Southern District, but 

did not know where to loc~te the yard . St . Louis, Toledo , 

Cleveland , Bellefontaine , Columbus, Indianapolis, e.nd Cin­

cinnati we r e possib l e sites . The operations r e s earc:1. study 

gave recogn i tion to the fact that a n optimU!Il s olution could 

not be found by examination of loca l sa ving s a l one . The 

effe ct o f a yar1 is f e lt s y stemwi d e . 

In addition to pur e l y local savinss , there a r e a l so ryo ­

t e~tia l d i s trict or s ystem savin;s . I f a new yar d per­
mi ts f i ner c l ass i f ication t h~~ an ol d f ~c:lity, classi­
f i cation than an old f ~ci l i ty , c l ~ssi fi c~ti~n cost c~n 
be cut i n other yar ds . 50 

By 11 f i ner classi f i catlons 11 a r e !!'!eant , 3. :1i6 t1e r de5r ee 

of o r der in ca r s equen ce than previ ously exist ed . Th e pEi'r-

formance of thi s work i n one lo c~tian s;rea1 s i ts effect to 

ot he r yards . The r e:'Jaining yards have less 1:i•) 1~~~ to :9erf a r m 

and a r e the r e f o r e l es s c ostl y to ope~ate . 

3: Ma. intra.eking 

•rhe theory of yard inte rrela tionsh i u s has i::.ec t1 prr:: -

se c1 c e :t • .!.c-1:. s :r-el;:.ti c!1shi p m?:~ifes ts i ts2l f L: ;3. ~ra.ctic1= 
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kno•.,m as maintraclcing. 

This practice consists of t~s creation of trains at 

yards of origin whi ch are composed al;:nost exclusively of cars 

for some destine. tion termi na.l . The destinati on in q uEstion 

i s separated f r om the 98int of ori :::;~::. ,:-~r s-? 'TS:::'?.J_ intermediate 

terminals. These intermedi ate yards a re bypasse·d. The train 

remains on the ma inline at these points . In essence, the cri7 

t e r ia used in trai n for!I!ation has been selected i n s u ch a 1;1ay 

as to minimize the wor k performed on a set o f cars and lower 

the total costs of operation. 

Previous to the 1920 1 s , preval ent operating p r actice 

dictated the movement of tra ins f r om one yard to the next 

closest yar d . Little attempt was made to stud y the yard i n 
31 

the system . Under such practice each ind ividual ya :::'d per -

forms a . minimum of worlc It mer ely esse~bles trains f o r 

mo v E:-nent to the a d jacent ya r d . Almos t al l c 0 rs h8.nd l ed move 

on to the n ext yard ; ther efore very few switching move s n e ed 

be made to pre par e such a train . Onl y~ f ew n eed t o be han-

d l ed iYidivi dually for local movement . Yet the s wn of the in.-

di v i dual 11 minimi zed 11 yar·:~ costs rne,y be far 6rea t er than a 

policy whose focus is s ~ste~ wide oper a t ions . 

The l)r3.ctice of maintracking s p r an3 u p extensively in 

the 1920 1 s. The experi ence of the Rock Island Railroad will 

be described below to illustrate the practice, its purpo s e , 

and ti1e resul ts . 

Each ye.rd is as s i gned a pat t e:::'n of cl9.ssificatio~ to 

n~rfor:n . -r~1e !_:•? .. r+~Y'r. ,~ -:: cle .. ssi.i:~ c:-:~Ll ·J_1. ·:Tc ~.,.. ~~ i s th.e set o f 
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3 roupin3s i nto ~hich the y3rd sorts c~rs . This set is estab­

lished in order to minimize tests for the system as a whol e . 

Classification policy had been established on the Roel{ I s l and 

prior to the s ystemwide study of 1925. Classification policy 

1.-1a. s designed by local s upervision for the apparent needs of 

their division. Sy stemwide policy , however , was an un]µiown 

dimension . The Rock I sland undertook a traffic study previous 

to establishing a sys temwide classification pol icy . The traf-

fj_ c st"L1dy undertoO'.i: to learn the v::-::.- .. ~'=' of traffic from each 

yard, the territories to which dispatched , the nature of the 

traffic and the trains in which it was then being dispatched . 

The classifice,tion -poli cy study was an attempt by the 

Ro e:{ Isla!ld to sol ve congestion and c ost problems wi tho'..1t ex-

pending capital on new yard facilities . Therefore, the class-

ifica tion p~licy had to be f or mea in such a way as not to 

overbur den any one exi stinE f ecility. If possible it would 

r eiJce peak loads at so~ e yarts . There were severe li□its 

on the adve.nce wo1~!~ that a.n i n<li vidual yar•d could accomplish 
32 

nrior to dispatchi ng a mai ntrac~er . 

Such trains were COJl:?Ose'.'.I of not 0:1.e but several 

groups or "block s II of ce. rs . Tuch bloc::: \·ra s prepe.red for a 

s:c:;ecific destin3.tion . 'i•Ti thin each bloc'.c , car sequence wa s 

random . At a limi ted nQTtber of intermediate yar ds t~e train 

1.•io:Jlu have a block for that yard .;:·er.:ioved_- An additional cut 

of cars would be a dded if deeire~ . This added cut would be 

com~osed o f c~~= ~cvi~~ to ~~s final destinatio~ . Du.rin·; 

this tr,?.:;:~ ::'~-:-: ::_"Josition, ti-:e bciy ·o : -!::-'-.s tr'-'.in ':rould r e-B.in 
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on the maintrac.:cs ad j acent to the inte r mediate yard . This 

form o f maint r ackin3 is most common . It insures the advan­

tages of maintracking wi t hout incuring c osts for higher train 

mi l es t han would other wise be nece ss-'.:!. ry. 

The princi ple _which underlay the cl3.ssifica.tion policy 

was simply s y s t _emwide optimization of costs and :train perfor :n ­

ance. 

As we,s determined by the preparatory e ffort s the work 
which is done in one ya.rd has a_d.irect bearing on each 
yar d ~nto or thro u3h wh ich tre. ffic passes , so it was de ­
sirous and necessary that the influence of each yard i ~ 
the oueration of other yards by carefully determined and 
taken· a.dv_a.nta3e of . 33 

The results af the ne•.-r cpe r e..tion ,,,rere favorable. 

Terminal costs did not increase. 

TABLE 6 

Tr aff ic Volume and Yard Eng ine Hours 
Percentage Chan3e 

1926 Fro0 1923 

Yard 

Silvis 
Kansas Ci t.y 
El Reno 
Nine i~te~raedi ate 

yards fro ra Silvis 
to Fort Worth 

Tr affi 8 

+1 5 . 6% 
+20 .0% 
+ 19 ~ 4;{ 

+?O 1 :1_ ..... • ,o 

Yard Engi ne 
Hours 
-11 . ,6% 
- 1. 2% 
- O. 5.% -1, 

::• :.:=t::-:1ucti on i n s p ite of local oil field swi tch in3 
unJertaken since . 19 23. 

Source: Railway Age , vol. 82 , ·no . 8 , p . 520 ., 

·:rhe speed of movement was increased as well .. For 

example, the run from -Little Rock, Arkansas to Chicago, 

IllL:o i s was s "9eeded as fol lo HD . In 1923 only 2% of t he cars 

would arrive a~ ,_:cs c, i na·e,lon. vri thin five days . A.ri a::1.,Ji ti onal 

~-- -------- - - - -
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8% v10uld arrive wi t~in the sixth day . I n 1925, after the 

system cl assification plan was functionin6 , 25% of the cars 
34 

arrived within five days and another 26% within six days. 

The evidence verifies the theory of yard inter­

relationships . The railway freight yard does not exist 

merely i n a local dimension, but rather in a systernwide 

dimension. The benefits of an excellent yard design •will 

spread to other portions of a system . The criteri a of 

excellence in yard design is the a·bili ty of t,1e yard to 

minimi ze total system costs by creating internal train 

order. 

The following chapters will explore the production 

techniq_ues possible by which random car sequence can be 

minimized where it is an economic liability. 

y+ 
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CfLI\.PTER TWO 

THE FLAT "YA.RD . 

It h a s been shown that t h e f rei3ht yard i s a produc­

tion tool . This too l establishes the p rerequisite cond itions 

essential to economic r oad haulage . I t i s the purpose o f t h e 

following c hapters to exami ne this p r oduction tool ih its 

!TI&.ny f o r ms . .E9.ch f o rm or yard desi~n h=1.s 9.dva.nta3es and dis­

advantages . By stu:-lying these we will be l ed to a better 

under standing of a parti cular design ' s s uitability and limi ­

t a tions . wne r e possible, r ecommendations will be made to 

overcome these li~ itations . 

A: PH~SI CAL CHARACTERIS:i'I CS 

The 11 f'la t yard 11 is ne.med fo r i t s cross section eleva -

tion characteristic . 1he secti on is l on:it~dinal , i . e . , 

~')B.rallel. to the yard traci:s and th:cou:;h tl.c.e len6 t'.'.l of the 

~.rard . The adjective 11 fl&t 11 would su,:sest that a~l s uch yar ds 

are absolutely horizontal in elevation . The yar1 is r ~rely 

per fect l y flat . It may be built on a slight incline . I t 

may rise and f all i n e l evat ion with the peak at ~l~ost eny 

point. in the yard . Yards have often been plac ed with li ttle 

c oncern for the difficulti es t·he.t 5 r•=1.vi ta,ti orn:1.l f orce s :fJay 

~sve unon t:ie yard oner~ti o ~ . In the Erie Railroad yard 3,t 
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to a9pl y hand br akes on the cars after they have been placed 

upon some of the classificat i on trac~s. Fa.ilure to secure 

the car mi5ht result in a rux1awa y car and possi ble derailment·. 

Gra.vi tational force s on a car may be -9. hel D i n the 

rig~t place i n a flat yard. If the yard g r adually slopes 

dovmward, a way from the switching leads , cars. shunted to e. 

track will have· a te-ndency to c"ontinue rolling until they are 

in the' e·1ear and couple to standing cars much f a rthe r down 

the t r a ck . I n such a case, the switch engine will have to 

work less hard . Les·s initial momentum will have to be sup­

p lied such a car in switching . Similarly , gravity may be 

used to stop a car in a flat yard. If the cle.ss _ traclrn, at 

the end farthest from the switching l ead , were to incline up­

wards , cars swi tched to these locations on their own momentum 

wo uld stop as t~ey gained potential energy . It is therefore 

~nnecessary for the switch en3 i:'.le to acco::1pany such 3. car to 

t iie f'a.r end of a class tr.<:.cl: 3.'.1d r.1a.l-ce an o.ffirme.ti ve st:JD. 

Co~s i der able time can be saved by this technique. A yard 

which declines forn the switching lead to the class tracks and 

t~eri inclines at the ent of tha se tr~cks is known as a saucer 

shaped yard. ~he cross section is illustra ted i n Figure 4. 

The St . Loui s -S2.11. Francisco Railway b uilt such a yard in the 

post- war period i n Tennessee . 

The fle.t yard is,.ther e f ore , not ;_1s- cessa.r:;.ly flat. 

An accurate definition must be negative in this insts.nce. 

The flat yard is one in vrhich the ac ce l e :!'."ative impulse to 

motion f or cl2.ssi fi ce.t i on is not c1rovLleJ. oy s r a vi ty. Y-'.1 2'.''J s 
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are thus pririlarily defined as _:;;:c·::1. v i ty and non- sra vi ty ( or 

flat) yards . In the flat yard 3ravity may be used for control 

purposes but not as a power source . 

Fi"'ure 4 
Cross Section Eleva tion°& Dia,::::ram of Saucer Yard Design 

Der·:~~ 1F'A <...._C::::2~~;:=,<==============i:;i?:;7> s~~!~hi ng 

Traffic flo.w 

---~Hori zonta-7 _____ _ 

Fr equently, the flat yard is a crea ture of the desi r e 

of the railwe.y to perform the yard function at' mi;nimal capital 

cost . As has been pointed out , this type of yard has g reat 

plasticity of function . '1'~,s fact that it can be constructed 

'di th little c oncern to land s leva,tion and a mini:num of g radi:1.3 

keeps cost under contr ol w(~ile cre::.t i:1.,~ a tool which is si:n-9le, 

durable and flexibl e in -use . 

Or ~RA:l' I ~-J.3- ?RO CED UR~ 

T•,ro techniques have been used in f lat yard operation 

for classification purposes. The functi on of both is to move 

cars fro□ some common tr?.c:c (the le.9.d) to a specific classi -

fication · tra c 1.r . In both technique s, the criteria of car move-

ment is most commonly the routing of the car. A track corres­

ponding to a frequently used r outin3 fro~ t~e ya~1 r~ceives 

a ll cars which share t~~t routi n~ . Class track s are·assi~~sd 
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r outin s s i 3nifica.nce r ather than destina tion de f i nition be­

cause of the !uul t i :9li c i ty of possi b l e dest i nati ons . Rout2.ng s 

are f ewer a nd corresoond mar ~ cloself wi t h an economi ca lly 

po s s i bl e n wnbe r of class t r a ck s . 

1: Tail Swi t chi ng 

~This technique i s t h e most co:nmonl y u sed method of 

cl as si fica tion in the worl d . I t requires no spe c ial invest­

ment for 8r ading of l and or suppl ementary t r a ckage . Prior 

t o a ctua l cla ssificat ion , a s equence of ca rs t o be swi tched 

i s placed on a switch i ng l ead . We shall not t h e s equenc e as 

1, 2 ,3, .. . n. Car 1 i s defi n ed as that car nearest t he c l ass 

tra cks , cars 2 t h ro ugh n beine; succesi vel y fa r t he r a way . 

Last i n t h e seq_uence is t!le locomotive (next -to ca r n ) . 

r· 
ct ..... 

':..I 
~1· 

Cla.s s 
Tra c:.cs D 

B 
,\ 

E 

C 

FIGURE 5 

Po s i ti on o f Ca.rs anr:1 En?:'. ine 
Dur in3 ·:i:'a il 5':ti tchi n ; 

L3.dder Tr ac:..;: 

DJGJDJ[TI@GI En~~-

Swi t chi n ; Lead 

For warr:1 mo t i on 

Within t his s equenc e ( 1. .. n , l ocomotive ) every ca r 

o r 3r oup of ca rs t o be s ent to one clas sifi cA~ion t r a ck as a 

unit is known a s a cut . A cut is an uninter r upted s ec_uence 

2 ~ c~rs o f the same catefor y . Several car·s , s~1a r·L1.6 t:.: 33.~!is 

rout. i n s t o some a dv~nce point :na y be in a cut . 

Swi tches on the 12.dd e r t r .s.ck 1·rhi ch control t he ro1-1 ti1:.3 
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by rnenber s of t he five man swi tch c r ew. This c r ew consists 

of two en5ine!!len, a foreman and two 
1 

switchmen. The foreman 

has two sour~e s of i nformation upon which he bases h i s s wi tch­

ing moves •. First, he ha s a li st of the cars 1 .•• non the 

l ead track . The destina tion or r oute of each loaded car is 

on this list . 3mpty cars a r e classified ac cor di ng to car 
2 

servi ce rules. Secondl y , he lcnows which tre.cks in the yard 

a r e to receive cars of certain r outi ngs . He mi ght , f or example, 

d irect that cars 1 ••• n be d i stributed to clas s track s a , b-, 

•.. z in t::.e followi ng po ssible pat tern . 

TABLE 7 

Switchi ng Problem 

Ca r Sequence 2 3 4 5 6 T 8 9 •• • n 
~ "-./ 

Cut Number 2 3 4- 5 6 . .. m 

Tra ck Assignment A D E A D C • •. Z 

Fo r eward motion of a locomotive , fo r our purposes , is 

notion totrard the cla ss tracks . Gi ven the above patter n to be 

e:cE cut ed , t~e fors-r:1.an • . ...,rould com:11and " one f or A". A switchman 

would line the switches and a highba.11 1·10'...ll d be 3i ven the 

-en3 inee r . 7he cars 1 .. • n are then accelera t ed toward the class 

track . When the coupling pin is 11 free" and suf:fi0ient momentUin 

a ttained t he swi tch,11en si5nals for a stop . The forewardmo st 

car wi l l continue to track A on its momentum. As soon as the 

car clea,rs the switches the fi e l d. swi tchoan 1-rill fo llow the 

s_econc1 co;nrJai.1d of the foreman , 11 three for D11
• Swi tc~es will be 

r e liried as necessary and fo r eward motion a.3ain be6un . The 

co:...1.pl e :c -0in will b e- lifted betwe s.n the co.rs ·,iu.:_-.:~-c:-..:~:·-1 /J... ~:1.d 5 
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in the nota tion of 'I'able 7 . Thi·s three car cut wilJ. then be 

set fre e to d rift into t rack D. 

When the commodities in the cut are of an exce rytirm -

ally fra3ile nature the switch i n3 crew is expected to follow 

a more controlled p roceedure . The fragile cut will be shbve d 

t o its p roper p c sition on the c l ass track whi l e still coupled 

to the other cars and lo comotive. Car speed is thereby control­

l ed by the engineman during the entire c l assifi cation move~ 

The cut is rel eased only after it is in its proper position. 

Then the engineman backs up to the l ead track to resume the 

normal "kicking" of cars to the class. tracks . Controlled place­

mentis more time consuming and less ei'f:j_cient t. :-1an t h e "kicking " 

method. 

In 1958 the rai l roads paid $108,552,818 in da ~a 5e c l a i ~ s~ 

A large portion of this is due to the shocks received by lading s 

:1ur i:n.s cl :3.ssifica tion. Some portion n1ay be attributed to ,~- -~---,.7 

slack act ion 1i-rhich occurs in road moveme nt. At tempts of t he 

r a ilroad s to r educ e the s e payments have ~ad little s ucces s . 

Only a basic revision of cla st'!ifica tion techniques coul d leau 

to a u er:ne.ne n t i mnroveme n t i n this si tuation. - -

~scars are cla ssified, t he f o re ward T~t ion o f the 

sequence, i.e ., ca rs and loiomo tive, carries i t farthe r 

forward the n d esired. It becomes nec e ssar y to move the en tire 

sequence of cars backwar d to the l ead track in order to un­

b lock switches to the cle,ss tra cks which becar?J.e occupied due 

to t h e cumul ative forward motion. The back ward motion i s was t e ­

ful o f time and fuel. The freq_u e :J.cy T.-r:;. ~::. T:r:-ii ch i t is necessa r y 



to under30 this reversal . pr ocess i s indicated by the fact 

that thi s technique is known as 11 push- Dull 11 switching . 

Tai l switching is , therefore , cheracte ~ized by a high 

incidence of shock action .Qn the cars . ·· These shocks occur 

whenever the car sequence is started o r s topped su11enly . 

r1iot ions tend to be sudden in switching moves , fur ther more , 

because of t he slack action which exists and the need to 

prevent forward creepage by strong braking action • . 

The cars 2 •.. n, of the original sequence 1 • •• n, 

undere:o tHo shoclcs ( runs of slack ) wi'th the r e l eas e of 

each cut . The n~unber of shocks delivered to cars in their 

cut groups varies from 3 per car f or cut number 2 (N2 ) to 

2 C m~8 ) fo r cars in. cut m. The nu.mber of shocks received 

by a l l tl:le ce.rs 1 ••• n is equal to the swn of the seri es : 

where N2 is t ile nuraber of -cars in the second. of m cuts-. 

;[nere n=25=m, N=1 and the su:r.!nation eq_uals 625 car s ho cks . 

This . ls an average of 25 car shock s oer car . 1he nu~ber of 

cuts in the sequence m, therefore , also equ:1ls the averas e 

nl.unber of shock s received :9er car . ·.I.'":1i s a ver:1ge c2~1 be ·.-: e~Jt 

low by classi f ying cars with a low number of cuts per series . 

The nu.i-nber of shocks any car in a cut will receive is equal 

to twice ta.e cut nlElber less one . 

Mini mizi ng cuts per seri e s reduces dar.'!aJe but tends 

to slow the switching p r ocess . The yard~aster is, t~erefore, 

caught in a vise of costs pres sins L "om either di r e ction. :-Io s t 

commonly t~-:e n::'•? ssure of ti .. ,:: ,.-r~. :- - ) ·~':: . ~-:::.; ·. :. :::s costs tend to 
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be . regarded as a necessary JQ~~ :cai lroa.::.ins , an irreduc-

ibl e sum. 

