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rreface

t is the primary purosose O tals arcicie btu aCuuasinb

those who Leave not iteesn e€xposed te tihe fascinaticn of

"wcreln,s cn thie railroad™, or those with a linited KuOw-

ledge tiiereof, with the noay and varied cperaticus con-
nected with Lallast und —allastiing.

Incluced in tiiis article is a sectiocn on the varicus
machines which are used 1i tue copersticus. lere Jossi-
ole tiie use of these maci.ines Is incluued in ti:e discus-
sion cf the .srticul=ar cueratica {or wualch the .acrine
wWas Geslgred.

Eipiiasis is fuwde <u the use i racuaiuery in all op-

rations pertcined. «itih the increuase .u vut-Tarcat cun-

peTitiin cvetween vie rain @ sticds (L Lon, uistance truns-

T P v e ox ey oy D R P T S
pervaticn and tlhe . nerewsin Ly ilrnlericr cutput im vids
inTiatlineoy=iolivenesa (60 Cu, TLllrs ceens Yl be Lo ctler
PR - o+ vy o e L ~ <4 a “r B 5 ER RS
¢rulce t..an to rresort vo ..o steady, plowainr, exacting,

L vassionnkly cavrrilae dnetrireantg of thie industieiol
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lzced wivectliy vander the

Ballast is tic naterizl ¢
TG cbvious

= o : o - . Ny~ . N oA =
ties wiich, to nost Cbservers, seoves oLy 1u
~ DRI . . S - -~ = 1. - ~ e - Fo—. s
casacity of su vorting the ties. The callast natsrial,
. - . - < WY - B - - - < A PR, T ] ~ ) - -
hcowever, can .e saia ¢ o2 %o hozet of the rceadue

even the heurt of tue railrced ) Cor o wien uzilast
cesses its functions, tiie roadvwuy sliows, iudles, stops,

grost of its Iorner self.

railroad line witlLcuwt vallast is lixke & duck with-
utiers—---11 w1ll rlownder znd strog-
ile and ¢ destructive elei.ents o1 wa-

Tter arxd rmud.
from tie use ¢t grovel

u

erive

(el

e vallast (tle nue
severel

163}

eigh® vLallast in ola siins, thle. serves

f
1)
m
%[:

Very irgortant functlons whleh ere cubtlined as roliows:+
(1.) To drain watelr avay fron tue ties; (2) to
aring Yoe the ties aud to aistrivute tle pres-

e o o5l 2 R .o~
i ik (o, to urovice

Seain T oLy Trosty (<) to suously filiine taterial
- - P S PP - ; P R T A
to Lcla tuen in plece wid asraiinst the ewd
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- S F S o T Ly o R
2 {8) B0 Lipsad e growbl of

wewla be cenplies wits if scl-

a1l of thesse inclticus wo
13 coocrete wers used iostesa of tallast, but exgerience
“«3 g proved that rigid ccucerete tiuck structures 4o not

sroviae a irm
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nosztisfactorily coa wre ol iivtle srecticzl value.

-

nerefore vz llast ray ba szid te gerifcri two

o\l

Ghiitivial
functions:? (¢) that of srcvidiiz a resilient and elas-
tic support for the tie v..d the rails, znd (7) tiat of af-
fordine a means for the elicin=ztion of capillery actiocli.
rallast clesning is closesly related to tiiese latter two
functions and a detailed cualyses cf tiem is taken up

later in tkhe discussion on tie need Ior ocallast cleaning.
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CLCICE CI LALLAS

t

Natural ballast materiels vary greatly in quality
and the choice must often be determined oy availavcility
and expedilency under the particulsr circumstances. Finan-
cial consideration may sometimes control the choice or
there mey be only one suitable material readily available .
lost of the "big"™ roads will desire a superior tallast re-
gardless of cost since they can afford to postpone the
"saving" until the future period of decreased maintenance
expenses has nade up the difference in initial cost.

among the types of ballast svailaovle are erusued
stoze, slag, and gravel for use on Class "A"™ railways
(see Appendix for Classifications) and cinders, cemesLting
gravel, chert, cihats, burned clay, gunbo, and disiunte-
grated granite for use on Class "»" and "C" railways.

The various types of neterials are defined in the
appendix at the end of the srticle.

-roken or crusihed stone is generally considered the
best material availaovle for vallast. It siould be made
frcm a hard, tough, and durable stone such as limestoue,
trap rock, or graaite. It scould ve screened in revol-
ving screens and ve free from dirt, dust, rubuvish, and
small particles. It is largely used because of the ex-
cellent drainace it aifords and its freedom from dust.
Also since it is a manufactured article end the pnrocess
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is under coatrecl, it is practical tc make the product
conform to specificatious.

.n the choice of Lallast where gravel is available,
it siould receive careful counsideration as it hss given
excellent results, expecially when properly screened,
crushed, and washed. It is usually ccmposed of hard par-
ticles worn smootl: and rcund by glacial pressure, veing
inferior to rock mainly because its rounded pebbles ao
not bind together so readily as the sharp edged stone.
Pit run gravel 1is nuch used for belilast and the amount
of dust ard sand allowed is specified oy the American
Railway Engineering Association.

Sl.g 1o reny cases furnishes a ballast nearly es
satisfactory as crushed stcune and finds exteasive use on
roads in the vicinity of furnecces gud steel mills. 'Lhe
best product is cbta:ned oy crushins as ia stoae va.last.
Creanuluted sleg, which is the flux froum tkhe furnace uvroken
down, while Lot, with a water jet, is uot desirable for
first-class roads, out a great deal of it is used for cal-
last on side tracks and rar the Tirst lift oo new track.

with regard to the Tirst 1ift end tlhie use ol suo-
Lallest, it las Leeu tound that stone vallasst when rest-
ing directly on tae subgrade wil.. oreak tie surface cf

tl.e rosd ved aund prevent the water, which readily passes
Throush the stcre, frcm craining off, with the result
tiiat mud pockets are formed arnd tie subgrade paterial

-4 -
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worx<s its way up iuto the oallast, destroying its efii-
clency. <the uce of cinders &s a suo-uallast seens ad-
ventageous, trerefcre, (especially in wet, spongy lo-
cetions) since the particles are relatively soft snd
rorous, readily siedding their water countent.

