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INTRODUCTION

The purpowe of this stuly is 4o show how the officiensy
in earthmoving projects ean be increased by the application of
mgineering prineiples,

Bfficiency can be inoressed by choosing equipment to £it
the given set of conditionsy and, having chosen the eguipmemt,
operate it at ite maximum effisiency,

In ovder to choose the right equipment it is necessary teo
study the conditions under whieh the eguipsent must operate,
It is then nesessary to studr the machine In order to scosys
toln its adaptability te the axisting conditions,

The sdaptability of the equipment is eontrolled by its dee
sign, size and powsr, The design is important becauss 1t debey-
m-mmummmm“, Design, sles
snd power limit the working range and the capacity of the mschine,

%o operate equipment st maxcimum efficiency sntalls a stady
of the wariables which affect performance, This study reveals
thed some of the wardiables are funstions of opersting methods
and mapagement, To insure meximus afficlency, cperation and
nénsgenent must Seke advantsage of the faverable variables and
eliminste, or siniwize the effect of, the wifuvorable warisbles,



Ca

REVISY OF LITSRATURE

Wueh litersture has been, ad is being, published aboud
sarthmoving projects, Momt of this literature emsists of
deseriptions of the diffevent operations, It covers the type
of work, typs md else of equlpment belng used, general layowt
of the project, puwrpose of the preject, productien figures and
sisiler data, The Dxseveting ingineer, The Bxplosives Engin~

sor, Construction Hethods, Hestern Construction M
Lar monthly periodicale feature thess artiales,

Most of the literasture published by the United Ztates Dure
ean of Mines on opm-sut pining operations has likewise besn
descriptive, Duresu of Mines Sulletin L33 SOpsn-cut Metad Mine
ing” hy E, D, Gardner snd MeHenvy Mosier and the Buresu of Minpes
Bulletin 298, "NMethods, Costs, sd Safety im Stripping and Nine
m_cml. Copper Ore, Iren Ore, Bauxite, and Pebble Fhosphate®
by §, R, Cash and M, ¥, van Darnewits are good exsmples of the
Bursau of Mines Bulletins,

Peeides the Bullatins, the Dupeau of Ninss has published
punerous Information Cireulars snd Reports of Investigatiens
peporting the varicus open~cut operations or scew particuler
phase of the oparation, Rmmples of this type of literature
are Buresu of Mines mtmmﬁémmmﬁmu
Dragline Placer Mining" by &, D, Gerdner md P, T, Allssan,
Beport oxxm:umim 3416 *Truck ve Rail Masulage in BiSune
inous-Coal Strip Mines® by Albert L, Toenges and Framk i, Jmes,



3.

Iniormation Ciroular 6959 “Seme ispects of Strip Nining of Bitwe~
incus Coal in Central and South Ceptral States” by albert L, Toen-
ges and Toberd L, Anderson, and Information Circular 6248 "Nethods
and Costes of Stripping and Mining at the Unibed Verde Openwpit
Kine, Jerowe, Arisena® by B, K, J, Alenius,

Pew, Lif any, of the articies in the teshnical pericdicals
analyse the projects to indigate how eginsering principles have
been, or might be, epplisd te inorsase efficiensy or produstion,

Host of the engineering dats that has been published hes been
submitted by the field engineera and the sales engineers of the
companies wmaiklng heavy equipment, For the most part thias infore
mation is based on sound engineering principles but it nust be
remembered that the men who submit it are lntereated in selling
gome type of equipment, Thie motive might lead to & misinterpres~
tation of data,

Among the zen who have sontributed worthwhile information om
the power-shovel and the draglics are A, &, Heloosbh, Les Dulols,
and T, Davidson, '

Fopeuost among the contributors on bulldosers, scrapers, Tour-
napulle, and like squipment is Kenneth ¥, Park, Park's Prineiples
ia published by R, 4, LeTowrnean,

Ine, who are the leading manufacturers of that type of squipment,
Park has slso contriluted meny worthwhile articles to The CowOperate
8r, & bi-monthiy publication of the B, G, LeTourneau corporatiom,

Jo B, Thoenen of the Unitad States Burean of ¥ines hag made

many studles of modern equipment and practices, A series of Ine



he

formation Ciroulars on sand and gravel exosvation written by M,
Thoenen give good snslyses of equipment and methods, Mr, Thote
nen also gowauthored Reports of Investigations nwbers 3481, 3467,
and 3502, These Reporis of Investigations are time study snale
yoes of quarry shovel loading, guarry haulage, and quarry deille
ing, These time studies srs walwable bedsuse they sugzest methodse
by mesns of which delay factors may be svaluated,

The bibliography of this paper is & mors complete listing
of articles covering varicus phases of the subject under dissuse
slon than space will permit yeviswing here,
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80IL CHARACTERISTICS THAT INFLUBHCE EQUYPHENT PERFORMANCE

The terms and phvases "yords per hour,* "bank yards,? *locse
Fards,® Yyards comtent ,* *2.yard bucket,* snd others are froquemtly
used in desaribing equipment sapacity and performance, A study of
sxcavating squipeent must hegin with a definition of these terms,
Unless defined, the term "2wyard bucket® could give riss $o ubige
wity, Ths busket wight hold two yards only whes hesped, or 1t might
hold two yerds when level full, The yardage might have been deter-
wlned vhen the material wis compacted in the bank, or it wight have
been determined when the msterial was loosensd by the excavating
machine or by blasting,

Bank measure is the messurement of the volume occupled by mote
srial when in its original state of compaction in place; i.8,, "in
the bank.* Dank msanure 1s & messuwre of the material at the time
the naterial has greatest demsity,

Whe the materisl in the bank is disturbed by the precesses
of excavation, volds are created, The vold spsces which are ¢re-
sted couse the material to dsccupy & grester wolume than it did vhes
in place, The fallure to appreciate thie swelling of volume of
loose materisl is & coumon osuse of insccuraciss in earth-moving
estisates, MNaterial movement Is usually bassd on benk or *solid®
suble yards, When loaded into the hsuling unite, this material is
in a loose state, Xt is, thorelore, necessary to deternine the pere
smtage of swell to deterwine the pay load in the hauling wnit im
bank cubls ymrds,

The aweunt of vold space ereated in the material depends upom



é,

The asount of vold spase eroated in the materisl depends wpm
the type of material, the degree of disturbance, the molsture some
tent, the shaps of the fragueots or particles, the sine ranges of
the partieles, and the axount of material in sash size renge, The
susber and nature of these variables make it lmpossidle to debere
mmummtammwmmmmmt of swsll, Rather
the msount of swell falls within quite definite ranges for sagh type
of saterial, From Lhess rangos 15 1s possible 4o detormine an avere
age figure for thw different types of material,

Table I gives the cbserved 1llamits of the porcentages of volds
and swell for soms materiale, The voids are the pereentage of leose
measurenent, Swell is givem 45 o pereentage of bank volume, The
mathomat ical relationshipe are

v m H-Mﬁ"-n x 100, (1)
s ) » Hal a0, @)
8 (%) - l'.l.'.‘;.‘:&. x 100, (3)

where V « wolde,

LV » looss volume of & unit weight of material,

BY « bank voluns of & unit welght of material,

8 » swell in peroent,

W1 = welight of & unit voluse im plage, and
wﬂmmwummm.v

Pable I gives 26 pereunt sand 4l percent as the limiie for the
percentages of voids in dry lumpy cley with rosk, The aversge value
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PAELE 2( )

SWELL AND VOIDS IN REPRESSNTATIVE MATERIALS

Clean sand or gravel, , , , § te 133 hyye to 33 8
Topwodd, , . ¢« v 2«0 s s 10 %o 258 9 to 20 £
Sendy, elayay Joam, ., . ., « 10 W 350 9 to 26 £
Good somecn earth . » . o4 20 % 458 17,7 to N 8
Clay with sand o gravel, , 25 to 558 20 to 3584
Clayem{yiable md Mgt , , 30 %o 604 b3 to 37.5 %

Yooy dth voth s oo 35 % T 2 Mo ML S
Shale and soft vook , , . ., 40 %0 85K 28,5 to W %
Hard rock—awell to peorly

Blasted , ., o v s u s 50 te 2008 B33 e % %

(1) Park, K. F., Prissiples of medemn excavation snd equipsent,
P 30, Peoria, I11,, R, G, LeTownesu, ine,, 1942,

is 33,5 pergent, To use this sverage value in caloulations sould
result in sn error of 7.5 percent elther way, Not to have conside
ered the veids could huve resulbed in 8 minisum error of 26 peresst
and & soxlmws ervor of 4l poyoont,

Table 11 gives the svorsge peremt_szes of swall and the swell
fagtars for some goumon meberials, The use of the swell fastor
slaplifiss ealculations, The swall fsetor ls derived from the pere



s

2
tmn”
SWELL PACTORS
T Weight in Toose
Baonk fer Welght
Co, ¥4, L of 3well Per 0w,
Materdad o Lbs, Swell 7Pactor Yd, (ibs)

Ury mand or gravel , , . o & 3250 v 89 2900
Web sand or gravel , , . . o J600 Lk o8 3168
Sarth with send o

Bravel o 4 s s 0 s e e 30 18 83 24
IO8B 4 4 v 0 s s s e 0 s 20 20 +23 22hiy
Mg‘ﬁ.a«u-u‘r»m 25 #80 2240
Olay == Light, o o o « o s « 2800 30 o77 2160
Clay ww densa, tough . o o 4 3000 &0 71 30
Shals or soft Yook we

blasted o o ¢ « 2 o4 o 5 JOO0 LS o 20m
Hard votk - well blasted, ., AD00 50 4T 2#80
fubhery clay, hard pan

ar poorly blasted roeck, . B8O 56
Goal -~ amthracite , , . o o 200 3s oTh 1430
Coal - bituninems , , ., , , 1500 35 T4 1400

AN . NS A

S ST

{2) Euclid Road Machinery Co,, Sstimating production and costs
of materisl movement with Zuclids, Porm No, 350-R, p, 3,
ﬂhw, mi.’ 1“‘




ssnt of swell,

(b)
where SF » swell facter
sl S » owell (percent),

Te find the bank wmeasure, wuliiply the loose measurs Ly the
swell factor, Nultiply the benk cubie yard weight of s maberdel by
the svell fastor to find the Jeose ouble ywrd weight, A simple 4l
lustration will demonstrate the usefulness of the swell fuobor,

Five hupdred cubic yards (bank measure) of a light elay
nust be excavated to comstrust a large swimuing poel, A
Sruck I3 Lo Do used G0 haul the slay, The sapacity of the
truck is § yerds (heaped locse messure), New many leads

The swall facter of light elay Ls ,77, The 500 yards
bank seasure divided by .77 gives 650 yards loose, 650
yards loose measure divided by 5 yards per losd equals 130
losds, Het 1o have considered the swell fuctor would have
rosulted lo estimating 100 loads,

The bank cubie yarde psy load peymissidle on & given hauling wnib
pan b determined by dividing the rated pay loed capacity (in pounds)
by the bank cuble yard weight of the ueterisl,

The loose cuble yards pay load permiscible on a given hauling
unit can be found by dividing the rated pay lead ewpmeity (in pounds)
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by the loose weight per cuble yurd of the asterial, The yesulbs
of this calewlation can be campared with the heaped pay load cape
may«mummummﬂmmmwam'm
the matorial,

Becanse naterial is always loose when in & bueiet, dipper, wage
on, oF truck, it follows thab the rated capseity of ssch ¢ alwaps
in loews neasure,

The capasity of dippers and buckets le always glven sz the
sbruck eubicsl gontont, The capacity of railrosd cars is also the
struek cubleal centent,

The capusity of trucks i glven in thres ways, The commtment
designation 48 the mmwumuymﬁw s 3l slepe,
Usually the struck cwmtent of the truck iz also given, The thind
nethod of dealgusting capoaity is in poundas of pay losd porwissible,
Serupers and carryslls sro rated in the sawe manmner in vhileh truchs
&re,

The figures glven in Toble 1I are representative, To deters
wine & nmore sccurate flgure for o glven Lype of rock oy ewrth,
equation (3) is the moet eonvenlent bo use, The specific gravity
of & suwall solid sesple of roek ¢an be vaally detersimed, Frum
the specilic gravity, Wy ean vasily be found, A truck oan m be
wolghed whon emply and wben loaded te 1ve strusk capesity te find
e

Bapls 2
The speolfle growily of the reek fs 2,3, The weight
of the trask expty is 16,000 1bs, The weight of the trugk
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lcaded with 5 yards strusic looss messure i» 29,250
lbs, What is the swell fagbor of the rock?
Pive yards of selld roek would weigh
(23) (62.5) @7) (5) » 19,450 1os,
Mive yards of rock loooe welgh |
(29,250 1be, = 16,000 lbs, = 13,250 lbs,
The pereent of swll is

The swell fector la

; y E
ﬁ * W8 68,

The swell of broken roek is 4 limiting faotor on the perfewmsnce
of showels md draglines when those machines are casting av in etrip~
ping overburden, In sozme types of mdning the depth and width of the
out that the M‘ﬂ%&a maghloe osn nake are deteruined by the duspe
ing helight of the machine, by the suount of swell in the waterdisl
which is being exvavated, and by the angle of repose auvsuned Ly the
laosennd materisl,

The angle of reposs of a material is & function of the type of
material, the moisture gonkent, the shape of the Iragments or parw
ticles, the sise ranges of the particles, the amount of saterial in
@ach sise rangs, the superiuposcd load (static load of height amd
{mpact load of material being added), and the velocity of sdded mate
erial, Appendix A glves the angle of yepose for sons comavn matere
ials,
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Figwres 1 and 2 illustrate how the voluss of & cems-shaped
pils is detwrmined by the dunping height snd the angle o repose
of the material, In terms of the angle of repose "EK*, and the
height "h®, the volume Lacoues

(5)

The volume in terms of the bank messuremmt is the swell factor
times equation (3},
The valume of the pile in terms of the sugle of repose and
the redius is
v » Qo) &) Gme) (6)
In cssting, as in stripplag, ww pils say be considered to be
8 wedge~shaped windvow, The eross-seaticnal ares of this windrow

bscanes
2

A &‘d'r N

The oross-se¢tional srea of the cut (the product of the depth
and width of the owb) cmmot exceed the swell fastor of the materisl
times the sross-sestional ares of the windrow, If ths cross-ses.
tional ares of the cut exceeded the ares of the windrew, theve would
be mo plase in which Lo dispose soms of the spoil, When the Croese
sveiicnal arss of the cut is meall, the excavating maghine spends
naps of its tise moving, Frequent moving devroasss the capacity of
the machine, Figures A3 and 4h llustrate this,

In Pigure 30 snother way in whioh the angle of yepose can limit
performanse of & dragline is fllustrsted, If the angle of repose of
the material on which the dragline is stending is teo small, the
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depth to which the dragline van dig will be limited; hecavse ae the
depth Inoreases, the fase of the bank advances toward the :achine,
and 1% oould undermine the machine,

The angle of repose Limits soraper psrformanve, If the mgle
af vepose is small, it is difficult for the soraper to piek up &
full Joad, 7This is ewpecially true when the soraper is leadin: downe
hidd,

By Mamiting the height of surcharge, the angle of repose is alse
s limiting feoter in buoket, dipper, s trusk performeuce,

The bearing espscity of soils is the thivd charasteristis that
ialloences esquipsent perforsance, The besring capacity alse influ-
sncew the type of equipsent thel ¢an be used st times, Table IIX
glves some allowable scil pressures,

The large stripping shovels exert pressures of from 3 tons %e
b tons per sguare foot of bearing area, The large walking-type drege
lines exert less then one ahwort tone per square fool of beariang ares,
_Ituﬁwmmnmh-mm;mwmamm”mw
couse power showels would sink inte the soil, With the sualler show-
els it is often nevessary 1o use nabs or floats (msse Pigwre 6) e
ineyease the bearing ares of the shovel,

Figuws 57 Allustrates the relationship between bearing capasity
of soils and tire sise and presswe, The effects of tire pmetration
will be discussed later, The incroage of rolling resistanse dus e
tdre penetystion will also bo diseussed in detail,

The perueability add porosity »f solls sad rock are faportant
because they determine or sentrel the watar contmmt, The modsture
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TADLE mm

Xind of Maberial Mintwo  Maxims
— , —— — s
Quicksands alluvial 80dL o 4 o v 0 s o 0.5 |
L T P § 2
Vol slayy soft wet sand, , , o v o e s 1 2

Hoderately dry sandj fine send,
Sloan sed vy . 4 4 s u s e s e 2

Compast soarse sandy stiff graveld, , . 3 é

Glay and send in alternate layers, , . 2 3

Fira sad dry loam or clayj hard '
dry olay or fine sand o 4 4 4 o 2 5

Coarse gravel} stratified stone and
clay; reck iafericr to bast

brigik SASOREY o o 4 s o s o a0 e J 8
Gravel and sand well esmenbed, , , . 10
Good haxdpen o hard shade , , , , « « & 10
Good hardpen or hard shals unexposed

to alr, frost or Waber, + o 4 o o 10 15
Yory Bard native bedrosk , 4 o ¢ 4 o o 15 25

Very hard native bedroek, in thieck
lapers, under cafsson , , , o o o 30

Berrimsn, Thaddeus and Wiggin, T, H,, American aivil enge
@ ineers® imm pe T2, liw'!m, ﬁn«. 1946,
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eontent also affwots the sohesive snd adhesive properties of soils,
A wet clay can be troublestse by haaging or stisking to the shovsl
dipper, the dregliine bucket, o the truck bedy, The same ¢lay when
dry sight be as sasy to bandle s» hard roek,

Table X1I snd & later diseussion will show the affect of molse
tare w the asefficient of frietion of the drive whesls and the sure
face, ,
Other propertiss of soils are also werthy of some cansideratiocn,
Unit weights detormine work and equipmemt size and power, The hard.
ness and sharpness of fragesnts and partigles influence the wmear of
tosth, dades, scraper bowls, syowler pads, Sires, and truck bads,
The bougimess sod beittleness of rock influense blasting results,
Tough ok usually glves large sises of fragsenss upen blasting end
these large fragnents are nore diffisdlt for exesveting equijeent to
haudle,
| m‘usmwxnmmmmwmmwmn
and recks will be brought oub in the easulng chapters,
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The power shovel is the most used of Lhe different types of
axcavating machices; it is ulso the wost misused, tThe misuse e
rises frem the failure to rosiize that, though the power shovel ie
ruggedly build srd powerful, it is not indestructable, The miguse
ond the abuse thet the machine can stand is definitely limited Wy
the sverall desigs of the machise, the design and metallurgieel
properties of its members, and by the power swilable, Hach machine
ie designed within a set of maximum allowable stresses, To sonstante
1y operate the machine st thess meximus stresses results in exceed.
ing thess maximm strossss bocanse of impact loads, This results
io quick fallure of the wosh oversiressed neabers, fatigue o9 pwow
grossive { racture in other sepbers, and rapid wesr of shafte, gears,
bearings, drives, slutches, mmd brokea,