2 : -Pole Switching (Poling ) 

The major disadvantages of tail switching for moder­

ate volume s of traffic (SCC- 100C c ~rs a 

entailed and the time cons1.unecl in movinc::; caTs otner than the 

one to be 6lassified in making a single move. The most direct 

method to avoid these disadvantages is simply to accelerate 

each cut towa,rd its cle.ss traclc s 1-1 ccessively without movir13 

the c a rs behind the forward · cut unttl they in fact become the 

forwardmost cut . In pole switching the rear cars remain mo -

tionless until propelled e::clusi vely _ to their o vm cla ss track . 
4 

Motion is i oparted only to the foniS:.rd:no st cut. 

The ensine CB.nnot transmit power to a cut through the 

medium of other cars of only the forward"'.Tiost cut is to be 

moved . Also , t he en; ine cannot be placed directl y behind 

each cut to be moved witho~t enz23in3 i~ &n ~~dul y complex 

s e t of ~ov ements . The si~~lect method to ~cr~it the moveme~t 

of one cut 3.t 8, time is to :pl :1.ce the locomot ive behind and 

sli;htly to the side of the cut to be □~ved . •rj_e locomotive 

moves on a tr2.ct: parallel to the l,=::au trac:: at1d t :ca~1.smi ts 

pm·rer t h r ou.:::;h a pole forward and laterally to the rear of 

the cut to be moved. A transverse vector of force is t r ans ­

mitted to the car but this does not impair the operati on. 

The op eration is illustrated in Fig ure 6 . The f o rces trans-
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~ itted to t he cars are not d elivered t o the center si ll through 

the coupler 2n~ j r a ft ~ear. They are delivered directly to 
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the underfra□e at the earner of t~e ca r. £a.ch corner of the 

car has a soclrn t to receive t he pole whic~ reduces ths c~ances 

of sli :-:::,pa 3e and 2.c_cide.nt . 

socket. 

The soc!rnt is known as a polin3 

-FIGURE 6 
Position of Cars and Eng ine 

Durinr3 Poling 

.class 
tracks 4 5 

Direction of 
_Poling 

Note : Engine poling 2. 

t·::o car cut 

'rhe operating p rocedure of the Doling yard is similar 

t o that of the tail yard with the e_xception of the method of 

ap~licati on of nower . Usually a specie l purpo se car was 

b~i lt to p rec ede t he en5ine . From t his csr t~ere were f ou~ 

:::,o l es , t 1.-ro on each side, o·~e of 1:1:-i i ch ,.w r ~i::ed forwe.:t•~ , the 

other to t he rear . This technique gave bette r contr ol over 

· the po s iti oni ns of t~e pol es e~1 enha~ced the speed a~d safety 
5 

of the O?erat ! cn . The :oolin.g tech.,.l'lique, which is an anacn-

roni srn now , was refined to such a point th2. t t wo cuts \·rould 

be started at once . The two cuts , coupled, were released 

fro~ succeeding cars and propeled by a pole on the rear car 

of the first cut . When roll-ing at a s peed proper to the 

second c u t the coupling between the cuts would be broken. 

Then the encii.1e ·.-rould a 6ain acceler:::i.te , n:ovi n; the first cut 

f~r enou3h &~ead o f the s e cond to enable pro;sr t~rowin3 of 
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the swi tches between t h e cuts . 

Polinz . is no long e r used in the Uni ted St e.te s , s. s f-e. r 

a s C'-'1.n be det errnined . A1thoush i t was superior to · f l a t tai l 

switched y2.r.J s f or med i u~ tra.ffi c volumes (5GC- 10 CO car s pe r ' 

da y) the g r a vi ty yard p r oved even more advanta~eous . The 

pole ya rd was · t he r e fore disp laced by a superior design. 

The p olin g t echni que nec e s sitated the free motion of 

cars after being k icked by the pol e towa r d a clas s tra ck . 

Cars with f r a g i le l adi ng could not be easily controll ed as 

the y moved to t he c l a ss t r ack . I n or d e r t o insur e , ther efore , 

t hat t he cars did not contact other car s on the class t r ack 

' a t excessive speeds, car r i der s were fre quent l y empl oyed in 

poli ng yards . Th e se riders climb ed aboar d t he moving cars 
6 

a nd c on t r olled their free sn eeds with the hand br a ke . 

As polin! proceeded alonz t he s equence 1 ••• n the 

distan ce traveled from the point of release to the class 

t r 2.c~: i ncree.sed . To over come correspondi :1.~ly i ncre=:>. sing 

fricti o~s , speed s of r e l ease from the ~ol e 3 ~s t i ncr ease. 

I n order t o compen sat e for t h e i ncreased power requirements 

called fro:-;:i t c.e l ocomotive , a descendine; s r ad e to•.-re.Y'd the 

class tre.c :cs ,-ra s s ometim6s utili zsd . V-lhe:1 t he yar d h e.d a 

h o r i zon t a l e leva t i on a nd high vo l ume s of t r affic , a second 

l o comotiv e p l a ced b eh ind car n of seq uence 1 ••• n coul d s hove 

the seque nce f or ward a s poling p roceeded. If t he s r a de i n 

the lead t r ee ~ ~qs favorable and suffi c ient the ca rs mi ght 

,-,- :-:;rou1:;~1 t C' ~~ :.".-,.?.rd by ;:sr a vi ty under r~a.nd br al:::e contr ol . 
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ener::;y 2.::1.d ti:te consumed_ by switching a. forwe.rdrno st cut throus h 

the medium of other cars. It applied iopetus exclusive l y to 

the cut requiring it and thrust that cut tovrard destinati on 

without reversal of cars and shock to lading . It thus sought 

to be a continuous motion process . 

The pole yard had advantages over tail switchi ng by 

having a higher capacity . More cars could pass throu~;h this 

poling process per day than in a tail switch yard of si:::nila.r 
7 

track layout and elev2.tion. The en_sii.1.e ha·i better con t rol 

over initial car speed than in tail switching . This re sulted 

fro,n ".:,he, f a.ct that the en3ineman did not have to accelerate 

a large body of cars, but onl y a limited cut. In ca.ses where 

a str ong kick was required , as in cold weather with a hard 

rolling car, the. ensine could provide· sufficient initial 

s p eed to the ca r in a short distance . Thi~ was •dde tb a ··rel-

ative ly ~i3h power- ~eic ht r~ti cn as co~n&red with tail sNitc~ins . 

C: FLAT YA:1J OUTPUT , C03T A:i\!D ZFFI CI El'TCY 

Yard o '..:t:;ut, i t has been n o t ed , is an ord ered ca r 

seq L,e:i.c e . This c a n tak e two for~s . 7irst , t he train ner se 

and .secondly, inte rnal t r e.in order . The latter become s a n 

in:9ut to some a d vance yard to vrhich t~e tr2.in moves . The 

work of t:1e yard is to create order . The measureBent of 

order is difficult at best however . rurther, its measure is 

of conseq_uence to us through its effect upon the cost of trans­

portati on. i-l.S t he outimwn condition of nroduction is minimum 

cost, vre will ds:: -i_ ··1.e t he o:7t i:Ju:-1: de,:::.,,~~ of orci.e1,., as t hat 



In measuring yard efficiency we must first measure 

the output , i . e ., the useful work :performed. This can be 

measured , by the number of cuts made. 'fi1e voh.une of cars uer 

se is not as significant a measure of work . 

Each classification requi res cuts to be made upon 

the input sequence . The number of cuts varies with the degree 

-of order imposed upon the input. This can be seen in the case 

·where there are three class tracks and arr input of cars 

"perfectly bl ocked", i.e., only two cuts need be performed 

upori the input to breali:: it into three gro ups, one for each 

track. Each cut in a perfectly blocked train contaiffs all 

the cars of the sequenfe for any one track. : If the inputs 

were disordered , up to as many as one cut per car woul d have 

> to be performed. 

The number of cuts per car r elates input to output . 

The less order in the input L 1e hi;;her t".le nu:nber of cuts 

per ca r become s . Further , the more o r der ed_ t h e output~ the 

mo r e c l assifications (cuts) t hat wil l have to be perfor□ed . 

Aso,in the nusnber of cuts per ce.r incre2.ses . Cuts ne r car 

a ~e directly proportional to or der d~ si red in output , and 

i nversely r elated to order of tne -input . ·This cor::.~esponds 
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with the earlier assertion that work at yards was i nterrelated. 

The ordered input for a ya rd diminis~es t:1.e work to be p e r form­

edat that yard . 

The measure of work we have choo s~n for the flat 

yard corresponds los i cally with our analysis . It also,however , 

c..,.;; e:·:--.·::- iric.:.l verific ?.tion.· The [ ree.ter the a mot\"'.'.lt o f order 



::::reated , ~he ~'li g~1.er L:.2 cost . In the r e.i lwa~r fla t y2.rd , 

variable costs are a functi on of the time required t o per­

form various classifications. The !!lore time required for a 

task , the mo re fuel, engi ne maintenance and crew time is 

assignable to that task . By measuring time therefor e we 

can couple cost to output . 

A rec ent s tudy demonstrated the following r e l ation 

between t ime required to switch a cut and the l ength of the 

cut . 

TABLE 8 

Calculated Dec1~ease in Yard Eng i ne- minutes 
per Car, as Size of Cut is Increased 

Number 
of cars 
in a c ut 

2 
3 

5 
r 
0 

7 
b 

Engine­
minutes 
uer cut 
( X1 -a) 

3.1 6646 
3.456C6 
3.74566 
Li- . 03526 
4 . 321.:-86 
4- . 61446 
!.:- . 90406 
5.1 9366 
s . 1+8326 
5.77286 

Averag e 
eng i ne ­
minutes 
per car 

3.1 665 
1 • 7280 
1 . 21+85 
1. OC3o 

. 8650 

.769 1 

.7CC6 

. 61~9 ~ 

. 6092 

. 5773 

Per cent 
average 
e!1g i ne - n in . 
per car 

100. 00;f 
51~. 57 
3S . L~ 3 
31. 36 
27 . 32 
24. 29 
22 . 13 
20 . 50 
19 . 211-

1 o. 23 

Source : Wal t e r 3 . ~'fri ght , "How Ca rs in ~,:ult i -ple 
Cut Costs", Railway Ap:e, January 4, 1960 , p . 21~. 

A regressi on analysis of the orig in2.l date. 1.vas u s ed to d erive 

the f ormula on wh ich the above table wa s based . The follow-

ing notati on w~s used in d efining these r e lationshi p s: 

x, = yard engine hours per day in classi fication 

X2 = cuts 0 :t~ cars per de..y 

or = :::: 0.~s per day L'l e:cce ss of on2 n s :: .... cut .J-..3 
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0. ya rd eng ine hours independent of c a rs or cuts 

switched 

b2 = yard time per cut 

b3 = yard time per car in cuts g r eater than one car. 

They are interreiat ed as x
1 

= a+~ X· 1..,2 2 + b3X3 which simply 

states that the yard engine hours are equal to a swn of the 

Yalues : 

. 1. time indep endent of switching (a), 

- 2. time per cut mult i p lied by the nUJJ.ber of cuts, 

3. a dditional t i me per car f or cars i n a cut in e~cess 

of one multiplied by the number of such ca rs. 

The first car in the cut was found to take 3 . 1661~6 

minutes (X2 ). F.ach a d ditional car in a cut (x3 ) t ook 0 . 2896 

minutes further. Each day,· 8C8 minutes at the.yard stud ied 

1·rer€ independ ent of the volume of business (a) . The l c9,s t 

f~ctor i ncl udes time for lunches , hani lin3 cabooses and merely 

wai tin~ for c ::1rs ta e.ccumula te p rior to swi tchlne; the;n . 'l'ne 

above foz~ula v2lues f it the data with a coefficient of co~-

rel~tio~ o f ) .83 . 

'11l1e a dditional til!le 8J1,j cost r eQuired to s wi t cb the 

second car in 2 cut i s v e r y small . Only a 7% i n crease is 

requir e d by the· p r esence of a second ca r in a cut . T'ni s 

percentage is derived of the ratio X3/X2 0 . 2896/3. 16646. 

Time and variable costs in y a r d operations are the r e f o r e 

:r-elG. ted close l y to the number of cuts made r ather than the 

n umber of c:;i,rs ~9.ncUed throush t he flat ya. r d . 

~?.::.~c1 0fi'i.ciency can ce best un.c1erstood , ti.1erefore , in 
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terms of the relation of cost to the order crec1.ted by the yard . 

This order is measured by the number of cuts performed , If 

wori.;: measurement concerned itself \·ri th the physical volu.::::i.e 

Si 

of movement throu6h the yard it would miss the essenti2.l natur e 

of yard operations , i . e ., its order creatin6 function . Physi -

cal volume is important but of secondary i mporta nce . 

Costs in a flat yard tend' to be variable tri th c han ges 

of traffic volu2e . Few e lements of fixed plant are required 

other than trac:;:a3 e. Thus , variable costs become a lare;e 

portion of total expenditure i n an active yard (500 to 2000 

cars p e r day) . -l'he v2..riable costs a.re a bit lumpy , that is , 

quite discontinu ous. A crew and engine trick must be assigned 

by e i ;ht hour units a nd considerable variation in traffic 

(approximately 500 cars per day ) will occur befor e more o r 

less tric~ s can be economically operated at new traffic levels . 

Fuel and engine mai ntenance are the :mos t continuously va riab l e 

exuens e s of flat yard o:9era t i on . 'l\1i s 3ener2.l varia.bili t y of 

c o st s is in contrast to the cost b ehavior of ,~r 2.vi ty yard s 

which wj_ ll be di sc 1_lSsed in tc1e f ollowin,c chapter . 
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CI-L\PTER THREE 

THE GRAVITY TYPE YARD 

Flat ya r d s were defined in a negative ma-cne:c a..; '-:-:.' ing 

nongravitational. By this wa s meant that the accelerati ve 

impulse to motion received by a car in classification was by 

forces other than gravitation . Gravity yards are the c onverse 

side of this concept and it is to t hem that we now turn our 

attenti on . The propulsion of ·a car by utilizing the gravita ­

tional attraction of _the car and earth is not ne1,._r. I n 1846 , 
1 

in Dre sd en, Germany, a yard was operated which use d g r avity. 

It 1·ra s 188 2 before a g ravity ya rd was o pera ted in the Uni tea 
2 

State s , howev e r. 

Th e g ravity yard has f ound e x t e nsive u se i n this 
3 

c ountry . By 19 17 e i 3 h ty such y.:J.rd s 1·rere oper at i~g . 

A: PRDTCIPLE OF OPERATION 

In pri nciple the yard s a r e s i mp l e . The cars a~e 

p ushed t o a s wnmi t o r arrive a t the ed 5 e of a d ownwa r d slop ing 

grad e . In either case the cars are placed a t s ome e l e vation 

higher than that of the classification track s. The cars 

t h erefore have p otentia l energ y , i.e., energ y o f position , 

and ca n exchang e this form of ene r gy f o r k i netic energy . The 

ca rs a r e s uccess ive l y pu s he d t owar d the dovmward s l o1:; 2 -'.:?.nd 

per mitted ~0 a cce l e r a te as the g r ~vi t at i o~al forc es develop 
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a propulsi on vector. It is t h is v e ctor (see F i g ure 7) and 

not the shoving locomotive which p ropel s the ca r fo rwa r d to 

the c l ass tracks . 

The basic physics of the mc.tt e r are no di ffe rent than 

the release o f a child ' s sled on a snowy slo~e . Acceleration 

forward is a functi on of the loss of height -?,nc1 very soon 

stc-pp in3 becomes a problEm. The relation be twe en velocity ( 1/ ) 
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? 4 
a ~d loss of height (H) is expressed in the formula H = . G334 •v- . 

1 : Method of Operation of :J-r?.vity Yarr]s 

In the e;r-si.vity y B. r d toda.y , an artificia l h ill o r hump 

is built to provide t h e n~cessary h eight . The cars are placed 

on a lead track w:iich suddenly shoots upward in the direction 

of traffic flow. Cars acquire the _necessary potent ial energy 

as they are shoved to the summit o r hump crest. As t hey a re 

p ushed forwa r d they enter the downward ~r a1 e portions of the 

hump and are a ccelera ted by g r a vitational forces. The loco­

motive shoves c~rs forward i n 8 r ae r to f eed cars acr oss the 

hu:up . ·rh2 e l e v 'J. t i onal cr.Jss sec-::.i C!l 2.~,..3 tr2.c·.c d i asr.?..:n o f a 

t ypi cal yard is d escribej i n Fisure 8 . The en~ine d oes no­

thing t o s enar ate t h e c a rs as in tail ewitc~i ns wit~ ~11 its 

stopping an::i starting . In h ump yard onerati on the cars be-

come s eparated at the crest ,,-:her e the c oupler pins are lifted . 

'l'he separati on is due to the a cceleration o f the f orwg.rd cut 

pri o r to the accelerat ion ~f the next cut. The existence of 

se parat i on between c uts moving down the l a1der trac~s makes 

it possibl e to sort the cuts onto their o r oper class tr~c~ 

as i:h.e c=1.rs ,~o ove y, the hump i_n .1. conc-L-1_;__, ,..; .; ·.: ·:,-':: i ~-,. 
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type of switching is characterized by an absence of backin.5 

up moves and intermittent thrusts forwar1 to t he clais t racks. 

The operation is best described as a single smooth motion, 

g iving the appearance of the greatest ease. 

2 : Retardation 

To:ch car has a different di stance to roll to other 

cars standing on the class tracks. As it is desireable tha t 

the cars should c ouple 3ently to the others standing on the 

class track, it is necess~ry to contro l the speed with which 

the car leaves the hump area. Failure to introduce such con­

trol will permit the car, a free rolling object , to collide 

with other ca~s with high impact and d~mage to both cars and 

ladihg. If the height of the hump is lowered to reduce car 

exit speeds some cars will fail to move to the end of a class 

track on a cold day when journal lubric2.nts do n ot wick prop-

erly . In.di vidual car s9eed control beccmes i mps ro. t i v e there-

fore for economic operation of hump yards. 

Such c ontrol, o~ retar~~ticn of speei , must occur 

prior to ca r coupling on the class tr~ck in order to avoid 

i~pacts on full tr~c~s prior to r et~~din2 °~ti o~ . 

In current practice rolling ~oticn is impeded by a 

pai r of brake shoes attached to t he tra ck structu r e . These 

shoes are lon3i tudinal . to · t.he · rail and .grip ·. or -- squeeze., the 

car wheel between their two opposing surfaces. Such device s 

are known as retarders and their use is com!!!on. 

For many years retar•jal:,ion v.:2.s 0,c corn~lished manually 

by men rijin3 the cars w~o one rated t he hand bra~e . ?he 

...l. .-. L , . . ... -
l., ,_ - · - - •• 
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for injury c ombine d to mak e remote controllsd retar1~~i~n t ~e 
5 

mor e e ffici ent of t he two ~ ethod s. 

Retarder operati on has become no t only remote con­

troll!:= d but c o:a~;letely 3.utoma fi e . 0°)er9, t0!' s ·:r~10 f or merly 

controlled the setting f or each car a t every r e tarder are now 

displaced by e l e ctronic e;ea r which mea sure 9.11 t he releva nt 

factors a nd ma k e t he proper setting s . 

Some of the f a c otrs tha t s uch equi p'.Tlent must evaluate 

are the following: 

1. distance the car ha s to roll to its coupling point 

on the assi gned class t rack , 

2 . rollin3 r esista nce of a particular car, 

3. amount of curvature en route to cle. s s tr.::. c !<: , 

4 . winds and t emperature , and 
6 

5 . ca r 1:1e i ~ht . 

The r ollini r Esistance o f the ca r varies ~it h ~ach 

car and i s me;!.sur ed by i ts de gree of a c c e lerat i on as it comes 

do·1:n the hu::-n·o . lhe 3ccel e r at i on i s ill e ~sured by r adar i nstru -

ments . A r~~ i a bea~ of f ixed f r e~~enc y is focused at the ca r 

com i n~ d own t he nu~9 . i 'he echo retL,rn i'!'s q 1.1 e e1c:y is di started 

by the car a ccele r a ti on B.nd be co!Tie s a mea s ur e of t h9. t -3.ccel -

era t ion. This information to.gether wi th other date. i s €Vs.l -

uated ~y an analogue domputor which d etermine s the exact 
- 7 

a mount· o f r e t a r d9, ti on r e~ui r ed by E~ch particul~r car. · 

B : PR0:3L:S·.rs DT HU~fiP YARD DESI }N 



highest state of advancement possible. One f undamental 

p r oblem r Emains in existing hump yard desi;n . That is the 

limited r ate at which ca rs can be sent across the hump and 

be classified . 