Cirders are obtaiued frox the coal ourned in locorio-
tives and, wnen used for sub-vallast, a blanket ci not
less than twelve incles is usually eflective iu pre-
veuting mud and similar rmterial frow working up into
the top-ovallast.

The use of c¢inder as wallast is further recoruernced
for such lines as follows: ou orawch liues with licht
traffic; on sidings and yard tracks near the point of
Droduction; as suov-vallast on new work where emvaukments
are seuuiiliy; w.d in loccitlons vhere there is particulsr
danger of the track heaving from frost.

Ciiats ballast, obtained frcw the tailings or waste
from the concentration of zinec, lead, and other ores, is
Ccceasicnally used for ballast with satisfactory results.
Tl.e raterial is also kncwn &s stamp send and cousists of
heavy particles of fairly unirorm size, those frcm zine
Leing somewhnat coarser than those from lead cre. <Chats
&1e regarded as in the saue classification for ballast
Section as gravel and ciuder.

burnt clay ba.last, while rankins low as bellast,
k& s peen used with success in the mein tracks of a

-5=
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nuwaber of railways througnout tihe Ilissipoi Valley and
the West.

vlean saud Las oeen used 1n South America and the
ﬂest,‘but it is s¢ light bthat it arifts reaaily cud Las
to be coverea with a layer of broken stone or suvie tyoe
of vitumincus vincer.

An exa:iple of the availaoility of thne naterial uveing
the geverning Iuctor in the chouice of vallast is fouad
in the decision reade during the revuilding cf the Loffet
Railroad in the Rocky i‘ountains of northwest Colorado.®*

zere in a 2C=-acre tract mear the middle of the line
is a forrmation of solid volcauic cinders, & ballast pit
of almost unlimited supply, wiich has vbeea cpened up to
supply the road. The vallast material was brought down
by a charge of explosive and the uvlasted cinder rock load-
ed by a 1li yard shcvel onto a portable belt conveyor dis-
charging into a jaw crusher. Anotiher belt conveyor
loads the crusher run directly intc the ballast dump cars.
It is cleimed by the Lioffat engineers that this ballast
material is the equal ot any in the world.

All things considered, the selection of a good
ballast for & Class "A"™ rozd is usually narrowed douwn to
a cnoice between crushed stone crnd gravel. Due to the
constant demand for iuncreased speeds for rolling stock
with the ccnsequent greater abuse to the track (said to
Vvary as tue sguare ol the s;eeds), most roads are

-6-
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selecting crushed stoue for bLallast because it possesses

superior qualities whici bLetter combat these abuses.
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The ballast sections illustrated in the drawing
ircluded in the pccket in the back cover are those of-
ficially adopted oy the american Railway sigineering
Association, aad uecause oI the care used to obtain the
consensus of opinicn of the best officials ol <ie coun-
try, they may be considered as the most authoritative
designs obtainable.

As in the case of rail, hLowever, road after road is
&;iving increased attention to its cross ties and vallest

section. In the latter regard, they have found that they

require not only a vetter grade of oballast but a deeper

s ection of ballast as well. &nd in at least a few cases,
wunder the excessive thrusts ol high speed passenger aund
T'reight tra.fic, roads have found it necessary to increase
T hie width of their ballast section, as well, iu order to
I>o0ld the treck in vroper alignment.

The depth of cross-secticn is vased on tests made
Showing the distrizuticn of oressure thircughout the val-
last., i‘he A. 2. E. A. has ioted particularly the exper-
irents wede in Germauy Ly wchubert to aeterunine the dis-
VX ivuibion ui iorGe wplin tue sitoorcde. Tis experinients
Siiowed thet toe most favoravle distrsioution of forces is

Q@ ccomplished vy the use of urcken stcue vallaste.e Later
izilroad, in tests nore

©xperinents ¢y the Pennsylvania =
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‘n the intrcduction, we stated a nuzuver of functicas
of the vballast uvaterial. It will now ue siown that every

7 on tle

cnie of these fuLcticns devenc Jor their efiicac

O
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sanress o waiiast.

«
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orcperty ol ¢l
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irre discussioci: will corncern cirushed stoune _iincl-
Z=21ly, vecouse taere is very littles data wvaillaule ¢n

thi= cleanins coosrutions on sravel =nd the cther nateriuals.
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cne =znd sl.o ballast, uut as tihe veaerits of cleaning

Leccre nore Jicely know, and us 16 uvsclines less rteuslole
To raise the tracx by introuccli, 2 layesr of new, clean
L= llast cver the old, tie msccecsisy wna practibilicy of
Clezning the cther tyses will iucresse.

Jre latter two iunctlioiis, tuose o resiiiency and
Caygillurity will ve cousiasrea tirst.
li.e guestion arises, "..ul is resilie.cy or elus-
Sicity as sozlied to weilast?" In general, a celinite
rTiétio exists uobtween tie wult stress or lcwa o the na-
terial and tihe suount oi defcrration cr poveredt of the

sterisl, this be

-
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P
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rciuwlus of elasticity.

{I.e stcocane suitavle [or oeozlilast hos a nmiinisun velue of

S,000,C00 1 tensiovun aid 8,70U,vuu in shear. .len a

)

larre stone is uvrchen un, ecch rotains the nodiulus off
z e

C

S ¢1 snall

[¢5]

Clusticity o the larse cne, vt waen the ra
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dieces 1s ccupactea tozether to Torm & load-carsyins el-
ezent, tlie mecaulus is quite dirferent.