Most of the power shovels now being used are powered by interw
naleconbustion engines, Diesel anglnes, or by electricity, The buce
ket sapacitiss (strusk) vary feom 3/8 of = cuble yard through A0
vuble yards, The small machinss ave driven by intornal-combustien
engines or by Diesels, Moot w'mmnmmummmm.
&twmmmMMMMrmmwwwa
gravel, Thoss machines in the niddls range are usually Diesel or
Elestric, All of the large machines are slestrie, Almost all of
the machines in the last two classes are oravier-mounted,

mmmwmu;mlummwm
sise and the design, PMigure 3 glves the mucimum working vauge dimen
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ensions of s Bueyrus-Zrris 543 2jeeubic yard showvel, The disene
sions given here are the zaximus limits as determined by the shrute
tural limitatlons of the mschine, A further limitstion onm this
showel is the smaximum beil pull which it cam dewelop, For this
nachine the maximum pull with s Zepart rope and & 25-inch hoied
deun s 74,200 1be, If the weighh of the dipper, the dipper sticks
end the rumning bleck is spproximsted ab 15,200 lbe,, there would
be 59,200 lbs, pull avallabls for digging under the wmost favoralle
vonditionsy L.0,, vhen belling wvertically, This would limiy dige
ging to banks where 59,200 lbow, of pull would be encugh to fores
the dipper teeth through the bask %o £41) the dipper,

mhmumeﬂmmm
W,w‘mmmumunmmmm
mmnmmmutmmwmmmm
propsved bank, swing less Lian 90 degrees md dump inte & heul wnit
opersting on the same level 4 the showsl, The height of the saddle
blocks is an efficient limit to the dusping height,

Grades up to 3O percemt can be negobiated by showels if the
ground surfece is of such a natwre 68 Yo permit the evailable treew
tive forse to be applied, Howsver, the powsr showel operstes best
on & lovel swrface, Ib is sssentisl in large machines that the wpper
and lower turntables be in & herisental plans when the machine is
wwinging, ﬂuﬂmzﬂmum‘w.mmm“m»-
pod with hydraulic equalising sad lsveling jacks btween the crswlers
and the lower frame st eash somer,
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The smaller shovels cen operete vhen the turntable is not hore
Lzontal but not efficlontly, The shovel is not balansed sboud the
senter pin st all tines in the vertical plane through the smnter
pin, the bhoom, and the dipper stick, When the machine e working
on & level surface, thess wahalereed losds do not cause robatiom,
Whon the meshine is nobt om 2 lavel swface, the previcusly menbioned
plape is inelined, Unbelanosd loesds in this plane cause a robabing
mensnt, These unbalunced loads consume more power in swinging emd
negessitate greater use and waar of wWwrakes, slutches, rollers, cote
ter pin and the other swing meahsnisws involved,

Pigure 5 illustrates ansther haserd that may arise vhen digging
4 grade, In the upper pavi of the figure, distance "a® vepregents
the momemt arm of the loaded dipper about the tipping fulerum, If
the machine 15 now swung 180 degress (ae it would be if loading trucke
to the rear) the moment arm is increased to distance "b*, This ine
evessed momsat could overtar the mashine, Purther, if the shovel
was digglog wgrade as in the upper part of the figure and applylng
digging sffort into the bamk, the eravlers would skid sod the nachine
would alip downgrade,

The surface upen whish the showel is opsrating should, if pone
sible, be waooth encugh to glve mere than thres poimts of cuppori
for the orewlers, If there sre only three points of suppert, dige
ging, dumping, crowding, or shifting the senter of gravity in oo
anw,utumwmumkumm. Hooking
ths shovel csuses wndue wear on the cyawler pads and links, pins,
rollers, sprockets, snd other parts of the tresk, This rodking also
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sets up impact loads, The impact loads vhen frequently repeated
will flatten or roll out the pins and bearing surfaces in the
erawlers,

When the welght of the machine is supported by too few points
of support, the stresses set up in these points may execeed safe
limits and cause fracture of the parts involved,

In additiom to the above, the rocking of the machine is & cause
of increased operator fatigue,

It will, of sourse, be impractisable to have & perfectly smooth
floor at all times te provide an even bearing swface for all the
erawler pade, Ithwmia%ﬂhnm:%llml@hw
face as it digs forward in seft materials, If the floor is of sharp
blasted rock, the wperator can sort out some finer rock and dumpy it
in the path of the crawlers %o make a smoother bearing surface fov
the erawlers, The operator or the oller can bulld up the low polnts
with a hand shovel to provide additional poimts of support, In say
case, the least that should bo dome is to remove all large, locse
stones 8o the shovel will not travel over them, or, worss yet, rogk
on them as it is excavating,

Flgure 15 illustrates anethar way in which the shovel msy be
caused to roek, If the bed in which the dipper teeth are buried is
sufficiently resistant, the shovel will exert its maximum bail pull
whon digging Shrough, In exerding ibs meximusm bail pull, the moment
of the digging effort will cause the bsck of the shovel to rise and
the shovel will then have the frent peds of each crawler as & Gipw
ping fulerum, When the dipper bresks through, or the engine stalls,
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the tipping moment will detrense rapidly and the showel would sstile
hack with an impact,

Rocking of the shovel 13 o source of accidents, Large rocks
that are balunced on the aubar adge of the dipper can be jarred off
vhen the shovel rocks as 4% swings, Thess rocks may fall on the
hood or cab of the truck o un perscanmel that are too mear, Opere
abors and oflers can be hurt vhen thrown showt in the machine by
this vielent resicing,

The swrlface from wiiekh the shovel is working must e dry enough
and firs enough te support the shevel and to allew it to trawel,
The bearing pressures of shovels wary from meay 20 lbe, per sq, in,
 for weall msebines up through 51,7 ibs, per sq, in, for such nashe
ines as the Mariom Trpe 5561 &0 cuble yerd eosl stripping showel,

Bearing srea san be increased by using flosts or mats, The
use of mats inoresses the showsl meving time, Xats are {llustrated
in Pigue 6, The shovel rests om st least twe mats at all times,
Before moving forwamd, the showel is mswung 180 degrees Lo the resr,
The wire rops or chein bridle of the met is hooked over a dipper
tooth, The dipper is then smung back dragging the met asross in
frent of the eravlisrs, The shovel then moves forward onto thie newly
plased mat and off one of the mabs upos which 1t had been whanding,
The eysls is repeated as the shovel cmmtinues Lo move fopward ovey
. Besring sapacity of the soil ean be inereassd by propw draine

age, It cam also be inercased scmevhad by placing seme dry meterial
from high on the working face in fromt of the showel to foma & dvy
roadied |
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Figuwre 3 shows the depth to wvhieh & shovel can dig below its
lovel, This depth is the machwee and not the effiaient limis, To
dig below the surface on whioh 4% is traveling, the shovel must
straddle the diteh and use maks for safety, The shovel oyule is
slowed dove besause it takes more time to place the ducket at this
depth, The shovel caurnot swing wntil the bugket is holsted clear
of the diteh, Pewer buckets are removed per shovel move, and moves
are more frequent than usder othor seasditions of use, The power
shovel is sa ineffielent machine for this typs of ditehing,

To dig larger ditehon, much ae road cuts or drainsge cmals,
the shovel must work in the diteh, In cases such as theass 1% mey
e nesessayy Lo oversxoavste t¢ allow the showvel to swing to load
houl wnits to the rear., The angls of vepose of the materiel might
alse gause overexcavetion hubt this would be trae for sny other
nachine, wise, . |

If the shovel is lowding into haul units on the bank sbove,
the depéh to vaieh the cub can be Saken is limited by the dusping
height of the showl as illustrated in Pigure 3, If the shovel is
casbing to the bssk sbove, the depth to which the out can be takem
is limited by the dumping helght of the mechine, by the swell and
the sngle of reposs of the spulled material, and by the angle of
reposs of the bank,

Ditehes are frequently web betause they ars belew the surfase,
They resdily eateh rain water snd seepage, This deoresses shovel
efficlency besause it may necessitate the use of mats, In suy sase,
the shovel camot excavate below the level of the water sable,
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Ditehing is often an aucillery eperstiom in mining a in other
ssrth-moving projects, If the ditohing is a small payt of the work
or il an emergency necessitsies the disohing, it is sconomicsl to wse
the pewer showel i{ it is the enly meshine Lamsdiately availeble,
if there is much ditching to do and no emergenay, it would be move
soonouisel %o use & more sultable mashine, such as a trench hoe,
¢lacshell, dragline, or & scraper, Other than the large strippiag
shovels, most shovels cmm easily be gonverted into clamshells, drage
lwes, and Lrench hoes,

Tigure 3 shows the maximum dumping helght af the powsr shovel,
A study of the ploture reveals that for the dipper to be ralsed %o
the height shown,the holst must work against the orowd, This 1s not
snly time and power eomsuning, bubt slso & cause of destructive wear,

As stated before, Pigure & shows a more sffisient dumping height.
Gemerally, if the truck spurates on the same surface as the shovel,
holsting distanes 1s & negligibls factor since the differents Letween
mmmmwmhmwrmuwm
distance it must be holsted t0 dump is so maall thet the shovel eam
sccamplish it while meinging through a short are, Purther, whem the
trucks are opersbing om the sawe level as the shovel, the swinging
angle can be owt to the minlsws as ean the orowding déistance, |

in exsuption to this prineiple is shewn in Pigure 7. It is
staadard practics in soal sining 40 have the trucks opershe i the
wﬂﬂuﬁmﬂthm’lﬂmm“ﬁtmm
plene, mmmmmmmnmm
read for the trucks withew sdded cost, In sems cases, sush 45 Shat
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shewa im Pigure 7, the extra holsting time is mave then ccmpensated
for by the decrsased swing time, Purther, sinte coal loaders have
long booms and dipper etisks, the dumping height is still mear the
helght of the sasdle Wlooks,

In sand and grevel exsavation shovels are frequently used Lo
excavate down 30 the water fabls, The trushks operete an & level
above the showel where the deier send and gravel forms & belber road
ved, The same 1s true in digeing shallow ditehes, The brusks oper-
sbe on the bank above rather then om the disturbed and wet sell in
the diseh, |

Loading to wnite on the benoh shove 18 aleo prasticed opease
 Semally e ald in gaining altitwle rapidly, By gaining elevebiee
#% the shovel, & desroass in the grade of the read may bs poscibis,
This is especially important vhen trask heulage is used,

In wome mining and other sartb-moving systems, hoppers which
Teed onte ccnveyor belts take the place of havling wnits, Figure
8 shows the systes used for stripping overburden ot the Clayeraft
Company Shale Pit, Tayler Station, Golwsbus, Ohlo, The hopper and
the belt ave mounted on skide and the assamblage Lo moved by the
shovel, This skort scaveyor Belt mskes 1t possible for one msshine
and two men 4o handls the dntive stripping operation,

Pigure 9 shows ancther systen thed has been used, “Heve the
hopper straddles the caaveyer belt md trevels e rails, The chove
ol makes & oub pavallel to the comveyor belt, As the shovel adwe
vances it moves the hopper, AM&MMMMM!WW
voyer belt, whieh is bullt in sewtions, ie shifted slows to the long
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face and snother cut is begun, An overhoad trector loader can Yo
used to widen the cut before shifiing the balt,

In shill snother sysitem & short portsble conveyor has a hoppeyr
and feador at one noveable end, The other end of the canveyor is
the pivot and, At the pivot end the portable conveyor has a transe
fay chute to & second conveyar, Hy swinging the hepper end of the
conveyor, it is possible ¢ werk a large ares,

Thees comvayor systems have shown startling etonomies of opere
atiem and firet cost, Conveyor mystens minimize produstion delays
dus to eush things as haulage delays duwe to truck breakdown or truek
slow dowms in bad westher, Conveyors insurs an even, continuwous
produetion with & sdnlmas cost aud labor,

Therough bank preparaticn i essential for efficlent showel
aperation, Though & power showsl van dig a tighter bank and handle
larger rock than any of the olher sxcavating machines camonly used,
it is not & substituts for explosives, Huch wear, nmy breskwdowns,
and increased malntenance costs sre caused by repeatedly pabling a
sballing lead on the machine when digging into & poorly-prepared
e,

pigging in an ill-prepeped bank grestly inereases the shovel
eyels time, A tight bank decrecsss the holsting spwed snd aften mee-
sasitates two ar three peswes of the dipper 2o got & full load, Time
is sleo lost in balmeing largs boulders on the divper to losd them,
‘I one series of time studies (Table 1V) the time lest in moving
Yargs boulders to the slde for lster blogkheling waried frem 1,1
pargent to 12,3 perosnt of the total test time, |
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Destructive weur is caused by the practice of seme operators
in attespting to dislodge boulders im the bank by placing the side
of the dipper againet the boulder and swinging the msohine, The
shovel is not designed to take o strees of this magnitude acting
perpendicular to the weriical plane of the dipper sticks and She
boow, This stress is aleo put on the machine shen the eperster
uses the dipper to sweep the pit floor in frend of the machine or,
again, whan he begins to swing the machine before the dipper is
sloar of the bank,

A worss practice is that in whioh the operator drops the dip.
mmmmxmnumwmwmsmzmamm
the dipper, i power shovel is uok s substitute for a rockesrusher.

The nucber of dippers full that emy be taken from s bank withoud

moving the shovel increases as the height of the bank imsreases,
A high bank is alse insurance that esch dipper will be filled in e
pass upward through the bank, In low banks it 1s imposeidls te £il1
the dipper, The showel piles the material in a wiafrow ap it advane
tes inko low banks, As bank helght deercases the timve used wmowing
the shovel inoreaves,

The height of the bsak that & shovel can efficlently snd safely
work is lisited Ly the way the bank overhangs as sxcavation progrese
oos at the toe of the bank, ALl waterial, even unconsolidated sand
sad gravel, will ovarhang, Zwen though the caving of the everhanging
bank does not always injure the personnel or machine, it alnosl ale
ways slows down production be¢ause as the bank sluaps againet the
eravlers of the mashine it sakes it nesessary to bask the showel out



35e

%o clean up the pit floar, The large boulders will roll farther
causing more road ¢lean up,

Parsennel should pever go between the shovel and the bank,

If vepairs or serviging are necessary on the bank side of tha shovel,
mowe the shovel out befove begluning to werk,

For naximws s{fisieney and sinimum wear the shovel should work
s vlose to the bank as is conslotent with safety, A study of the
strusture of the shovel and the shresses seb up in digging shows
that the digging effort is mwh grester with & shord handle than
it is with a long bandle and the yesulting reagtions in the mache
ine are auch less,

In Figure 10 the shipperwshaft is the fulerum about which the
nonents of the stresses are m.‘ Langth ®a® is the moment svm of
the digging effort, ILangth *b" is the souent arm of the center of
gravity of the dipper, the load in the dipper, and the dipper sbicks,
 Lemgth "o¥ is the moment ayw of the bailing effert, Whem taking the
swmation of the moswnts about the shipper-shaft, sem "e¥ tises the
bailing effort should squal arm ¥b* times the weight acting st the
seater of gravity plus the produwst of amm *a® snd the resistince te
digging, BSelving for the digging resistance will give the digiing
of fort possible, In the sases that follow the bail pull is & sone
stant, The weight of the dipper, the dipper sticks mud the lesd
in the dipper is alse cenwtant,

Using & lemg dipper stisk as shown in Figure )1, the possible
dlgging effort is 43,000 1be, The reactions in the macdhine sre of
interest, The resction of the dipper sticks against the shipper



Pigure 10, Honent arus of forces abeul ehipper-shaft,
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shaft is 66,000 1bs, The boew foob resction is 212,000 lbs, The
suspension Lackle stress 1s 170,000 1bs, The reaction in the fvent
legs of the Aframe is 240,000 lbe,, snd the reactiom in the baek
degs of the i-frems is 225,000 lbe,

Contrasting the preceding results with thoss obtained with the
sawe machine using & short dipper stick, as in Pigure 12, shows
saaning differences, With the shork stick, the pessible digalag
sffort is 55,800 lbe,, an inorease of 36,18, The stress in the suse
pension tackle is 134,000 lbs,, o decyesase of 33%, The boomedwot
reagtion is 210,000 lbm,, & desrease of 14, The resuliant stress
in the front legs of the A-fvaue L8 160,000 lba,, & decrease of 33,37,
The stress in the back legs of the Aeframe iw 151,000 1bs,, & dee
erease of 32,9%,

In these caloulatdons the weight of the boom was not comside
sred because ite effect tn the stresses would be & cemstant in both
cases, The csnter of gravity of the dipper, dipper sticks, mud the
load wes ascused 40 be ot the sase point in both cases, Asctually,
the center of gravity chuanges a8 the Jength of the dipper sbisk
changes, Yhe effest of this would be te lighten the lead acting
through the center of gravity since same of the welght of the dipper
and Ats losd would be sounberbalanced by the weight of the dipper
sticks extending to the left beyond the shippereshaft, The nst ree
sults of this would make the differences groatey than showm ebove,

Ancther isteresting feature is brought out hy the study of
Pigures 11 and 12, In Figure i1, the bail pall has & large pesul-
mmmmmmmmmwmum To hold the
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sultant of the bail pull, Thus Users are two parts of the shovel
working against essh other, The save cond ltion can be obesrved
in Pigure 3 when the shovesl is dumplng ab its maximam height, In
Figure 12 the resultant of the bsil pull acting slong the dipper
sticke 1s alwost negligible snd the orowd mashinery is not evere
worked ,

Pigares 13 and 1, 1llustrate ancther sspect of the lapuriunes
of working with & shert dipper stick, In this case an asoumpiiom
wis nade that the shovel was digging through o bed that offered
35,000 1bs, of resisssncs $o digging, The summation of memwbe
was them sede about the shipperwshaft to find the neesded bail pull
to overaome the digging resistunee, With & long hondle, s in
Figure 13, 75,300 ibs, of badl pull were reguired to btreak Slrough
the bed, The reasting strosses is the shovel are s» shom an the
sieotch, Using & sbort handle, ss in Figurs L, the required bail
pell wae only 67,300 lbs, With the short handle, the boomefoul
reastion was 22,95 less; the suspension tackle veachion was 46,90
lsse; the reastion in the back lege of the A-frame was 69% less)
snd the reaction in the frant loge of the A-frame was 68,50 less,
The evonomies possible with the shopt handle are nob enly these of
lossened stresses smd yesulbant wear Dut alse of lassened badl pull
which allows grester Bolsbing sneed and less eonswaptliom of power,

In the last mentioned case, further wear and tesr an the shovel
way be saved by changing the boows angle, Shovels normally vpevate
with the boom st & L3 degres angle, If the shovel encounters tough
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digging near the top of the bank, ss in Plgure 15, it 13 good race
Lice to use & short handle and to increcse the boos angls, To relse
mmqum‘mmmm«tamsuummm(w
in Pigure 13,) To shorten the §ipping moment arm decreases the mage
nitude of tha tipping moment which moment causes the year of tiw
shovel to raise and thus csuses roeking of the wachine, To yosk
the mashine will sause the illeeffects previously mentioned,

Frequentliy, too, the boom angle is increased to incrsase the
dunping hedght as when leading into haul waits on the deneh sbove
the shovel, Or, again, the boow angle may be insreased to decresse
the nesded clear radius for swinging es in ditehing,

It teugh digging Ls emsountered st the tos of the cub, it sy
prove helpful to decrosse the boom angle as shown in Plgure 16, Is
this cane, decreasing the boon ssgle malws it possible for the crowd
to transsit more of the welght of the boom to the dipper Leeih o held
the teosth into the bmak, Furiher, there will be & hoerizonbtal compone
ent of the bail pull whish will help to fores the teeth inte Lhe bumk,

Ancther adjustaent of angles that does not ressive the wtbens
tion 4% should is adjustoent of thet angle which the dipper mekew
with the dipper sticks, This angle is controlled through the digper
piteh braces as shown in Figure 17, If the pitch braces are uob pro-
perly set, the digging foree will ack act in line widh the dippey
tMMﬂmmwmwmitMQM “gs . Pigare 17),

If the piteh of the dipper is too grent, the digging fores will act
through the flst upper surface of the teeth as iu *A®, Figwe 17,
This inercsces digging resistance and bresks the dipper Vesth, If
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the piteh is too low, the bottos of the dipper is subject Lo e
due wear as in "C." Pigure 17,

To inerease shovel capaeity every effort should be nade teo
decresse the amgle of swing, 4 study of Table IV shows that over
5C pereent of the shovel grele time is used in ewinging, The fole
lowing equation may be used Lo gompube the mwing time of a shevel

per oycle,
Swing time (socs,) » W (8)

Branple 3 demonstrstes the use of equation (8) md the inersase
in preduction made pessible thyough a desrsase of average swing angle,

mpleld

A small shovel is mekisng 2,5 opeles per ninute with
an avorage swing angle of 100 degrees, The ewing speed
of the shovel §s 3 revolubions per minute, What would be
the ingrease in produstion Aif the swing angle were reduced
to 40 degrees?