1: Disuse of the Hump 

The speed s with which cars are fed to the hu!!lp and 

tne consequent hQmp in3 rate pe r ho ur and day a re g iven in 

Tabl e 9 . 

MPH 

2 . 0 
2 . 5 
3 . 0 
3 . 5 
4 . c 
5 . C 
6. c 
7 . C 
8 . 0 
9 . C 

10 . 0 

TABLE 9 

Humping Rates a t Vary ing Speeds 

( 1 ) (2) ( 3) ( 4 ) 
Feet pe r Cars per Ca rs · per ·,, Actual cars 
second h our day per day @ 

40 min. use 
per hour 

2 . 93 ' 26~ . 7 6328 . 8 41'77.0 
3 . 66 329 .4 79C5 . 6 5218 . 0 
4 . L~O 396 . O 95C4 . C 6273 . 0 
15. 1 3 461. 7 1 1 csc . e 73 13. 0 
5 . 06 527 . 4 12657 . 6 8354 . 0 
7 .33 65° .7 15834 . 8 10450 . 0 
a.ac 792 . 0 19008 . 0 12545 . 0 

1C. 26 923 . 4 ?2 161. 6 14627. 0 
11 . 73 1C55 . 7 25336 . 0 1;:722. c 
13 . 20 11:::3 . 0 235 12 . C 188 18 . c 
14 . 66 131) .4 31665 . 6 20900 . 0 

Actual humping r at es a re lowe r , eP g iven in column 4, 

than the potentia l rate, col umn 3. This is caused by periods 

during which the h ump is ~ot in us e , i n spite of the presence 

of cars a wai tin: hum9in5 . The hu~9 is n ot in use for twenty 

mi nutes of the hou r on an avera3 e . The causes of this d i suse 

E1re many . The ne cessity of ':i!J.it L16 f or the a.rriv0). l of cars 
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at the yar d ia one cause . ?his facto r i s usual l y ne5li g ibl e 

due to congestion at the hum~ caused by limited hum~in~ speeds . 

'l'he mai n ca us e of d i syse is t he need to cor r·ect e-rrors 

i n hu!Il:9ing pr o ceedures . This i s lrnown e.s 11 trimming 11
• I t i s 

done c y an en;;ine whose c r ew shoves .ca r s in the cl ear when t h ey 

stop t oo soon a nd r espots miscl a s s ifi ed cars •. During the period 

of trimming , t he t r ackage bet ween the hump and clas s t r acks i s 

occupied and cannot ·be used. 

2: Receiving Yar d Conge s tion 

If cars arriv ed a t a hump yard in a steady f l ow total­

ing 4000 ca rs p s ~ day ther e wouihd be no congesti on- at the hump. 

Tr a i n s , however , are s chedul ed to meet the needs of commerce 

and arrive bunched in group s. To illu s t r ate the bunchi ng e f f ec t 

Figur e 9 shows the ant ici pated fullness of a r eceiving yar d 

at Youn6 stm·m, Ohio during :periods of the day . I t should be 

noted that this yard was eq_ui pped with t~e :nest adva nced 

control device s a nd yet the humpin5 rate di c1 not exceed 150 

c =1.rs per hour . Durin3 the full twen ty four hour cycle· the 

:c<:= c e i vin<3 yard would fill to a. rna.ximu.r.1 of a lmost 800 cars . 

The a rrival of only three short :rains duri;:.0 a six hour 

peri od g ives the yardmaster the opportunity he needs to -catch 

up on a baclrl og of t r af ::':'ic .' 

At the clo s e of t he busin e s s day , the rush begi ns , 

and the backl og s 1:re l ls : r o:i: 2 . 100 car level toward 8CO , nec­

essi tati ng delay to cars . In a hi ghly competitive environnent 

the railroad is y el1B.li zed by t hese del2.ys. 
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There are costs associated with slow del i very schedules . 

Slow car s p eed necessitates hi3h ca r o\mership in relation 

to ca r load ing. If the road is supplying the shipper with a 

car fleet to meet his needs, perhaps ten cars must be s upplied 

per carload. This is because, as one is l oa d ed , ~~ny others 

a re simultaneously movin6 to ward destination, being unload ed 

or returned. 

This relationship is illustra ted by car ovmership 

by the New York Cent ral Railroad of 110,615 cars at t h e close 
9 

of 1959. Average car leadings per day du.ring t hat yea r 
10 

were 8 , 9 15 cars. This is a ratio:·:of 12.41 · cars per load per 

day . 

The c os t of such car fleets is considerable. The New 

York Ce ntral had to pay a 5% rate on ec:u :tpment trust certif-
1 1 

icates in 1957, t~-ie l ast dat e · car fi na.ncin3 was undertak en. 

At an a -v-era;;e vaJ. '...1e of ~~5 , 000 :r,,er car the ~-iYC ~-muld pay, 

at the 1957 i nterest r a te, ~27.6 mi l l i on an~ually as the 

co st of ca.pi t a l. Thi s f i ~ur e is consider able when corapar ed 

t t , ,'\3 4 . 11 · t . ' d l · -'- ' t 12 
o net . mi 10n ne income t ae r oa ear nec 1~ ~n~ yea r . 

3: Closure Ra t e s 

We can conclud e t hat the limitat i on on flow r a tes 

over the hump is the- primary prob lem affect ing humn yard 

design. In order to increase the flow rate we need first to 

unders t and the factors which create t his limitation . 

Di s u se of the hu.::rp i s or:;a.ni zational i n natur e . 

?i.1ysica l ce.use s li e in the a ccel e r a tion of ons ,...,, t to ':.-12.r d 

a.no the::.., •~;;.t .<=-, s t ~-:e cuts :'."'Oll -:cwar d t he cl-:tss tr:=i.c~rn. 1~De 
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velocity of the f irst cer in a~y seou~~ce ~ay be slower 

than t hat of the second . As a r esul t there occurs a c l o sure 

in the s pace between the cars . Loss of this space necessitates 

slow hump speeds . If a cut catches up wi th another, it will 

not be pos sibl e to thr ow the swi tch points after the first 

cut has passed a nd r oute the second cut toi ts l)roper class 

track . The method used to i nsure -~:71::Jle s pa.cin3 to counteract 

this effect is the slow hwnp speed. Low flow rates per mit a 

cut to get a long headstart prior to t he acceleration of the 

followin~ cut . 

Closur e i s caused by two factor s . The first f actor 

i e the difference in the natural a cceleration of two cuts 

o::i the same grad e • . This resul ts f~o!!! t he va.ri o1_ts roJ.12.biiities 

of the cars due to various types of bearings , r olling resist -

c1.nce s as a function of bearing tempe~a ture , wheel surfaces , 

ali 3nment of wheels and axles ( sl-ce•.-mess), d:ca:-; _•ing brake shoes 

End wind r e sistances. 

The second factor is the i ntroduction of externa l 

contro l over car ve loci ty . The use of car r etar ders intr oduces 

d.if::'erences between c ut veloci tias . '!'~ese 2.re the most marked 

vario.tions that can be introd.uced . The master r e tarders have 

the cars while they roll off the hump on tne initial gr ade . 

T~is g rade is t he ste epest i n the yard , f r equently of 4%. 13 

Althou3h unable to stop a c 2.~ ·."lhich nor:::~lly ente rs t his 

retarder at 12 . 5 to 15 mi l es per hour i t can slow it to fo ur 
14 

mi l es ::, 0 r hour. A difference of ca r velocities between 

c2.rs can, t·.-. :: :..·~ .:,)1 ... 8, be intr oJ:uced by tc.e ::.::-.s~er ri=:iardG:" 
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of as much as e leven mile s per hour . 

The ~r oup r etar d ers receive the cars at s l ower s p eeds 

a n d on mor e moder ate g r ades . They are -r;lac e d j u st p ri or t o 

t he class tra c k s, a 5 r oup of wh i c h l ead f r Q~ a sin~le g r oup 

reta r d er. These reta r d ers are abl e t o b ring a car t o a dead 

stop . Ve l o ci ty i n crer1ents betwe en c uts may , the ref OI'e , l:::e a s 

muc h as t he maxi ~um speed o f a f ollo wing c ut . 

The :nastGr r etar der i s u s u,;1.lly used t o re l ee.se at 

some pre- established s p e e d . By s o do i n5 it b r in~s the cars 

with in a s peed r a~ge that the 5 r oup retar ders can then a de ­

q uately hand le-. When necessary, it c a n r e lease a t h i 3her 

speeds to permit a light car to roll onto a long track with ­

out f urthe r r estriction from t h e g roup r e t a r d er . As e xisting 

d e s i gn p lace s the retard ers between the hump and the class 

t r 3cks , there i s no me thod of obt a i n i ng the proper s pac i ng o f 

car s consistent 1:ri t ::. h i c:h flm·r r?.tes a c r oss the hw.:n . 

63 

I n o r der to increaee the !low r ate , without di~inishing 

the ability o f tr1e yard t o !Jerform a h i 2;h n umber of cuts per 

t r 2.i :1 , seve r2.l st eps must oe ta:i.::en . 

avoided . 

!"i::-st , e.rt i ficial ly i aduc ed closur '= r ates !:'.lust be 

These ~re derive d o f t he acti ons of 3 r oup a nd master 

r eta r d ers . The reta rders mu st be removed f r om t he i r p r esent 

locati on and pla ced i~ the bowl at the e~1 of each class t r ac~ . 

By so p l a ci;1g the r e t ard ers they will b e elimi nated as a sourc e 

The ret~ r ders s hould b e 

" Il -'- :.--:::. c l cicc: ·---.--,..··s (t'nr0 e C '-' -•"' 
'.J L•L- ·- - -~ .......... L - ---·- ·- - ...., ._ .. ... to ?.vo i :::. 

:www e • 
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slowing c u t s which are still on the ladder trac~ . The econ-

omics of such placement will be discussed in Chapter Six. 

The only veloci t y variation remai~in3 between cuts 

woul d be introduced- by winds , rol labili ty and track curvatures 

for any routing . Two successive cuts destined for different 

cl~ss tracks wil l share a r outing for some part of their free 

roll journey . To the sxtent that. they share a ro1..iting, they 

will be subject to the same curvature r esist ances . Retarda­

tion and c l osure effects from this source will be avoided , 

ty elimin~ting r eta rders at thei r donve ntional ~osition on 

ladder t r acks. 

The remaining resista nces of wind and car rollability 

are nominal near the hump . As the t •lfo successive cuts move 

father from t he hump these resistances have cumulative effect 

and may aJain present a closu~a probl e~ . Because of these 

factors a second and third step are necess~ry . 

T~e sec ond reco~~endat i on to ~v:id clo s ure ~robleCT s 

depenjs upon a chanse in the switch control circui ts . 

Cuts ~ell thrcu~h secti ons of trac~ ~no~m as tra ck 

circuits as t'.,-="· ·:o -::·:;•,-m the h ump . The r g ils are one els~ent 

i n ~n ele ctrical circuit wh ich detect s the p resence of a car 

on a secti o n of t rack. Detecti on is accomplished by the 

shorti ng o f the circuit by the car •,,,heel and axle s . T~is 

occurs when ~urrent flows from one rail to the adjacent rai l . 

i he trac~ ci rcuits a r e used in the classification process to 

i n f0::.."J1 a.uto::catic devi ces of the p roDer ti:::e a t ':lhich a switch 

,_ ·_ :-:s ti:1e tra.c ~,: fc:c t ~'le nc:: cirt . 

64 



. -

circuits are often as lon3 as the switch , from switch paint 

to clearance p oin t . Th erefore , although a cut has passed the 

switch p oints and they are physically capable of movement they 

are lock ed in position until the tra c k circu i t s no long er de­

tect the presence of the c u t at s ome farther p o int toward the 

class tracks. 

The lock up period of the svri tch presents a barrier 

to the follo wing car, if the switch is to be reline d f o r 

cla ssification of that ci r. It is as if the first car had 

s uddenly sto:;Y~:ed d ead in its tre.c:rn for several second s and 

the closure rate was thereby increased. I t is pos s i b le to 

d o t wo t h i n~s t o avoid this closure effect. 

First, one can change the time req~ired for ooint 

movement . Switch points can be moved in C. 6 s e c ond s in most 

desi,:_::.--:3 ~o~:a)· . A n ew d e s i gn swi tch machine h as reduced this 
15 

t ime to 0 . 4 seconds . This i s ~dva~ta3eous . Howeve r , the 

~ r eat e r part of t he lock u ~ ti~e is caused b y the length of 

t h e track circui t . 

Se c ond , t ~ie l sn.:;th o:' tne · t r e.c '.;: circ i..:.i t ca.n b e sc'"!.c;r t -

e ned , _ther eby shor t enin5 the t i me o f occ~;~~cy of t h e c i rcuit . 

Tt1e i d e ,:,,,l c5.rci_1 i t s l--:o:.:.lc l oc'.;:: u~) t he ~o int s fr o!J mov ewent 

onl y during the p~riod during which ·the wheels a r e on o r about 

t o pass over the s witch p oint s t hemselves . For a d escription 

of a ci rcuit p ropo s e d to a ccompli s ~ thi s see A~pen1i :: On e . 

Th e f aster the rolling speed of the ca.rs the g reater 

sepBr ati on n e eded t o a llo w ample ti~s to threw t~e p o ints . 
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len6th of the switch 9oint ( co!n.rnonly ten feet) and the speed 

of the appr oaching cut . Table 10 below ~ives a possible set 

of such s:Js.ci:13 s ;,-r".:.e r·2 ~-. 5 s s conds i s allowed for point move-

ment . Such s pacing s do not exceed one standerd car length of 

forty fest. As closure rates will be mod est ·it is unlikely 

that even hi5h humping speeds of ten r.1 iles ner hour would 

fail to allow sufficient s pacing. 

TABLE 10 

Ninimum Allowable Dist2.n ce Betwe-en Cuts 

1 2 ~ J, 
:> .,. 

Speed o f Feet traveled Length of Minimum 
approaching in C. 5 sec onds point ( Q) se c3.ratioh 
cut (V) mpq at V in feet (2+3) 

5 3 . 66 10 13 . 66 
10 7 . 33· 10 17.33 
15 11 . oc 10 21. CO 
20 14 . 66 10 24. 66 
25 12 . 33 1C 28 . 33 
30 22. 0C 1 C 32 . CO 

'l'he final ~'.le t ho cl o f c ontr olling spacing is more ab-

stract . S~acing can be c r eated by alternating the tr~ c~ s to 

•.<:;.ic'.:1 cars :::.re d ist ri buted so that fe•.-; C3.rs in i m;ned iate sue-

cess i on sha.r e 3 . r outin3 . Th e inp ut of cars is l e ss t lun p er-

f e ctly rand om, but t h e cuts are mixed none the less. It will 

be possible to avoid shared routings of suc cessive cars if 

the switches which cree.te separ.::i.te r ')utin.g s are brought closer 

t o t !-ie hi .. E:rp and ma.rJ e more numerous . Existing pra.ctic·e pl2.ces 

t he hump tra ck s as in Figure 8 . I pro~ose that instead the 

swi tc~1e s te bi-·o·..i.;;ht to•:r3. r d the hQ'TI!) as s hown in Figure 1 O. 

'I'hj_s is fe~.sibl e i f t h e r e tarder·s ar·e reloce-t ed t.. 0 •:;:'.r·.:i ":.~1.e 

= ¥£Q&L - u ;mq 

66 



·= I 

t 

Figure 10 
Sketch of Cass Track Layout 

Cresto 1Iu __ mp_-______ _ 

Type A: 

Retarders 

, Type_ B: 
Optional Design: Group 

Retarders with few class 
tracks p~r group. 

V( 

Note: Type A design stresses ea separation with one retarder per ·class track. 
Type B utilizes group retardation--~· early scp2::-ation. 



For ex::i.mpl e , i":l a sixty- three class track yard. , r ather 

than have seven group s of nine class trac~ s each , twenty- one 

gro up s of three tracks each could be used. In such a layout , 

a cut in the input has a chance of one in twenty- one of being 

assi gned to a narticula r group. The probability that the 

next cut o f a random sec~uence of cuts is f or · the s2.me e;r ou:p 

is the product of t he separa te probabilities, or one in 44 1. 

Disregarding end effects, therefore, it is nrobabl e 

that only one cut i n 44 1 cuts will share a routing with the 

i m~ediately following cut . \'/h.en the f ollowing c ut is sent to 

another Broup, a ,eriod of free ti~e i.s thereby created behind 

the first cut, during which time switch pc i nt s me.y be throwrr. 

a nd closure r ates may develop harmlessly . 

Perfectly r a.ndom d istri buti on of cuts to class tra ck 

gr oups woul d insure the effi ciency of high i'low rates until 

the improbable s equence occu2."r ed . At an aver,J.6e of t vro cars 

per cut and 1CO c~rs per tra i n , the i ~pr obable m~t ch woul d 

occ~r once i~ 2 . 8 trains . As actual c ~t mixtures are less 

.t han r ando3 , s uccessive cuts t o the sa~6 class tra c~ gro up will 

b e ·.:1ore freq_uent t hB.n the above fi 5ur e . The degree of fre -

quency 1.vlll V3.l"J with the number of tr2.c ~{ :;r oupi n.sn pri or t o 

retardat i on and the trac.k a.ssi:;nments of . ci:.1t s 'of' i hbomi.d': tra i ns . 

Huop r a te can be high during the ~e riod of classifica­

ti on of successive cut s which s har e no r out e to a reta r der, 

where closure r ates will be a p robl em . Alternati~s r outes 

, .. , ' . " , . . ' . , 1 t -'-, "- l ..:.. .L ce,11 ae uet,6CL-eG. oy a ma cn1ne W.G.1 c n coTrs~a es vD.e l,rac~r: __ pe. vl,ern 
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e.l ternate c ould si e:,•na l the humD locomotive. to temporarily 

slow the humpin~ rate . 
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By a combination of any or all of the above techi."l.iq_ues , 

the ·problem of closure rates and spa cing of cars may be re-

solved . Car flow rates across the hump will thereby be freed 

to attain the hi f~h volumes of traffic · r,-rhich hu!TI:i:;:> yards are 

eminently ~uited t~ receiving. 

D: ECONOMI C CHARACTERI STICS OF -hlJMP YARDS . 

The hump yard is a fixed plant of high volume capaci tJ . 

Within the vollune r2:ci5e for uhich it is ::'\ esi3nsd the total 

yard costs will tend to be very static . The variability of 

costs should be !Tiinor. At present, rail out- of- uocket cost 
16 .. 

studies regard yard costs as 100% variable . . lfuile this per-

centage is a moot point at best , the hum~ yard pr8sents a 

sit cl9.tion c ompletely an.2.malous to the generally a cce:pted per -

· centa;e . 'I'he r e coc3nition of this fact in r 2.il\r,9.y c os t st '.ldy 

cases would c6nsiderabl e reduce the aver~~e variabl e coat l evel. 

Variability of cost is limited by the n ecessity of 

o~erating s~ch l a r ~e f~cilities on a twen t y-four hour basi s . 

Once committed to o::ier ation , personnel and ulant c9.n accent 

'3, broa,d range. of posRi ble traffic voll1ce . 

The increase of flow rates acr.oss the hump will per­

mit an even higher capacity th2,n exists at present . Hump 

y~rds nay become joint fa c ilities in ma jor t er.~i~~l s. In so 

doing they will be co..lled upon to handle far 5ree.ter nu.rnbe rs 

of car2 t han at nresent . I ~ Chapt8r Si~ ~e will exp l ore such 

an a ctual si t 1.nt.ion 2,n,:1 '3-~~'!:.:ly t~!E 
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CHAPI1.ZR FOUR 

·rHE YARD AS A 'I'OCL 

The primary objective of the r ailway is \o create sp~c~ 

utili ty . All activiti~s not d irectly involved in the creation 

of movement are s e condary and supporting in nature . Terminal 

activities are certa i nly of -thi s latter category . 

The freight yard is an instrument with· w:1.ich we create 

econo~ic conditions fo r road naul~se . I t accomplishes this · 

by assembling trains with or without .interna.l order· in the 

consist . Having exJlored the fo~s which t h e yard t a:ces at 
l \ 

_p resent/ i t is proper to ask the question, •:rh.at mi5~t be an 

ide~.l desi gn . Bo th flat and hu.1I1p yard s c- res.te order . Do 

they represent a final answer i n the methodo l o:y of this 

acti vi ty'r I t is t:1.e pur ~ose of this chapter to ?.nswer this 

question in the n e~ative a nd to p ropose another enti re set 

7 1 

of methoc: s by which order could. be CI'e3.ted in train car sequence. 