The rodulus of the individual pieces is dependent
vpon the noverent of the molecules within it. oy
the sare reasonine the rodulus of the mess is dependent
upon the moverment of eacli of the small pileces ageinst
each other. The armount of the moverient depends on the
friction. In crushed stcue ballast the swount of friction
determines the load-caerrying cepacity of the vallast sec-
tion and governs the amount of ricvenient of the indiviausal
pieces. To prove this, place a weight on a pile c¢f clean
dry stone. There is a relatively srall movenent cof the
pieces and the pile will return to 1ts original shape
wken thz welgut is remcved. _f tiie pile is saturatea with
a luoricant end the welght agzin placed upcn it the meve-
reat will be ruch greatver and tue clances gre, it will
nct return to its origiunel siwmpe. Therefcore, we can state
Let the wodulus of elusticity is dependent <n the cleacn-
ness and dryness i the individual pieces or on the zmount
of luvricarnt on their surfaces. The preseunce of water und
rud is one cI the greztest enemies of gooed ballast anc acts
very much like the lubricant Jor drusiied stone. iuch of
ticis material ccrmes from the lower roadoed section by can=
illary action and unier the proper conditions clean bal-
last cen eliminate or mesterielly reduce tiis action.?

lie topic of capillarity is ecquelly iumoportant.

-11-



caplllary acticu occurs as the result of adlesion and
water tension. If two tubes of the same material, but
of different small diameters, are place in water, the
water will rise Ligher in the tube with the sraller aia-
meter. Capillarity can be tiansmitted in all directions
regardless of tke force of gravity. J{rdinarilly the
voids in stcne ballast are too large to facillitate cap-
illary action. The soil in the subgrade, hcowever, is
usually of such composition that this action will occur.

Lfgain if we were to take a woist lump of clay and
continuw patting the top of it the moisture in the clay
wculd tend to be "pumped" to the top of it. This sanwe
action takes place in the soil directly below the rail-
road ballast due to the pumping action of the wave motion
in the track structure when successive wheel loads of
the mcving trains pass over. With tlie rise of the water
is accompanied a rise in the soil so that over a period
of time the soil works its way up into the ballast.

~he presence cof dirt conipacts the ballast intoc a
solid "dead™ mess wi:.ch avhors resiliency and the fol-
lowing effects vecome evident. (a) The track line, sur-

face, and gage become very vad. 1hese concitions are so

related that they never cccur sincly, as one produc.s the
otnhers. This dead rass sometimes produces a coadition
known as & "centerbound" track, which refers to cne waere
the ballast in the center of the track vecumes nore soclidly






conpacted than that under the rails. Couseyuently, tnere
is more vearing con the rniddle of the tie than under the
ends and the surface reverses from side to side as though
the track were supported uy & ridge in the center.

“ith the preseuce of bad surface, line, and gage the
r4il will ve cuserved tc ve ueteriorating, the ties will
wear (under the tie plated; due to mecheanical (impact)
action, the trective effort recuired to rmove the tornnage
is increased with a cocnsecuent increase in the cost of
operation, paychclogical factcrs of undesiravle impres-
sicns will be leift with the patron due to the rough ride
thheredy resulting in a consecuent loss of revenue.

surthermore, weeds will thrive luxuriently for a
portion of the year, which will result either in & costly
program for ridding the ballest c¢f the weeds, or a loss
in revenue due to the rurtiier unfavoresole im_.ression left
with the patrous.e

wecd we stress further the vast importauce of nain-

tenauce of clean ballast and a good mainteuaince prcgramitlt

-13~
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General

The past World Var oeriod has probably iufluenced
the increase in the aeveloprent of all kinds of raciinery
more than any cther pseriod in our history. oSpeed and
efficiency was the constant goal. In the railroad field,
also, trhese aims were sighted. Our industrial mechine
has weakened snd bent the c¢limuing "cost curve" by pro-
ducing a steady flow of the new lsbor-saving, speed in-
ducing machanisits.

Among the number of machines conunected with ballast
work the n.ore noteworthy cnes lnclude machine adzers for
preparing the incline on the tie to receive the tie plate,
pneunatic and electric haruiers for tamping or spike driv-
ing, rail layers, spike drivins motor cars, spike pullers,
power jacks for lifting tre track, power tawpers, and
ballast cleaning machinery;7

The keco Power Rail Layer (Figure 1) is an exarnple
of a great labor saving device for a simple, yet expensive,
operation. rormerly it required about 20 to 30 ren to
remove and replsce & worn rail et the rate of one every
Lhalf hour. The crew of the Power Rail Layer ccnsists of
only fcur cr five men and yet the rails can be replaced
at the rate of at least one per minute.

The Jorden Soreader-Ditcher is a good machine fcr

-14-



Figure 1.
Meco Power Rail Layer
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final dressing of the shoulders of the roadbed and

ballast. It is a huge rwachine which is fitted with huge

metal aprons at the side which can be adjusted to conform

to predetermined slopes to cut and push the shoulders

into place.

The spike driving equipnent is high-lizhted Ly a
"pile-driver" type machine fitted to & riotor car. The
driver can te operated pneumatically or electrically.
vhere there is only cne rail in place or where the need
for driviang spikes is limited, the pneumatic hanrers are
fitted with tools for the purpose.

A Powger Jack is shown in Figure 2. It is used pri-
rmarily in the swfacing of track and ballast cleaning

operations. The latest rnachines are operated on the

h ydraulic or screw principle witii the weight of the track
S tructure being transmitted to the ballast in the crits

between the ties. The clamps with which the rails are

rasped are siiown at the side of the machine.