The decrease in the swing angle equals 100 degrees
ninus 60 degrees equals A0 degrees,

Using equation (8), the time saved by not swinging

&0 degress is

W » k& /9 seconds saved per cysle,

The time for the old cyele is

-!g- e 2 sevends
The time foy the new gycle becomss
2 seconds « 4eL/9 setonds » 19«5/9 secomis,
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The siowl san weke 11 aycles in the ssme time in whieh
it previously could male bub ¥ oycles if 40 degress are sud
from the average sngle of swing, This deoresse in ¢ycle time
ssounts te & 22,2 pareent inoresse in produetion,

In this exampls 1% is oot necesssary to make allowsuee
for scceleration and decelersbtion singe they would be the
same for 50 degree swing ss thay would for s 100 degree ewing,

e relstionshlp betwesn the sverage swing anzle and the depth
of out is illustrated in Pigurs 18, ¥Wikh the narrvow cut shows here,
the average angle of swing la 59 degrees, To wrk a narrow ¢wh swh
a8 this the shovel swet sperd more time moving than it would 4f work-
ing & wider cut, In Pigure 19 the shovel haz an average angle of
swing of 95 degress, In this case the shovel dan axcavate & groater
smount from the wider ewi per wove tham it can in Figure 18,

The sdvaptages of the cases pletured im Figares 12 and 19 cun
bs soubined by deubls spotting of trucks s shown in Pigure 20, Here
_the average mgle of swing has homn cut te 47 degress for owe truek
sad to T2 degrees for the seesnd trask, The trucks are loaded albeyw
nstely to sach side, This gystom ks he Nrther advantage of mine
intsing delays coused by walting for ome truck to pull imtoe the loade
ing position s the other is pulling out, In Pigure 20, cow truck
can be drewing into the lasding position at ons alde whils mmother
truck is belng losded st the other side, |

Pigures 18, 19 and show show the correct method of plaging the
trusk In the loading position, The heuling wit should alvays be
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placed 3o that the long dimension is slong the are that the dijper
deseribes, Care should e taken in spotting the trucks se Mhat
the dipper need not be fully extended to vouoh the trusk, s
the haul units are properly plased se shown here, the shovel epere
ator can deternine how mach his dipper sticks must be extended on
the first pase, This dlstance will be the same for suceeding pase
ses, Having determined this distance on the first pass, the opere
ator tan then elther rack in or cvowd as he is swinging his losded
dipper to bawe 1% in the right position at the end of the muing,
This vesults in a saving in the showvel cycle snd less fatipue %o
the eperator,

Figares 18, 19 and 20 alse illustrate an axiom of safety,

The dipper of the shovel should never ba wwang over the cab of o
wehiole, |

If the bank is pot too high and 1f it does not overhand damgere
susly, the hest way %o move the showsl into the faoce is {llustrated
in Figure 18, Here the orawiers sre parallel to the cut, The showel
advances inte the out in the direction in whiek the eraviers sre
hoaded , mnmtmmwuiumamumw
bagk, turn and then advance,

However, if the banke are high and dangerous, the method shown
in Pigure 18 is dsngerous, If the bank into which the shevel is dige
ging were to cave, the shovel oould back oub readily, If the side
bank were to cave, the shovel eould be moved out only with diffisulty,

In dangevous basks Whe method shown in Figures 19 and 20 shouwld
be used, Here the shovel could bask owt quickly if there wes & WePm
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ing to elther bank caving, mmmmnanumxmtm
erawlers, the mashine gould readlly extract itself, To bave the
srasiers at an angle to the dipestlon of travel as shown here has
the disadvantage of taking mare time for each wowe into the oul,
Here the shovel must turn as it backs oub and then turn as it heads
bagk in,
dxeept under & fow speciel sunditions, the small shewel is
not an effisient machine for sasbing, It is seversly restricted
by the low dumping height and shoyt working radius ss well as by
the swell md angle of vepess of the excavsted material, An effie~
ient esating application foy the suall shovel 1s making @ cubt in
the side of & hill and spolling the material om the downbil) eide,
The large stripping shovels ave sxtlusively casting machines,
The height of the bank whish they csn strip is definitely limited
by the dwaping height of the machine, In every cave (ses Flgure 1)
the dwaping height muet be grester then the helght of the bank,
The cross-sectional ares of the cub cannot exeeed the Croo-gote
tional area of the spoil pile tines the swoll faoter of the wabeprw
ial, This is illustrated in Plgwe 20,
mw«mummm:wuwmwmm
average angle of swing, The aversge asgle of swing will depend on
the widib of the cut as Illustrabed in Pigwes 18 and 19, Genere
ally, the st is sade as wide as the spoll ares will permit G0 mine
imise moving, In alsost every case these large machines geb ab
least wne cyole per mlaute,
rmwm”sm‘mmmmamwmmw



Figure 21, Casting with a large stripping showi,
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Flaninge Hine in Illineis &» an exeellent axample of an offisient
goul stripping eperation,

e machine used here i a Buayrus-Nrlie 10508 stripping shovel,
This machine hos a 1l3efoot boom, a T0-foot tubulsr steel dipper
handle, and 8 33e-cubie yard dipper, The welght of the mechine is
1,400 bons, Mmmmmmmummm
st sach corner and 8 woving coumterwelight to counterbalanes the
dsad welght of the dipper and handle,

Other characteristios of the machine arer dumping helght, 73
Ity 3 ine,p dumping redius, 114 £%,5 helgt of out, 98 ft,; cubiing
rodine, 124 ft.3 nd level floor radiue, 78 fest,

In the mining syeten used at the Plaminge Mine a iO«fooh borm
of coal 4s left between the high wall amd the spoil, The ghowel
cloars 3 strip of ccal ahout 50 feet wide spoiling the raterial de
sross 40 feet of the previous eut leaving & strip of coal §0 fast
wide, A Theyard Marion coal loader follows the stripping showel,
The coal loader takes out the oubside 50 fest of coal leaving o
D=foot berm, The coal is leaded into trucks,

The shals immediately sbove the sdal is placed sdjecent %o dhe
coal rib on the firs clay of the mined«out cut, This windrow ip
budlt up shead of the stripping mechine to the maximam dumping rede
ius of the mashine, The softer msberisl from the top of the buak
{5 cast behind this windrow, ™his is practiced to prevent the safy
usberisl from sliding In om the coal berm, The practice is illuse
twated in Pigare 22, -
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About six inches of the meterial on top of the coal is laft
in place, This blanket protects the coal from deterioration Wy
the wsabher and from bresking by trucke and other mpachineyy, Bulle
dosers clesn the coal ahead of the coal loader, ‘

To prepare the bank for the stripping shovel, Seinch holes
are drilled from 45 feet to 50 feet into the high wall by a Pape
manco drill, The holes aye spased about 30 feet apart, Five op
six holes are shot st & time, Frem 150 1lbs, to 200 1lbs, of gole
atine dynamite are used in sash hale,

The oysls of the stripping shovel varles betwsen 50 and 53
seconds, The stripping shoval norsally travels between 140 and
150 feat par B~howr shift, Viwre overburden was less than the
aversge 55 fest in depth, the stripper sometines dug and traveled
250 fest in oight bowrs,

. Generslly, the system is semewhat like that shows in Pigure
zzmm.mmmmmwummm‘ At the
present time trusks are used alnost exalusively in strip cosl
mines,

To shorten the truck haul in some mining systems, coal bherss
are left at intervals in the spoll piles as in Figure 23, inother
sdvantage of thds system 1s thet if the stripping shovel stays far
spough ahead of the sosleloader there is no dangerous necessity of
the largs shovel casting over the trucks,

The disadvantage of leaving intermediate bewms for haulage is
that it may take up too mueh spoil ares, If the bank is high, the
shovel may encounter difficulty in spoiling the msterial in the
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bank at the end of the intersediste berms into the restricted avea
at sither side of these bharme,

An alternative to the methods sentioned is to have the trucks
¢ome into the pit on the borm between the coal leader and the high
wall, twn around on the wide borm between the coal loader snd the
stripping shovel, and then go oub on the s rosd on whish they
same in,

Iz strip mining coal or other deposits the starbing eut is
often & diffieult problem and a cause in almost every gase of axtra
work, The diffievity arises frow the lack of spoll space, Vhem
the shovel 18 in the first cut it swet spoll to the bank above,
17 the overburden 1s thick there is little space between the duwupe
ing height of the wachine snd the surfase of the ground,

If the sosl outeraps, stripping will begzin at the cuterop and
ne probles will exist, To minimise yehsndling of overburden, at
pits where coal doss not vutersp, the first cud is ussally started
vhere the overburden is the shallowest,

Pigure 24 illustrates one mothod of securing more epell space
for the sterting box eut, Here a dragline esxsavates s horrow pif
ab ®AY and casts the masterdal iubte the apoil plle "i*, The adde
ftional spell spase provided by the dragline ssablee the stripping
shovel to talre the first euwl down te the coul,

Figurs 25 {liustrates another mwthod of seeuring wpoil spece
for the naterisl from the first cut, This sethod entails costly
rebandling of the material Wt has the sdventage of mot reguivisg
the use of sn additionsl mesbine, |
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Figure 26 illustrates & method of making a twrn on the souple-
tiam of & cub, This or some sinllar method ie necesssry becsuse
the wncovered coal must be mined before the ares can be used for
spoil piles, An aliemativwe would be to deadhead the stripping
shovel to the other end of the ¢ul and excavate ome way only,

As bank height incressas Deyond the sbility of the showvel
Lo spoil the material, it begomes necessary to change the winlag
aysten or the type of squipnent used, Figwe 27 illustrates a
mining system which employs both & shovel and a dragline, In this
systenm the shovel excavates the hard material in the lower bask,
i dragline follows the shovel snd exsavates the soft soil la ke
upper part of the high wall and casts it beyond the spoil plls
bullt by the shovel, 7This is wade poseible by the greater wayking
radiue and dumping heiglit of the dragline, ‘

This is an inefficient dlguing position for the dragline buk
ab bimes 1t is the only method that can be used, The gysten does
kave an advantaze in that the broken rook "A'Y* forms a ratainlag
wsll to hold the softer soil "BY®, Placing this soft soil at the
top of the spoil area makes the land easier Lo recovery for pose
sible agricultural uses, It also facilitates wertical drilling
from the surfase of the bench formed by the dragline,

Usually & shovel is net spplicable to selective mining, I
taking its upward slice through the bank, a shovel mixes the sater
MHS&MMMNMG‘MMIM‘ In some cases iLhis
mixing setion is a desirable fosture, In exeavating meterial fer
voad £i11 fram borrow pits, it is desired to mix stratified sand,
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‘sandy elay, olay, and gravel to lasure betber bDinding md sole
pection when spread, In cases such as this it has at times been
spacified in coniracts that the opsn dipper be passed through the
bank 1, 2, or 3 times for ocsh dipper full removed to insure o
better mix, This sdxing action is frequently desivable in sous
lndustris) clay and shale depesits to ald ln getting & mors wnle
fore raw saterdal, Plmere have been used §0 accomplish this
mixing, In Some meballic ore deposite this mixing esn be belpful
in that it sends 2 more unifors feed to the nill, In homegensous
sontinuons materials this miniag action is of no consequente,

In some materials scveh as the resldual phosphates and <lays,
this mizing action is a definite detriment 46 the use of the power
showel, Materlale of this type frequemtly enclose lenses of sand,
In these cases the showvel caumet dig from the hottom of the bed
upward without mixing the sand with the other maberial, In wosd
goses it would be impractivable, if met impossible, for the shovel
to attempt to mine out the elay or phosphate sbowe the sand lense,
then drop to the lower lavel of the send lense to load out the
sapd, and then drop still farther to reeover the rest of the clay
or phosghate, The shovel ecould dig through the bank mixing sand
snd clay snd load them owt 4% waste, A third possibllity would
b2 Lo have the shovel excavabe arownd the materlial leaving 14 i
place, In & thick depesit which Ls being worked in several benches
this last mentioned possibllity would be sxceedingly wasteful,

Proper sevvieing and preventstive naintensnce are essemtial
for m, continuous, and efficient shovel operation, Propepr
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Jubrication is & wust, At cne sxtyeme is the lack of lvbriseticme
at the other extreme is overeiubricetim, Too much gresse arcund
the nachinery eventually results in greass-coated cluteh and Lwake
bends, When spotted or conted with grease, the coefficlent of
friction is veduced and these pwris cenmot perform thelr fumction
properdy. To attempt to force too much grease imto sealed beapw
wmmmaam,.'

Beslides the uswal beerings, the roller rack of the shovel
should ba gressed eseh shift, The showel should be swung theough
1, 2, or 3 somplete swings each ahift to chamge the position «f the
doliles to distribute the wour evenly, |

¥ire rope should be lubricated dally to imgrease its wsoful
life, It should alsc be checiked pericdisally and replaced if nee-
Mymmmmwmmummmmuwm;.
The soskets and wire reps fasteaings should alse be checked periode
deally, It is & good prectige to out several feel off the end o
ends of wire rope oceasionally to change the wear poimts, In adde
ition te All of this, the grooves in the sheaves should be checked
paviedisally and yemilled o relined AL necessiry to prevent wdue
waar on the wire repe,

It is important to keep dipper teeth bullt up and sharp Jor
euse of pewstration snd save wear om the dipper, Dipper teeth cm
be cost in mangsnese or slloy stesl or forged from high earbes stesl,
‘ymmehWMwarwmwwm A
w:w:ﬁuuwugammmtmummm
of suitable “hardefaging* materisl is applied, The mangansse stesd
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testh can be bullt up by welding or repointed by using & dismond-
shaped applicator bar to veplace the lost material,

Figure 28 illustrates the use of the alley steel spplisster
bar, The upper part of the 7 igwrs illustrates one method of apply-
ing the stringer beads of long-wearing metal, This pstterm is
used whem dlgging in blasted rosk, There is light wear between
the beads but this seldem exoseds 1/8 of an inch, After the corige
imal stringers begin to wear appreciably, additional beads mre run
between them,

When small meterial 1» being handled, the criss-cross patbern
to the stringer beads is the bewk to use, The dirt will £il) w
the smsll depressions and remain there, Only ths stringer will
WOaT,

Busket life can be ineressed by from thres to five times Wy
faeing all wearing parts with stringer beada, Stringer beads hawe
several advantages over the we of solid deposits of weld roi,
stringer beads are more esomamical im masterlal, they are applied
with greater speed, and the wse of beads also eliminates the dane
gur of overheating mmagenese sastings and thus destroying graim
strusture,

It is s good practice o bulld up the eutting edge of the
dipper tooth to a slightly greater width than the rest of the
tooth as shown in Plgure 29, This alds in preventing recks frem
becoming wedged botween the teeth, Eocks wedged betwesn the tweeth
inersase the digging resisbanse, To build up the teeth ia thw nen-
ser Allustrated will ald in mﬂ; wear o the dipper tm,
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70,

~ The shank of the tooth a® well as the sutting edge shouid
reseive atteation, If the shawk fits lousely in the eocket, the
sogiket will continus to wear larger,

All parts of the shovel should be chocked periedically, This
theck-up should include the powereplant, all moving parts, teke-ups
on the cats, drusm lagging, il belis and nutw, and all pins,

Cae of the biggest factors in influencing showl capacity is
the competence and skill of tiw operstor, Not only is the eperater
s big facter in the shovel subped, but slso & big fastor in shovel
life and maintenance costs, An operstor who jerks a machine say
sppear fast on casual inepection, but a stop wateh som revenls
the fallsey of this asswspbion, A Survey of repsir resords soom
shows the differenge in those couts, The gvod opurator bleuds all
movenent s fote ene ssooth eyele, e makes mo umnecessary umowements
of bis hands and feet or of the machine,

Thero are many Littles things thet ss operator can do durdag
shert haulage delays to inerease shovel capacity and efficiency,
Among the things that the operoter can do ares mowe the showel
closer to the face, cloan the pit floor shead of the showvel, lecsen
the bank by paseing ths opsm dipper through it, move large bouldars
aside, load the dipper fron the for end of the swiag, end jlace the
loaded dipper over the dusping spet o aid the drivers spot thelr
mmumwmwmmmm'mm‘

ad justeents,
The good eperator respscis the limitatioms of the nashine,
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fie doss not swing witil the dipper is clear of the bank, He dees
not use the dipper as & broem, He gete a full dipper load in e
pass throwgh the bank, If the msberial bsing excavated stisks to
the car bottom ar truck bed, mn operator may help by placing a
dipper full of dry sarth in the car or truck first, The same
thing may help save time in sold wembher when masterial frewses to
the car or trusk bed, Operators should be trained Lo pay abbene
tion te these and similar factors,

It 19 deslirabls to be able to snticipate the capusity of &
shovel or any other plees of nachinery t¢ be used, The wariables
affecting shovel sutput are the type and size of the shovel, the
type and amount of powsr svallable, bailing speed and power, mdng
w.mum,mm,mun.worw
being dug, belght of bank, degree of benk preperstion, weather,
seordinstion with heul units, type of footing, operstor effisiency
and eempstence, average angle of swing and the dumping height, From
& study of the natwre and the mmsber of these variables, it cam be
apprecisted that 1t is diffienis to ascurately prediot shovel pere
formanee, There sre, however, sevaral methods of closely approx=
imating the performance,

The most accurats method of forecasting shovel performnce
would be that methed based on sccurate records of the performmce
ummammmmmmm;mum
anticipated, Ascursts produstiom records ere valuable not caly in
MMmmmmunhmmmn
produstion, mmm-mmmamiuumw
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proximating the performange,

The movements thst smber into the shovel cyele are helsting
and lowering the dipper, cvowding, vacking in, swinging and dwepe
ing, A etudy of the shovel in action will show that the helsting
1o being deme while digging end semetines while swinging to the
proper dumping helight, The erowding is likewise done while dip.
ging and while swinging, The dipper in noredlly stationary while
dunping, The lowering and ragking-in is done em the retwn swing,
When thess wotions ars properly blended by u good operator, the
shovel. oyele can be considered to bs musde wp of digging tine, swinge
ing time and dumping time,

One methed of finding the uhowel cyels is based on time otudies
of digging and dunping time mnd caleulstion of the ewing time from
the reted swing speed of the shovel and the average angle of swing,
Gombdning these lactors will giwe the theoretieal cysle, The the-
oretleal cyole vonbined with the bucket capacity will give the the.
oretical eapacity, The aotusl capaeity is them the swell faster
of the naterial times 65 pereent ¢ fficiency times the theoretdical
gapagity, This drastic effisiemcy factor is necessary besause no
sllowance has baen usds for sscslevation and deceleration of swing,
because & machine seldom, if ever, operates ab meximum efficlency
for long perviods, and to allow fur delaye such as moving into the
bani

mm{m}&lmmﬂa,.tinaﬂWEMﬂmd

e st el

10) Theensen, J, R,, Sand sad vl excavatiom FM,L T™he power
“m" dr‘.l&wm&r mmmimrémau.a.
n-.n&m mmmm.y.m.zm.,,
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thousand obserwations under variouws working conditions in sand snd
gravel for 3/8 t& 1} cubloeyard ahovels followss

ivod Time Dump Time Combined

(s0e,) (sec.)  (see.)