A: TH:C: OP'rir.fLJI-I I?,i YARD DESIGN 

1 ; I'he Crite ria of the OptimLun 

· To maximize -railway road haulag e efficiency , order is 

su:;:ierimposed upon tra in car sequence . Th e 0 ~1timum yar r:l desi sn, 

i n turn is a function of t he amount of or1 er to be created in 

th~ train consist. I f only moderate tr-?.ffi c volunes are exis-

- - ------- ------------------- -----



if o::>der is to be cre':l. ted in hi5h volwne situations, the hump 

yc1.rd design beco,nes the desireabletechniq_ue . :Sut this ·:'."0le.t e s 

yard design to traffic voluille conditions alone . 

'l'he key question l e ft out of this ar5u.-nent is the 

question of the amount of order to be created . Yards ar·e 

interrel3.ted in their ~,erfor ma.nce in a railway s~rste_111 . ·rhe 

iriternal train order (yard output) becomes an innut at the 

next yard . Consequently the order desired at any .one yard is 

cle1Jend ent upon the total 1.-1or~=: to be done in a raihray system 

and can not be determined properly i n i~olatian frc~ this 

broad context . 
~ \ 

The amou;t of order created in any railway yard may 

vary between tvro limits. The extreme cases of this variation 

are the complete abserice of inte1"nal train order versus the 

}:"") lacement of each ca r i n the trcJ.in consist in some s e~;_-1ence 

c onsid ered desireable . The criteria of de s irea~ility h e re is 

eco:iomj_c , i.e., w:.:..at c om~JL-i::J.t ion of l c cs.l l y cre =1.t ed tr:::J.in se-

c'.. uence ',ri ll r e sult in 0 i n i r2 i zed 0.-rorl':: ?. :ld s ,J 2t s sys tE;·::~.-;\ de . 

Y2. :."·:~. c ons t. r 'JC t i cn ::,u s t the r e f ore \•rai t 1..r-:::on .,_ , 
1.; Cl e ar1swer to t h e 

op timizati on p r0ble~ . 

At present , yard constructi cn and loc~ti oti h~ve been 

p redic2ted upon pres umed answers to the optimizati on p r cbls~ ~ 

'Ehi s has not been unrea,sona.ble, howev_er, in light of s·everal 

limiting factors . The road s have es~~~~~3~ed patterns of 

traffic flo,,., vlhi ch -'.1.efine t h e :· hit h· volt:l!!e ya.rd po~nts . 

locati ons a r e n e 6e ssi t ated by corpor a t e di~e~~ i :~s . 

'rhese 
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deter mines the nu'D.ber of tr3.ins neede·i to serve the 1_Jo int and 

t he switching to be performed . By addiri5 facilities to the 

essential loca l yards , in order to create a non - local func ­

t i oni hg yard , the _mar3i n2.l costs of the a-::1 :H ti one.:.. L1~rest;.-1ent 

can be kept to a mi nimu.11 . 

of yard loc~tion . 

Such has been the ~~s~~at ic theory 

Yard types h-?.ve been :9r2dic :::. te:l u::_:-oE the d eci sion as 

to yard l oc~tion. Location has determined vollli~e and the 

amount of order to be created i n inte r ne.l tra.L1 ·:)r·Je:r· . - Loca -

tion plans have had to be made under a li~ itatio~ , ~owever . 

This limit is the i n2.bility of flat a.nd '.1.u:n;, y9_:,,,2. ~•e si~ns to 

create highly ordered car sequences i n tra i ns si:11ultaneously 

wi th high volume situations . If a system o f yar ds has low 

interna l tre.in ord er output capacity , t h e a'7!ount of 1.,rork re-

quired of the systera may ri se . The r e~son for this is that 

yards a re faili~g to creete hi3h or1er in~uts for other yards, 

some p articul~ r cosbina~ions of which may be ~ore ec~no~ic than 

0any yards which tend to create trains in is0lation . 

In order to ~a.in '..!l.a:cimU!n efficiency in yard operations 

it i s fLc s t necesso.ry to h3.ve e.vailabl e a to r.:,l of :1r,.:~i,_1i..@ 

p rod!..1ction. ~he yard. tool reaches itG ~ea~ of output when it 

can create trains of comple t e ly o r dered car sequence at e6on-

omic cost levels . Co!7!pletely ora,rEd c':l.r sequence necessitates , 

by definition , a train output ':1hcse b l ocks are of sin,:le s:1.1-~-

ment cJimension, usually one c 0 r l en:ith. Existing desizns 

produce t r :::_ins CO"T!};02cl :i:':' ;:i:!..:,c':s of cars of !:1:Jl tj_r:le c 2.~' 

length . 
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9o s sibl e output of a yard mus t be t r ~i~s o f non- randomi zed 

car seq_uenc e . 

Maintracki ng is t he mo st ext e ~ded use of i nte r nal 

t r ain or d er c r ea tion ou en t o the r a i lro9d s ~iven exi s t i n g 

ya r d desi gn. The econo:nic potenti a l of a yard which can p er­

f or m t o the upper l imit of classi f i cation ~as a l wa y s been ou t 

of r ea.ch . I t is t he ?~rp o se o f the f c llowins section to po i nt 

out that such a yard i s n o l e nse r inconceivabl e o r n e ces sarily 

Lnpr a ctical . 

2 : '.rb.e Method of So l u t ion 

Th e ~ r obl ~m Do s ed is to c onque r t h e l ~rait i mposed unon 
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c l assifi cat ion ability o f c onte mporar y yar d desi g n . Thi s l imit 

i s , in l i ght of p r e sent t echno l o~i cal l e v s l s , a s e l f imp osed 

o n e . 

The goal i s to place ca rs e conomicall y in h i g h l y 

ord erc ~ t r ~in s equenc es a~d thereby r eap , c t cnttel e cono~ ies . 

The □ethod is · tc s e l e c t a nd p l a ce ca r s i ndivid ually 

an1 s e q_u ent i ~lly i n desi r ed t r a i n o r der . 

The instr ·..1..:ne1:.t of the method is 2. 
11 S:cewed 11 t raclc ua t -

t e r n . ·rhe basi c c ha n ;:;e i s in the tra ck uat t e rn of t h e yar d 

a nd its u s e . Pre s ent d asi ~n ca ll s f or cla s s ification tra ck 

l e n 6 ths s ui t abl e t o rec eive l o n ,2 blo c:.1:s o f c a rs . Long block 

l en6 th is the antith esi s of our g oal as t he d egr e e of i n t e r nal 

t rain ord e r and b loc~ l en µ t ~ a r E inversely related . 
..., \) . 

The propo s ed d esign i s a e, t.ually a. f a mi l y o f .-:1 esi3n s 

char a cter ized by t he a b ility to s e l ect i n d ivid ua l cars o r 

s :-:cr t c u t s o f It -.!i 11 

;z n tt1 &ML Ei&d 221 ri?W.:Jti!ie d 
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therefore be callea t~e I ndividu~l Cut Selection o r ICS desi5n . 

B: THE res DESI~N 

Placing ca.rs in train order position , unit by unit , 

may prove desi rea ble · in s o~e cases and not in others. No 

g r eater amount of order could be i:o:,osed u.::::n a. train than 

such sequencing. However , as an uppe r li□it , we can see that 

it is unlikely to be the e conomically desireable activity . It 

i s more pr obable that op timum per formanc e conr:l.i ti ons at some 

specific l ocat i ons in a yard system will call for short cuts 

of cars to be created at t hat point. When trains are to be 

for·,rar ded to some classifi cation point where wor k must be 

done in any case , prior classification, however crude , would 

only crea te orde r that is not needed or used and woul d be an 

economi c waste . The yard desi ::;n under study her e is of its 

n~t ~re a hi5h inte r nal tra i n order design . It i s to oa 0.seJ. 

at somecentr al poi nt and will be most effective when g iven · 

diso r dered i nput s and r equired bt the system to delive r a 

hi 2)1ly orcer2J out-r-iut . E:c.2.ct c:..i.t l en.:;th of the out1Jut cannot 

be predicted a pri ori but must a~~it anal ysis of a specific 

s7stem . Snecific applications can only be ~~de after the 

pr e sent limits on cree.ting i:1tern.J.l t rain order are s urpassed . 

1: Genera.l Descri pti on 

The ICS desi6n will be characterized by an a bility 

to crec.t.s e:ctre,'.1ely short C'..!t s i n lar6 e number , and to 9 l ace 

these sequentially in desired train order. Co~"l ·v- .::n ti ona l 

develo p short 

S11i~------- -------·---~=~--------------.•""'!"'"....,,&_....~--------
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cuts becaµse the n~~be r of clas s trac~s is badl y limited. 

Cars a re placed next to one another , co~pled , and therefore , 

inacce s sibl e to economica l selection for train p lacement •. 

Physical ly , hizi intern~l train order conditions are possible 

in present desi gn , but economically it is not fea s ibl e . 

To be economically accessible, cuts must be isolated 

from other cars . This fact, together with the desireability 

o f having many such short cuts awaiting assemblage into trg,L1s , 

g ives the ,-ard its II skewed" characteristic . The le,dder tracks 

a re elongated and the class tracks shortened, as in Fi 5ure 11. 

FIGURE 1 1 
Illustration of r es and Norm3,l Grid Tra ck Pattern 

/ 
/ / 

Lead II 11 () Y"ffi ,9, 1 II 

Le::..cl 

The p r oblem in utilizing t his ~atter n is the develop­

rr:ent of e c onomic techniqur::s for feedin6 an::! e~?t,Yi ng t h ese 

short cl2as tr~cks . 

A yard composed excl1:._1si vely of su_ch short g rids would 

occupy considerable land . However, just as yards are today 

specialized into subsections~ so also with the res design . 

The entire yard need no t be built in this f ashion, as will 

b e se2n 1 9. ter. ·The r e l e,ti ve 19.:'.ld use f'ac tors a:r'E expl ored 

•~ i i iron tends ~o r eq~ire 3 .1 5 times as 
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r,11-':.C:;. l a~1d e.s a conve·:1tion2.l p-3.ttern of identical sta~1.d ine:; 

capaci ty . 

2 : I ~put Techniques . 

The use of the familiar five man cr ew and locomotive 

for the assembl a3e of shor t cuts is unecono::nic . High volume 

conditions , in which we are intere sted , prohibi t t he use of 

flat ya.rd c l assi f ica tion technique s. They 2.r e e:x-pensive , as 

demonstrated in •rabl e 11 . Less expensive techniques of c l a~s-

TABLE 11 

Expenses per Switch Bngine 
!-!o·.:1" , ~•T .':i . C, :;::{ • .:.1 . , 1952 , Accounts 377- 89 

Yard payroll (non- operating ) 
Yar d payroll (operati n3 ) 
Yar d fuel 
Othe r yard engi n e expens e 

Total 

~ 6 . 29 
- 15 . 64 

. 95 
1. 45 

$24. 33 

Source : Annual Reuort o f NYC ::tiq Co . t o t ne ICC for 
the year ended Dec . 3 1, 1953 . Schedule 320 , 
Accounts 377- 89 incl~sive , p . 308 ~ivided 
b y 1/6 (Sc~edule 53 1, col . b ,· line 11. ) 

i i'ica tion are essential in a hi6h voL .iine , sho r t block y0.r d . 

..{;.:,1:),-i; t,he ~1ossi ole methods. are gr s>.vi ty feed e.nd snec-

i 2.l :::cti vc :9c'.-.re:c . Gr.:J.vi ty feed tech".1.iques 9.r e f e.:nilisi.r, re-

f ined and useful . ~y ut:~.i~in~ t he ~i:h flew c1p~city of ' thts 

desl 3n , especially as enhanced in Chapter 3 above , we can 

: classify hi3h volume s into fine classi~i c-?.tions. The short 

class tra cks present us ~ith the problem of ret~r dation at 
.. 

the end of the track , however . Thj_s pr cble:n T.s. y be r e solved 

by the use of i nert r etarders . This is e s~rin5 l oaded r e -

ta~d er ~ 1i ch ~as a const~nt ~~eas~re 2p~l ied to the ret~r d in5 

34&:4 
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.?.n ,~1. stc:;,~:;cd . The car can be r e!!loved by a l ocomotive '.•rho se 

power- is sufficient to overcome the "drag" of the ret a.r der . 
1 

No nersonnel are required for the o:pers.tion. It is necessary 

also to slow the car nrior to entry to t~e class trac~ if 

more than one c2.r is to be 1;):!.-~ced on the short cle.ss trac'~. 

?ower retarders are ~he proper i nstrlliJents for this job. 

Their economic use becomes more difficult however as the class 

track is shor tened . ··we can see , therefore , that if the yard 

is to make extensive use of the short track pattern, or 

utilize it as the sole stor a5e point for cars in the c l ?q~­

ifica tion bowl, the hump feed. method may be costly . · · · 

An alternate technique f or f eedin3 cars to short class 

tracks economically abandons the gr a vity technique . Rather 

than p ermit cars to become free rolling we can ulace them in 

a fully co::1trollsd manner i,ri th locomo tives~ 

rhe worl: _to be done here occurs in a very li~ited 

,.;eo3ra.·9~1ice.l S!)ace of sever a l acres of 12.nd . l'he ;-rorlc is 

hi~hly routin8 , consistin3 of the separ~tion of cars from 

73 

ti-·s.ins a.·_1d their h2.ul a.,:e a ::1i nor distance to t~e class trac~::s. 

Such a situ.::i.ti0n per mi tting ti -c:ht c·:mtrol of a routinized 

fur:ctio:::i is an e::::cellei1.t pr ospect for a.utom.9. ti on. 

Any . automat ed inst rument must transmit , to a n agent 

of control , information about the conditions relevant to its 

o_peration . Such i nformation would i nclude data of horse;,ower 

output , location , and br~ke air pressure at any instant . The 

control u~it in turn must be d~signed to relate this data to 

:0iffer0n.ces 
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betwee~ input data and prescribed criteria are used to 3ener-

t d · ~ + . '- . h . 11 b . ,., d. ~.c> t a e cornman 1nrorme.~1 on ·\·i:nc __ wi _ rinz une · 11.L e ren c e o 

zero· (create the desired condition). This command ;informa­

tion must be transmitted to the locomotive a nd used as the 

ba~is for action. The cycle of automation is then complete. 

All the essenti31s a~e present, i . e ., a criteria of action , 

knowledge of existing conditions, a decision making process, 

and. a unit to execute decisions, each coup led i nto a comp lete 

cycle ·of information i'loi.--1 . 

The p~obable characteristics -0f such an e n gine are 

not of ovenrheL11ing importance to t:a.i_s pa?er. I t S66-cllS prob-

79 

able that the function of the locomotive c ould be best accom­

plished by a 200- 300 horsepower diesel p ropelled vehicle 

mounted on two a x les coup led , d riven through p roven hydraulic 

transmissi ons . Design details more debatable i n nature, such 

~s bra~e desi gn , bearin5s , and coup lins ~echanisms are better 

left to the responsible eng ineers. 

I t is appro~riate to note at this ti~e , h6weve~, the 

essenti ~l p racticability of such design . Remo t e control of 

vehicles v i:1 r adi o i s not ne1.•r o r stfE>.'.l[;e . :Hili ta.ry a pplica -

ti ons are f amil i a r. 

In the railway industry, such remote contro l of aper-

at. i ons he.s already beg un. In 1956, the German Federal R.2.il -

way experi.!!lented with -a re.dio controlled electric switch 

ensine. This en3ine has 'ceen o~)er 2.tin6 in the Munich e .'3.st 

yard, powering strin8S of cars .:1.s they go ovsr the ht.urro • 

Thirteen different type s of comman~s can be issued to this 
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engine . 1r r.1ese command s control throtle settin5s , br ake set-
2 

tings, and safety _devi ces. Control of humpin3 o:peratim1s is 

more full y p l a. ced in the hands of the hump conductor by this 

techniq_ue. To i ncrease or decrease hump s peed s he has ovly 

to throw a switch ra ther than to wait upon the reaction of 

an engj_ ne!Ilan to so!I!E visible or audible si ~~":l~l . 

In 1955 , the French National Railroads operated an 

electric train by r adio control at speeds up to 74- miles Der 

hour . In 1958 , they r evealed a:n experiment with a swi tc~i ne; 

locomotive . The remote control oper ~ti on is controlled by 

carri e r wave be 2.. rin.:::; three submodul =-1.t ions . Carrier si3nals 

· are inte r preted electronically and act t h r ou~~ servo28a r ~on 
, ~3 . 

the brake control and d i~sel . en3ine-· regula ~or ·:control . 

Domes t icall y we have seen experiments bj the New 

Haver1 fuilro2.d in the remote contr ol ope r ati on of subur ban 
LJ. 

~ulti ple unit equip~ent . Recently t he So~thE rn Pa ci fi c is 

r spo r ted to have successf'...1.lly co11.troJ.led 2. r o2.d diesel unit 

1.,y. ra:1. io in DL-,sher sez-,vice. I n t~is i nst ance t~e controlled 

unit Has cut into the rc i ddle of the t z-,3. i ,1 ascending o. 10::.1:.3 

,~rade . Po 1,:er and b r a.1;: i ns out:?uts we r e co·(ltrolled fro::.1 t he 
r-: .... 

l eading l ocomotive unit . 

Althoush mo re vi sionar y i deas abound in quotations 

from the manufacturers , our concern is with the immed iate ly 

a pplicable . 

The a pulication of such vehicles to yard o~erat ion 

will entail several p roblem s . In the s~ecific yar ds , ho~2ver, 

-f~el'2 co~1di t.ion.s of vbl rnne 9.nd L1.tc::."L10.l t:cc:in ,:,rd.er de::12,nds 

s 1.1ffi cj_ r:mt, •,rill ·oe 

8c 



3: Output TechniQues 

The classification of freight c a rs is only the first 

stas~ of a two . stage process . The second staze is the assem-

b l age of trains . Onl y if the train is to consist of just one 

b lock of cars and b.ave no interns.l tr2,L1 o ; •der, do the t ~-ro 

sta3es become identica l. 

We a r e consid erin.3 ya:rc:1 designs suitable to cre2..te 

h i gh internal train order c ondi t ·i ons, however , -and must con­

sider the t r a in assemblag e p rob l em . Havin6 classified trains 

i nto b l ocks of cars.we mus t rea sseuble t h e blocks to ~:ain 

create a tr=l.in. If the blocks are f s•.-r in numcer , five o r 

less~ this is not a difficult job. · It is economical for a 

conventional locomotive and crew to do this wor k . 

The !nethod em>1_c:yed is to couple the engine to the 

b l oc~,c to be fi:cst in tra in order , pull c.ncl j'.:)uble it aga.i ns t 

succeedi n5 b l ocks , until the train is comule ted . The Ti ro -

cedure is not re6 ar-·ied as unduly time c onsumin6 or ezye~1 s i ve . 

If, however; i nstead of less than five blo cks we wish 

to assemble mo r e short b l ocks, the conventional tools are 

L1creasi~3l~· uneconomic . Two r,.1e thods are available· to fill 

this 6ap in technol ogy . The first ~ethod i s g r avitational. 

·rhe class tracks could be placed upon 9.. slo~J e (either g r aded 

or natural) so as to i mpart accelerating f o rces to the cuts 

when relea.sed . Gr ad i n g is expensive, ho-..rever, and natur9.l 

l o c -s. ti ons for such wor ~: '3.re rare l y found . 

The second met hod , the use of remotely controlled 

lo c0Totive s , is 2ore ; ~ ~=~:i23 . C~ce a-~~i n we have a 

3 1 
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geo8r a~hical ly limited situation and a routini zed function 

susceptible to automated contr ol. These l ocomoti ves are best 

adapted to shoving car s r.ather than pulling . The l atter r e ­

qui r es preli minary coupli ng testing to see that a ll couplers 

are locked . Shovins at slow speed into protected ~reas where 

inert retarders can proYide br .?..l-::in8 fro!Il the forwar,-:1.. end is 

safer and simpler . Remote controlled locomotives could shove 

bloc~s onto departure t r acks , in sequence , and return for mo r e 

b l oc~rn . The economics of the yard as determined by volume 

and work to be done will extablish the ntunbe r of such engini:::s 

needed and the control techniques used. 

An i nteresting a ttempt to s olve the departur e yard 

( tr:1 in assembl a:;e :proble~1 ·;13.s d evised by George Billmyer, 

tb.en with the New· Yor lc Central Railroa.d . I n ord er to create 

t r ~in order in the de parture t r a c~ , he proposed to extend the 
6 

cle.ssificati •Jn 2.e.dder t r .:?. c~: t he full len5th of a train . . 