A lerge number of machines have veen used in the past
Toxr the purpose of cleaning or rehabilitating ballast.
Cxriginally the "umachine" consisted merely of a screen

Dlaced at the side of the track on which was shovelled

the fouled or dirty ballast. rarlier still the ballast

Wa s ghovelled out and sifted wita hend forks and forked

SAck into place. These pethods were gradually replaced

by 8 neans for the mechanical removal cof the ballast and

-16-
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‘Figure 2.
A Power Jack

-17-

o



a conveyance to the screen. .evolving -nd sihehing screeus

we'e used. abOuUt 1928 & very lurge vacuum type rachine
was tried unsatisfactorily. CJraues with clzmshell buckets
-yere sble to recove the sides snd iuters-track ballust to
nesrby screens and also replace it.

A revoluticuery mechine, cn which principle all sub-

sequent machiines have more or less been vesed, called the

mechanical "Mole" was introduced in 1826. The machine

cleans the shoulder vailast oy vurrowing into the material

and coaveyling the excavated material cack over its cuttiag

nose TO a screemn or coiitainer.
The disedvantace of all of these machines is the sane

in thet thie crib space vetween the ties receives very

little atteation unless cug cut vy hzude. To overcome this

crawoaci various types ol criooing macihines we.e put con the

Yul lrien otandard company. ke framework oif' this racniue is

showa in rront Ne.l i. ohe vack cover. _he ballsst is

-

[
(@)

driven from the center of the tie ocutward uy rieans of the

POinted "toes" wi.ich arive ocutward with a remming action

45 tlie wpeizhted crossiieac is aropped. The track is thus

zh
S<el etonized cuickly zad erficiently (Figure &) for addi-

ticn OT either new vallast cr the releving of the cld oval-

.
lagts - _ L

ST & rIter screeuniis.
Thiree cf %ue more iwocrtaunt rackices ror vallast op-

er : o T
QT1 g are those which are discussed in detsil welow.

~ i3
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They are the Power _allaster Tanping lackine, the Iatisa

callast Cleaning l.achine, and the :.atisa aAutonetic Tenp-

inz I achine.
The rower .allast lLiachiae
The llew York lentral System, lines west of _uflalo,
for the past three rcnthis has been using a new design

power trach ballaster and has veen getting excellent re-

sults with this machine poth &s to ridingz quality and un-

ifcrmity of work .9
Cne of the machines of this type is shown in the 1l-

lustraticn in rigure 4. Its output varies from cune-half

t o three-quarters ¢f a mile of track per aay, working

two shifts and depending to a great extent on traffic

interference.

The operation of this machine is fairly simple. A

895 hp sesolire engine lifts a crossiead renber wiich darous

in a pile driviug action. attackhed to this crcsshead sre

Twenty-four ta:.ping bers which are directed along the
D&t ioto the criv and uwnder the vottow of eacu siae of
fraze aund rrint

v

& tie (see irint Lo. 8--snowing ta.sing
TT . . . N N . e \ T
1.0, 3=--showing position of shoes around tie). This scre

€rigine gropels the racrine ian travelliug to aua Irom the

L ocation of the work. It is alsc e .- o<a with a power

O Derated set-vff wihiclh facillitetes rencval of the ra-
Clriine from the rails in about five ninutes.
sreviously it was necessary sor ebout iour ren to heep

-]Q=



Figure 3
Skeletonized Track
by Power Cribber

Figuvre 4
Porer Ballast Machine
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feeding fresh ballast under the shoes of the tamper,

but an ingenious arrangement for the eliminstion of the
need for these men has been added by the designer of the
machine. This consists of the addition of two ballast
feed shoes on each side of the mechine which are coor-
dinated with the tsmping motion such that the ballast
is pushed under them just before the weight is dropped.
A closeup of these feeder shoes is shown in Print No. 3
in the beck cover,

One operator and sbout sixteen men for raising the
track and working the ballast during the tamping oper-
ation are required. An additional gang of ten to fifteen
men is required for lining and dressing behind the machine.

When the maghine is working, the operator manipu-
lates his travel clutch and breske s he locstes tle pos-
‘ition of the crosshead over each tie by looking dcwn
thrcugh an cpening in the floor of the mechine. While
the brakes hold the mschine in position for tamping, he
lets the crosshead dror the number of blows required.

He then raises the cros-head to a position where the
tamping bars just clear the tie snd moves on to the next
tie. Tre usual practice is for the foremsn in clarge of
temping to frequently check so that the correct number
of blows is mede.

The crpssheed member extends the full length of a
tie. Linked to it snd cross-ccnnected by a common shaft






opersting on esch side of a tie are sets of tamping shoes.
Each set of shoes has four tamring bars on the outside

of each reil and two bzrs on the inside of each rail,
meking & total of twenty-four temring bars. Provision
has been mede for mounting = lesser or greater number of
temping bars on these shoes, as recuired.

Thre crossl ead drops by its own wgight for the tamp-
ing blow. The shoes rre guided by a control cam with
connecting links and toggle acticn so that movement of
the tamping bers is downward into the crib on eacy side
of the tie and slanting towerd each other under the tie.
This action can be adjusted in the ceb to suit verious
rail ard tie sizes. _

Because of the force with which the crosshead drops,
eforementioned slsnting motion actuated by the cam egnd
toggle can best be visualized as a w!ip action whichk in-
creases its force on the slanting stroke. This action
end the design features vhich make it possible account
for tre esteblishment of 2 more uniform and compact tie
bese. |

Except fcr information gained from the manufacturers,
very little information is available on the aavings»re-
sulting from the machines. Tke compeny's claim of 50
per cent savings in cost seems to be no exaggeration
based on my experience. Following is the comparative
cost of operestion with and without the machine.



Pneumstic Hammers Power Ballsster

1 Foremen $10.00 2 Foremen $20.00
8 Harmer Operators 2 Operators 30.00
at $1.02 65.28 ' ‘ .
4 Laborers 8 Jack Orerators 65.28
To fork bal- 4 Laborers
last and ovp- To handle ‘ -
erate jacks 32.64 - ballast 32,64
1l Flagmen 8.16 1 Flegman 8.16
$116.08 56.
Production: .600 ft, Production: 2000 ft.
Cost per ft.: $0.193 Cost ver Ft. $0.078
Cost per mi. $1019.04 Cost per mi., $411.84

Even allowing for depreciation, maintenance, and

1nveétment exrense the seving is considersble.