Minisam average 8,9 241 11,0
Maxfmu svarage 13,6 beb 18,0
Avsrage 5

The results of other time studies in quarry losding ave slwes
in Teble IV, The shovels wideh these studiss sover vary is sise
from 34 wa, yd, through 4 eu, yds, The shovels were povered by
stean, elestricity, or by Dissel engines, The materisl being
loaded was trap, granite, limestone and greywacke, A wtudy of
t&lmm&mtm:ﬁmmmmmmhm
an apprecisble difference botweesn blasted rock and smnd and gravel,
he dumping times given hewe are not represestative of wvhat they
would be in some types of web curths and clays, In wet sarths and
clays the dumping tims is often mueh grester because of the elay
hanging up in the dipper nesessitsbing ferking of the dipper to
m.mmwgummmxw;am.

The swing time may be calsulated by using equstion (8) and
the r ated rotating speed as glves by the manufacturers, There
i a slight difference in swing and retwn tise because of the
diffepence in scosleration time with and vm:out._"n load, Somdw
times the retwmn swing time might be greater then the swing time,
This happens en machines that de mot drep the dippor by gravity,
On the return the dipper must be dropied to the boe of the sub



Th.

(1)
TABLE XV

TDIE DISTRIBUTION IN COMPLOTE SHOVEL CYCLRS , SROONDS

uarry  load  Swing  Dump Return Total
1 9.925  6.895 3,043  7.430 27,29
2 5.930 5,790 2,438 k497 19,06
3 8,80  6M18 2,63 6,907 2,88
& 9,685 5,960 2,876 7,085 25,61
5 9,200 7.0 4,975 8,40 30,06
6 10,685 5623 30 5.0 25,16
7 10,155 7.0 3,010 8,070 28,93
8 13,780 4,575 3453 7,410 30,%
9 9,720 5,807 2,578 6,493 20,59
100 12,475 8,400 3302 9350 33,33
Wb A5 7,050 2,5 7,105 28,61
132 15,980 8,547 3,365 10,290 38,18
b 10,580 5,645 2,753 6,520 25,50
1 5,113 7,870 2,90 8237 27,16
15 9.260 5,628 2,123 5,755 2,79
16 9.680 6372 1,965 6,013 23,86
ITs 13,30 7,020 2,228 8,080 30,66
1ITe 14,570 7,50 2,732 10,310 35,11
1 wnmo 6,907 2,89 8682 29,70
o 8,500 5,800 2,100 7,100 3.8
20 1048 9.0% 3,265 10,210 - s2m
a 6,800 4,908  2,79% 4,798 19,30

o Be Be Js rmuw Pm-
(11) Thoenen, J lelm. . i ml:thii

repaort
::”“t of hm:lﬂim M; P 6’ 1939.
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wihereas on the loaded mmmmnmgmmwa
the eut, The lmriux time for the dipper might be greater thaam
the retun swing time, Reguvdlsss of which way the diffevence ls,
it 4s slpost negligible since the 65 peresnt efficimey fnotor
will adjust for it,

The theoretical eyels time of the shovel equals the ewing
time a8 computed in equation (8) plus the loading time plus the
dunplag time, The theoretical eapasity unuh-em-

it

fhe actusl eapacity in subic yards per hour then heesomes
(,65) (swell fector) (theoretical espseity)  (10)

The following seample will {llustrate the use of this method,

A shovel with a 2escu, )4, dipper is t& be used in & sand
and grevel pit, Therated swing speed of the shovel is 3
pev, por minute, The work is 4o be laid owb so that the
average angle of swing will be 95 degress, W¥hat will be
the shovel's sapacity?

The swing time {using equation (8)) is:

W « 10,6 seconds

The sonbined loading and duaping time is 14,5 sete
onds, The theorstical oyels tims im |
10,6 seco, ¢ M5 sess, = 25.1 sess,
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Using squation (9), the thearetical capacity is
JSourst o be

w 387 eu, yds, per howr,

: f
The swoell feetor (fyrem Tabls II) is .29, The sctadd
capasity besouse

This speter dows not conclder some of the laportant wvarlsbles
sweh as the heigid of bank, whieh influsstes the Line spant moving
ond the tise spent in diguing,

If the shavel is casting, ouit ths dumping time from the thee
orebical eysle and solve o bafure,

12
AmmeﬁmuMﬁmwm( }h
(12) m. A, B Lfagbars for exaavetion and matoriale
oteda Vel, 1, Bo, 1, pp, 2630, Oct=
Ml”a.

Lhis sysbesn, eosfficients hawe Down sstallished $o modify aash of
the several vardables whiah indlusuos showl capasity, Thuse swle
sipilers, or cosfficlents, are glvan in Pables ¥, VI, and VIZ, The
waltipliers sre hased on the following showel speedas
SWAnging o u s e o s s v 0 e s e b vev, por uin,
Holeting (Repert 1100} & 4 ¢ v o o « » « 5 Pb, por uin,
Wﬁli‘g.q;“.;».“‘“‘mﬁ.wa&;
Bankdngednt o v o o v s 5 69 5 5 v 0 » s o 350 £3, por uin,
The basie on whish the solsulsbions ave prodiceted is thol an
average operstor on the above showel with s leocu, yi, dipper is o
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TAMLE ¥

HULTIPLYERS GR QUTPUT CCRPFICLENTS POR SHOVELS

Eaterial
flard shale and other rouky forwations

mx’bmnuﬁltﬂnlc’

Falrly well-blasted rook or hurde-pen,

snd tough, rubbery 2day. . « ¢ »
Clay Doulders , . o o o 4 ¢ 5 s 5 0 ¢

Howvy olay (not sbioky) o 4 s 0 ¢ ¢ 5 & +

Qlay gravel Y E R
Wob, sandy 2aF o o o « 0 s 4 v 2 s s o

Ovdinary oaPbh & ¢ 4 o v v 6 5 5 v & o
Light, dry loan ar clay, loose sand and

gravel, cinders, or ashes , , ,
ldght, moist clay and Jows o ¢ o« 4 » o »

3)‘“'7‘&*«‘.4':«&&@@&«
IR0 Me o s s s s s v s a0 800
5/8 0us Py o 4 s s u s s U s o b n e
3ﬁbﬂgﬂr¢g.‘¢¢»¢naauo¢.
Lou,pdy o v c s n e n s n s v b w

uwiﬂbﬁlwua&ﬂ*ib**&*

u“.ﬂ'ﬂl‘iiﬂibﬂﬁﬁl'!’ﬂ'

;”'SIA'“*ﬂiil‘.'lﬁl.‘iibﬂ

T . T

Ok

0,30
0.6
0,70
0,80
0,90
1.00

10
1.5

0.8
0,50
0.63
0.75
1,00
1.5
1.5
175
2,00

B

[ 2 e

(13) Helewmb, op, git., Pe 29



TABLE VY.

(34)

HULTIPLIERS OR OUTPUY COSFPICISNCS POR SHOVELS

Depth |

Lr.0m ST 86 65 Bk B3 &2 59 %6
Lr.én LI § R R - T S, - S T 1
200 A3 R m 8l 80 80 T7 A
10 A9 88 B7 86 85 &5 ., P
Mot 9 B 2 M 0 8y 86 B
Sta0® T 9 95 M B B M B2
YR 1,00 1,00 98 %8 97 96 S 9
Tt 97 7 100 1,00 98 98 .96 9
ar.ge Fh Sk 9T ST 100 1,00 98 96
Pelyn SN . T TS AR i W R
A0vDw At 88 91 G 9 S 97 100
I eape A5 8 488 @ 9N 9 S N
12v.0% A2 | B85 A5 me @8 9 94
M0t L9 79 L8 L8 85 L85 e 9l
PN JJ6 76 LJTY 9 A e 8 88
1500 Th TR W76 L6 LT L9 285
TR J2 R M M 6 76 19 @
15%.0" JO . ! WM N 18 T8
2080 JO 0 R ! T 6
22009 I Y < By R/
2t 20 R
2t JO

{34) Holecwd, 2. 2i%., Pe 29
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| (a5)
TABLE VIX

HULPIPLIERS OR QUTPUY COEPFICIENTS FOR SHOVELS
5”““’5“‘0‘&&na*nt&*;&-“cn,q*noo« 1,25
Leading trucks in vear, 180 degree swing frem owb, . . , . 0.80
For lil slope %w?uunvxﬁta;:waa:*anu-u 0,60
MWllm N N R RN EEE R ek

% Where slopes have to be trimeed when cauputing
yardags 1n eut, take for purposes of estimte 1 ft,
0 inshes of saterisl owar slopes ss separate yarde
age, Then, for this yurdage, use slops multipliers,

{15) Heleozb, 2. ,ﬁ&n Pe 29,

savating ordinery carth fyom en Gefoct ouwb sd loading brusks ar cars
through an awerage swing of 90 degroes, Under these conditions the
operator should be able to bake out an avernge of 120 cu, ydu, par
Twowe, place messurement,

| A shovel meunted om sravlers usually loses about 15 seconds

in woving up, This has Leen comeidered in establishing the orige
iual hourly yardage, If mabs must be wsed when noving, the Lime
Jost w1l be approximstely 1 adovke, The effoct on the yardage oubm
put of this extra moving time will depend om the ratio of the swcawe
sting tims to the swm of the excavabing time plus the moving Gime,
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T™he examples shich follow Lllustrate the use of these suiti.
pliers,

A shovel with a 2eou, yd, dipper is to be used %o
load falrly well-blasted rock from & 13-ft, bank and
losd into trusks ab the reap, What will be the heurly
average productiony

mmnmm:um. for faizly well~
blasted rock is 0,50, |

From Tabls ¥ (lower part), the multiplior for a 2.
eu, yd, dipper is 2,00

From Table ¥I, the coefficient for & 13-ft, bank
and & 2e0u, yd, shovel is 0,9,

From Table VII, the cvefficient for loading to the
rear is 0,80,

Canbining the above zultipliers gives the output
soafficient, as follows:

(0.50) (2,00)(0,94)(0,80) « (752,
The bowrly outpul then becomes
(«752) (320 au yd, per hr,) » 90,24 eu, yds,
per hr,, plase measurenent, |

The effewt of & cecreased swing angle osn ba nisely
shown in this ecsapls, Had the showel been loading trucks
to the side, the ouiput ooufficlent would have been

(2.00) (0, 9)(0,50) » .9h,



(c%}(m cu,yd, per hfo) » 112.8 eu, yis, per hour,
place measurement, This i» & 25 percent inoresse in
showel produstien,

b le3/h ou, yd, shovel 1o o be used to load truske
to the side from & 7%, bank of clay gravel, The shovd
must move on mats, using 1 mimute per move, The showsl
will be sble to excavabe 30 yards between moves, hat
Rourly production can be antieipsted?

From Table ¥V (upper), the cosfficlent for the type
of material is 0,80,

Prom Table ¥ {lower), the coefficient for the dipper
sise 1= 1,75,

From Table VI, the evefiicient for the bank height
and showel size is 0,93,

Negleeting the emtra moving time, the output coefw
ficlent is |

(0,80)(1.75)(0. ) « 1302,

Under these cwditioms the howrly cublput would be
(1.302) (320 eu, yd¢, per howr) « 158,24 cu, yis, per hows

The time needed to excavate 30 ou, yds, will be

‘Wt Al mdm,

. Allowing ) minvte totel moving time om mate minus 15
secends, alveady allewed in the original yuwrdage assunps
tion, will give

a.
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as the job multiplier hecause of having to move on
mate,
The shovel capacity them Lecomos
(«938)(1.,300) (320 eu, yds, por hr,) » kb
eu, yis, per hr,

Mr, Holoomb furtber suggests theai each orgenizstion deternine
its individwal organisation soefficient, This ecefficient will
depend upon such things as the sverall wanagesent of the worky the
pissing and handling of squipsent) meirtcsanee of squipmenty the
courdination of wquipzent) snd the coordination of the seversl. dee
partuonts,

Nanagenont should, s & wmatber of polisy, keep records of pro=
duction from all machines to use as a basie for cost and as & basis
fartumutimtu. |

It must be remembered, thal vhataver the systen used to preo-

- ¢hot performance, the resulis will be longebime averages, Thus,
in example 6, one cannol sxpset the shovel to load out emehly Aik.6
e, yde, per hour every hour, Barring may potracted unforsem de-
lays, the asehine will average wery nearly this amouwst over & peyw
lod of several veeks or 4 wenth when wrking under the stdpulsted
sonditions,

W shovel makers have devived “slide rules" or tables ly
means of whieh tiw performance of tha!’w.mz esn be ssticated,
The systen dovised by Mr, Holaeub is used by the Koering Company,
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It is perhape the most complete ond sceurate in that it comsiders
8 greater pumber of the varlables than do mest slide rules,

In cheesing & showvel it is a good practies te plck a mashine
capable of delivering from 15 te 20 percent more than its schod
ulsd produstion, This is decivabls %o insure that the shovel will
wob be operating ab ite sbsulube poak at all times, FPurther, &
shovel wth some overcapscity will sid in “oabehing® up should
there be & serious delay, |

There are many souress of delay and ispaired production over
which the shovel operator does nol have contrel, i etudy of Tabls
VIII will show the sourde snd magnitude of the delay, These time
Mnmnmhm‘ummmaﬂﬁdrdwm
cond itions,

In this M;tma&m of delay factors, soving bonlders wes
the tiwe spent is aeving large boulders te ihe side for later secw
endary hlasting, Large boulders are thome shish are too large fer
the shovel dipper, haulage oquipment, o orusher o hendier, The
pusber of large bouldors Ls dotormined Ly the sifectiveness of the
prizary blasting,

Moving shevel covered the time lost in advancing the shevel
to keop 1% within working range of the face, In this study this
alse covered tho tive roguired to mowe the shovel from and retum
it to the fase &b the eud and beglmning of each hift or while
blasting, The height of the quarvy fsce md the hlasting schoduls
deternine the amoumt of time i this festor, |

Under the heading of shovel delay is included the time lost
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TIME CONSUMED BY DELAY PACTORS IN PERCENT OF TORAL TEST PERIOD

Total loading

il 0.9 L9 —-— 353 k2.2 578
2.2 —— ———— ——— 56,6 58,8 k.2
2.5 8 Gt h3 2.7 84 51,6
— 1.0 548 7.6 A02  5h4.6 454
i.9 b 2.6 3.5 k8.2 60,6 395
hS L.b 5ok 3.8 26,2 WY 58,1
12,3 6,7 3 5.6 17,7 W80 5440
W 5,0 6.7 3.0 13,8 32,9 671
5.2 6,1 &9 246 1TA 36,2 63,8
N 7.2 2.8 23 17,2 36,7 6343
2.2 9.9 98 2.7 15,9 423 577
3l 1.9 20,7 T8 24,9 58k [N
6.0 22 6,6 8,2 304 54 46,6
T4 2.4 — 2.9 53 63,8 b
6.0 2.2 J— 6,7 5.9 66,8 33,2
%1 2.2 o5 8,3 40,0 55,2 hi.8
b 13 b8 L9 K8 3570 K30
7.0 2.6 6,7 6.7 A b AT 2.6
0.5 33 3.4 W3 0T 52 44,8

:
2
3
&
5
6
7
é
9
10as
10w
La
1%
k¥
15
16
1iTa
i
¥

o1 § 33 1.6 ?-.1 1.7 Wb 559 Y}
L . s e . SUO—

(14) W. J. R, and Lintner, &, J,, Tia study snalyses,
Progress veport 1, Quarry shovel leading: U, 5, Buresu
¥ines, Report of mmm;m Bo, 348, p. 10, 1939,
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directly because of the shovel itoelf, Making up this figare is
the time oub for oiling, repairs, relocation of power lime, fusl.
ing, and time lost by the opevetar, This figurs sight bedecressed
by scheduling service time to periods vhen the dhovel is imactive,
Frevertabive maintensncs will eut time lost by dreoakdowns,

wmiuthtimMMWaﬁiMLhnm
in sleaning up scatterod rook following s blast, and the time Jost
while the shovel 1s waiting for sevondary blasidug of oversise Lewl-
ders, vhils the shovel dipper is belng used te dislodge large beul.
dere in the rock plls thet interfere with continuous losding, amd
wiaile the face of the guarry is being trimeed and wade safe, This
fagtor gan be redwced by laproving the primsry blasting and by ue-
ing o bulldeser for cleaning up the quaryy floor,

Under houlage Le grouped % times when the shovel is idle bew
caunse of the lagk of cars or trucks to lead, Ineluded here is the
tiss whan the shewsl walts beblween finishing the load on ome truck
watil tiw next is ready for loading, In Shis study in severel seses
the delays dus to repaly or shifting of trecks or clearing of Lyusk
rosdways sre ineluded, as ars delays due to breskedown in the heule

In this study there were two instances of erusher delays, load-
ing was held up due i wesessary ¢rusher repalrs, Thens two lnstances
are not poted in the Table,