Cars 1:-Te r s i n i Gi ::,.lly c l 2.ssifi ecl over· 3. i.1.U:'22.J accordi•:13 to a 

t r a i n me;~bers':1i J CI'i teri 2. . J.1:1.e fre e r oll i n; car Poll ed onto 

the 12,cder tr2.c~:: pe.2'.'a lls l to the trac~:;: of its tr9.i11 asf?,i?;n-

ment . Upon reach.in.~. ;,r o:9er tr?.in pos i t i cn it was deflected 

from the ladder track bj a crossover to its train . A d i a gr ~m 

describing this traffic flow is g iven i n Figure 12 . 

FIGURE 12 
11 Tra.inma lcer 11 Yard 

¢J est 

~rp<&---ef=---:;r---:s--£¥> 
I 

1- o:c □ o -J1..::-:i. en t Frc.s 
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This ya.rd desi ::;n ~.-r3.s an attempt to create hi sh inte~·na.l train 

order conditions by simultaneously performing both sta.3es of 

wor~ , 1.e . , classification and train sequence creation . To do 

this the d ep&rture yard becomes absorbed into the classifica-

tion bowl . Short cla ss track sections are set end to end for 

ease of train assembla5e . The yard , designed to hold full 

lengt~ t r ains on the seg~ented class track s , becomes elonga-
7 

ted and narrowed . 

The designer sue;:::ested the use of a remote :·co!J.trolled 

trimmer · locomotive similar to one actually built f or the ~ew 

York Cen-t.rc..l at the Ellc~art yard . The final job of train 

assemblag e is done by the r oad locomotive which merely baclrn 

onto its train, coupl i ng up the several blocks that had been 

pre"9a.red in line by the classifica.tion process. Variants on 

this des i :;n involve the number of bloc::s to be cre2.ted and 
3 

the nwnber of cars '.J.s s i3ncd t o c:.ac:"l bloc:.i: . 

'I'hi s y2.r d would eli:uina te thE- de ·,Jartur e yard as a 

tr3.in than now ::_::c :J-

si blE and do sc w~ile handling the cars only once , in a f :Jr-

ward flow motion . The desi 3n is at 3 disadvanta:e , ho~ev~r, 

because of the extremel y lon=:; 12.rJcl er tr:?.c'.rn ft requires. 

Cars rolling on such a ladder would be subj ect to i :;i::_:,2.cts 

from following ca.rs due t o t'.'.le exj_stence of a natural closure 

rate bet·.-rnen cars. The unique sha,pe of the yard wo1..1ld neces-

sitate extensive 22r ?.di:'lc c.::,-id r,.:i.~ _y cross1.Jvers . I ns t all2-tions 

~culd requir e rebuild i ~; ~r new constructio~s . Furt:1.er the 

ability to cl'.3.ssify ft ce.r to tr9.L1. -:--nsi ti')Yl ~r-esu..Des knowle.::.;e 

-
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of the desired tra in position . Such lcno\:;led3e is not avail-

able until all the cars f or a ny train are either present or 

known to be available in time for inclusion within -that train. 

In essence , the desie;n , lcno·.m a.s t he Traimnalcer ya.r d. , 

incorporated an ICS principle . 

another on short class trac~s . 

Cuts were isol a t ed from one 

These tr~~c s were arranged in 

seq_usnce so that tr.2.in a s sembl-?.ge wa s va stly simplified . The 

several probleos of such a yard remained unso l ved, however, 

and physics.l constructi on of such a yard was never undertake n . 

In t he p~st- w~r peri od t ~e railroa ds be31n a n exten-

sive ya r d modernization p ro3 r am. This ":)rogr a;n was designed 

to improve servic e and c ut costs t hr ou6h yard con s olidati on 

at rr;ajor terminals. Yard 11automati on 11 was t h e 3oal and many 

millions of dol l a rs were s pent. I n noe of t~ese yar ~s ~e r e 

ICS d 8 si 6n p rinci~)les i nc or :pora.te::1 , ho•.-:cver. I n fac t , the 

tr·ac l-: ·9::i.tter~s .e.nd r. et:1ods ;.ised r efi-ne'"'l ent s of desi s ns e--;. -

~Jloyed i i1 t ~e ·19 2C I s. =-:ost c f tL--i. c: ya.rd s built were h i gh vol -

~ ~ e hurnp ya rds et centra l loca t io~s . At s o ~e of t~ese yard s 

hi 3h internal train or der out ~ut certa i nl y WJ ~li ~~ve been 

clesi~eaole . 

C : APPLIC!\..'2:' IOi\! 0 :.<' ·r~z res FRI~T CIPLE 

The critical situation in yard design is one in which 

extremel y h i gh vol li.·:-: e c ondi t i ens now n s c es:::i t a t e yar -:1. o~er a ­

ti c::i.s o f e~~tre~el y l o·.-r tr2_i n order output. F'a r t ee many yards 

of r ecent ccr::1s truc tion ha ve "'ueen bui l t whi c :1 cons olid.e.ted f .:i.c i l -

i_i: ie s , 1 0 -.-;~ :::., s:. c 0 sts '";)e :c c?.~ b..9.nd led and 1 3110 :i., sJ ~:'!.e need for 

...il!!!!!_J. • .__!L ____ _____________ ,______, ______ ,__..._ 



internal train o r der in the output . 

p r bblem we can choo ~e those variables 

combination may surpass these limits . 

In o r 1er to conquer this 

of ya.rd ~ . c. esisn ~ .. rho se 

Among the possible variables of yard design are class 

tracks varying from one car length to train length . Also , as 

has been seen , the departure yarc may be ::'. G'.-erl L~to the c l e.s s 

tracks . Classification and exit from class track s can be by 

conventional l oc omotive and c r e w, remote control or gravity. 

All of the s e variables may be utilized in a vast number of 

:'.)O ssible combinations. 

The specific requirement s we must meet are conditions 

o f 3000 cars pe r day or ~ore , trans f ormed into trains of fift een 

blocks . Such conditions preclude t~e possibility of pe rform-

i n:3 both cla.ssi fi ce.ti on and train creati on at t he same time. 

Ra.the r· , the t ,,., o stages must be perfor '.Iled s 2:0.?.re.telJ in or der 

to per ~it the high vol ume conditions we ha ve ~ost ulRted . 

isola ti on of the yard f unct i on i n to t'.-ro stB.zes wil l pe:err:i t 

The 

sueciafizat i on ~it~in the st~ges . St~!e o~e (classi fication) 

can classify by train ~ember ship crite ria . Train meffibersiip 

as c istin3,1i shed from train position can oe kn01.-r..1. s i ~ultan-

eous l y with the presence of t he car . The trains created in 

s tage one a re r andom s equences of cars . The hu~u technique 

i s eminently suitGd f or s uch vol u~e c ondi t i ons , especially 

\·rhen mod i fied to limit cJ.os··xre rates t o a nomina l a mount. 

The seccn.r:! sta.~e '\·Til l use as i t e in:91; t the o ut ~,ut of the first 

stc=.::::s , o. 2:·a.ndotr. s eq 1_1e nce of cars . Contin~o ~3 hi3h volu~e i ~-



equivalent capacity to s t 'c :_:E two . Conse~ue n tly a ~r ~vity f e ed 

to sta3 e two i s dictated . I n order to c r eate internal train 

o r der conditi ons , the r andom i nput must be · cl~ ssified by train 

positi on . This is the I 0S portion of the yard . St9..6 e .L • 
uWO 18 

the classification o f cars to a short track grid wh\ch ~ill 

f acilitate movement of car s or cuts in s e Que nce t ~ the d e par­

ture track . 

The ICS desi '~n has been d escribed as a s k ewed t rack 

pattern ; By t h is is 'P.lea.n t t hat the conventi on?.! ratio of 

l a d d er trs ck l e ~ : th t o cla ss tra c k leng th i s c h2ng ed con sid -

·erabl y . If trains of fifteen blocks are to be creabe d , class 

t racks of one car length will be f~r t o o short . Assu~ing 

train len6 t h o f 15c cars :,-ia :{L~un, , the ICS grid must ha ve a 

capacity o f a t least 150 ca rs. Such a tr:J. i n would have an 

e n fo rced bloc~c l e n gth of t e n c a rs maximu m. As t·~1'= blo c 1_::: 

leng th may -oe und uly sho r·t f o r a l o·n c:; tra. in, t he I CS .;;:.ri d s cio uld 

be expand e d t o a ca pac ity o ! a ~)rcx~~at e ly 3CO c a rs. :; e noH 

ha.ve. the con.:Jitions fo r •.,rh i c h we have :9l an-'.1ed ,. t hat i r, a tlU::1 -

b e r of bloc k s oer tra in commens ur a te with t h e ~ i ~ : 2~za t i c n cf 

t o t a l ya r d c osts i~ t h e s y s t e m. 

Having clas s i f i e d 3, tr2. i l.1. i -..1.to the I CS grid we must 

now empty t hat 3ri d of its block s into t r ~i n pos iti on in t~e 

de~.::artu r e ya r d . Access t o i ndividual cuts is available . The 

movement of t hese cuts , s equentia lly , ca n !1:0 s t e c o no r:iically 

be acco~nlish e d thr ou~h t~e use of r e3ot e c ontr olled locomo-

tives . 'l'~is i s d t cte.ted b~r the v ,'.) lwr.e C'J(lditions ',.-~:ich r'e -



A 1,-ride va.rist:~ of 3.ct,.n l trP.~'= ·')2.t{>2rns c oulrJ. incor­

porate these t ;,·.ro sta2:e s of a.cti vi t y . T1:ro s8r:-'lr?.te hun1p s , for 

example , c ould be used , one for each stase . Or, if vol ~~e 

conditions permi t, one hump may be utili zed alternately by 

the two operations . A more speci f ic design must await more 

S!)ecific inf ormation a bout tl:.e job to be acco:·:1!:1lished at any 

l ocation. 
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CHAP'I';;R FI VZ 

ST. LOUIS 'rERivIINAL PRO BL•"-~ 

The critical limitation upon Dontemporary yard design, 

is the inability to crea te hi 3~ly ordered trains under high 

v ol ume conditions. This problem becomes critical because of 

t he numerous hi g h volume locations in this country at wh ich 

work must be performed . 

Ya r d design, it has been s hmm , :r.a.y incorporate vary­

ing ratios of class and laader track lengths, together with 

g r a.vi ty or locomotive feeds . Out of t his variety of techni -

ques we must pu!l a t l e a s t one combina ti on which can conquer 

the existing limitati ons on ysr d design. By s o dot n ~~ we may 

d emonstr~te that existing d esi gn s uffsrs from~ self-imuosed 

l:L~i t 2.t h ,n ',rh ic '.1. c9.. n ce econ omica lly s u r ~)a ssed . 

The terminal p ro blem at E3.st St . Lo uis, Illinois , is 

B. u s ef:il battle~:rxmd for t h is 2. tt e:.1~)t. Th e e..i'o r ementi on ed 

high volume conditi on s s:~ist there . Also, there has been an 

c?. tte::n"9t to solve these u roblems within the framework of con­

ventional desi gn. Th e limitations of this design will prove 

apparent . 

The d i men s i on of the t e r ~ i ~a l p r o b l a m a t thi s l o c ~ti on 

st e::-i1s frc -~ St . Loui s i s ~ novm 

o9 



as t he 8~teway to the s8uthwest . l ~e~ty - three lines ~e re 

built into St. Loui2 . These are onerated by nineteen com-

parries and p r ovide twenty- eight r out es to 
.t.• • ..L. 
i..,O..l s 3a 1.;ew?.y . Ea.ch 

line atts:npted to bri ng its .rails as clo '3. s e.s :90 s sible to the 

commercial center of st . Louis . '.i'his center is a short d is-

~~nee fro~ t he Mississipni River. This r iver nresented an 

almost i mpassable b~rrier to tra ffic unt i l the opening of t he 

E3.ds Brid5e i:'l. 1874 . 'i'he mul tip licty of _interchane;e moves , 

occuring ove r c~ow~ed trac~a g e ult i ~~tely forced t~e for□a­

tion of the Terminal Railroad Ass oci9.U.on of St. Louis (TRRA) 
1 

in 1289 . 

The 'fRJtA is the larg est of t h e joi n tly owned t ermina l 

co!Ilpanies in the United States. The St . Louis ge.teway which 

it s erves is the second l a r g est r a il c enter of the nation. 

I ts vast traffic volumes are han-:Ued in a maze o f thiry - n i ne 
2 

9C 

i~terconnected ygr1s with i~ the terminal dist rict. The a.dvan-

ta~ es of yard con solidation have lon ~ been r e c c:nized , as fo r 
--5 

s~~mp le, i n t~e Federal Coor~inator Re 9ort~ of 1934 . J o int 

facilitis s , however, ~ea~ a bur de~ in that there is d iffussd 

r es·_-:;,J si bility for cha-nges a.nd modernization . Conse0_uently , 

St. Louis ~ss ~ot been the scene of yard construction so prev-

a l e nt i n other p~rts cf the couiltry. 

The s~ecific dimensions of it s traffic f low have been 

r evealed · by '3. stu,}y p e rforT.ed by t he Terminal Modernization 

Co :m;;ittee (TI,-1C) of the TR...."9.1\ in 1956 . '~1:'.is stucl.y t ook a se.mple 

o f traffic o: ~~ e lsve n day 9eriod , June 11 to 2 1, 1956 inclu-

J ~rin3 t~e tsst n eriad , al l tr~-fic i n t~e Gate1/ay w~ s 



anal_y sed for· i ts ':Fo l :.:::-is , i t 2 routine; throug h the t erminal , 

&nd the time required en r oute . The vol ume o f traffic ap-

p r o~ched a p eak of 1C, OOO cars dai l y , This v olume moved over 

an intricate pattern o f r out e s ~it~in the gateway . For the 

ro;__1te c.t1.2.lysis , t~1e industries , frei 2:ht hc_:s-=s ~,::1.c1 tee.m t r ac~rn 

for each roa,d- haul c a r ri e r ·were defined as a sin5le group . 

Between the many such g r oups , there existed 5,223 s eparate 

routes which were actually ut i lized by t r ains of mo~e than 

one ca r len g th. in addition , 2 ,765 separate r outings were 

util i zed by cuts of one car length but t~-i6se moves were of 

unusual natur e and are not part .of the usual pattern of oner­

at i ons . The ave rage leng t h of the trai n movement over any 
4 

o f the 5 , 223 r outes was sixteen cars. This short average 

l ength is derived of the mult i plici ty of r outings , each cover-

eel by a switch or tr.'J.nsfer run . 

Daily .tra i n arriva ls r eached a :9eak of 326 from an 

a verage level of 283 . Correspo~d ing d e partures r eached a 

peak of 292 trains from an aver~~e l:~e l of 26 1 . 

13 a nd 14) . ~ii thin these tra. ins , avera ge tra in leng t h was 

sixi:._/- one c a rs for r oad trains and thi r t een C9.rs for switch 
5 

runs . The term switch r uns includ es runs from frei ght houses 

a,nd team tracks but excludes a ll tra.nsfer runs which could be 

excluded under a centra li zed yar d operat i on . Car arrivals 

dur i n g the te s t p eri od r oase fro~ an a verafe cf 8 , 8 15 to a 

Deak of o: ~57 daily . 

peakiD8 at 9 , 454 cars . 

Corres~on~ i ng departures aver25ed 8 , 3 16 , 
6 

(Fisures 15 a~d 16) . Due to the short 

; ~., -:Jf t:1s c·.:. :> in-/J ;.,1t to the St . Louis ,.iistric c:. _;_ n cnly 3::•:; 

9 1 
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FIGURS 1J 

T U C CHART NO. 1-A 

DA IL Y TR A I N ARRI V ALS IN SAINT LOUIS 
( INBOUND JltOAO FREl~T TflAINS AM> IOJSTRtAL SWITCH RUtilS ) 
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FIGURE 14 

TMC CHART NO. 2-A 

DAILY TRAIN DEPART URES FROM SAINT LOUIS GATEWAY 
( OUTBOUND ROAD FREIGHT TRAINS AND INDUSTRIAL SWITCH RUNS) 
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of the tota l trains . 

Although the daily average and peak vol umes of the St. 

Louis terminal activity vastly exced e the levels of operatins 

conditions at other ter~inal centers, the daily activi ty is 

onl y one dimension . An analysis o f hourly peaking of activity 

shows that the termi nal p r oble~ i s f ar worse than daily activ­

ity levels woul d indicate . 

Althou~h tra in arriv~ls averaged appr ox i mately twelve 

_per ho ur , a peak of thirty- eight t r ains per hour was exper­

i enced . Th is peak occurs at 7 p . r!1 . as industrial s witch runs 

terminate t heir days act i vity . 'rr a in departures avera :::: e 2 

eleven per hour during the day but reached a p~ak of twenty­

eight trains a t 9 a . ~ . This peak r eflects the moiement o f 
7 

local tra ins outward from the yards for the d:J.ys work . 

(Fi~ures 17 and 18) . 

~ -~ Due to the dispa rity of train lensths by d ifferent 

t r a in tyue (road vs . transfe r) we ~ust ex~mine t his d~ily ?ea~ 

of traffic in t erms of car vo l t.11Bs. Cer de~~rture pea~ ~ctivity 

occ ur red at 9 p . m. , ~ shi f t of twelve hours froT the train 

d euarture peak . ·A peali:: of 1 , CCC c.J.:rs i n one hour w9.s exper­

ienced . 1faxi:21um arrival activity re,1c::,ed 9CO caI's at 7 p . :n . 

(Figur es 19 and 2 C ) . 

The St . Louis terminal s uffers , therefor e , from the 

accept ance of vast v o l ume s of · traffic i nto a system o f yards 

not suited to such volume . This fact is demons trated by the 

fra 3menta. ti on of t:1.e t raffi c into thirty- nine ya.rd faci li ti es , 

diff~ s a1 thro uzh out the St. Lo ui s area . 
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·r he TRRA experienced total r ailway 0 '8erat i ng e:coenses 

.,,,er r evenue fre i !_::ht car handled of .:; 1':, . 86 i n 1958 . 1..1 This i s 

similar to the crew payr oll costs of a switch eng i ne hour 

(~ 15 . 61~) e xperienced by the Ne\v York Cent ral Railroad in t hat 
10 

This is an unusually high l e vel of cost p e r car . A 

terminal d i s trict of more conventi onal size s uch as Syracuse , 

Nevr Yorlr prod uce_d 5 :93 revenue cars per switch eng i n e hour at 
1 1 

a c ost of $3. 72 per l oaded car handl ed . Hi5h volumes of 

classification are d ~~e at thi s latter p oint . The St . Louis 

operat i ons a r e performed \,ri thin a maze of s mall flat ya.rds 

rather t han a single hum31in6 faci lity more sui ted to hi 8"h 

volumes. 

10 1 

The transit time for loaded cars passing through the 

St. Louis terminal wa s not abnormal when measured by the stan-

dards of the ?erformance of smaller ter~ inals. The costs of 

the on Era. ti on wEr~ unmE- rc i f'Jlly hi6h hm·reve r. It should be 

noted t h3.t t o t ~e hi5 h c o s t o f TR.i.i..!\ services rr:u st :::;e a ::1::1ed 

the t e r min2.l co stE o f t he pa:cti c i patin3 r .:;1.ilroa,ds . Ee.c~ such 

r ailr o3.d per for~s its o' .. m c l a ss ificB.ti on and tr·ai n .!na k e uu 

'dc r ~r . 

B : . THE TERr-fI NAL :-'iODER:HZATION 
COrG-H TTEE SOL UT I on 

· The '!'.erminal Modernization Committee ( ·1MC) chose to 

a t tack th~ costs of hand ling t his fanta s tic vol ume of tr::J.ffic 

throug h a yard consolidatio~ pro~ra~ . 
,,. -\' 

T~e e~i s ti~s pattern of 

yards , t h i r t J-n~ ne i n all, was d e emed un que sti onably obsolete . 

Th e '.!.'MC lc.1.e w t hat econ omi c 9.,l v ,'.3.Et.3.·:::es ::i.ccruEVi thr ou~h t he 



t 

~ 

extended use of the hump y-3.rd techni que a.n:1 the eli-rr.in2.tion 

of many Y•'.3.rds J.nd transfer e.cti vi ties . Having started from 

the pr emise of the desireability of yar d consolidation the 

com-r: ittee had next to decide upon the functions that the new 

yard woul d perfor m. The yar>d -.-,:J,s titled ~-:2.~ s~1 Ya.rd . 

basic o-pt i ons of use we r e cornHdered . 