The Mstisa
Auvtomatic Ballast Clesning .
Machine

Considering the many reasons for rneinteining s clean
ballest bed and the amount of cleaning necessary tc ec=-
clomplish all of them, I believe this one machine to be
the most efficient unit on the market in achieving its
ends. . o ‘

A line sketch illustrating the features of its op-
eration is shown in Figure 5 on page 24. This machine
has been designed tos (a) completely remove the deter- ,
ioreted ballast from beneath the track and between ties,

(b) cleanse it by separating undesirable asccumulations

from good stone and chippings, (c) elevate waste screenings
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Figure 6

-25=-



to cars for removal or eject them by the track side, and
(d) return the good recovered ballast to the track side
or re-lay it on the previously cleaned formation,

The machine is in the form of a rail trolley on iwo
four-wheeled bogeys having electrically insulated bearings
which eliminate 2ll risk of short circuits between the run-
ning rails. All units form integral parts of tke machine
with centralised control. The machine is mobile under
its own power for travelling frcm the depot to the site
of operations,

There is only one operation thct requires any amount
of hard labor and that is for the preraration of the ma-
chine for operation. One tie must be removed and the
tie space further dug out to facillitate the placing of
the endless bucket or scraper dhain under the rail at A
{(Pigure 5). The endless chain is opened at sny one of a
number of links along it and linked together again un-
der the separaté bogey on which the operator rides.

The overator bogey (B) is connected to the rail trol-
ley by means of a“justable and detaclhable tie rods
which vrovide for the progressive advance in action of
the entire unit simultaneocously. The forward motion is
controlled through a variable speei reducticn geér to a
winding drum to which is attached a steel hawser (C)
anchored some distsnce ahead on the track. The speed of
progress can be thus easily and accurately adjustéd
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according to the depth of excavation and hardness of the
ballast bed. This bogey sipports the horizontel frame

member guiding the circulating scraper chain beneath the
ties. Two adjusting screws (D) govern the depth of ex-

cavation and compensate for the angle of inclination of

the formation.

As the machine progresses, blocks are placed under
the ties (about every few ties) to support the load on
the track until the machine hes rrogressed enough to de-
posit the cleaned ballest at the rear of the unit. Hand
jJack (E) aid the workmen in placing and removing these
blocks. »

Tre horizontal chain guide is transversely adjust-
able under the action of an auxilisry electric motor and
this device makes it possible to avoid interference with
many of the normal fixtures or structures of the per-
manent way.without interrupting or slowing down progress
of the mackine,

The excavated ballast and dirt pass up the conveyor
(1} and drop down at (2) onto a vibrating grid or screen
at the rear of the mechine. The unit which receiv:s the
dirty ballast is illistrated in Figure 6, page 25, and
consists of s (3) the hopper bex for receiving dirty bal-
last, (4) the inclined vibrating grid or screener, (5)
the pivotted elevator for ejecting tre waste screening to
tte side of the track or into cars, and (6) the subsidiary
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hopper for receiving the cleansed ballast and delivering
to (7) the pivotted conveyor chute adjuvstable for redis-
tribution of the recovered ballast over the cleared
formation or forvpiling it at the track side.

The only disadvantage of the machine is that, in the
absence of 2 nearby diding, a parking trestle must be
préviously erected in a suitable position at the side of
the track in oréer to allow scheduled trains to pass.
When the track is required to be cleared, the chain and
guide frames sre disconnected and drcpred alongside and
under its own pover the machine is maneuvered upon the
parking trestle. The machine is equipped with a hoisting
device for disconnecting snd reassembling the chain and
guide frame when work is stopped or resumed. The same
device is used to raise and support the scraper chain and
control bogey when the'machine is travelling to and from
the site of operation. |

The two specisl advanteges which should be noted
are the fects that the bed is completely cleared of all
bailast so that the cleaning process is complete and the
machine is controlled by only cne skilled workman thereby
reaelizing a great economy in 1lsbor.

The cleaning process leaves the track in poor line
and surface, however,.and must be focllowed by resurfacing

operations with the power tampers.
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The Matiss
Autometic Tamping Machine

This machine is verhaps the latest and the most out-
standing of the mechines which are 1sed in ballast tamp-
ing operaticns. The machine is used principelly, now, in
reballasting and resurfacing operations, but due to the
special features of vibrato;y motion coupled with the
vositive ramming agtion, these machines will no doubt be
& necessity in the operations connected with surfacing
both new and 0l1d track. The vibration gives assurance
that each unit chip will more rapidly seek its final pos-
ition of rest. It more closely approaches the vibratory
effect of the wheels of the trains than any I have
studied, thus eliminating to a great extent the need for
the "light traffic" period after surfacing operations,

The operztion of the machine is very simple. The
entire vnit is moved into position so that the tamping
tools straddle the tie as shown in Figurés 7 and 8, Fig-
ure 9 shows a closeup of the tools. The tools are set
in motion in high-frequency #ibration by means of eccen-
trics as shown in Figure 10 at E. The mobile tool frame
with its chrome-manganese tamping tocls are lovered ver-
tically into the ballast by means of compressed air tc
the required devnth. The tamping tools are now drawn to-
gether with a ramming sction by means of the shaft (S)
until it is automatically released by the friction coupling
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as shown at (F), when the required predetermined pressure
has been reached. The frame is then raised and the machine
is moved ahead in position over the next tie. Progress

of the machine from tie to tie is made by a simvrle pedal
action,

This avtomatic mechanical action of the machine is
far in advance of other methods of temping and eliminates
any reliance upon the human element in its operation.