In mining eperations plant deleys slwost always entail pit dee
lsya, Plamt delays might be caused by power failure, crusher broghe
dowms, sereen repairs, lack of osrs or adequate storage fer finished
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produet, souveyor break-downs snd similar causes, These we re-
flested in the pit or quarry sinee most operations lack adequste
surge capacity between the plant snd the pit,

Whatever the cause, this tine study snd others show startling
total tlww losses in showsl eperaticns, A otudy of the causes show
that redwiions can be made in the delays through better plancing,
bask preparation, coerdination of equipment, better roads, snd
Hore surgs sapacity,

Purther stonomy and groater sffisisncy can be attained through
standardisation of equipeent, If mopw than one shovel is to bo used,
it is a good practice to have chowels of the same type and siew,
This euts down the parts lavertory shich mwst be c¢aprried, 1t alse
makes for greater oparator efflciency should it besome necodmary
%o switeh operators from machine to machine, GServising and pree
ventative saintenance can be systemitised, Shovels of the seme
type spd sise alao give mare asourate records on which to base com
parisons of produstion and on whieh to predict perfomance,
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THE DRASLING

The erawler-mounted dragline resesbles the power shovel in
all respects sxeept the fyomt end, The dragline has a longer
boom snd it does not have a dipper stick, In the amaller sises
the two oachines are readily interchangeable, Gemerally the sisze
range and power plants of draglines corvespond with those of the
power shovel, In the larger sises of draglines there is a dife
fewanse, however, in the wode of looomotion, Most large draglines
are walking saehines, Dragiines sre built wp through a 35 ow, i,
saxiamm sise, ’

The maximum range of oporshion of the dragline is gontrelled
by the design, size, power, boon length and sngle, and the sise
of the holst and drag eable druws, Figure 30 illustrates the
method used by ramuflssturers in desipgnating thes working dimensioms
of the dragline, The effect of boom length and angle iz ilinge
trated by Plgare 31, It should be noted that the draglins cmm
vork beyond the snd of the boom, This distunce, *F" in FPiguwre 30,
is from 1/3 to 1/2 the dumping height depending om the sidl) of
the operstor, The dragline can alse cast materisl beyond the end
of the boem as illustrated in Piguve 32, This is gaerslly conside
ered Lo be a poor practice since the bucket beging to swing and
tine is lost im taking the slack fros the drag cable, Cable wesr
is slso increased by this jractiee,

Generally, sise for size, the dragline hus a greater vorking
rangs both wvertically and horizontally than & power showel, The
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depth o waich the dreglise san dlg is lixited by the angle of
reposs of the materisl snd by the length end mgle of the oo
and by the smount of holst and drag cable that sen fib the drums,
Figure 30 illustrates how the angle of rapose of the materisl can
limit digging depth, If the angle of repose of the naterial om
whish the dragline is working 1s low and if the depth "H" beconen
tos grest, the cavimg benk will widermine the ermvlers, |

There is ome very important differsnce between the showvel
end the dragline which greably affects the efficisnsy and spplics-
bllity of the twe meshines, The shevel is so sonstracted that it
cen apply & positive foree behind the bucket whem digging, The
dragline cen ¢aly drag the bucket toward the machine and wust de-
pend on the welght of bucket and the design of the butket for pene-
trabion,

Busiet. design 18 an isporbant variable in dragline perforssnce,
Busket efficienay depends an the retlos between weight, widih, and
length, Efficlency is affected by the angle of the tosth, balsnce
about the holst trunion, position of the dusp sheave, length of
dusp rope, position of loading clevis pim, length of loading chais,
length of holet ¢hein, and almest evory other feature of the busked,

Because of lack of positive eentrol of the bucket, the drage
line is less sulted to loading into haul wnits then is the power
shewvel, Large draglines ave seldom, if ever, used to load hawl
wnits, Trucks provide & small targel for the free swinging drage
i1ine buckets, The sasll draglines, however, are oftm used to load
szall trusks, Whers excavating conditions indicate that the droge



.,

line 1s the better nachine of the two to use, or if the dragline

is the only machine aveilsble, It 1s used to load haul units though
it 1s net quite as applisable as w power shovel to loading hawl

units,

When the dragline is used Lo load haul wnite, the 1desl comw
ditions of loading are as iliustrated ln Pigure 33, Hers the drage
line excuvetes a strip parsllal to, snd on the saue level as, the
truek, The dragline then swings through & wery mall are to bring
the bucket ower the truck bosm, The trueck should be spotted umier
the end of the boau se that therw will be sews tenalon i the drag
rope giving bebter comtrol of the buoliet, If the truck were in too
close to the wachine, the dragline would have to take up mere on
the drag cabls, As the bLuckei was dumped it would ewing ok boo
far and batter the trusk csb or cab gusrd, I the trusk wers boe
yond the end of the boom, the dragline would have to throw the load
ab the truck box, Figwe 33 illustrates the ideal contitimm of use
which is not met with often,

Sometimes it ie advantaguous to load haml unita eperating mm
the benth above the sxeavator, This may be the case when it is dew
sired to gain elavation rapidly to reduwee grades and incresse spsed,
Or again, this may be necessary becsuse the soll on the lowsy bege
ches is not firs enough to funish adequste footing mnd traetion
for the trucks, This sonditiem of loading is 1llustreted in Pigure
3b,

large dréglines are fyrequently used to duup ints hoppers,
The hoppers ars usually large to provide s good target for Ue
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bugket 90 the operator will not loss time in manipulating the buce
ket Into the dumping position,

A system that is commonly used in sand and gravel deposits is
Lll&itnma in Figure 35, Here & dragline loads inmto a hopper, The
hopper feeds the sand and gravel to & portable conveyor bell whish
portable beld tramslfers it to a pormanent belt and thense to the
washer, If the hopper is nob tooheavy, the dmgline can be wsed
to wove it, A bulldoser can be used to shift the conveyer,

A varistion of the methed illushrated in FPigure 3% was used
by the Califernia Rook and Orawvel Company in & pit near Livermore
Valley, 4 3-cubis yard Bugyrus<ionighan walker with a 90-ft, boom
was used Lo load 4 hopper, The hopper wss equipped with a reciprow
gating foeder, From the hopper the materisl was fed to s 200e{%,
conveyor sedtlion, This conveyor sectlion was porbable and could be
swung from & pivwot point st one end, The dragline excavebed mstere
jal from depths of 50 feet below water level, The normal woricing
depth was 4O fest, The 3ecu, M, bucket handled about 2i-eu, yd,
per trip under water, Prodwshbion averaged 235 toms per hour, Dege
pite the dirt and water, the drag cables lasted for 45 days and the
holst cables lasted for 120 dayw, |

Another methed is illustrebed in Figure 36, In this methed the
dragline loads imbo & large hepper, Trucks then drive under the
hopper and sre loaded withowt delay, This sysier affords a lLittle
srge capscity se thet the dragline can centinue opersting evem though
there is & hamlage delay, The trucks are leaded more repldily and
with less impact than when being loaded by the dragline,
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The Basalt Roek Uompany used thia last mentiomed syatoer &b
c'm of their pits on the Russian River at Healdsbarg, California,

A Bugyrus-Monighan 3- with a 3i-eu, yd, buckes and an 80.£%, boowm
londed pravel imtoc the hopper, The honper was constmucted of shesl
plates and welighed 20 teons unloaded, The hopper was mountod 4 pone
toons and was moved by dregsing with & Suelid truck, The dischayge
gates ware three foet long and twe feet wide, The gzates rolled on
tracks and were operated by ccupressed alr fuwrnished by the compres-
sor on the dragline, The sapecity of the hopper was 75 tons, The
sapacity of the gates whish wers arvanged in series was 5,000 Lons
por hour, |

The use of the hopper owt the truck loading time from three
minutes down to 20 seconds, Capsaity of the dragline was grostly
incyeased by the elismination of haulage delays,

The average prodection per skift was 2,300 yds, of mberdlal,
Dlgeing dapth varied betwean 35 and 40 feet, Working 22 houwrs owt
of Zh, the li-inch prefowed drag oables lasted 240 howrs, The
1ife of the leinch holst lines waried between 600 and hOO howrs,
The moximn for the hoist line wug 860 howrs,

Pigure 37 illustrates the latest and largest dragline 4o hope
per systen, This gsten is being wsed to strip overburden {rom bhe
South Agnew mine mear Hibbing, Mimnesoks, At this operation & 25
eupd, 1150-8 Busyrus-Erie dragline is stripping slscial drift and
loading it isto a large soreen-cuuipped hopper, The wrlersise from
the hopper is fed to & conveyer belt, The somveyor tremsports the
wishe Lo She stacker on the duwnp, The over-sise is loaded to trucke
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whish haul te the dump,

The hopper is mounted on & wodel 5508 shovel base whiech is
equipped with hydraulie levelling jacks at esach corner, The base
is equipped with 4 50-hip, alestrie moters to sake the unit gelfe
propelling, The epening of the hepper is 28 £, by 30 £t, which
dimensions allow the dragline a good target, The sides of the hop-
per have & 55.deg, slope to & 7 £, by 18 %, mangsnese pan feeder,

The pan feeder foeds & Twft, by 1l2«f%, vibrating seresn which
eperates at 900 rpm, The sereen is set at an angle of 20 degrees,
The longitudinal skid bars of the screen have an opening of § imshes
8t the feed end and ¢ inches at the discharge end, The oversise
anounte to from 1Y to 4X of the Lotal material, It is loaded imto
trucks through a hydraulisally-operated quarter pen gate from the
rogk hopper imte large trucks,

The undersize fyom the scremn falls onto & é0-lnch conveyor
balb, A boow conveyor 4O £, long fesds the undersize to & selfe
propelied, rall-sounted hopper thet straddles the movable esnveyer,
This boom conveyor can be awung through a horisontel are of 180
degrees and it can also be reised and lowsred snough to compunsate
for minor ground irregulsrities,

The Cfirst movable conveyor discharges to & second nowable gune
veyar, The second wmovable conveyor discharges to the maln comveyor,
The main conveyor discharges $o a stecker on the waste dunp, The
movable sonveyers are skidwsmounbed sc thet they can be moved by cat-
srpillar tractors, The sumveyor belts are A8-in, & ply Lié-ou, dusk,
The ewmveyor speed iw 550 fost per minute, The conveyer system is



designed to handle 1700 cu, wi, per howr, The waximm possible
cspacity of the dragline is 1700 en, yd, per howr,

The dragline has & 180-f%, boen glving it & working redius
of 170=-feet, The width of the ¢ub, howevir is 230 feet, The ovoere
burden is to be removed in two levels,

Pron the begimning of the fullescals operation en June 1, 1948
through August 31, 198, 1,595,000 subie yards of material ware re-
moved by this syubten,

Ancther dragline to hopper systea is illustrated in Pigwre 38,
This system was used by the Uniwersal Placer Mining Corporstion ab
s dry placer mining operstion mear Samta Fe, New Mexiso,

At this eperstion a Bueyrus~irie 54-B 1-3/h cu, yd, dragline
exsavated a *hand® of grewal from 90 feet to 100 feet wide, fyem
70 feet to 80 feet long snd teo a depth of 30 fest, The dragline
dunped the gravel on sn inelined grisely, 'The oversised relied
off the Jower sd of the grissly, The undersise fell through the
grisuly 4o a hopper delow, Frous the hopper the undersize wemt Go
8 trommel and thents on through the concentrating plant, The drag-
line output varied between 100 ¢u, yds, and 125 eu, yis, per how,

The lasck of positive contrel over the busket results in the
dragline not being sble to dig sese of the matarials that the power
shovel can handle, Banks muet be betbter prepared for draglin® em.
savation than they are for shovsl excavation, Iven in suall bowle
ders the draglioe is handlospped b times, When excavating gravel
from balow water lovel, the dragline might dig a trough, T larger
rocks will yoll to bottom of the tough, In time the floer of the
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subsguecus pit becowss rosiecuvered, The dragline bucket will ride
over these rosks and thus llwit dmgline performsnos,

There is a striling dissinmdlarity between the ldeal dlgzing
conditions for the shovel md for the dragline, As memtioned bow
fore, the shovel is abt ite grestest effisiency when wrking. upward
from the level of the machine into a well-prepared bamk, Tha showel
sdvances imte the cut sa it excavates, The dragline, on the other
W,WMWM:MNMWMMWM&M‘
The dragline retreats before an end cub or travels parallel to &
side-cut, Thus it is possible for o dragline to travel en a fipm
dry surfece and ectovels materisl fyon below that sarface even theugh
that msterisl is balew the veter level, The dragline ean exssvabe
material from under water with the ssme case, though with slightly
dimintshed effiglenay, that ib can materisl ow of the water,

Working as 1% does from the %op surface of the bank whieh it
sxoavabos makes the dragline an ideal machine for suny types of
. wwavating md mining, Figwe 39 illustrates the use of the drags
line i placer mining, Hewe the dregline works o a dry sarfese
Mﬁcnmm,wﬂw,ﬂmMumﬁw
roek wpward through the watey apd casts the gravel inte the hopper
of the floating concentrator,

This foature of the dragline makes 1t the ideal wmachime fov
mining phosphate rosk im Flaride, One of the common mining systems
weed In Ylorids phosphate is Lllustreted in Plgure LO, Bobth drage
lines trawel on the surfsce of the everburden vhere they are insured
proper footing, The water table in the phosphate fMelde is high and
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the wet matrix is soft and slippery 30 that it gives poor fooking,
The swall dragline resoves everburden anly snd sasts it into the
mined-out out, 7The larger dragline travels parallel with the
smaller nachine, The large dragline altermsbtely cssts overburden
+0 the mninedeoyt cub and matrix to the sump where large hydraniie
glents break it up and wash It to the swetion through which i¢ is
pauped to the rock line and thense to the plant,

The sconomis overburden ratic in this aysten of mining is
aboud B to 1, Every effort Lo made to inerease the width of the
draglime eut to minimise movisg of the pit pusp, The pit pup
is lovated in such & way s %o give a ninimom swing for the drage
lines and at the same time mininise the reloeestion of the pumps,
At one operstion of the Internatienal Mimerals and Chesdeal
- Corparstion, & Bueyrus-iris 1150-8 with a 215«ft, boom and & e
gu, ¢, Bed Arch bucket moved dirt at an average rate of 1430 eu,
yi, pev hour over & period of 29 months, The digging cysle avere
aged 1,13 owings per ‘min, It is interesting to note that ok this
operation, ons set of holst ceblss moved 3,038,000 eu, yd, of dirt
and one sot of drag cables woved 2,082,000 ou, yd, The average
for like cables is 1,850,000 cu, yd, for holst cables ad 1,500,000
eu, yd, for drag cables, This owerburden and metrix is cagy W
dig and not wery abrasive as demonstrated by the cable lives,

The ability of the dragline 4o excavate from below the level
af the wachine and the large rodius of oporation meke the dragiine
mm officient and soomomisal machine for systems of mining or ene
eavating similar to thet Lliustrated in Figwe 41, Here the drage
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line eperates from & dry surfuce, It first etrips the gravel dee
posit and casts the overbwnden imto the ninedeout cut, After the
section of gravel is stripped clean, the dragiine bdegins to exgave
ate the gravel from below the water tables end loads the gravel inte
trueks, Flexibility such as this could never be achleved with s

power shovel,

Residusl phesphate deposite (as in Tennessee) and residual
slay deposits frequently have & very rough lower eontact, The Ten
nessee phoaphate depositx are wuderlain by lisestons, Undecompoped
ridges and plonacles of the linestone protrude upward inte the phose
phate beds foming "eutters® or valleys, Plgore 42 1llustretes dis.
grasnatically the coditions that exist,

uammmmﬁauwm,mamm
down %o the lovel of the tops of the plonacles and It would leave
wuch of the phosphate in place, The lower marface weuld bde too
rough for the shovel te 4ravel on and the cutters wamld be too
narrow for the shovel to travel belween, To atbempt to sarry 2
lavel flocr ab the bottom of the phosphate beds would entall too
much blasting and too much sorting to be econmmically feasible,

In oages such 83 this the dragline is again the ldeal machine,
extrection of the phosphate without dilution by waste, The drege
line bucket oan be dropped ab any point and dragged around the ploe
nasles in the eutters, In prectioe & large dragline is used G0
dig most of tiw phosphate and 8 swaller machine with 2 small buoe
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kot 1s wsed to excavats the phosphate from the narrow cutters,
Ancther advantage in fuwor of the dragline here is that the
dragline simplifies the haulage prodlsm, The dragline can lend
inte haul units operating on the suse level as the dragline & @
& lovel sbove, This minimizes rosd tuilding end resd maintensnse,
To sumsarise the adventages of the dragline as {llwstrabed
by the above exsmplas, it can be sald that the dreglise has &
grester vertlesl and horisoatel range of operation than does the
power shovel, Pit draiuvsge is nob & preblem in dragline e xssves
' tion since the machine operstes from a dry upper level, Reod
bullding and rosd maintensnce are less & problem in dragline gyee
tezs than they are in powar shovel gystems, Road grades way be
hold to the miniwam with a dragline since greater clevation nay
be gained with a dragline then con be galned with the power showsl,
The dragline has grester flexibility than does the powsr showvel,
Decause of the fesstures mmtioned above, the dragline is m
excellent machime for digging and for clesning drainage ditches,
cansls, md similer smcavations, In wrk of this 4ype the depth
is limited by the length of holst snd drag cable un the mashine,
Senetises the angle of repose of the bank is a llmiting facter,
4 high water table does not limit the dragline as it does the poweyr
shoval, Dumping height is not o lmibiog factor with the dragline,
™he dragline need met overwexosvate e the power shovel [requenily
mast in this type of excavation, Further, the grest working rodiue
gives the dragline more ares over vhich to speil the material amd
level it, Or, if desired, the dragline can bulld levees on aw or
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both sides of the diteh or losd into haul units with equal fagdlisy,
(n one drainage canal gproject a 6150 Bueyrus-Menighsa with a
Liwgu, yd, bucket and & LA0Wft, boon wus used, This machine exsae
vated a canal with s ibeft, bobtem, 2;1 side slope and a depth of
9425 Loot, The excsvated material wes used to build & wniform lowes
with a crown 24 feet wide on both sides of the canal, The drege
line noved an averege of 11,000 ou, yd, of earth per Zh-how dey,
A smaller dragline (Busyruseirie 37-B) was used with s Caterpillar
bulldoser to dress the fisal shaps of the alope and top levess, The
37«8 woved 1,100 yde, in 34 howrs in culting und dressing the slopes,
The great lateral and vertical workting limits of a dragline
make 1t applisable in coal-siripping, Largs shovels ave alse fyee
quently used in stripping sosl, but even the LO-cu, yd, shovel e
not work scme banks that & 28eca, yd, dregline can handle with ease,
™he simplost and idenl system of stripping with s dragline
is illwtrated in Pigwre 43, 17 the depth of the overburden does
not emeoed the digging depth of the dragline, the dragline eam’
spoil all the owerburden into the mined-out cut evem though the
Mmdmndmnmmmwhmbwmm
of vepose smmall, nwmuummmm,
mmtwmumm\ﬂhtbnmtm.
fron just abows the coal, The windrow has two purposes, Piret,
the material has & higher angle of pepose under the surcharged
wolght than the finer materdsl would have, Second, it acts as &
barricade te prevent the cther materlal from rolling onte the veal
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bed, Ailse Yy placing the cesrser material at the bottom of the
apoll plles, reclamation of the area is made possible,

Somstimes it is recesasry for the dragline to excavels mate
erial from above the level of the machine, The abmolute limit frem
which it can excawate is the dwsping helght of the machine, This
should be avoided 1f possible, When the bucket is being pulled
down grade toward the dragline, sided by gravity it plles dirt ia
front of the mashine, It &8 alse mare difficuls to get & full buew
ket because the angle of repose of the meterial resiste movenent
Ante the husket, When the busiet is belng pulled wp grede %o the
graglise, gravity aids in £illing the ducket in a sharter distance,

Although sn inefficlent practice, it is soustimes necessery
%o hawe the dragline dig downgrade, In seme coalestripping cpepe
atioms, the overburden is too thick to handle efficiently and eome
venlently in ope cut, To dig ss desp as required by the high wil
in one cut would mecessitate ueing too long holst md drag cobles,
Heisting time would also becue exvessive, For these reascns the
dragline sawtimes works two banches as 1llustreted in Pigure LA,

In the system illustrated in Pigure 4k, the dragline firet
operstes from position "A® to dig the face *D* and Lo east this
spoll into spoll plle *0tv, After face "D" has besn carried baek
%o the machine, the dragling tokes two or three steps toward the
old high wall to position "B®, PFrom *B% the dragline excavstos the
wpper bench *C* sad spolls the material to 00", The depth of
fage *C* i3 umally aboud 1/3 of the todal depth of overtunden,
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The disadvantages of this gysten are spparent, When dige
ging from position "B* the lusket i used to dig down grade,
Alse in this positicn the average angle of swing is very necely
180 degress, The advantage of she system is slso readily appare
ent, In working faee *D%, the holsting distance and time is et
& practicabls minimum se in the sverage angle of swing,

A wariation of this last mentioned system is used by the
lsumee Collieries st their Mine Nusber 28, A 1150-3 Ducyruse
Brie with & 180-£%, boom and 25-gu.pd, bucket is used to stedp
75 fest of overburden %o gt 3 feob, 9 inches of coul,

Hove the pit is laid oubt 3o that the high wall forms a
leng sweeplng ewbside curve, This roduces the height of the
spoil plles, These spoil pliss rerely exceed 15 to 20 fest inm
helght above the originel ground level, The draglime nakes $0-
n.mnmmMMmutmm.