The first of these would have all r oad trains to and 

from St. Lou~s hand led in t he yard of t he res~ective carriers 

a.s at present . Al l transfer r m1.s between these yar ds ,•;ould 

be . concentrated into transfer uns between the former and 

Wa l sh Yard . 'rransfer operations wo'Jld still be necessitated . 

Existing non - TRRA yar>ds ·.,-o'-..1ld be retained at t heir p resent 

poor levels o f utilization. As the committee :1oted 11this 

represents a change of a n i mportant d etail but no i n the 
12 

fundame ntal ~,rinc i Dl e of tL-:e p resent oi;:iera tion" . The -n.1.r-r:-

ber of transfer runs wo~ld be consid erabl~ reduced : . Sev er~l 

ya r d ra ci litis s c ~~~~ ts ret~r2~ . ~he cl2ssifi ca tion and 

a ssemola.,3-:e o f r o -::. ,:1 trc;1.i,1 s ':ro 1-1J:'1 not be nerfc: r med at 1'/.9.lsa. 

Yard . 

Pl-9.n rn..u,i i)e r t'.-ro ha<J foui~ va riants . :::a ch i nc or Dora ted 

the o~Jerati on of i n- bound r oad tr-=dns directly i nto Walsh Yo.rd. 

For the first time r oad trains would be classified d irectly 

by the TR.RA . Out bo und tra ii.1s c ould oe hand l ed in one of the 

four foll owing ways. 

In plan 2A, all outbound trai ns would be c lassified 

and bl oc ked i n a c c or -:i.,':.·.1ce ·.;i ·t ~1 the r eq_t..' i r s[:1211 ts o f i ~1a i vi dual 

?~e yqr~~ of t~F r~~~ c~rri e rs are re~laced 



by a sinsle new facility . 

In plan 2B, cla ssificat i on of cars fo r each outw~rd 

route is made into a 11 throu3h" 3 roup and a "local" grou:) . 

Cars blocked into a 11 through 11 sroup wouJ_d dep9.rt from Wa.J.sh 

Ya.rel in soli-::1 blocks to some other terminal f or further class-

ification . It is :.)r estrcns-:l. th·J.t such te::.~:ni!1.als WCliJ l d ::,e l ow-

cost classifica ti on noi~ts i n relation to the conseetei con-

ditions at St. Louis . Such terminals would be Kansas City 

10 3 

for th-2 Mis2ouri Pacific line s ·•t.Je st, Little Rec:;: for the r-1i s­

souri Pacific s ,)u t h , P'3. rso~'1.s f0r e 1.e l'-·Yi ssouri - Kansas- Texa s, 

Spr ingfield o r Nem:p~'"!. i s ,for the Frisco , Frankfort for t:1.e Ni c :-::eJ. 

Pl ate, Ci ncinnati for the Baltimore and Ohio , a nd Indiana"?olis 

for the Ne,,., York Centra i . 

Cars clas sified at Walsh as local outbound would be 

de stined fo r :9oints sho r t o f t~1ese outlyin:; termi:2=1.ls. Tb.ey 

,,-,Q'..1ld be mcved frorr: '.1/a.l sh Yard i n s •::lid bloc:rn b y transfer 

runs to the yard of thsir resnective roajs . Here they would 

be mad e un for outbou~d trains to be d i spatq~ed :re~ these 

various ·'Joints . Tc.e cl e pa.rtures from Walsh Ya ::-d ,·rould a ll 

t~er efcra be in sol i d ~l oc~s upon which no train order wor k 

had been per f o r !!~ed, thus simpli fyin5 the design requirements. 

In ord er to reduce the classificat i on work a nd trB.ck-

ase requirE:·'.:le::1ts of :,:, ls. n. 2B, in ulan 2C all cars for 3. _parti-

cular road ~.rould be sent to t he Jard of t he.t road in 2. bl ocl~ 

rc1.ther t han d iff E: re~-:t: -:.t s d into two g roups 2.s in. 2E. w~en 

r s c e ived by t he road , further c ! ~ssificat ion and train make 

1 1·-; 1·i0u! d be -~sr:tor-·r'.Ed :::. s necessa ry . This nlan 1~ff ers fro~ 
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p l an one only in the resuect t ha t road tra ins s ~all ooerate 

into Th is diminished the number of transfer run s 

required . 

PL:i.n 21 ·-r:~1JJ_cJ li:r:i t the .e.rr lv::>.l of road trains int,.:: 

:,,fa lsh Yard to those which are not require c.~ t o c r oss t h e river 

f r om t he west . Li~e ~~~~ 2C thi~ plan is desi gned t o reduce 
1 3 

the pressur es of v .:> lume upon \1a.lsh Yard . 

The above plans presumed the necessity of build i n3 a 

l a r ,.3e huinp yard . The avoidance of yard c onstr uction was also 

consid ered . I'he u se of the TRRA as an intermediary in .t rc,ns­

f e r activity coul d be d i £ ini shed , if, in i ts p lB.ce , d irect 

tra nsfe r runs would be i na.u:51JrB.te-d "between me:-!lber lines for 

the princi "'.:)al· valu ~::1 es of traffic. The d irect transfer tech­

nique would ma ke St. Lo~is analogous . to Chi cago i~ its oper-

a tino; pa.t tern . I t was expected , howe ver, that t he t otal n 11r~-

ber o f t r ~nsfer ~uns woul d actuall y i ncr ease , t:3e ther Ni th 

avE"r2.5e cletenticn t: "e an. j t o ta.l s~::c:iense . Tl,;_ s nle.n t·.;a.s 

therefo~e r ejectecl at t~~ o utset. 

The V.3.ri c tj_ c s of p l9.n t,w re~Jre sent 3..:1. atte,r::pt to 

consoli~ate all clessifica tion work i nto a single efficie nt 

yar d . Plan 2A was rejected as ·it would requi r e too l ar8e an 

i!lst.si.llation . A yard· of at l east fo "t.J r hundred classificati on 
.. 

tracks woul d be needed . The class t r ~c~s , the c o~rn ittee con-

e luded, woulj heve to b e 3 rou~ed into thr ee nart s each filled 

b y a hu:r.p t echnique . ,_:;-9.y•s •.-roul d 50 over e~.ch hu.:-i,p in success-

i on . Es,8}1 :u . .:::) ~ ns o-o e l"S. ti on Hould f ur t~1er refi::1e t he classi -
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cars .standing car;o.ci ty and cost in e:i:cess of si::t:r 11illion 
14 

Plans 2B, 2C a nd 2D are seccessive reductions in 

the function of Wa.lsh Yard to m:1.t eh the physical capc"I.Ci t? of 

a sin3l e me.ja r frej_ ~:1.t yard , using conventional humpi ng tech-

niq_ues . Pla n 2D we.s considered p:~ysi cally feasible . It was 

r esarded a. s a n o:9tio .. 1a l a dditi on to plan one to be considered 

f ur ther at some latte r date . The r eturn on. the marginal i n -

10 5 

15 
ves t ment wc~lJ ~av e been greater than that on plan one alone . 

The TRRA decided howeve r that a. consolidated transfer ya?'d 

(p l an one) ~~s~e~ted a sufficiency of p~obl e2s at that immed-

iate t i me . 

C: DESCRIPTION A~D LIMI TATIONS 
o;;i i i~\~3rt YARD 

The Terminal :Moderni zation Cammi ttee select ed plan 

one as the only method of oper~tion suitable to the St . Loui s 

t e r minal p r cbl s!'2 . Any othe r plan , it ~-r.~!.S felt , \·rould req ulre 

a y1r~ beyond a 9r~ctical size and of prohi bitive co~struc -

tion costs . ~,.ad.ison ~ Illinois W'.:'.s chosen ?.s t he site for 

tt.is yar d . Two squar e ~ile s of a ~e 3 were to be occuoied by 

2 16 mi l es of y~~d ru~nin3 tr~ck . 
16 

The stand i n~ c~pacity of 

thi s yard was 17 , 9~0 cars . It should be noted t~~~ this 

yard desi tn wou:ic1 m-'.3.1.rn Walsh Ya·rd the le.1~.;est i~ the \-rorld . 

No other_facili ty even approaches this yard in its overall 

dimens i ons . A map of this propo sed yard is given on pa;e 104. 

I t s~ould be noted that this facility, l i~s so many 

other :-iu'1lp .:,.3.r :ls , is di vid ed i:1.to s ~Jecia.li zeu s·1c- s ecti ons . 

however , no departure ya rd per se in thi s Jesi 3n . 
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ification bowl to the ya rds o f receiving railroad s. These-
I 

quence of yard inz s r e ceived by a car is: firs t , receiving 

y~r d ; second , classificat i on yard no . 1; and third , classifi ­

cation y:J.rd no . 2. From the recei vine; yar cl of sixteen tra c !rn 

width, cars. a re hu_riroed into a _:pri:'iw,ry classifi s~·.t i on :'::-.::." 1 of 

t 1.·r.enty- two trac~:: s . A s i n .2;le h1..rn~, lead feeds this class yard . 

In order to perf or!TI th;s des ired number of classif5. c::-.-'.: i :. -r1s , 

however , a dd i tional classification work is to be uerfor mAd 

upon the cars waiting in the pri mary class yar d . From each 

primary class ya rd are extended two h ump lead s . Ea.ch le.e.c1 

feed s a d iffe r ent seg~ e nt of the secondary class yard. The 

f irst classification yard therefore acts as t he receiving 

·yard to the second. In a ddition the r e are two such s equences 

of yard s placed parallel to one another . 'l'hus there are two 

receivin3 y~rds, t w8 yri mar y clas s yar d s and four s econdar y 

class ye.rds in 2.11. E2.c h c J.e.s s ya.r d i s fed by a hump l ead . 

It \·,?.s n o t ed t hat the l imi tat i ons of ya!'d d e s i gn r e -

s t r i c ted the f unc t i on of •fia.lsh Y.?. r ':! t o e 'l9.t of a centra.l 

tra nsfe r st~•.t i on. (-')1 .-~.n oae) . l'he vo h r:,1e co~J.d it i ens o f .tti i s 

t er'.:': i nal ,~i::cessit·=>.te-.'l :::. ~U':'J f G;-' :::1 tec~1ni c_ue . Altncu0h t·1.i s 

1 ()7 

t echnic,l1e is r e5ard e c1- as su:::ie~"i or , the char a cteristics of t h is 

techni que are r e sponsib le for t h e limited fun~ti cn of Walsh 

Ya.r d . To perform the required classifi ca ti ans for this lim­

ited function, six ac t ive humDs 1.-rere neces s i t a ted . The se 

we r s n eeded to h 3.n::1le the requi s i ,.- e v o l u'ile in p ea l<: p e!'i od s 

a nd avoid tindue c on g e s ti o~ . 

o:: ... the 11um1; l e9.d. to absorb tra~fi c i s a 

f unct i on 2 ~ t ~s c~~ tTlh ~ Os. s i c 
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p r em ~se of the ~al n o f the T~C ~ms that t~e ~u39ing r ate could 

not exceed f our miles an hour. This performance was r egarE1 ed 

as exceptionally high and attai nable only under the most ton-

trolled conditi ons. 1'hi s required t ha. t the :nost li:ni ted 

amount of classifj_ cation would be perfor :ned , i . e . , the length 

of cuts would be l ong . irfalsh Yard WD, s to be o:;iere.ted at t h i s 

four mile a.n hour humping s pE:ed i nto the pri:;1a~y cla,ssific2.tion 

yard . The f unct i on of this yard was to establish the :prelim-

inary conditions essen t i a l t o f urther classificati on work . 

The speed req_-uired a t t!'lis hi.mp ws.s felt to be incompatible 

with t h e desired nu~~~r of classifications. ·rhe secon:J.s.ry 

cla~s yar ds were t o t ot a l 132 class -tracks. '£he secon,Jary 

class yar d feed , usins f o_ur hump leads, would r equi r e more 

conventional hun:pin3 s peeds of t wo mi l e s an hour. As t he 

sT.)eed i s h.al ved in r e la.ti on to the pri ~:J.ry hump , the munber 

of h umn l s a:!s is n ecessa.rily doubled , for t hs saEe c.s.pacit)' . 

'Ine ::_:)r irnary yard sorts cars into g r ouvs associs::ed •..ri th one 

of t he seco,,j:.c:· .r yard hur.1p les.ds . Unless such ass i _: nment is 

· mad e i n thE ~~-~.nary yar d it will te necess~ry to s et u9 con-

flict,_·:1~ r c _1 ts::. fr c:-.1 he hump lead s of the secondary :raY'd . By 

f e ed ing a -grou"9 of ss~ (',ri·" •-:_..,...y cl3.ss tr.::.c~-::s e~~clus .:. vs l y f r orn 

one C!.t.E:p l i:: 3.d , thi s ~Jr oblem of conflicts can be a v:-ided and 

the highest p ractical humping speed maintained . 

This yard , therefore, consists of t wo receivi ng yards 

and six class yar ds . The critical element i n forming this 

g i ~nt y~rd ~att ern is ' I -c,n.e presup~osed inco~patibility o f 

h um~i~ : s~~s~~ with t he cauacity t o classify o~to ~a~J trac~s . 

!tis t he s a~e 11~ ~t ~tic~ t ~~t ~e exsninsd i~ C~~~~:r Four. 

1C8 
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comiilOn to all hump ya.r d d esigns toda.y . An 9.tte:!!:7t to · pre:99,re 

preclassified eroup in~s for the receiving railroads is seen 

in the size of the secondary class yard . One hundre1 t~irty­

two tr.~c :rn are provided from wh ich to r oute - cars .to t hirty- nine 

?rinci ple yards . This allows an ~ver~;e of 3 ,38 b l ocks to be 

assemb l ed for each receiving yar d . This n 'n1be r is s ufficient 

for the mos t s~celeton preclassification. I t is scarcely 

enoue;h to meet the overall need s of the rec:eiving railroa,as ·. 

Furt ~1e r cla.ssificati on work will '.'lave to be :perf ormed by the 

receivin3 railroad prior to econ omic r oad haula8e . 

I ndividual r a ilroads would receive cars f r om ;·/alsh 

Yard i n transfer r uns . These runs woul d repr esent a maj'o r 

cost of operation but would still be far below t h e cost of the 

transf er pattern now existent . 

.!) : ~\N ALTER~Tl\.'l'E YARD PRO? OSAL 

The ca:oi tal cost of the ph2tsi cB,l p l ant prO)')S€·d by t':1.e 

T?-!G we.s forty- f'i ve millisn dollars . Thi s c~st is a fu~cti on 

of the s~eer b~l~ of i~ s 1 esi3n . This bulj , in turn , is a 

functi on 0f the n eed t o ':1a7e the capacity to ~bs orb cars at 

-;;22,'.: re.tes ,:; f 1C'CC per hour e.nd succeed in per:t'or11ing ,::i. :-,10.::. -

icum of classificati on . 

Capacity has two d imensions - s ize and vel oci ty . By 

breaking the limitations on velocity we are i n a position to 

trim the bulky dirnensicns and· ca!)i ta.l cost of the ya.r::1 . Fo r 

t~--!':...,t: c::mdi tio~s h1.PI!n s-oeeo. s will have to be doubled , fro:il the 

The result, as will be 

1C9 
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I t is a l so possi ble to exp~nd t he function of t he yard to 

those described in o l ~n 2A . This plan , it will be r eme~bered , 

is for the yard to uerfor m the total classification work o f 

t :1.e St. Lo ui s termi nal district . 

The design suited to plan 2A out~ut , us i ng h i g h -~peed 

feed techniques, is a hu~n yar d o f thr ee leads on two hump 

crests. Each crest is associ;_;,ted 1:d th one st~1~e of Lie t ,.,ro 

stages of activity , classification and train cr~ation . These 

sta3es , e scri bed in Chapter' Four , pages 84 to 85_, are i n se ­

quence as f ollows : 

1. Re ceiving ya r d . 

2. Primar y hu!Iip yard, classi f ying by t r ain · ~e:nbership 

criteria. Thi s yar·a is t c1e receivinc yard of stage t wo . 

l en2;:t h. 

3 . The second stage huinp and ·clas s :tracks of s hor .t 

Thi s ICS section- g r id is specifically designe6 to 

create t~e tr2in order desi r ed iri train outout . •rwo s:..1ch 

3:rLls a,nd hum-p l ead s B.re nee1:1ed to :na:.-:e this sta.s1= of suffi ­

cient ca~Ecity to h~ndle the pea~ o~tput .desi r ed . 

4 . Deuartur e trac~s, fud by r emote control l ej motive 

p,:,;_.;e !' f r om the sec ond s t -3.3e class t r ac '~s . Here f i n:=tl t r a in 

assemol 9.2:S , courili n'3 and test in6 of air b1"ikes is perfo r '::s-::1 

p ri or to haul age by the road loco~ctive . 

I n order to more c l o s ely examine the characteristics 

of a h i ~h vel oci ty yar d , let us outline each yar<;l segment in 

crE:s,tsr :::et 0 .il . 

~he recei ving yard mus t be of suffici ent capacity to 

absor b trai ns as ~l~v~2~2J to it wit~cut ca~gestion. ~~e 

t l-:. i s y:J.rcl 

1 10 
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TABLE 1 2 

Peak Tr ain a nd Car Ar r ivals - St . Louis 

Dura t i on o f 
peak i n hour s 

2 
3 
4 
6 

Nu,11be r of 
tra i n 
a.rri vals 

35 
70 
90 

1C7 
136 

Averat5e 
tra i n s 
·:Je r hv'.Jl.., 

35 
35 
3G 
27 

Av6r a5e nu~be r o f 
car s arr iving pe r 
':_ o ·::'."' '-i: 30 9e r t r a i n 

10 50 
10 50 

9 0 0 
Boo 
690 

Source : Compi led a nd der ived f r om New Ya r d Fe.cii i tie s Pr e ­
p osed to E.'xnedi t e Frei i7.ht i,Iov i=r:1 ent , Re·,:,c r t of Te r minal I'fod ­
erniza ti on bom~itte e , fe r ~ i nal Rai lroad As s ocia ti on of St~ 
Lo~Ji s , St . Lo:..1i s , A:ar i J_ 3 , 1957 . ... 

Recei vi n8 yard wor:<:: include·s t he r emoval o f bral1.:e 

air pr es s ur e a nd the i n specti on of a ll car s . The s t andard 

t ime a.llovrna c e f or thi s wor k i s orie mi nc.1':e p':: r car . A work 

f orce of sixt e en men c oul d perfor m i nspe ction on 960 cars in 

one hour . As t t i s is the antic i )B ted pea~ loa~ such~ Nor k 

fo r ce ·,;ril l be a-J.ec~ua t s . ·rra.c~;: s:pace wi 11 have t c be p r ovided 

f or trains of f r om · 15c to 1C car l e n3th . Average tra i n l ength 

i s thirty car s . ~ i xteen t r ac~s of 6 , 6cc foo t l en3t h wi l l 

·:,::r ov icle ca ;'J,'3.ci ty for 2 , l+OC ca.rs . Thl s i s 2 . 3 ti".-:-e s t he hourly 

pe;,.t , &, 8'1.fe ·l oe.d. f .,;,,ctor . - TQr e e a'.:!di t i or..3. l tr:::. c_:.;. s a r e t o be 

p r ovided as runni n g t r a ck s throu~h t he receiving yard , making 

nineteen in a ll. Short t r ain s may :p'..ll l into t he receiving 

t r a c~s behi nd t he p rece~i ng t r~i n . An escape r out e f or t he 

l o6omotive i s pr ovid ed by the se r unni ng tra ck s , l ocated be-

t ween lJairs o f recei vi :16 tr':l.r:: ': s and cc:.n:: led to t her;1 eve r y 

l e ~3ths by crossovers . 

1 1 1 
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The primary cla s sifi cation yard must handle ten thou-

S9.nd c2.rs a dD.y . By de si. g n.ing this yard f o r a sta nding ca.pa -

city of six thousand cars 1;1e commi t t ourselves to a -limit 

upon detenti on of the a verase car of 14 . 4 ~ ours in t ~e St . 

Louis 3atew3,y . The primary Walsh Yard hel d onl y 3 , 84-o cars , 

but no a cc umul ation peri od w~s reouired for the s e cars . They 

c ould be shoved to the hump as soon as they were r eady, with­

out wai ting for the a rrival o f any com·olete train. ·rh.e pri ­

mary hump must be used to classify ca.rs by train mecnbership 

criteria . ·rhe number of trains to be asse!Ilbled in tb.i s yard 

:::.t a.ny one time determines the number of class tr.si. c k s requi r ed . 