The machines can be used anywhere on the permanent
way and is suitable for all purposes such as ubkeep, the
raising or adjustment of the track, or the building cf
new tracks, whether the bsllast is made up of stone, round
stone, or mixed with sand.

Both the Power Ballast Machine and the Matisa Auto-
metic tamper are egquipped to be moved easily to the side

of the track while waiting for necessary trains to pass.
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OUTLINE OF BUILDING A TRACK B:D

Preliminary Operations

The operations preliminary to laying out a new track
bed are similer to those of laying out a highway. They
include the reconnaissance survey snd the preliminéry
survey, followed by the detailed cost analyses of the
various possible routes.

It is not merely e matter of teking the most direct
route between the two points no matter how much finance
is ellowed for the grading operations. Limiting factors
such as grade (ususlly eb.ut 1% for Class "A" roads) and
curvature (about 2 degrees for Class "A" roads) must also
be considered.

Further considerations incidental to the selection
of the rcute are based on decisions mesde after balancing
the increased costs of excessive excavation and embank-
ment with tl e decrease in the costs of operation of the
prime movers 2nd the perennial costs of msintenance.

Ballast and Croas-Section

Tre selectior. of the ballast and the cross-section
hes already been discussed. We will assume that a sup-
erior crushed stone ballast and the cross-section for a
Class "A" road are chosen.

Roadbed Construction
Advertising for bids is circuiated after the plans
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and profile, selection of ball:st and cross-section, borirgs,
etc. have been arranged for.

The engineering crew begins setting their line &nd
slopé stakes and plenning for their responsibility with
regerd to general inspection and supervision and the
maintenance of standards.

A multiplicity of machines are brought to the site
for the purpose of preparing the subgrade. This equip-
ment includes draglines and backhoes for thec more irreg-
ular sections of the grading, and is followed by the new
type carry-all scrapers which efficiently transyport the
excavated m terial to the distant fill with a minimum of
operations., The grading is facillitated by the addition-
al use of bulldozers, graders, sheempsfoot rollers, and
many others.

The preparation of the roadbed is a subject in it-
self and beyond the scope of this work. The great im-
portance in the superior preraration of this roadbed
cannot be too greatly stressed, however, and future maine-
tenance depends a good deal on the care exercised in this
regard.

Ballasting

The ballasting operation may be compared to the lay-
ing out of the velvet carpet for his royal meharajan maj-
esty---the amount of attention and care with which it is
done determines, to a large extent, the future well-being
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of everyone concerned.

Since much of the equipment used for all of the sub-
sequent oper- tions has been designed for vse on the rails,
and it will be most efficient from the standpoint of sup-
ply, the skeletonizaticn of the trsck structure is begun
immediately.

Skeletonization

The ties, rail fastenings, rails, spikes, and the
other necessary equipment is usually brought to the startf
ing point by rail and distributed by truck therefrom. The
rails must be handled with some type of off-track crane
and it will depend on the individual contractor how, most
efficiently, they can be distributed.

The ties are tlen spread on the roadbed according to
the predetermined number (usually 24 per 39 ft. rail
length). They are placed in line and then machine-adzed
to close gage in order to facillitate the placing of the
tie plates which receive. the rail and distribute the pres-
sure over the ties. A crane or an adaption of the Meco
Power Rail Layer (see page 14) is used to place the rail
in position. The latter machin:s requires one rail to be
securely in place, however, and is more effectively used '
for the replacement of rails than for the initial laying..

The spike driving machinery is next brouvght up, one
efficient type of which is the pile-driver type previous-
ly described. The one rail is checked agesinst the line
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stakes, the other is set to the standard gzge of 4 ft.,
8% inches and the spikes driven in--=two hold down spikes
and two line spikes.,

Limiting speeds and weights must be enforced through-
out this skeletonizing opersticn since the subgrade wes
not meant to take very much of this relatively concen-
trated loading. ,

"The rail laying is continued and # new crew is brought
in for the ballasting of the roadway. There will be a
minor scheduling problem on the hands of the contractor
to keep the uninterrupted flow of both the rd 1 laying and
the ballest meterial in action.

Ballast Spreading

The ballsst cars are of the side-center bottom-dump
type so that the ballast may be spread evenly in the mid-
dle and at the ends of the ties. If the first 1ift is
to be an excessive one as could be the case when the new
type power tampers are used, it wil} be advantagepus to»
spreéd a first lyer of about four inches before skeleten-
izing the track structure., This is handled by trucking
the ballast snd spreading it by use of some type of bull-
dozer.

- Surfacing and Tamping

The roadway is now ready for tamping ard the first
of several surfescings. Originally the ballast was entire-
ly hand tamped with sledges and later with pneumetic hammers
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or electric tampers to 2id the settling of the stone par-
ticles into a firm mass. The ballast tampring supercedes,
in importance, all of the operations subsequent to initial
unloading of ballast, however, and the automatic tampers
to assure a firm, uniform, unchanging base for the ties
Bhould be used.

Figure 11 shows the surfacing crew at work. The
Power Ballaster in the foregound
is capable of tamping about 2000
feet in an 8-hour shift., The
vower Jjack is shown in the back-
ground.

The engineering force has
previously set the grade stakes
according to a definite differ-
ence from the final grade line
depending on the number of lifts
required to get the track to fi-
nal grade. The pover jack lifts

the rail to the required height

and some ballast materiel is

Figure 11,

shovelled or forked under the

tie to temporarily hold it to grade. The 1lifting crew

usually operates about 200 to 300 feet ahead of the tamp-

ing machine. The method of setting the rails to the right

height veries, but one method of doing this will be de-
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scribed below, _ }

A strsight board long enough to extend from the
grade stake to a point on the ovposite side of the track
is placed in position sbcut 200 feet zhead cf tre jack
with one end on the grrde st:ke and the other gupported
on an adjusteble levelling leg. A marking is placed ex-
actly one foot above the bottom of the board. Behind the
jack where the trasck hes slready been lifted fo grede,
the foremen sets hLis "peep-sight". This consists merely
of an srm which can be set on tke reil with a small hole
exactly one foot above the rsil. The foreman lopks
through this sight ahesd to the merking on the grade
board end directs the lifting crew until the marking on
the jeck (elso one foot cbove the reil) comes level with
his line of sight.