The dragline eperates Irom & bemeh 15 fost below the ground
level, Prom its position 85 foot frem the highwll, the machine
firet rexoves 15 foet of clay ovwrbarden from the 50-It, section
in order %o save excessive holsting in later exsavetion, Nest,
after moving up along a line 85 foet from the old highwall, the
dragline cuts & trisngulsr s1ob 40 S0 50 fost wide at the old
face md tapering to the machine, This pilot ocut is carrded te
the coal ssan and thus forms the new highwall, The materdial from
the pllot cut i wsed %o fomm & retaining wall just beyond the
usual coal berm,
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Aftey the pilot cut and retaining wall wre completed, the
dragline takes three staps {21 foet) towsrd the old higinall,
Prom this now pos ition the dragline begins te dig fyom the lower
bench, Using a comtinuous swing much of the time, the draglise
digs and casts the dirt ower the retaining wall, The mechine
svings in a clockwise direction, stopping only to load the busies,
The bucket is dumped "on the fly*, The ¢ecomeave spoll area, the
mew position cleser Lo the bemik, md the added throw of the sen-
tinuous swing gives the operetor & wide dumping area, The materw
ial 1s thrown an extra 25 feet by centrifugal foree, By not stops
ping to dump and reversing the swing, powsr is alse saved,

The dragline makes three more moves toward the pit as i6 ree
moves the balance of the 35«M%, wide by 50-ft, long progress sew-
tien, On the lust move the dragline is standing on the edge of
the old highwall, Prom these new positions it is able to spedl
the dirt farther back,

The last operation before moving o to the next sestiom is
stripping top soil from the bensh im a redius of 180 feet, A layer
of shale is then added to fore & travel way, The sxvavabor came
pletes & 50-ft, progress seetion where the overburden is frem 65
to 70 fast desp every sighb-hour thift,

mm»amm.m-mmw
750,000 euble yards a momth, The high for & single month was
831,400 cuble yards when working 24 hours s day snd seven dayse &
waak

lmnﬁnntmlﬁwkﬂnumhwmwdﬁm
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perforsanse, This indicates thet the dragline has averaged 450
bucketfulls per shift for meny monthe, The life of the dreg and
helst ropes is about a million and 8 half cuble yards,

The different positicas of the dragline bucket when digging
are illustrated in Pigure 45, Position "e® is the best position
{or digging because the bushet at this position has the shortest
distance through which to be holsted, If digging is done in area
*b" the dragline has the added distance "“d" through whish $o hoist,
then digging in area "a,® thore is still sncther sdded dlstance
- "d® through shich the bucket sust be holsted, If the fairieads
of the draglive are high, Lhe wertical componmt of the drag pull
will reduce digging effisisncy, Parther, when the buciet is in
position *a* or "b* the hoist and drog must work sgeinet esgh other
a8 the buoket is holsted,

Holsting distance should be sueh that whwn the dragline hes
beer swung imto dumping position, the bucket has also been hoisted
into dumping pesition, In voal stripping this can be sccomplished
in part hy casting the material dug from the toe of the eut imbo
the first windrow, Thus holsting distanes is almest negligible
hers, Then the materisl that is dug from higher om the face son
bs east behind the windrow and o heys, L0o, the holsting distence
is winimised,

Sometinmes 1% is imperative to gain wlevation, In theee ine
stances not only is no offort made to minimiwe hoisting distance,
Wt also the holsting is curried to the maximug, Figures AJ and
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mummmummmwmmmmmum
advantage was taken of the vertical range of draglines,
mxmtmwwmmmmmu.ammmm
gold mining, The Cosley Brothers of Cemo, Colersdo had bem: use
ing thelr two draglines to mine placer gold, Rather than let thely
squipment. 11 idle, the Jooley Brothers moved it &o Vebd City, Mise
sourd, and began %o mine 2 leadsaine deposit in the mamner diowm,

Secause the ares of the léase was liaited, it was necossavy
o galn elsvation as rapidly ss posaible, A & persent grade for
effisclent truck haulage would have antalled o 2000=0t, approagh
or & like length of benches, Nessuse of these factops snd the
equipnent svallable, the "stalrwstop? benches as shown in the il
uwstration were used, This mothod of expawtion allowed almost come
piste extraction of the ore, Figure 46 shows the sequencs in whish
the benthos were excavated, Mh,ithmui«lhm
saterisl twice or three Limss as shown here, but in this case it
was betber to wee the eguipment in Lhe msnner diown at & devreased
efﬂumMuwmmewemimmm
machion, The boous wers 80-foet long and 2} to 3jwou, pd, buskets
were used, Walk ways for the machines had 20 percemt grades,

& greater degres of selsciive uining is pessible with the
dragline than is pesaible with the power shovel, Iu the dlscussion
# the power shovel, the phosphste and clay depesits whieh ¢onbalned
sand lemses were used as Lllustrations, The same illustratiom will
serve to (llustrate the officlaney and applicability of the dyage
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iine, In these cases the dragline could mine down to the top of
the sand lesnse, The dragline omuld then losd the sand indo waste
trucks withoub dilution, After Lhe sand lense has been resoved
the dragline eould continus Lo mine the phosphate or clay that

lay below i, All of this could be doue without moving the drage
lins from its indtial positiom,

Scome types of dlay deposits ave stratified inthin beds and
it is deeired to mine thess withowt wixing, For a shovel to mine
the beds would mesn mining out ome thin bed (an inefficlent pro-
codwre with & showvel) for a large avea snd then dropping to the
next thin bed and »o o through the deposit, The dragline cmm
uine a thin bed over » small aree campletely by taking horisontal
' slices as illustrated in Figure 48, After one bed has been sleaned
up, the dragline can nins the pext lowsr bed from the sase posiiion
without moving and lead it indo wnits witheut dilution or mixing,

If mixing ie desived, the dragline can mix as efficiecbly e
the shovel by taking inelimed rather than vertical slises fyem the
bank as illustreted in Pigure 48, Flexibility such es this is not
possible with the powse shovel, .

Generally the dragline sas work wnder conditions of pocrer
footing thon can the power shovsl, The 3-cu, yd, to bwsu, i,
shevels used in mining have bearing presswres varying from 20 te
25 lbs, yer squsre inch, This gould be decressed by inersesing
the bearing eres, The baaring avea eculd be inersased by making
the srawlers wider and lemger, Thers are structural limitstions
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4o inoreased grawler width, Lemgih of crewlers canct be iméressed
an shovel becsuse if they were made longer they would interfors
\Aﬁhthubmkwmummmkhmm‘tbﬂ,
Ca eresler-nounted draglines erawler length can be Lnereased to
inerease bearing ares and stability without interfering with dige
ging, Murther, tapperedesnd ermders (see Figure 34) can be used
en draglines to give them groater eliwbing ability in saft growsd,
4s for the large machines, the hmge walking shoes and buse of the
walking draglines glve thou very adequate suppart, wheress, the
large shovels bave bearing mrevswres of sbout 50 lbs, per sguure
indh,

The anall erexler-mounted draglines can use mats or fleats b

Ist another consideration is that of wethoed of operatiam,
The shovel must work ot the botbom of the ewt, Heve rein weber
and growd vater collects to wake footing conditions woree, The
dragline works sbove the cul and drainsge is into the cut, This
leproves soil comditions for suppert of the dragline,

What hos been sald for the opevator on & power shovel also
spplies to the operator on & dragline, 1f snything, the effest
of eperatop efficiensy and coupotonce on the parformsnce snd sapw
acity of the dragline is greater than it is om the power showel,

The dragline cyels is nade up of fewver motions than is the
crele of the power saovel, The dragline drags, holsts, swlags
od dunps, In operstion, if work is properly laid out, the hedst
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time need not be considersd, The eyols breaks down to two elements,
The dregline drags the bushet to plek up o lond, After it has been
loaded, the dragline holst the bucket while it swings, If loadimg
into heul wite there is o dumping time, Ifmm,thmhn
duaping tise simse the dregline dumps as it reverses the dipestien
of swing, The bucket is then lowered as the machine swings beck
and the eyele is repsated,

The lemgth of time needed for loading depends upon the drag
spoed end the distance through shich the bucket mmet be dragged to
plek up o load, The distance through which the bucket must be
dragged depends, in turn, upm ke type of material belng dug, the
Mﬁtﬂ'WMM&fuﬁuﬂdthWﬁtdd’,m
fellowing drag distance are based upon observations bWy J, R,

| ‘m)

i

ket lengih)
3o, LR, 3fhs s s b v e v u wa 10 20
3, 3ed, 1od, 13/, 2, 240, 3, . o 15 30
BB by 5,6, 108 4 s v 0w n 20 20

These averages ¢en be taken for preliminary estimstes, Soms
improvemsnts in bucket desig: heve resulted in buskets which san
load in shorter distances, Toe nakers of the Page Aubomabis Duse
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ket advertise thelr buoket as being sble to load in fyom L % 4
tusket lengths,

By taking the drag speed from the machine specifications,
the leading time can be soputed resdily by using the equation
whish follows,

Leading tim in sescs, »

ireg 6able In ft, per min, (1)

The swinging ties of the dragline can be found by using oguae
tim (8),

1t louding into trucks, cars or hoppers the dumping time is
the same as for the power shovel, If casting, the dumping tise is
net sonaidared, bocause the bucket is dumped as the swing is ree
voreed,

The theoretical syels of the dragline ia the sum of the loud-
ing tixe, the swinging time, snd the dumping time (1f mot ecasting,)
The theoretical capasity can be foumd by nsing squation (9), The
setual capscity cea be found by using sguation (10),

In plags of the swell factor of the matorial in equaties (10),
it would perhaps bs more accurete to use a bueket efficiency fsee
tor such as one given in Teble IX, Thess busket efficiemey fao~
tors make allowmge for & possible heaped load in the buciet,

-

Beuple Y
A 2.0u, M, dragline with a rotating speed of 3
rpu and & drag oable speed of 130 f,p.m, is to be uaed
to load trusks, 7The awverage magls of swing will be 90
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Basy digging Hod 1om digg;né tedium-hard dig. Hayd
fagter, 95-100f factoy, 8O- ging factor, 65-75% factor, 5%
Sand and small  Materisls mot  Materials requirw Blasted roek
grawel, dry o hard to dig ing light blast-  with
solnt - without blaste ing; bulky and voids, diffigult
ing but breake not sasily pene-  to enter
lown and locee ing with large trated by bucket .
earth voids Hard, tough
_ Well broken lime- shals
Hugk Clay, wet o stome, sandstons,
shale, ete, All hard vocks
Sandy clay
Coarse gravel  Ores not massive #Caliche”
~ Lose clay- in character,
graval Clayw-gravel, Histures of
o packed Hoavy, wot, sticky coarse mnd fine
Cinders snd elay broken msterisl
sahes Packed carth e
' Oravel with large Tough, rubbery
Bitwninous coal Anthracite boulders clay shish
- shaves iyea
 Well loossned Genented gravel bank
 material

# % of busket vapasity actually filled

(Z1) Peele, Robert and Chureh, J,
Vel, 1, p, 10-455, New York,

¥ining engineerst handbook,

fiy
Wi.iay-, 1964,
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dogrees, Vhat will be the owput of the machinet

wmgﬁm - -‘W » 10 secs,
loading time » W » 10,k secs,

Dumping time = 33 secs,

Theoretioal eyele 29.7 see,
Theoretical eapacily « vammt"t

I the dragline wee exssvating ssad, the actual eape
ssity would bes
(+65)(,95)(260 vu, yd,) » 160 eu, yd, per hour,

mz;gmnd of estimnbing dragline performance is that of
Holeomb, 'mmummmmmmmmmnm

(22) Holgoud, A, E,, Oubpt factors for deawt.im and maberdial
— handling equipment, Civil Engineering, Vol, 1, Mo, 1,
., 26 - 30, Qotober ma

fer the power showel,

The basie assunption of this eystem ls that operating sonditions
ave favorabley that ressonably dry, ordinary earth is %o be exeavabed
from an S-0%, e} that & Jesu, yd, bucket iz to be used; that the
meterial is to be wasted in & spoll bank at the side of the machine
so that the average angle of swing will bs 50 degrees, Under sush
conditions the opwrator mid machine should excavate sbowt 95 eu, yd,
Per howr, place measursnent,



The rulbipliers are based en the following speedss
Swinging . . c s s v v e s e s nscerares 3STm
Hdﬁiﬂciya.-.gu.'a*a-;....;; 170 ft, per min,
Droageiig o « o « s s s s e e n o2 e00ueae 1O, pormin,

The multipliers given in Table X apply when the dragline is
neking an end-out, Por 2 side-cut in ditehing, where the busket
wust dig down and Lrin the bank as well ae dig coming up, the mule
Liplisr would be 0,95 to 0,90 of the amd-cut multiplier (depending
ou the ratio of the depth to the width of eut snd to the working
redius) wntil the depth becomss approximstely 0,4 of the werking
radlus) after this the yardage, except in sasy-digging meberiel,
vhich would diminish so rapldly as to make it desirable to change
0 & digring type of clamshell busket, 4s bofors, the use of lu
gor machines and buskets weuld affect the depth smliiplier,

Digging rates in sticky meterial depsnd on how much the buciet
becones clogged and how often it has Lo bs cleaned,

The tims lost in moving back if mats ave used is 3/4 of & wine
ube inotead of the normal 15 seconds, The 15 sscond moves have
been allowed for in the Tables,

The wse of Tables X and XX is {3lustrated by the sxmuples which
Lullew: |

Avsume & 2Jeeu, pi, bucket is to be used in tough,
rubbery elay maiking an S.ft, side cut, and loading trueks
through & 90-degres mdng, What will be the production?



TABIE X

(23)

MULTIPLIERS OR OUTFUT CORFPFICILINTS MOR DRAGLINE WORK

Matasrials

Fairly welleblasted voek or hapdepan,

Tough, rubbery clay , ,
Clay and boulders , ,
Heavy clay {(not sticky)
Clay gravel , . , . .
Webt, sandy clay , . . .
Crdinary earth and dry,

-

L]

»

»

™

»

»

&

.

»

*

[ ]

»

-

L

*

*

L]

-

L

*

»

sandy ¢lay

Ligit, dry losm and clay, loose sand and
m‘lnl‘ uf\lﬂﬁra, ar M"!Eﬂ

Light, melist clay and losm

Size of Bucket {sssuming medimn heavy construction)

318 w"d‘ita-vﬁ

1}2 O, Yo 4 2 4 e o
5/3 e We o o o 0 o

3 ou.yd, ...
i ﬁuoﬂnpnoca
lwlfh e, M, o 0 o4 0
1-1/2

3/ ou,yd, o000
& ow, ﬂ. s 0 @ & &
Mfk cu, Y, . 4 o 4 s
Mﬁ e, Y4, &+ « o » o
# 3/‘ U, Y. . a0 e e

3 ou, ¥, s 4 s v o

m‘w.‘bﬂl'

»

L]

* & @

® » a »

* & 0 5 & »

& & & % 5 s »

"

-

&

» e

-

-

00
045
0455
0,70
0480
0.9
1,00

1
1,25

00,38
0,50
0483
0,75
1,00
b PP
1,50
1,75
2,00
2,25
2 450
2,75
3,00

Hultipliey

{23) Holoomb,
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TABE XI
HULTIPLIZRS OR OUTPUT COBPFICIENTS F(R DRAGLINE WORK

{Casting Empty Bucket Ww Polnt of Boom , , , , Hultiplier is
0,85 “)0.75 depending on are of vubward Mm. 0,80 is an
aversge

m%u Size Dys :_t.e Tapds |
SECEWAL LOp 3/8 & 8/8 37 3 pITL 4 2 DeB i 3

2t «95 +50 . N

‘i' '” ¢9$ .’90

é' l” QW l” :W

T 1,00 59 o B

13' .wﬁ lﬂm » 93 )

9 96 »99 1,00 7
10¢ 95 715 99 o2
12 925 o35 975 1,00
b oK 2925 950 975
&6‘ .B?§ bw «.935 *
la¢ «350 75 50 925
284 825 850 £75 .
a2 50 825 »850 &75
) o715 800 825
26! NE o775 0 A25
age 125 « 7130 o775 #500
300 . o125 « 130 o175
A2 o710 o125 w13
2yt L8 70 o725
36‘ '66 oi“ »
38 N o8
Lot N b

»

loading trucks , , . . " . . s ,
nm“m‘Mf&g&“"c'ta-t‘o# B0

ﬁmmuwhuuw-nm;Mnamtdmdvmww&mm
bank sas well as dig ecoming up, oA

Nultiplier wvaries fyom 195 for nopmal conditions down %o 0,90
when the working depth exceeds 0.4 of the working radius,

15 sesonds,

ngtm P E R Y E
M;mif'w;t;m»w 2 s ean o ase s sos b svconds,

(2#) Holcosb, op, git., P, 29




.,

From Table I the wultiplier for the clay is 0,45, Frem
Table X the sultiplier for the busket sise is 2,0, Frem
Table I the smultipller for depth of the sut is 0,96,
From Table XI the mulbiplier for loading trucks is 0,90,
The msultiplier for trisming Lasks is 0,95,

The oubput ecefficlent is the produst of the abowe
mutipliors, as followss

(23(0.451(0.5) (0,90) (0.95) = 754,

Tiie dregline production then becomes:

(0s754)(95 ou, yd, per hr.) = 7063 ou, yd, por hw,,
placs measuresant ,

Assune & 3-ou, yé, busket working in wet, sandy ¢lay
and digging o 12-0%, alde-cut chanmel, The machise ewings
shrough 180 degreas to depoait the material on & spolil
benk, The dragline neods mabts 80 mows alemg the diteh,
The awverage yardage exsaveted per mow is 100 eu, yd,
The average yardage sweawited per move is 100 cu, yd,
What produstion can be expested?