Outbound tra i ns must be as sembl ed f o r nineteen r ailr oa;:1s 0.:1.d 

t wenty-eight routes. If one loca l and. one t.hroue;h train were 

a.ssigned e3.ch r oute, f ifty - six class tr3. ck s Tt1<;JUld _be necessi-

tated . It i;ri 11 be p refe r able however to use a maxi mum 1·rid th 

yard of approximately seventy- two trac~s. Trsc~ lensth will 

v~ry fr om t ~irty to 150 cars. ihe speci~ic sh~p e of the y~r ~ 

is not r e levant to t his ~nal ysis . 

From the f &rther end of the p ri:_-;,.'.l.ry cl&ss ya. r d , ladder 

tr2.c~rn l'.i:Ust focus dO\·m to1;mr d two hurilp lea.cl. s . E3. c~~ lE3.d must 

fe ed to a s e c ondary class yard . Trai ns s orted over these 

hu□p s a r e fed into an ! CS grid by b l oc~ membershi~ us i :1.g a 

fi f teen track Erid of twenty ca r lengths. By so doin e; , ·we 

ca.n create the high internal train o r der conditi ons so ,J esire­

a ble i n yo.rd out:r:i;,it. Vo l uoe condi ti c r1- s in t he St. Louis Ter­

mi n3. l necesoi t a te rapid emptying of the ICS ,,ri d . ~-.. .-!D:_Jin.g to 
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the s r i d is being em~tied . I n or der to mi nimize i dl e humy 

ti~e a nd pe r mit ~i6hc r utilization, the g r id must be e~~tied 

in one unifor!TI move ::,y 2.utom2.tic l-,ower units . 'rhi s move must 

begin upon c ompletion of humpin6 • Ea .ch class track of the 

grid must have its ca rs propelled forw~r~ simult~~eo~~l y with 

the others . E□~Jtyi ng time wi 11 then eo U.'.?.l the tirl!e to clea~ '?. 

s i ngl e track and not the sUI!l of times for a ll tracks. 

The encl of the 3rid pattern is marked by the presence 

of i nert r etarders which stou cars rolling from the s econdary 

hump . The simultaneous cle~ring ~ove is to a simi l ar set of 

tracks beyond the i nert r eta r dsrs . This ~eve can be co~pletA0 

within. one minute thereby nenni tti n g hurrrpin6 of a following 

trai n al~ost i2~sdiatel y. During the p eriod of humoing to 

the ICS 5rid , rnoti ve powe r units ~ill shove b l octs of ca rs from 

the adv~nc e 3r id (beyon~ the inert retarder s ) to the Jenarture 

yard in pro~er sequence to an assi3~ed tr~c~ . =i'ne job of 

tra in creatj_on Hill t '.1.e~1 have b5en CO!TI".)leted . 

T'.'.le tEch,1j_ c:ue of sir.iul ta.neoc2sly sho·ri n:; C:J.rs fror.1 t~1e 

ICS .;ri ::i to ::i,:.1 a ,:Jv,?.nce ,:_; rid is necess i t~ tF':6 by the e:-:trE~.2e 

vclume conditions w~ich ca ll for t~e assemblaBe of thi~~J 

trains pe r ho ur ic~ins pee~ nericjs , To handle t his VQl ~~e 

t wo seconda.i.''Y hur.:rrJs and e;ri d s are needed . 

Departur e ya. rd ca1J.3.ci ty is dictated by peak out put 

and the time needed to 9re~Jare -'='· train :orJ.ot t o depart 1Jre . 

One hour is sufficient to p ~mµ bra~e ai r into an ave~~:2 ~sn:th 

t rain , t es t and de~~rt . 1':1e one :10 :.:,r d Ur ':'. i: j_ ~n '!Je.s.k 1 oa.:i 1·ri 11 , 

therefore, determine trac~ ca~~c~ty needs . A 30C•C c ·>.r 

1 1 3 
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safety fo.cto r fo r emere;encies. 

E : TH~ ECOrJOi-HCS OF T;-J:E ST . LOUI S 
YARD PROPOSALS 

The s i5nificance of the yard pro~osals revi e wed here 

li es i n their ability to 3ive an economic r etur n upon t he 

investment required . These costs are fort y - fi ve mi l li on 

doll a r s for Walsh Yard and 4c . l.J- r'.1illicn doll2.rs f or the I CS 

d e s i 3n . I n the s t ri ctest sense , the two designs are non-

compa.re,ble . The functions underte,\:en by the I CS desi~n were 

fa r more extensive than those of Walsh Yard . Whereas '.;fals'2 

was a c ent ral transfer :::,o i nt , t~1e ICS desi:; n 1.rnuld re ,-:,:::1. ce the 

outly i ng yards o f member railroad s i n thei r 0~tirety . T-'­
.:.. l., 

would perfr om the o:oe r ati ons of plan 2A o-f' t ::e ·r r-rc stt1:::2r , 

whi ch the T:W f ound beyond the c,3.ync~-t:r of ::_Jl'"'8 S6llt design. 

The salva~e values deve loped by these designs are 

quite diff erent , ~ s o . T~1e 

mill i on dol l ~r credit from ~s ·:r f t .Ci l it i o;.-;:-. 8 

c ould be retired with it s creo::-,t::.on . Tile ICS der-;i ~~t.1 tiC")J-:l 

~Jerr..1 it retirsment of ns.n~r ya.r .:1 s in '.-i~:ols .:.n ' u.9.rt . :,Tc- :r. -.re 

hov1sver , B.s these ~1.::.rc'! s ,.-,oul o ce p;:1. rtiAll y ut~2. i:::. c-:::1 8. ,s i :1.rlus-

try yard s a nd storage pointsfor empty equi ument . 'i'ne a8 G 1-.m t 

of salve.s e from t 1.':.e abandoned syste:1 under this p'1an is un-

k no'.•m . The capital cos ts ~iven a bove t ~erefore exclude t~is 

2.rnount . 

The investr,snt required by r,.,fa, l DD Y9.Y'd is li ste~1. i ·:1. 

Table es~i~ates fo~ t h e ICS ,},=, s1' ,:-·., ._, ;,,e . ~ :_::: l L '-•-



TABLE 13 
PART V[ 

-·- ESTIMATED COST OF WALSH YARD 

c;i~ i.nee nng 
pr;pe rty ( l 200 acres of land & 

improvements@ $2500 per acre) 
Gradi n g (2 , 625 , 000 cu. yds. @$1 . 50 per yd.) 
Drain age 

Trackage 
New 115H rail, 130 , 000 L. F. @$13.50 
SH IOOH rail, J, 008, 000 L. F. @ 9- 00 
Crossovers - 48@ $ 660 0 - Ne w ) 
Tu :. no u ts - 4 7 8 @ $ 3 3 0 0 - New) 

Automatic c ar r eta rd er system 

Interlocking & double track CTC from 
-= Merchants Bridge to Valley Jct., v ia 

''Illinois Transfe r R.R. ", and from 
~ "0" Tower, E. S t . Louis to "CP" Jct. 

and Walsh Ya rd 

4 
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,\ir co mpressor s , including building 
Air , water and sewer lines and fire 

protection 
fl ood lighting 

Co mmunication s , including paging and 
taik back, radio equipped yard 
locomotives and T. V. for c he cking 
inboun d c ars 

Pneumatic tubes 

Ice plant & icing machines 

8uildi ngs: 
Main Yard Offi ce 

Yardmasters tower 
Retard~ r towers (6) 
Locker & washro·om fac ilitie ~ (2) 
Outside ya r d clerks (4 locations) 
Cafeteria 
Car inspectors bui ld ings &c s ection houses 

Tr ack scales (2@$100, 000) 

Total c arri e d forward 

- ' - J-r -

$ 800,000 

$1,755 , 000 
9,072,000 

1, 895 , 000 

3 , 000,000 
3,938,000 

4 00,000 

12,722,000 

8 , 500 , 000 

2 , 750 , 000 

150 , 000 

500,000 
500 , 000 

285,000 

160,000 

l. 825 , 000 

500 , 000 
50 , 000 

12.0 , 000 
175 , 000 
40 , 000 

250,000 
75 , 000 

200,00 0 

$36, 9-10 , 000 
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Total brought forward 

Car repair facilities: 
Car shed 

TABLE 13 
c ontinue d 

Paving & jacking pads &r platforms 
Machine tools, etc. 
Buildings - of£ice &r locker' room 

Fower trat1stnission lines 

Diesel enginehouse facilities 

Storeroom 

Highway grade separations 

Access and relo c ation of roadways 

Relocate Alton & Southern Rail way 

Parking areas for employees 

lncidentals & contingencies 

Less salvage value and income tax 
saving on write -off to Operating 
Expenses for abandoned trackage * 

Estimated net cost of project 

$36 ,940,000 

100,000 
200,000 

60,000 
50,000 

200,000 

2,500,000 

350,000 

3,000,000 

350,000 

250,000 

75 , 000 

1,000,000 

$45,075,000 

1,000,000 

$44,075,000 

* Does not include value of 10 or more T RRA 1,000 h. p. switch 
engines which can be released upon completion of this improve -
mentor similar recovery of property value• by other carriers 
benefited by Walsh Yard . 

Saint Louis, Missouri 
April 2, 1957 
Source : Repor t of the Ter'Tl i :13. l :'.oderniz-:t-t:ion Cor:->,':it-t:ee, Termi na l 

Rail r oad Associat ion of St . Louts, New Ya,,rd ::<'ac:lliti es 
Pro~1csed to Expe~ i

3
\e_Frei3ht ~;!o ve'J~ ;_1~ . St . l :..;:5, A":~:.1,19::7 , 
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of those costs is ~ade only where relevant to the issues 

unde r a n31Jsis . 7he revi sed investment for ~he res desi i n 

yard is l isted in ·raole 11~. Ho attemnt has been m2.:le to up­

d~te these costs fro~ 1956 levels as t~ei r si~nificance lies 

in B- comparison wit~ the '\'lalsh desig:n an::i n ot L1 their abso;.._ 

J.ute dollar values . 

The econo-;: i c i 2 <?ue u:1der c o·.1-side::·e.ti o".l is '='· " ~onosi ­

tion that an incr~ase o f velocity _of !'!lovement thrc :..1-::;~1. a yard 

is accompanied by a decrease in capital r equire~en~s for the 

f acility . 'I'he ca pacity of the yard is established at the 

hump , a ·s well as the standing C-9.pacity of the class tracks . 

rhe c oraparison ~iven i n this chapter demonstrate s a reduction 

in capital costs in spite of the expansion of the funct ions 

that the yard was to perform . Had the incremental cost of the 

new functions been excJ.c1ded the de!Tionstr-3.tion woul d have been 

mor e conclusive . So,·reve1" , v,e ·.-,o;-1ld not ti1.en have demonstra.ted, 

throu5h the St . Louis :9ro"blem , the v:'!.l ue of the IOS .:;rid under 

vol u:J1e conditions .. It is to this issue t~~2.t we ~D ·.,; t;J.r:.: . 

·rhe v2. lue of t2e res g ric. L,. r:t ? . .:_:e two o:f t::·? yard 

is revee. l ed onl y i ndi1~ectly . A r ai hra7 syste::1 is ~:!. 6 :"lly 

interrelated in its parts. I ~ would be desireable to ~e~on-

sti"ate this i~terrel.:::.tion oy s~.._o~·,in;; o. 1~ 2-:. '--! ction of ter:-:1Lw.l 

costs at one location in a s ystem cons equent to an increase 

of work a nd costs at another location. The liriJ>:.2.ge between 

yards in the system lies in the cost- reducing inputs given 

one yar d by another . •rhi s in:;,·..1t is the i ntern:tl train order 

of its car sequence . 

The St. Louis t,eri:li ns.l is Oi.:l:· ·::~.;'."'t ::if c . r ?.ihray 

117 
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TABLE 14 

ESTINi'i. TED OOSI' OF I CS 0:2::SI·3-N ?OR WALSI-: YARD ( Plan 2A) 

Co sts Adjusted from Walsh Yard Estimates 

Enr•1·1,eer1··1~ ( ·1,-. •··e 1) .:..-J C ., 1~ (\JU 

Property (note 2) 

Grad i ng (note 2) 

Trackage (note 3) 
New 11 5# rail , 130 , COO feet, @$ 13. 50 
SH 100# r ai l, 587,400 feet , @ b9 . 00 
Crossovers - 48 @ $6600 - new 
Turnouts - 478 @.$3300 - new 

Automatic car retarder system (note L~) 

Interl ocking c ontrols and junctions , C:'l'C O'" 
connectin3 lines (no te 5) 

Track Scal es ( 1 @ 3190 , 000 ; note 6 ) 

Car repair faci l i t ies (note 7) 

Car s h ed 
Paving & j a c~~1 n.; -:;9.ds & -olatfo r ni s 
:.:a chine tools e tc . 
Build.i n:3:s , office 3.r1d l oc '.c:e r roOEis 

Cther i te:ns , not included above , s:.:-.IJe 2.s '.;alsr:. 
e sth,1a te . 

Es t i m~t ed cost of y~ rd 

Notes fo r Table 14 on next pase. 

$ 2,400 , 000 

2 , 227 , 500 

2, 923 , 600 

1, 755 , 0CO 
5 , 286 , 600 

316 , 800 
1,577 , 400 

4 , 250 , 000 

5,500,000 

100 , 000 

300 , 000 
6oc , ooo 
18G , 000 
150 , COO 

l27 666 -100 .. ' ' .-
12,755 ,000 

$40 , 421, 900 

1 18 



Notes to ·rabl e 14 

1. Walsh estima te tripled due t o a.1 -=i i tional en~i neerin3 
work r-eq_uired . 

2. E3.sed upon relat i ve standing C9.:pac i ty of the t Ho yards . 
13 , 350 ~ 17 , 980 = 74. 25% 
Property - 1, 200 acre s x 74 . 25; = 69 1 acr~s @ J 2500 
Gr-adin3 - 2,625 ,000 cu . ye.rd s x 7L~. 255; ;g ~ 1. 50 · 

:; . sn t.rs.clc3..3e requi r ements: 

1 19 

Yard No . of ·Track · Car Fee t of 
Tracks length Capac i ty Track 

Recei vi ng 16 150 cars 2 , 400 105 , 600 
Runni n3 tra cks 3 150 45c 19,800 

Cl ass Yard #1 72 30 -1 50 6 , 000 264 , ooo 
II 11 #2 15 · (2) 20 (2) 1 , 200 52 , 800 

Depar ture 30 20-1 50 3 ,000 132 , COO 
Car Repair 10 30 -oo - ~ 13 , 200 

Totals 13 , 350 58'?: , 400 

4. The use of three humps and associated control equi ument 
rather than six requires onl y 50~°t of Walsh estimates . 

5 . Item doubled to allow for ~xtended CTC and interlocking 
controls on sever a l r outes from departure end of yard . 

6 . One ~u~p r ~t~er t~an t wo to be fitted wi th scale. 

7 . Ce..r r eua i r f2.cilitie 3 e~:;-c>. '.1-.'ler:i, costs tri ·-::led . 

~----- ----
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system. Output to t he o t~e~ JQ rds will r educe bosts at other 

locations . 1he theory of yar1 interre lations coherently demon -

stra tes this . ~piric-?.l evis.et1ce is 3 iven i n the n r 3.ctic e o f 

maintracki ng which the railways accept a.s essential to 

economic operation. 

As the :=:e two ya.rd s , erfo r:1 v2.st ly :1. iff8rent :'unctions , 

their e st:l.Gated oper9.tins costs a re e ven less cor,rp-?.:.."-'..1.ble t han 

data of investment . The Wa.lsh Yard coul d perf orm no class­

i fi cation upon O'..l.tbound :."'03.d trains. It merel y pre"9ared 'trai ns 

for transfer runs to other yards where this work mi ght ~e 

done . ·rhe opel""?.ting se.vir2,3s antic i -pated from Walsh Yard are 

given in Table 15. These savin~s are estimated to accrue 

within the St . Loui s a r ea a l one . Co~parabl e saving s data f r om 

the ICS design yard would have to include saving s from three 

sources . 'I'he fi r s t •,-roul d oe the e limi nation of c l assification 

at ,..~1a:ny ye. r d s in St.. Louis. These sB.vin:~s ~-,01-1ld e.ccrue from 

the consolidation of ieo~raDhically disJersed yard~ into a 

sin~le yard operation cf specialized desi5~ . G2cond , is ~he 

e limination of y0.ra. ·.rork at l oc2.tions ·oto.Gr than St . Loui s 

due to the increased tr~in order inputs to those yards . Thi rd , 

t:iere are tho s e costs re--:iuc zd by mor e efficient train o·oer ­

ation of t1··::?.ins created in the ISS desir91 yard . A local m·ri tch 

ru_n , for exam:ple , whose cars are i n perfe ct s e_quen.ce , can 

perf orm mo r e work per switch eng i ne hour since it is not 

delayed by the neces s ity of properl y s equenci ng its cars . 

The expanded function of ~·!?.lsh Y8.rd in ~::.e ICS design 

proposal will e ·.1~·1?.nce t~1e sa. vi:i-.,:s po sci ble u".'lder the Tr.IC ' s 



T~\.B!...,E 1 5 
PART VII 

ESTIMATED EFFEC T OF WALSH YARD IN REDUCING A N NUAL 
.:=;: oPE.RATING E XPENS:tS O F ALL LINES WITHIN SAINT LOUIS GATEWAY 

f 

I 

De c reased Operating Expenses - Per Annum 

Switch Engines $7,610,000 
'{ard Masters, Yard Clerks , Car Inspectors, 

Operators and Miscellaneo us Yard Personnel 1,088, 0 00 
per diem and e quivalent daily value o f mil eage 

cars 3,026,000 
Reduced injuries to persons and freight loss 

and damage 300 , 000 

Total Estimated S avings 

Increased Operating Expense s 

Retarder Operators 
Fieldmen in Classifi c at ion Yard 
Power Requirements for Retarders, Flood 

Lighting, etc. 
Maintenance of Retarders and Associated 

Equipme nt 
Maintenance of Additional Trackage 
Estimated Depreciation o n New Facilities 
Inc reased Property Taxes 

To tal Incr e ase d Exp e nses Per Annu m 

Net Redu c t io n i n A nnual O!)e r at ing E x pens es 

Annual Re turn o n Ne t Coat o f Nev,r F a cilities 

$ 10, 80 7, 0 00 
$4-l,0 75, 000 

equals 24. 5% 

$ 155,000 
88,000 

72 , 000 

120,000 
150,000 
500,000 
132,000 

$12,024,000 

1,217,000 

$10,807, 0 0 0 

The foregoing savings are not distributed among component lines 
but approximately 40% would accrue to TRRA, 10% to other switc h­
ing lines and 50% to the road haul c arriers. 

- 36 -
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offset i;,ing costs a r e incur ~ed , ~!.O\•;ever , in crea tin5 the l:ri ;:;:.1. 

i nternal train o r der conditions we re5ard as desi r able . I'he 

extent to whi ch these increased cost s would be offset by the 

l owered unit costs of classification with i n a hi .5h v olu:ne yard 

is unknoi•m . In 2.ddition , 7. ~ _ _;:: ,:; 2-?.Vi~:3s fi-' om lm·rerec1 unit 

cos ts , even i f negative , have siEnifica~ce for us only in 

their r e lo.tio:'1 to the cost of other r:1 i l 1:ray O"'er~' tions . As 

this r e la.ti ori. ca nnot oe known at this tL:e the 1~e is little 

val ue i n purs ui ne; a comuari son of saving s , Walsh vs. res. 

Such a n analysis , it is .'.:!.nticiDate :! , wo '...1l:::l u r ovide c.~Viit i one. l 

empi r i ca l dat a to demonstra.te t ha t yar ds are i nter related in 

thei r wor ],r . ) 
The concept o f yar d i n t e r rel atio:iships is well est:?.b­

lished in r ailway t hinking . A corollary to the pr inciple of 

thePe relations~i~s i s that trains of hi~h internal order may 

.have econo:ni.c value . Such tr&ins c?~ be c r eated only an B 

The ~ri1 v~r~es f r ox t he conv~~t i o~~l 

t~e techni~ues of feeding and ec ~tyin3 ~hi ch have ~ee:1 SU8-

~~s~s~ . The short s rld p~tter~ urovid e s the eccess to i ~di -

vidual cuts necessary to build tr~ins of hi :~l J s equenced cars . 