Meanwhile the tamping mechine is benging away at the
ballast with its powerful pounding action, forcing the
relenting ballest to a solid finished surfece.

The track will require about four such surfacing lifts--
two of 2bout seven inches and five incles respecti#ely for
the sub-ballast end two each of six inches for the rlece-
ment of the top-ballast. Higher 1ifts will usually re-
sult in too great a distribution of pressure throughout
the bottom layers of the ballast, and soft spots will us-
ually develop to increase the future costs of maintenance.

Previously it was necessary to a2llow e considerable
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time to elerse between successive surfacing lifts to
assure thorougl compection from the vibretion from the
passing treains. The ﬁse of the new sutometic tampers
will reduc such "light treffic" tire to & minimum and
perhers eventuslly eliminete its necessity altogether.

It is highly rossible to imsgine three or four of the
tamping mechines and surfscing crews in successive op-
eration along the line sepsreted only by the ballast-ley-
ing work trcin and a few thousand feet of idle track.

The final orerztion in finishing the job is the
shoulder dressing procedure. The machines such as the
Jordan Spreader-Ditcher, as previouasly described in the
mechinery section, is brought to the line and the aprons
set to the predetermined slopes of the road section.
Laborers follow behind to touch up the work and remove
the excess bsllest from the rosdway. If any drainage
ditches =re recuired along the way the ditéh-cutting
tool of the Jordan machine is lowered into position.

The successive combination of all of thése operations
results in s track bed whic¢h is exceptional in both riding

quality snd eyppesrance.
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REBALLASTING OPEPATIONS

Reballesting a railroad line is like shining e
rsir of shoes---it gives a superior finish to either &
nev or en old one. This "polish" is added abcut every
two or three years by mcst of the better railroads.

Use cf tre new ballest cleening machines accomplishes
the ssme ruryose with the added advantage that tke old
grade line is more nearly»maintained,

The ballast is dumped in the middle and along the
side of the track as in the bsllasting operation by tre
use of the side-center bottom-dump cars. It should be
spread to"a uniforh depth and at places where excessive
lifts are required, the engineering crew should provide
merking in order to ellow sn additions] amcunt of ballast
for tre 1ift.

A profile of the track surface is run prepatory to
reballasting in order to svcid excessive lifts (and the
consequent non-uniformity of compaction) when the new
grade line is esteblished. This grade line is estzblished
by ellowing a 1lift avereging from 2 to 4 inches for crushed
stone ballast. At tunnels, grade separstions, underpasses,
and street crossings it 1s necesssry usually to keep the
1ift to & minimum. A gradual runoff is therefore necessary
and pneumetic tampers sre sometimes used for touching ur
these small lifts,

«38-



The lifting of the track structure end the subse-
quent tamping operations are sccomrlished the same &8s in

the original ballesting operations.
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STATION BALILASTING

Station aress are necessarily surrounded by many im-
pervious men-made structures suclr es unloading docks,
concrete runways, and buildings, which add tc¢ the problem
of drainage by shedding most of tke rainfesll to the nesr-
by trecks. The beallast material is additionally taxed by
the fact that it is more qguvickly fouled in spots by the
"breking" sand dropped in large quantities by the loco-
motives stopping £t the station. This send is usually
accompanied by the drippings from the locomotives and the
other care. The immediate result is that the water usually
stands in puddles around the ties which results in repid
deterioretion end constant maintenance attention.

Most railréada solve this rroblem by 2 method sim-
iler to the one used by New York Central. A report on
this method was prevared by J. R. Scoffield, Assistant
District Engineer for the Michigan Centrsl Railroad in
which he exprlains the solution. _

"Formerly the two main passenger tracks of the New
York Centrel at its South Bend (Indiana) station required
an excessive smount of ettention by the msintenance forces
to ¥eep them in e satisfsctery condition. Now, however,
as the result of & combination of measures apptied in
September of 1945, the cost of maintaining trese tracks
has been greatly reduced., The measures employed included
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the instellation of asphalt coated bz llast, the laying
of continuous butt-welded rails, and the rrovision of a
drainage system for disyosing of surface water.

For s number of yesrs the New Ycrk Central System
hes given careful considerstiom to the possibilities of
correcting bad track conditions in stastion areas by using
bellest costed with emulsified asyhalt, the reasoning
being thet such ballast wculd be impervious to water and
yet could by worked when necessary. As early as 1939,»&
test installation of such bsllest was mede in a 60C ft.
length of the company's high-syreed east bound main treck
et Bryan, Ohio. The performance of this test secti on
has been carefully observed by the rrilroed snd & sub-
committee cf the Committee on Roedway and Ballast of the
A. R. E. A. and tke results of these observations have
been recorded by the committee in its annual reyport to
the-Association. In 2 report made to the convention in
1943, the Committee observed that "the track_does nct heave
due to frost; the seal ccat sheds water readily, retezins
foreign-matter and prevents it from getting into the bal-
lest. The track in the test section rides well, remains
in good line and surfece and continues to give satisfact-
ory results with 2 minimum cf expenditure.®

Based on the results of tests at Bryan, it was de-
cided to install in the two main psssenger tracks asphalt
coated ballast for the arproximate lengths of the two
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concrete island platforms which were or either side of

the mein lire (each of which was 1200 feet long), employ-
ing such refinemenis es were indiceted by exrerience with
the Bryan Test. As'edditional measures to reduce mainten-
ance costs it was decided to eliminate practicelly al;

of the Joints in tke two trecks by installing continuous
butt-welded rzils and to provide sn efficient drainage
system for femoving surface weter,

In preparafion for doing the work, an arrangement
was malle with a contractor to rrovide a cne cubic yaid
Koehring pever for mixing the Sallast and asphalt, the
letter consisting of Texacc No. 23 emuvlsified asphalt.
Work on the west bound treck was done first. After tke
0ld rails end ties had been remocved from this treck, the
roadbed, which had become consolidated almost to the
herdness of concrete, wes excavated to a depth of about
twelve inches below the bottoms of the tiée, exposing
the original ssnd £ill subgrade. The subgrade was fin-
ished by hand after which it wss comﬁacted by a 10=ton
roller.