Prem Table X the multiplier for the clay is 0,90,
From Table X the malbipllor for the bucket sise is 3,0,
Prem Table X1 the multiplier for the depth of sut ia 1,00,
mwmu~mmmmwrwummamu
0,80, The waltiplier for triwslag benks on a side~cul ls
0.95
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Pisregarding the estre tise for moving wn sats, She
oubput coeliiiclent beconwe

(0,90)(3.0) (1,00 (0,80} (0,95) » 2,052,

Singe the original scewmeption was 95 eu, yd, in &0
ainutes, Lhe excawmilng bins belwest weves will bm

% » 3505 minutes

Bub it requives 45 ssconds to move om mats, The 3§
seconds for & move withouk mats was allowed for in the
origisal yardage acsusption, Using 0,75 minutes Lo nove,
the resulbing job eoeificient will bmy

. m rs A » ﬁ‘”s.
(32.3) + (0.75 - 0,29)

Oubput then wsquales
(2,052)(0,985)(95) ou, yd, per hr,) = 192 eu, yd, per hr,,
place meapurenent

It must be remesbered that the results in sxasples 7, 8 and
9 will wery olosely approxiuste long peried everages 1f there sre
ae major delays,

Tables X and XI illustrate some of the veriables in dragline
produstion, They alse illustrets that there are optinum wndltiens
of operstion for essh amaghine,



THE CLANSHELL, TRENGH HOE, AND SIKILAR BQUXPMENT

The clamshell, trenth how and the horizontal thyust losder
are scmewhat simller indesign to the power shovel and the drage
line, These mschinws are very unlike the power shovel and the
dragline in that thelr appllsability to different types of Gussw
vation projects is very limdted, In fact, the trench how 18 &
one-purposs naching,

Of the machines memtioned in this sestion, the clamshell
has the grestest flexibility and the widest rangs of effielent
applisation,

The working radius snd dumping height of the clamshell sre
funetions of the bowm length and angle, The digging depih of the
¢lamshell is a function of the length of wire rope carried Ly the
meschine as well &8 by the boom length and angle, Hoth the digging
depih and height te which material osn be piled might be restriew
tad by the angle of repose of the naterial, Figure 31 illustrates
thw working dimensions of & clamshell,

The olamshell, like the dragiine, can excavate materisl from
below wmater level with the smue £aeility bub decrsased effigleney
as it can excawate material above the water table, (me of the
emuson and afficient uves of the clamshell is in dredging,

The elanshell is restricted to digging unconsolidated sualle
sised msterial, The ideal materisls are sand, gravel, sindera,
srushed steme, and screenad soul,

In peorly blasted rosk the elasshell is inefflcient, The
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elfiecloncy In poorly blasted yook san be ineressed by the use of
an orange-pesl Lucket ,

The classhell can bLe used to load haul units but iy has the
~ same lmitations that a draglive hes in this type of work, The
efficlency can be increased in this iype of work by providiag &
Jurger target as is done in uelng a hepper, A hopper alse mwoe
vides sous surge capacity aud thus makes mors contlnuous operue
Lion possible, Trucks san be loaded mere rapidly from a hopper
than Ly the machine directly and so there is a saving in tise
hepe also, Charging hoppers is one of Lhe most comen and effice
ient uses for the clamshell, This use is illustrated in Pigwe
49

 The clamshell reaches its peak efficiency under cenditious
m‘me%-Mimmtbarmhm
working sreas as showm ln Flgures 49 and 50, Pigure 50 illuse
trates an efficient use of the classhell as an excawstor, [ere
dlevation can be gained easily and rapidly without over-exeavee
tion, Excavations such as foundation pits and shallow shafts gcan
be sfficiently and economically dug by a clamshell,

Handling material to or {rom stoskplles is a common and efw
ficlent ciamshell application, When ussd in s totkplles precaus
tione are necessary to prevant segregation of the varicus sises
of material, To prevent this segregation the stockpile should be
built up in layors, First the clamshell should plsce a thin layer
of waterial over the entire bLase area of the pile, This la fole
lowed by susecessive layers sasth placed over the available ares in
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Plowre 49,  Charzing o hoppor with & erane dwcavalor,



L




the same smanner in which the firet was placed, In this way the
material is prevented frow wolling dewn the sides of the pile as
it would if the material was dusped st the apex of & cone-shaped
pile, Rolling down the sides of the pile will cause segregation
of the sizes with the lsrgs places at the bottom and the fine
fragesmte oy partislse at the teop,

To prevent segregstion of sises when renoving msterial from
& plle, excavstion should begln s the top of the pile as in Pige.
ure 49, If excavation were by & mechine such as & pewer shovel,
the material would roll down into the eut and couse sww segre=
gsbion of nises,

A clamsbell is the only machine discussed heve that esn be
used to wnlosd rallroad gndels cars, This is a large field of
application for the clumshell,

The slamshall has found oowe use as a ditching machine, In
this type of wark it opsretos in much the ssus manner as & dyage
ine, The clamshell can work from elther the end or the pide of
4 cut, The mmterisl cen be louded inte haul unite, used to bulld
lewen, or Jwt spoiled to either side or both sides, In one case
fast progress was made on a 4,700 %, canal, The csmal was 70 f%,
wide and & ft, desp, The waber toble was close to the swrfage,
A Busyrus-dopighan 2.7 with » twoeyard Owen cluxshell buoiet wes
used, |

Ancther efficient applicstion of the clamshell is that of
placing riprap on levess, carth dens and similay construstium,
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The slamehell has found a few applicetions in wining, Ome
such application is that at the Morth Shore Sand and Oravel Pit
st Flushing, Long Island, Here & bank of sand 75 feet high fe
belng mined, To approssh this bank with a power shovel would be
dangerous because of slides, At this operation & crame with a
A3=ft, boom st & A5 degree angle end s 2} ew, yd, clamehell busw
ket digs the sand and loads it into & hopper that feeds the send
te & portsble belt conveyer, The machine has & 37-0%, workiag
radius and 00 it can operate st & safo distance from the bk,
This machine handles 1,200 buckets full {over 2,500 eu, yd.) por
sight-hiowr shift,

The clamshell is also used to mine pockets of clay, iren ore
{Alabama), and & few other nimerals,

Ths trensh hoe or pull shovel is a oeepurposs machine, Pige
are 51 1lluotrates the maximess working ranges of a trench hea,
A study of this diagran alse shows why the machine is restyioted
 to ditching or very closely sllied operatiems, B8y attaching a
beekfiller blade, the nachine can be used te back fill ditehss,

The herisontal thrust looder is the least commonly used of
the machises wnder discussion, Its commonest applicatiom is in
loading coal in the strip nining of coal, The machine san Prow=
bably excavate thix cuts mors sfficlently than can the power
shovel,
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Thers are soveral fuctors thab affect the performanes of
rolling equipment, These facters are drewbar pull, rim pull,
the ooefficient of fristiom, relling resistance, grade resise
tancs and ssoelerstion, fThese factors sre dependent wholly op
in part on the available powsy in the engine of the machine, gear
reties, relling radius, weight ou the drive wheels, total welght,
ropertiss of roadway suriuve, type of driver (whesl or erevler),
tire size, pressure and tread, awl on the poroent grade,

Drawbsy pull $s the sctual pulling fores avallavle st the
drovder of & tracior, :suwmmamm;um—.
Drawbar pall is a fusction of engine torqus, total gear redustbion,
relling radius, and the coeffictet of fristion, If drawber pull
is wessured when the tractor is in mobion, the pull would also be
o function of the rolling resistonos,

Theoretical rinpull is the driving force supplied by the
engine and measured st tho point of contact between the tires snd
tbe ground surface, Theorebicsl rimpull is & fuetiom of the sime
mx-ummmwumwmnnmar:m.
For & given machine, rimpull will have & maximm sssigied valus
thad van be deweloped inm eash gear range, Howewer, there usy be
times when mot encugh frictien will be present between the Lire
aod the surfaes to allow sll the rimpull that the machine is cape
sble of developing to be tremsnitted to the ground to meve the
maghine and its load, 7The rimpull sctually used - the avtual



A

rimpull or tractive effort w» 48 a function alse of the soeffice
ient of frietiom, If emough frietion can be developsd betwoen
the wheel and the ground me that all the available rlmpull esn be
transaitted through to the ground, the theerstical rimpull and
the actual rimpull will be squal, This is usually the ease with
heavy oquipment, |

The coefficient of friction {ccerficiont of tractive affise
Llengy) is the relstionshiy Debwpan the weight on the tracks o
driva wheels, and the fristion developed between the voad supfece
and the tires or tracks, 7Thiz velationship is expressed as fole

Lowny

The mmtimwm drawbar pull of & Uaterpillar DeT tractor in fivsd
gear is 20,100 pounds st the rated engine speed, The welght of the
machine is about 23,000 pounsds, I1f slippage is om the podnd of
oceurring when 20,100 pounds ig reached, the coeffieiert of Irdiew
tien 48 20,100 pounds divided by 23,000 pounds which aquals 0,875
ar 87,55 of the weight on the tracke, This means that this asshine,
or a nachine of like welght and track design, could pull 87,5%
af 1ts welight on the abewe road if the migine were capaile of deve
eloping that much power,

Gaing the sane mﬁm, asmume that road cuditione weve sush



that the eosfficient of fyletion were 55, In this case the
fores avallable for pulling (as & seraper, vooter, ar eat wagom)
would be 55 x 23,000 « 12,650 lbs,

in the sase of & rubbar<tired unit the solution is similur,
Assume that & glven Lruck has a theoretical rimpull of 9,500 ibe,
and that thers are 20,000 Ibs, 9n the drive wheals, If working
on wet olay loam {see Table XII) the soeffictlent of fristion would
be A5, The seximm feves avellable for pulling weuld bey

(45)(20,000) » 9,000 Lus,
this means that 500 lbs, of the rhmpull that the tyuck is wapable
of delivering sennet be useds to apply woere than 9,000 lbs, of
rimpull would sause the whouls to spin,

mmwmw,wamm&mkmmqﬁ

lesn which bas s ceeffiodent of fyietiom of .55, The maxiwen
foree svailable for pulling would bey ‘

(55)(R0,000) « 31,000 lbs, .
This mesns that 11,000 lbs, of rimpull gould be used before the
wheals begen to spdn, and 44 also means that the engine will “lug
down* under full load sinos the wachine ean only dewelop 9,500
pounds, ALl the rdepull thad can be developed will be used md
there will be no slippage,

Yalues for the cosfiledont of friction for rubber tires m
different surlfaces are given in Table XII, These factors, though
spprodmate , are of practical ispertanse, To loeycase these (age
tors results in inereasvs in epuiment officisncy, The toeffisw
tmmhamwbwmrm»ammmmmm
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design, inereasing bearing surfaoe through larger tires snd lowe
pressurs, and by having nore wedght e the drive wheela,

The soeliloient of fyieklon for trucks on ordimary dird
roads is ussally sonsidered to be 55, The scefficient of fyige
ties for srevier tractors om dirt is fyom 80 wward, Oravier
tractors develop more fricilon bueaues the long lugs penetrate
further into tbe road bed glving & grester fristion wond,

Another tems {requently used is drewbar horsepower, This
is the time rete st vhish drevber pull is used, One dravbur
harsepewer aquals 375 1b, wiles per hour, Hathmmsticallys

mnw (34)

where DHP e drawbar horsapowery

P = speed in miles per houwr
amd 75 = ihe conversion factor,

A study of the squipment shavscteristics in Appmdix G shows
thet the drawbar pull varies with the speed, This uskes the Gone
slderation of drawbap horsepower necessary,
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BOLLING RESISTANCE AMD TIRE PENETRATION

Rolling resistence is an lmportant, though frecusntly ¢wre
looked, factor in equipment performance, Relling resistunee,
sooetizes salled *rolling friction® is that resistmes whieh the
surface of the growund offers to the movement of & wheel or tire,

The thres cases that eetribute to rolling resistance avre
fllustrated in Pigwrs 32, In *A* the surface has bosn depressed,
in ¥B* the tire has been defarmed, md in "0 & sxmell cbotrustice
offurs resistance, Any eombinetion of thess throe cases can exist,

If *P® im Pigure 52 18 & hordsentel fores whish causes the
eenter of the vheel to move with a constant valoeity, the resctice
*Re of the surfage will pass through some point “B,* 3ince the
velosity of the wheel 1s gonstint, the thyes forees, *P,4 @¥
and "* are in equilibriun and so the reaction, "R,* of the swr~
face on the vheel must pass through point "0,” the center of the
wheel, Taking momemts sbouk "B glves

Ny e ()0) ~ (F)R) - O as
Solving squation (15) for “F, 1% becomes

h.P. ‘u)
Binse the distamos "B® i3 very nearly eqml to the rodiug of
the object, the radiue *r® will be substituted fer "h®, lLqustiem

{16} Gecomes: '
I an
The horisontal component of the resctiom "R® is equal to ¥
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and 1t is valled the "polling fwiction® ar rolling resistanee,
The distance "b* is called the coefficlent of wolling resistance,
xthtnmwmﬁtrn&mﬂnywmmm‘ Some
eoalficients of rolling resistence are given in Table IIII, This
matteor bas not been thoroughly lnvestigted and so the coeffice
fonts should be used with eawbiem,

(26)
TANLE XIIX

CORFFICIENTS OF BOLLDN RESISTANCE
(Pus to Coulomb and Goodusn)

Btoel on 8808l , . . . ¢ s e w o0 s e s oe e s 0007 S0 0005
Stacl on Wood L . e v s seswn s ness e e 000 0000
Stee) on macaden YOM L 4 w4 s e s s 0 s e s o 005 80 020
Stesl on 20f% growd . . use e as s s e e 30 B0 50
Pnowsatic tives on good Y008 4 o 44 4 02 « o« o 0,02 o 0R
Poswnstic tires on oud 1088 o ¢ o« 4 00 0 s 0 0,04 G0 0,08
Solid rubber tire on good Y08l 4 4 . . 0 s« s o 008

Solid rubber tire cu mad 100 4 o 00 o4 0 s s 0,90 to 011

Bolling resistance is dependent on the fimmess and freedum
from winlations of the resdbed, Heslstance is increased by tive
pemstrat ion, compaction mad displaceset of material making w
the road, by sdded welght, and by sidevall tire actionm,

e N s

, ?, B,, aod Bsign, N, 5., Analytical mechanies for
(“) WQ " ’: mi m%&;’ ‘éi.m, 1%60

SRR SR T
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Rolling resistance is most couwsmnly designsted in pounds per
gross ton of vehicle welght, leose commonly relling resistanees le
designated pounds per thousand pounds of gross welght, 88 & pume
centage of grade realstanee per ton (20 Ib, of read resistance
por ton s equiwalent to 1% of adverss grade per grows ton), or s
a percent of the gress webhicle welght,

Tabls XIV glves a list of yepreseutative volling resishumees,
It must be remembered thal these yesistasges sre not fixed, The
walues would vary somswlat depending upon sueh things as the slse
and type of tire used, me,mquﬁlusmmmm
to use in saking working caleulations,

Relling reaistance fop érswlsp-mounted machines is abouk 150
pounds per gross ton of wehisle welght, This large veslstanee 4s
dus in part to the many hinges du the ereviers mnd to the penebrte
tiem of the luge,

Te pat & knosledge of relling resistance into prestice, the
basle enginsering formulse that follow will be helpfuls
(18)
(19)

(20)
()

{22)

(23)
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(27)
TARLE XIV

ROLI . .
RS ITEAN Rolling Resistanse as
Type of Zoad Suwrlfoce Pounde per Ton of Gress
Vehilels Weight

1. Seceth, hard, dry dirt and
gravel, Well maintained,
rruatlmnmwid..aa-.... Abm,

4, Dry dirt and gravel, lNot
" fimmly packed, Scee loose
I&Mﬂnco;v-tuuahinaac & lbs,

mhntmawdiﬂ,
rubbod surfase . o . v o v 4 o 5 ¢+ o » 80 1ba,

by Webt muddy surfese on {irm
base

EEE R EE R E 80 lbs,

S5 Soft, plowed dirt or ue ~
paoked dirt fille & 2 % & % B % a s e mm.