Ey ap')lying t he res g r id to t::1.s St . Louis situation 

we have i l l ust r a t ed t he f all~cy behi nd t he v i ew that states : 

to c r eate X cl~ssifi c~tions in a yard one must have X class 

tr3. c::s . Sy f ':' sdi ne; tre. ins of randomly sequenced c :~ . .rs to a 

5r io, t1°'.e niPber of possi ble class~f :'.. .::3.":i •:-:1s bec oEJe s t he 

tr:::·.c:: ·.;:'.. ~".:'.1 t:. : <:: s t~:.e n u:nber of tr:Iins ~;'.ssin3 

122 
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through t he grid . The one to one correspondence of trackage 

a~d classificat ions is thereby bro~en . The capital requi re­

ments f or a yard designed to produce a hi gh numter o f class­

ifications no longer prevent con struction of su ch facilities, 

as was t he cas e in St . Louis . Plan 2A , rejected ~y the Ter­

mi_nal as beyond manageable sco:9e , finan,acially and physically, 

is accomplished,using the res grid , while r 6ducin3 ca~ital 

requi rements e stablished for Walsh Ye.rd. The economic power 

of this techni~ue is t her eby suggested . 

F: THE Pffi:SENT ST . LOUIS SITUATION 

The Walsh Yard would have returned 24.5.% on the invest­

ment annually . This is based upon the annual operatipg · sav~­

i ngs of all the roids affected by the plan. Some roads woul d 

r eceive a s reater return uuon th~ir share of investment than 

others . The r esponse o f the r eads to t':le prop·1a.l to build 
I, 

We.ls h Yard wa s ne<Eati ve . '11':ie p r c j e ct •,;as vast a nd exne nsJ.v-e . 

It ~·,as the valid ity of the t heory of yar d i nterrela ti ons , 

ho;.-,evs r tha t killed the plan . ·rhe railroa.d s :.>.re pr&sse.d. f or 

C3.:'..): ": -:-.1 9.:1.::: mus t invest wc1a.t they have at the greCJ.t ss t r eturn 

to t he:nselves. :.3y i nvesti~1.g X dollars i nto new yard s at the 

e;eograpnic cente r of their own syste!Ils they could gain e. hi 3h­

er return tha.n with Walsh Yard . Walsh is on the outskirts of 

the member railroad systems. An efficient. yard at this point 

c :: :~ l i:l no t effect savi ngs in the member ra.i 1'-tay systems as much 

as a n equal investment deeper ':ri thin those systems. 

:5'or e::a.nple, the New Yor~ Centrel chose to bui ld a 

IL..) 
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ne~ yard at In6ia na~olis in 1957 . Construction wa s d elayed 

until 1959. This location :provided. ta.e Central vrith a low 

cost classification facility for the entire Southern District . 

Ma.ny y&rd s are to oe reduced in importance and f uncti oning 

witi1. t b.e openin3 of the new Avon Yard. Savin~ s fr::.r.: :,ra::-d 

force reductions co1-.1ld not have been as 6rs2. t i'! ' C':.1 t l:.e s ·3,::ae 

investrr.ent if the ne~r yard hc>,d b ee1.:. on the 0 1-1 t s ~irts o f the 

system at St. Louis. 

:Sec<':_:se the co st and d ele..ys of interchange t:1rou5:--_ 

St . Louis were so onerous , the TRAA un::1ertcolr to allevi. .<.>, t e 

the situat i on in early 1960. Its method was not to build a 

new yard , as this had already been · reJected , n or d id it ex­

nlore variations in yard desi gn which would i ncree.,se t~e 

return from ··.a new faciJ.i t y . It chose to shift much of the 

classifica tion wor k in St . Louis t o outlyin~ yar ds o f t h e 

member railroa d s . I t published a ~s~ t ~ri f f f o r its inter­

cc:.?,n~e s e rvi ces . '.'i'•:ie r ee.s f c r ,,1e1~1y it c;:ie, r bed a set f e e ~)e r 

ca r f .o r i n t e r c:1an;5e haul a.2:e bet1.1e en t 1·ro IT:ee:bei.~ r o:?.c!s it e s tab-

li s hEd a vs.ria b l e r a t e per ce. r if certain c ondi ti ens ':rere ;;:e t . 

To obta.in a d e c rea sing rate per ce,r, 3. ra,i l road ·:: 1•
1 st o r e s e nt 

the terminal with a bloc~ o f p r e c l a s cifi ed ca rs of fifteen 

ca r lent~ or more . Su ch a block could move t o the rece:vi ns 
-17 

r a ilroad without switching . 

An econ oT.ic i ~centive, there f ore, h~s been provided 

to 2nco ura.::;e me:Tiber r a ilroe.:J.s to preclassifj t heir tr:.1.ins 

p r ior t o a rriva l in St . Louis f or del i v e r y tc other r a i l r oads . 
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If it chooses, the member road may do this ~ork at its St . 

Louis yard pri or to it s request t o t he t e rminal ra.i lroad to 

han,.:J.le these C9.rs in i riterchanse . T::1e Terminal Rc.i l road 

Associati on has reduced its costs by avoi1in~ switching and 

inste~d · p~rformin3 only direct transfer ha~ls between the 

· yar ds o f ms~ber roads . I t has reflect ed these s ~vi~;s in 

its new tari ff . The te~~l~al costs of me~bsr ro~~s has u:.1.-

doubtedly ·i nc r eased as they are·~perfor :!li :.1.::; more 1:rork t c-iB.n 

they d i d previousl y . As railw~y costing is inefficient in 

producing a.ccurate data for a specifi c v£.riati on in terminal 

cost s pGr ca.i-· it is '::l"'ObJ.e::1 ·-'.tic •.-rh_i::- t.h e~ o :::' not, t he r a ilros ::1s 

have d ec r eased their t otal cost by t he use of the new TRRA 

t a riff. The railroads have made extensi ve use of t h i s p l an 

and !!lust therefore either believe that t hese -total costs have 

been redu ced or t hat the increa sed speed of movement t hrough 

The :probable r es;..1lt of the pl c.n i s t'.-:.:i.t costs a re 12.r;el y 

unc~anged , whereas t~e t i me r eouired to traverse the St . Louis 
1 G .. 

t errnin&l hac been r edvced . 

The St . Lo:...1is ter:::i nsi.l p:rob l E!:l ha s been salved fop 

the present , the~efore . Yard constructi c-n W9.s rs.jsc-':-E- :: , pe.ra -

doxically perhaps , because of the va lue of a. single ye.rd to 

a system of yard s . Cc:.."'1-~or ate d i mensi ons defi ned that which 

i s a r ail~ay system, and in so doing pre7entsd eew yard c o~-

str uction at that l ocation which is most truly a turbulent 

center of our n~ti o~al raiiway system. 
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CHAPTER SIX 

C:O~fCLUSIO~:S AND REC C:::·:i:~TDATIONS 

:rhe c l assificat ion p:c0cess is based upon the belief 

that train operation is more e conomic in a63regate c ost than 

operati o n of cars s ingly. The trucking companies have pene­

trated the f or mer rail monopol y by a technique of haul a3e 

~~rtch d oe s not accept the basic r ailway p remise . 

The l ong term s ucce ss of the ra.ilwe,y industry depends 

uTion its ability to g enerate n e t revenues . Reduction i n t he 

cost of yard operations is a key factor in the necessary 

attemp t to control tota l costs . Onl y if yarrl c o sts are min­

imi zed can the industry r efl ect i n its total costs the econ­

o,nic advanta.e5es of multiple- uni t (t r a in) operati on . 'I'he 

service de f E:c ts i mT,>CScd by yard op erat i on must also 'ce sur-

mounted if the t r ucl{:ing i ndu s t ry is to be surpa sse d . 

A: CONCLUSIONS 

1 . Contro l o f y2.rd c osts must be3in with an an.SJ.lysi s 

of yar d operati on . Thi s anal ysi s finds that the apparent 

in,ut and output of t he classifi cation yard are identical. 

Only the r elationshi p of the car s to one 9.nothe r is c ha r13ed . 

~his i ntroduces us to the first concl~si on : th~t the function 

of the yard is to create order. 



~ 

2 . R..9.ndo!21 iz2d car sequences must oe or_jere::l . 

r ela. tions~~i p s are br oken u:9 by classifi c-:: t i on of co..r s . rhe 

sep;;i.re.tion of C!,.rs consti t'.rtes the first sta~e of a two . -· st.9.se 

p r ocess . The second stage is the assemblage o f cars into 

g r oups or seauence s deemed to be econo111 ca lly a rl VB.nta~eous . 

Stages one and twc corre snon~ 

a.nd e.sse:nbla.se . The second stage is performed today in the 

same manner as it was 100 years a50 . · Givsn the chan3es in 

technology , it is more than susuect as oein3 less econo~ical 

t han possible . 

3. The assembla3e of cars i nto blocks prior to trai~ 

creation oc cur s because : furthe r work would , in some cases , 

be unne·cessary and therefore uneconomic; andg i ven the exist ins 

level of t echnology f urthe r order creat i on cannot . be done 

econo~ically . The latter cuase o f bloc~in1 is ~ ~ost seri ous 

li~itation. It pre vente the fullest realiz~ti on of low cost 

tr;.in anr] t ':: r '..'.! i :1.al 0 1:erc0.t i o 11. . Bloc~i11.s of car s i s , there fa~ ~ , 

only justi f ie1 in~ mode rat e de3r ee . 

4. The yard s of a syst em are i nte r relate~ . 

internal t r ain or--:le r out,)Uts consti t 1.1te an in-:,ut ta t:ie r .: -

ceivin3 yards . \'ior k and cost mini□ iz::>.tion !llt.,;SL conside~' this 

structural interra ction. 

5. The re exists a need within the nati onal railway 

s y stem for yards o f extremely high c_a;,3.ci ty in t\'ro ~i :nensions . 

These dime ,1s ions arE:; a. i L:e capacity to absorb h i ~h v ol urnes 

of ca rs ner a~y into~ cl~s s ~fic~t icn process , a~d b) the 

a,:.ill 7. J t,o cre:=- te , s ec, :Jenee 0 1.; t D11t i S 

-51 
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highly ordered. 

B : RECOM!1IENDATI ONS 

I n reco3ni tion of the above conclusions, the follo·,.1ing 

recommBndations to the industry are in order. 

1 . Hu~np Ca:;,e.ci t y 

The car a.1: s o roti on · c a.paci ty of hump yards must be in­

creased by the use or higher humping spee ds . This may be 

accomplished by studying and utilizing the three followfng 

closure prevent i on techniques , indivi dual l y or in combination . 

a) Use flar.ige co unters rather than track circuitry 

between the hump crest and .the class t r acks to actuate 

_switching controls . This will diminish switch lock- up time 

and allow greater c lo s ure to occuI' harmlessly. 

b) Remove t he master retarder and withdre.w s ome or 

a l l .srou p retarders to the indi vid ue.l clas.s track . By so 

doing, we ca n r e d uce clo s ure ind ucin~ f ort es t o a ne3 li3 i ble 

a:nount . 

c) Use a J e vi ce t o de tect the d istan ce beyond t h e 

hump at which t wo s uccessive c~ts will s epar at~ t o t heir 

individual routes. The random rc'":t e a lternation s of s ucce ss­

ive cuts c a n thereby be used t o e.d vanta,3e. Th e p resence of 

a closur e problem can b e measured cy t h e dista nce to r out e 

separation. As the cuts travel a common route of increasingly 

3 r eat l ength they will be in increasing dan5er of closure 

effe cts. Cuts which find a free r ou t e qu i t e e ~rly i n t heir 

fre e mot i on down the hu ~p slop e are n ot in ~ ~~:~ r o f closure 



impac t s . I t is probabl e tha t this danger will n o t exi s t , 

31 ve n the r and om i nput . ·rher e fore we can hump at hi f3her speeds 

t han now a llowed . 

2 . Train Crea tion 

I n o r de r t o bre9.k t he l i mits on t r a i n or d e r o ut put 

the f ollowi n 5 should be i nvesti ~ated . 

a) The t r ad iti onal r a ti o o f c l a ss track leng th to 

ladde r t r ack length must be r e exami nej ; Short block , high 

i n t e rnal tra in order output .n ece ssita t es mor e cla s s tracks 

of short l ength . 

b) Use a n ICS ~rid in t he t r ac ~ pattern of t he c l assi ­

f icati on yard . It should be loca t ed betwe en the class yard 

and t he d e pa r ture yard. I n cas es o f quite sm~ll hump yar ds , 

it may b e the class yar d itse l f. I n l a r ger yard s t he r:s 

Br i d illay be hel d fo r occupancy be one tra in at a ti~e , t her e -

by ~::i ; -,,~_ Yi g f l e~d bi l i ty a ·.1d r educins ca.-:):_ t 3.l req.uire:-.:e·'.1.t s . 

c) Em ploy . re:not ·ely cont rolled l c co.:i ,:,ti ves t~r ou:)1out 

cla ssifi c?.t i on y2.rci. s and i n emptJ i n0 t he ICS ~rid in :.:-:-1 1~t.ic•1 -

l a r . 

The u se o f th~se t echni ques will enabl e the ca rri e~s 

t o econssi c9.lly eliminate r 3.n.J om car se quence i n t r "" j_ns '3.:'.!d 

t hus· a -:l v :1nce in t heir drive to cre?.te A. bette r tra.nsuortati on 

se rvice . 

IJU 



APPENDIX 01IE 

Track circ •-1 i t:.'."':'.,' L1. :1ump yard classificati on s witches 

is accepted as necessa ry for two reasons . First, the circuits 

i _nsure the cleara nce o f . a r ou t e befor e occupan cy by a second 

cut. Collisi ons are thereby avoided . j ~cJ~dl y , t he clear~n~e 

of a circuit at s ome m'ii tch is used as an i ndication that the 

points are read y for movement. 

The first c f these r e·1.sons f e r conven ti onal ci.rc ui try 

is doubtful. All ca.rs are moving in t:1.e sa.:ne direction dovm 

the hump . Only closure rates , if existent , Dresent any pos ­

sibility of collisi on. Hump rates are limited to the extent 

nece ssary to o.void this probl em. Therefore the conventional 

full length tra c k circuit is unneeded r·or classi·ficati on 

switches . 

Track circ 1-1its reouire c0rrsnt 

thrcush r B.ils, 'tiheel s and a xles . 'l'~,.e 1~'7:i..i9.t.i l.i ty of t:1e cir-

c ui t de~ands u9on good conta ct betwee n r a ils and w~eels . Tl1i s 

conta ct va r ies L'1. 0 1_'?.lity ·.-:it'., -.-re9.ther e.nJ track con•:3.it ions . 

Alsc , ~n e~t r emely s hort tr1c~ c ircuit would ind ica te non-

occu~ancy ~hen i t is stradd led by a lon3 car . 81,ri tC:1 !:JOV•Su1ents 

wo uld occur at e ~b3rr~2sin3 t i me s a nd derailments could r e ­

sult . · This is esp ecially t rue as frei ght c 1rs iave r e cently 

been des i~ned with l eng ths up to eighty- eight f e et. 
. ~ ' If count-

ih; circuits are ueei in c onjunction with a short track cir­

c ui t the c0Loters will f9.il to c 0u'1.t the essec1ti" l ;_,·!:. t . 

I _/ I 
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:'.)Oint . Thi s needs to be !.n101;m i n or,.:i er to :Cind t!:le moment e.t 

whi ch t he l as t wheel of a cut has · cle~red t h~ switch point . 

It i s at t his t ime t hat the poi~t is r ea1y f or movement to 

li e up a ~1.ew route . · A counter , a:pnli ed t o ?. tre.cl?'. circuit , 

c o ul d onl y c ount occupancy and non- occupancy peri ~d s . The 

n wnber o f axl es per ss would not be cou~ted . 

In ord er to provide t he requisi te· si•gnal t o t he 

s witch i ng circuits t hat t he switch poi nts a r e f r ee to ~ave 

t he following d esign i s r ecommended . 

Axle co unte r s shoul d t ake t he form of fl~n3e c0unt ers . 

The llange c ount e r shoul d be nlaced on t!:le inside head o f the 

r ails i r.ned. iate l y be0_ind t he swi t ch p cL1t , one on e -:.1.ch r a il 

lead i ng from one of t he two swi tch points . The c ~unter me ch -

anism may tak e two forms . The first woul d use a sealed mi~ro-

swi tch , o~enin~ a circ ui t as a flan3e detector.pin is nushed 

·rnl~ seco~1d is £"1.Yl in•.JLlC -

t or similar to t ~Qt o: h0t bcx detector c ontr0l ci ~a-·it r y . 

Out l en~t h is detec t e1 by a 9hot~electric cell device 

be:rond t ::~e crGst of t~e hu:::_ •. ~\.t tc1e time ti1at t '.1e li;=:,; '.:.t 1:e!:'..::, 

reset t o zero end be~i ~s t o cou a t. The .~:~le ( :i:'lJ.ilce) c o ·Jnt 

is c om~let ed f or that c~t whs~ ths li ~~t be~m is az2in Je-

tected by t i e electf onic e y e . This count _is t hen stored a nd 

sent to the compare. t or unit for each s':ri tch over wS.i ch the 

cut is to ~ove . As t he c ut ~aves Jver the switch ~u0t~2r 

~arison bet~een the two coun~s is made . ,-ff:sn the c:.unts are 
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c~itc~i~3 ci~cuits ~scuira th~t t~e ~~ints be moved, .L' 
L rJ.e 

command to do s o can then be executed . The i dentity cc□?ar-

ison does not of itself issue the command ·that the points be 

moved. A dia3ram of these informati(m fl ows is 3iven. 

It ' is doubtful that such circuitry would be a 6 reat 

deal more exnensi ve than ex:sting track circuit desisns. The 

2:reate r obsta.cle to implementing such design is the probable 

relauctance of existing sup9lie~s to undertake such a ~ajor 

change . 

If apul ied to classification switches ' it will cJns~5-

erably reduce the sep2.r2.tion r eq_uire~ents f o r successive cars 

and permit higher hump ing rates . 
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Location 

2Q.!..5Q I •• 

Beyond Hump 
Crest 

Same as Cut 
Lensth Det . 

Hlnnp To~rer 

Hump Tower 

Switch 
Locati~n A. 

:!_;'I }URE 22 

Inforraati on Flow Chart For 

Flange Counter Circuit 
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Th e I CS t r ack -patt e r n , i n i ts most ext reme fo rm, would 

a llow on e car per c l ass trac _~ . As would be anti ci:9a ted , t he 

l a nd space r equired by such a d e sign is consider abl y i n exces s 

of that fo r conventional desi gn . A cri ti cal f acto~ in this 

r e3ar d i s t t.e an;;l e of separ ation (j3) be tween the ladder and 

class tra cks . '.rhi s r e l ati on is s ho,m below in Fi8ure 23 . 

4000 

:;:co 

FIGU~E 23 

Rel~t i on of Area/ C~r ~nd Cars/?~l~i~n 
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The data ·presented in Fi8ure 23 assumed a car leng t h 

of 4 1 feet, · clea r ~~ce between c~rs of 2 feet, c~r width of 1c 

f eet over eaves and 7 f~et from ·t he cente~ · line , of the ladder 

tra c\: to the clea.rance point of a CB.r en t~1e class tra c:.r . 

The area required pe r car is (X)( Z) where : 

(W + CL)/(Sin ,S ) V -A -

L· Sin t:3 + W· Sin( 90-,8 ) + 2( Sin5p-- · J.
13.L1,9/2] 1. 

and 
z = 

Notation is presented in Figure 24 below . 

FIGURE ·24. · 

Notati on Used in Land Requirements Anal ysis 

' 
Ce e 
li ne -:rid 

M 

Clea ra.nce line 

Cente r 

Cl = Cl earance betwsen 
L = Len~th of c2. r 
1 ... = :;iici th o::' CS'..r ., 
y = ~,; + Cl 
~r = y;,.... . ;S __ 1 ;:nn 
z - r.~ + p + 2Q. -

C:?.~S 

traclr 

-- = L Sin"1 
p = ~i C~H P 
Q = Si n,8( r · 'l'a.n 1) 

Cl ea.r anee 
line · 

This method. ·is acce:;it2.ble fo r values or.JI l e s s than 

3c decrees . Above t ~is value s ome distortions are p resent in 

the data in Fi e;ure 23 . Also a t:ro ,J.bleso:~e·assu.'T!pti on is the 

valus :: c~r l en3th near 4C ~eet. New desi 3ns are COM~~nly 
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