When the subgrade had been fully prepasred, the as-
phalt ballest mixturc was unloaded from tke cars stending
on the east bound track =nd spreed over tre subgrade to
s derth of 94 inches. The unloading work was done with
8 crawler crane equipped with s clemshell dbucket.

The mixture consisted of two parts of 2-inch stone




end one part cf 3/4 inch graded stone, to which was esdded
en everage of 20 gallons of the asphalt emulsion. The
crushed stone in the mixture consisted of a limestcne
that is regulerly used by New York Central for ballast.

After the rsils were replaced s ‘'seal coat about two
inches thick was apnlied over the entire ballast aree be-
tween the platforms, including tre inter-track space.
This coat was 8 mixture of 25 rer cenf sand, 75 per ceﬁt
of 3/4 inch screenings thorougrly mixed with espialt
emulsion end wes graded to drain surfacé water to the
inter-treck sypece where # drainege system had previous-
ly bee provided. A final step to essure thet no weter
would penetr:te the surface ccnsisted of arplying a brush
cost of & rich miiture of s»>nd snd esphelt emulsion over
the entire b: 1last surfece.

The dreinage system that was 1ns£alled»aslpart of
the project embodies nine catch basins covered with metal
gratings, six of which are located at intervals in the
inter-track spece. A system of outfell lines connects
the cstch besins with existing menholes at two street
underpesses in the vicinity. -

In October of 1946, more then a yesr efter the as-
phalt ballést was instelled at Sout£ Bend, repeirs were
made by tamping the track with tneumatic tampers at 1oo§e
ties 2rd elsewhere to bring lbw places back to grade. Ad-
ditionel asphalt coated screenings vere applied where
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necessary after liquid asphalt had been placed around .
the ties for sealing purposes. A final seal ccet of fine
stone chips mixed with a cut-beck asphalt was applied
over the area between the platforms. The cut-back as-
vhelt was used because it seemed to be mcre resistent to
the drippings then the other asphalt.

The corbination of these operations has produced

treck that requires very little maintenance."®
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SUMMAPRY

The railroads now live in a period of increased
competition for survival. They are being rivalled by
airplene and bus in treir quest for the better means of
long-distance transportatidn;

Trere is an increased need for increasing comfort
and decreasing fares to the all-imvortant cash customer.
Speed is a necessity. These seemingly insurmountable
problems are being met and attacked by the 1nfantry of
the railroad---the maintenance forces. Their more ef-
ficient method of 2ttending to the ballast operations
has resulted in a smoother, safer, more comfortable
high-speed ride. They are cutting costs considerebly
which will eventually be reflected in the price column
of the patror's ticket.

Thué} if the railroad finally 3esires tc find some-
one to thank for their prolorged life, they must pay =
great share of their gratitude to those ¢f the ballast and

bellasting crews for a job well done.
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APPENTIX
l. Reilway Classification

The fcllowing classification of razilways is based on
tonnage snd on maximum speed of psssenger trazins and is
the one used by the American Railwsy Engineering Associ-
ation &s the basis for recommended practice in the con-
struction of roadbed, dimensions 2nd quality of ballast,
cross-sections, etc.

€lass "A" shall include 211 districts of a railroad
having more then one mein treek, or those districts of a
railway having a single main track with ¢ treffic that
equels or exceeds the following: Freigrt car mileage.
rassing over thedistrict per year per mile, 150,000; or,
Pgssenger car mileage per year per mile of district,
10,0003 with a rieximum speed of passenger trains of 50
miles néf hour.

Class "B" shall include all districts of & reilway
heving a single main track with a traffic that is less
then tre minimum prescribed for Clasg.%A", and that equgls
or éxceeds the following: Freight car mileage passing over
the district per yesr per mile, 50,000; with & maximum
sreed of passenger trains of 40 miles per hour.

Class "C" shall include all districts of a rzilwsy
not meeting the traffic requirements of Class "A" or wpn, 10
2. Ballast Definitions

Chefs.-—-Tailings from mills in wl'ich zine, 1lead,
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silver, ans other ores are serarated from the rocks in
which they occur.

Chert.~=~An impure flint or hornstone occurring in
natural devosits.

Cinders.---The residue from the ccal used in locomo-
tives and other furnaces.

Clay (Burnt).---A clay or gumbo which ras been burned
into materis1 for bellast.

Granite (Disirtegrated).---A natural deposit of gran-
ite formation, which ¢n removel from its bed by blasting
or otherwise, breaks into verticles of size suitable for
bellast.

Gravel.---Pit Run. Worn fragments of rock, occurring
in nsturel deposits.

Grevel.---Screen. Worn fragments of rock, occurring
in natursl déposits, that will pess through a 24=inch ring
and be retained upcn a No. 10 screen.

Gumbo.-==A term commonly used for peculiarly ten-
acious clay, containing no sand.

Sand.---Ahy rerd, grenulaer, camminuted rcck which will
vess thrcugk a Nc. 10 screen snd be retained on a XNo. 50
screen,

Slég.--- The weste product, in s mcre or less vitrified
form, of blast furnaces, for the reduction of ore; usually

- the product of a blast furnace,
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Stone.---Stone bhrcken by ertificial means into small

frcgments of specified sizes.
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