G Iocos sand Or PAVEL 4 o o 4 o & o « 3 & 200 1bs,

T« Desply ratted, sticky o
* moddy, soft spongy Dase . 4 o 4 5 s e o 320 1ba,

(27) Buelid Rosd Mashinsry Company, Estimsting productiom and
sosts of saterial wovesont with mmn, Fors Ne, 3501,

Sh 5‘ W; m' IMQ
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In the foregeing formulas;
TR is total gear redwrtien,

m

is the transmission retio,

QAR is the overall axle rabis,
HPH is the whicls speed ia nilss par hour,
RFY 1s sngine revalutions per minube,

RR
a2
a
P
MR

is tire rolllng radius,

is englne terqus in lnehwepounds, .

is engine horsepawer, |

is thearetisal rispull,

is mechanical efficienay (855 o 90%),

DEP is drawbar pull in pounds,

Rotd is rolling resistence in the designated units, snd

oW is gross wehicle welght in tems, 7

Ium;bwa,m(*m)ham:mhg&ng
average valus to mgine torque since high speed truck englues
are not always running st the rated speed and, therefore, the
maximum torque, Figures 53 and 54 show the torgque cherssteris-
ties of high speed gasoline and Diesel engines, Figwre 55 gives
the charecteristics for a low speed Diesel eiygine such ae is wsed
in sravler tractors, On the low speed Dissel the torque cwrve is
flatter and so the sonstant is neglected,

Solving equstien (19) for TR gives

- R, e

Substitubing equation {24) for TOR in eguatlion (21) gives
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which redutes to
WP - (26)
(27)

(28)
The mare useful form of eguation (28) is found by solwing
for HPH to glve
HPH = (29)
To Lllustrate the use of equation (29) and to illustrute the
importance of lowering the rolling resistance of a road through
propar rosd cemstruction and meintenance, & Lypical case will be
shown with different rolling resistances assumed,

Bample 10

The sonditions of the problas are 20 follows;
Truck WP « 150, Whon losded the truck weighs 66,000
ibs,, o 33 tons, When snpdy the trusk weighe 33,000
ibs, Payload is 13,000 lbe, Payload ¢ 3,000 loe, per
bunk eu, yd, « JaER o Ll eu, A,

Cost of owning and operating & truck per how is
$5.00, Coefficient of friction ls 6, Weight on driwe



tires when loaded is 50,000 lbs, There are no grades to
conglder,

A leuile haul loaded, Heturn at top mpeed of brusk
which ecquals 37 ¥PH, Dunp tise is .5 min, The loading
tine at the shovel is 2 minubes, The costs and performane
ces are o be walysed for rolling vesistonces of 40 Ibs,
per ton, 60 lbs, per ten, 5O ibs, per tom, 100 ibs, per
ton, and 160 lbs, per ton,

Analyelis
Case (1), Rolling resistsnce equals LO 1lbs, per tem,

(33 tons, gross)(40 Ibs,fon) = 1320 1bs, rimpull
required to overcams rolling resistance,

Case (2), Rolling resistance squals 60 lbs, per ton,

(33 tens)(60 Lbs,Aon) « 1980 lbs, rimpull required,
Case (3), Rolling resistanne squals 80 lbs, per ten,

(33 toms)(80 lbs,fben) = 2640 lbe, rimpull required,
Case (L), Rolling resistance eguals 100 lbs, per ton,

(33 tons) (100 1bs,/bun} » 3300 Ibs, rimpull required,
Case (35), Rolling resistance eguals 160 lbs, per ton,

(33 tons)(2160 1bs,Mon) » 5280 lbs, rimpull requised,

Hone of these rimpull requiresents are in excess of
what the mschine can dovelop or tranmit through the ground
sines (,6)(50,000) w 30,000 ibw, rimpull that could be iranse
nitted,

The haul speed can be found by using eguation {29),



On the bosis of the sbove upeeds the complete haul
ayele can be found, No allowsnoes are zade for sceslere
ation, "
tass (1)

» 1,8 lﬂm. haul ’Ul., M,,

2

, , Blad » 1,62 min,, return Sins,

Cyels » 1,84 min, ¢ 0.5 min, + 2 min, » L 62 min, »
5,96 nin,
Case (3)

D plaley )80 ma) o 2,75 nin, haul tine,
L

Gyode o 2,75 % 1,62 « 0.5 ¢+ 2 » 6,87 min,




«8 i) ¥

Gredo o J.6L ¢ 1,62 « 0,5 + 2 » 7,73 min,

Gyele « kué‘ - 1"62 w5 =2 » 8.7 nin,
Case (3)

W « 7,38 min,, haul time,

Crels » 7,35 + 1,62 » 0,5 + 2 » 10,47 nin,

Yards por Mm bowr can oow be caleulshed, A
50-minute how is usually wsed im hsulage caleulations o
compensate for uwnawveiduble delays,

gass (1)
- 92,2 cu, ydfwr,

Case (2)

%}- » B0 ou, yd, /e,
Case (3}

w.ﬁ u.’ i m m:ﬂ‘cmﬂ
Cass (L)

%ﬁd » 631:1 Gy Wtﬁwt
Case (5)

Wﬂl » 47 eu, yi v,
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The sost per cubie yard for hauling then equsls
the cost of owning and aperating the truck per houwr
divided by the nusbor of cuble yards the trusk can
haul per how,

Case (1)

zg!"‘jgag “h‘) - u%' e S2¢/en, yd,

Case (2)

*zw‘%:y » 6,25¢/en,yd,

Case (3)
b ?iW’“lﬂo

, S0, J9,,

Case (4)

Ty = TeRf /et

Cane (5)

WHT »  10.6¢/oud,

Assume that it was oeosasary to move 800 cu, yds,
sach howr, The nusber of trucke necessary in each case
would be 800 eu, yis, sn hour divided by the capseity pes
hour pey truck,

Case (1)




Case (A)

L%?El s 12,7 trueks = 13 trucks,

Cuss (5)

W » 17 trucks

If each truck coet §43,000,00, the ariginal investe
sent would be the nusbey of trucks negessary tines the

cost par truck,
Case (1)

Wl » §137,000,00
“ 4

case (2)

(10)($13,000) = {130,000,00
Case (3)
(12)(%13,000) » §156,000,00
Case (4) |

{13)($13,000) « {269,000,00
Case (5)

(17)($13,000) » £221,000,00
To summarize the sbove inlorsation
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Rolling resistance, , ., 40 60 20 100 160

{Lbs, per ton)
Haul speed |, , , , 32.6' 21.8 ol o 14
(41los per houe) - 16 13,08 8,16
Cost por ou, pd , , , , 2 6,2 ol X o
(Coct) b A2 5  7.03 7.2 10,6

Bo, ot trucks to haul

Investment in drucks
to haul 800 eu,pd,

Per hour, o » 4 o o o s M70 130,0 15,0 165,0 N0

Adtually in the abows sxsmple the coste would bescrs even
greater proportianally as the rolling resistance ineressed singe
thore would be greater mairbenance costs dus to hwxinaum
roada,

In the pext chapter the alfest of ihe rolling resistance s
the grade ability of the truek wdll be illustrated,

An expressio for MPH in terms of DBP will also prove useful,
Since the tern to the right of the egqual sipgn in equation (21) is
identical to the first tersm 4o the right of the equsl sign in equa~
tion (22), it follows that ecuation (28) osn be substituted for the
first torm te the right in squation (22), This substitubion glwes

Bl $ o oaiive.). (30)

(31)

where (RoRi) is the tobal rolling resistance of the tractor in pounds,
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The minimun rolling resistange found in prectice is 40 pewnds
por ton, This is found anly wnder the most faverable conditions
vhich de not commonly exist, The imorease in rolling resisbasce
beyond this amcunt is dus to the penetration or displasesent of
mmuwmun,«mmuuozmm:m,uu
daforsation of the tire, |

It is evident that 1L & tire wsder a load deflected so as to
carry & lead of 45 pounds per square inch of besring surfaee oa a
mmtmnmxuumwaw«wmaw.wm.
there would be no pmetration of the soil by the tire, The sase
tire and load would penebrate into u soll that had s bearing Gape
ssity under A5 pounds por square inch, In the latter case the tire
mummmuwmmmmumrmm,
the siMdewalls and ciroumfoprence of the tire, Also in the latber
sase, if pressure in the tire had been lower, the tire would hawe
deflected more Lo ereste & greater bearing ares which enlarged
area would have caused s detrsase in bearing pressure, The dow
erease in bearing ressure might result in no pemetration,

In Pigure $6 1t can be seen that if the swbtaining sapesity
of sidewslls is neglected, the waight "W* will sll be transsitted
%o the ground through the confined fluid, The pressure of & conw
fined fluld {» equal on all payrts of the interlor surfase of the
tmtmmmlmmu,h&hhsm_ the tube, It follows them
that the area of sadact befwesn the tire and the ground abould be
squal %o She welght of tire and load divided Ly the tire prossupe,
Te allow feor the sustaining vulus of the sidewalls of the tipe,



Tire pressure = o /bs per sq. /n.

Area of contact = W -+ ,0 when
sustaining capacity of sidewalls
/s neglecred.
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(3)
Park mmmammmmmbmmmmmom

(31) Park, K, E,, Principles of modern excavstion and eun
mﬁﬁu p# As; Pm, m“ ﬁ. G. mem. Im., 1 *

of the theoretical area ss followss
Besring aves in square inches »

If & tire had 4O pounds of pressure per squire ingh
ard carried & 10,000 1b, load, would 14 penetrate inte &
roadbed having a bearing capacity of 35 pounds per square
ineh?

1f the tire prossure were reduced to 30 pounds per
square inch, would theye be penetrationt

L « 225 8q, in,

v = bbb Ib, per sq, in,

Since the bearing pressure is grester than the bearw
ing eapacity, there would be penstration, il the tire had

‘mmha

t - i . ...?
. . in
W> 33-1/3 1, per sq, in,

Sines the bearing prossure is less than the bearing
sapacity of the sell, there would be no pmetration if the
tire hud 30 pounds of pressure per square inch,
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(32)
It has besn estimated that for every insh of tire penee

(32) Park, op. Sit., p, ib,

tration, relling resistance ig lneressed by 30 pounds por grogs
bon, Thus if the load per wheel is 2 tons, and i the tire pene
trates 1 inch, 60 lbs, of relling resistance are set up, If the
tire penetrates two inches, 120 powds of relling resistenes are
seb up, Three inches of penstretion result in 180 pounds of gew
sistance, ,

To decrease tire panctration by incressing birs slse snd dem
ereasing tirs pressure t0 ool up a greater bearing ares and thus
lessen punetration vesults in & net decresse in rolling resistance,
There is an sdditional relling resistence set up through tire dee
flestion and sidewall actiom, but this additionsl resistanse is
alnost negligible when compared to the 30 pounde per gross tom
per inek of pemetratiom,

The sifecis of impaci loads on the truck and on penstratiom
are less with low prossurs tires than with high pressure tires,
However, low pressure tires do have a somswhat shorter 14fe than
de high pressure tires,

Flgure $7 illwstrstes the rosults of Ineressing tire sise
and desreasing pressurs o minieise tire penetration, This illuse
trasion is based om a load of 12,000 pewnds per tire on & surfese
whiich has & bearing sapacity of 27 pounds per squaye imch, Here
90 horsepower gawe s speed of 8,1 wiles per howr with & misll tire
and high pressure, With the ssse load, a large tire and low pres-
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(33)

Fiowe 57,  Bffest of tire pemetration on speed and power cunsumpbionm,

(33) ?‘*O‘OEM“ s, R, Dy How % mabe full use of
speed) The Cowoperator, Vel, 5, Ne, 3, p, 7, Awril, 103,
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mmﬁmﬂtk&tuﬁumh«wuuhﬁclmm.
Or, to attaln 15 ulles per howr, 165 harsepower is required for
the small tire and 46 horsepower is reguired for the large tire,

On well-surfaced roads thers iv little danger of tirs pumew
tration, Om such roads it i3 advisabls to use high presswe
tires since the deflection of low prossure tires is & cause of
relling resistance, Alse, flexing of low pressure tires resulbs
in heating and consequent deterioration of the tire,

m«nummluuwmmmmsmwwmm
that prevail, If only short stretches of bad read are yresad o
otherwise good roads, a tire of frem A0 te 55 pounds presswe
would be indicated, If the reverse wuxmi provail, & Jow
pressure tire would be indisated, The low pressure tires vary
frem 25 to D pounda of pressure per ¢ quare inch, Or, agals, a
tanproniss pressure night prove etomomical in tire wear and vebe
icle performance, _

Te aid in keeping yolling resisisnce to 2 minlwam, equipnmt
ghould hawe wheels that track, Older model sorapers had & napre
rover geage sxle for the {ront wheels than for the beck, Wwibh
this arrangesment esch wheal musth out its own path, Many mechines
still have maller tires om the frent than they do on the bhesk,
Here the front wheels sul & narrow path and the back wheels mush
widen the path,

The present trend, and wisely so, is $o have the sams sise
tires on front apd back with an swven or nearly eoven welght dise
tribution, and beth fromt and back have the same gauge, ALL



All roade for permanent hauls should be constructed ad
meintained to kesp rolling resistance at » mininum, Rosd maine
tenanes is not necessary fur erawler-mounted machines, In mest
gages cravlor-mounted mathines will lmprove roads over whish
only they can move Ly compaction, Original relling resistance
of these machires is s0 high and the power svallabls so great,
that it is not ecmomical %o Ilmprove rosds for minor desreases
in rolling resistance,



Grede resistance is ancther important facter in eguipment
perforsance,

Assume that the load »T.® in Pigure 58, is mounted on wheels
that are frictionless, 7This assumption can safely be made singe
the fristion in the wheels and Lotweon the whesls and the rosde
way has already beem taken inte consideration as relling resise
tance,

Since the lega of the angles sre mutually perpsndicular,
the angles "S® are aequal, The ooupnent of the weight 7" Aot
fng parallel to the imclined plans is "P," PY i3 equal te ()
{sin 8), P &= the fores scting parallsl to the plane and will
produce uovement down the plane unless acted upon by and ml
and opposite force, |

For swall angles the sine of the angle is wvery nearly egusl
te the taengent of the angle, If angle "5* Ls expressed as belng
1% grede, the tangwt of the angle is 1/100 or 0,01, If wi»
eguals 1 ton, P then eguals {01) (2,000 1b, Aon) squals 20 1b,
por ton per parcent grade, 5S¢ for sost calenlations grede resise
tanoe can be considered av Lelng aqual to 20 1b, per ton per pere
cent grade,

The coefficient of tractive sificlency is o function of come
ponent ¥Y®, eye in tum Ls emual to (T)(vee 8), For the gredes
used in haulage, cos § i@ very nearly equal %o one, This being
trus, the sffect of a grade an the coefficlent of fristion need



Plgare S8,

Derivetion o valuwe of grade resistonce,

IR,
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not be ¢conaidered,

If movement impends upgrade, grade resistance is a consuner
of drawbar pull and viwpull, If movement is down grede, this
parallel camponent adds to the drawbar pull and rizpull, In the
latter case it is actually a grade pull rather than a grade vee
sistance and it may be used to do work, |

Bxmple 12 |
what is the grade resistence of 5 tons on & 10 pors

cent gradey

Bqustion (23) is one expression of the grode ability
of squipment, To arrive ad a mare usable form squation (A1)
is solved for the rolllng radius as follows)

a0 ""‘W {33)

Bquation (33) is swbetituted for RR in equation {23)
to glve
={RoRiin £ of OW) (34)

Bguation {3h) reduses to

T IWL. (PRl in £ of GW). (35)
N g G
RoRi in £ GW = , .
GW an A8,

which reduces te




in,

Substituting equatien {36} for the last term in equstiem
(35) gives

OA « ‘Wl -
Bauation (37) reduces to

o-sucwohﬁ-}%j G8)

To put equation (38) to use, it is necessary te know
the rimpull, This can be obtained from the mmulactureys
aspecifications or canputed by using equation {(21),. |

In the exsmple which fellows, the same dats will be
used whigh was used in exasple 10 on rolling resistanses,
In addition to those dats will be the rimpull in each gesw
as specified by the samufacturey,

{7)

Esample 13
Trusk welght » 33,000 1b,
Trusk load » 33,000 1b,
Gross welght « 66,000 1b,
Rimpull in st gear © 3,4 mph, » 13,700 1ib,
Rimpall in 2nd gesr @ 6,84 mph, » 6,850 1b,
Rimpull in 3rd gear & 13,7 mph, « 3,700 1b,
Rimpull im ith gear © 22,3 wph, » 2,100 1b,
Rimpull in Sth gear @ 35,2 mph, » 1,360 Ib,
lmﬁ%uﬁﬂd&mhammﬁmtmm

abllity,
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Using the above data, find the ymnhuitrefm
truek in esch gesr range for rolling resistances of 40,
60, 80, 100 snd 160 pownds per ton,

Case (1), Relling vesistence equals AO pounds per tom,

In let geor ‘

04 = (100) w* ﬁg - 18,88

In ind gesr

GA » (100)(6,850/66,000 ~ 40/2,000) » B,A%
In 3rd gear

G4 = (200)(3,700/66,000 = 40/2,000) » 3,68
In 4tk gear

GA » (100){2,100/66,000 -« 40/2,000) » 1,188
In 5th gesr

GA » (100)(1,360/66,000 - 40/2,000) » 0,068

Case (2), Relling resistence equals 60 pounds per tem,

In Jot gosr

04 » (100)(13,700/66,000 - 60/2,000) = 17,8%
In 3nd gear

GA = (100)(8,850/66,000 - 60/2,000) » 7.,4%
In 3rd goar

A o {100)(3,700/66,000 - §0/2,000) » 2,64
In ith gear

Gk = (200)(2,100/66,000 - 60/2,000) = 0,148
In Sth gear

GA » (100)(1,360/66,000 - 60/2,000) » <0, 04
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A negative grade as hosmediately above indicates that the
vehlcle zust be favared by the grade,
Cave (3), Relling resistance equsls 80 1b, per ten,
In let gear
@4 = (200) (13,700 /66,000 - 80/2,000) » 16,88
In 2nd genr
Gh = (100)(6,050/86,000 - 80/2,000) = 6,45
In 3rd gear | "
Gk = (100)(3,700/66,000 - 80/2,000) » 1,68,
In ith gear
O « (100)(2,100/66,000 « 80/2,000) » «0,828,
In 5th gear '
G » (100)(1,360/66,000 ~ 80/2,000) » =195
Gase (4), Rolling resistance oquals 100 1b, per tom,
In lst geur
GA » (100)(13,700/66,000 - 100/2,000) » 15,88
in 2ud gear '
OA » (100)(6,850/66,000 - 100/2,000) w» 5.8
In Jrd gesr '
GA = (100)(3,700/66,000 = 100/2,000) » 0,6
In bth gesr
GA » (100)(2,100/66,000 = 100/2,000) » =1,828
In Sth gesr
G4 « (100)(1,360/66,000 - 100/2,000) w ~2,94%
Case (5},mnumruim»mmm:h. par tom,



In Lot gear

GA » (100)(13,700/66,000 - 150/2,000) » 12,68
In Ind gear

G4 = (100)(6,850/66,000 - 160/2,000) » 2,48
In Ird gesr .

GA = (300) ﬁ&mﬂ.ﬂw - Mﬂ,m} w =248
In ikh geny , \

GA » (100)(2,200/66,000 = 160/2,000) w «h 828
In Sth goar ,

GA « (200)(1,360/66,000 - 160/2,000) w =5,
Te swemarise the ahove results:

Rojit 40 &0 80 w0 160

lst gear 1885 17,82 16,88 1583 N84
Aed gear B4 % TAHE G485 S54% 248
3 gear 3658 268 164% 046% -24%8
Lth gear 1,188 S88  «0.820 1,828 - 4,820
b gesr D068 D P08 =l 98 2,908 - 5,948

This sumary clearly illustrates smother beostits te
be gained by desrsasing relling resistance: 1.e,, the it
¢reasss possible in the grade sbilisies,

Equation (38) when solved for RoRi yields

BoRi = (2000)(RP/OWM = GA/100), (39

In this ferm the equation can be used to find the rolling
rosistanes of & rosd if the other variables are knownm,
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Boapls

Super “C* Turnepull, welght empiy « 31,000 b,
Lond, Lyds, & 2,600 1b, « 33,800 1b, Oross weight
» 64,800 1b,

This zachine luge dowm to thiyd gear at 8.5 mph,
ou & 1% grede, The rimpull of the machine is 5,295 Ia,
in third gear at 8.5 uph, What is the rolling resis-
tance?

RoRl o (2000)(5,295 /64,800 = 1/100) » 14k 2b,

he rolling resistance of the read is very clese te
14k pounds per gross tom,
| Bauation {38) when svlved for BP ylelds

RP » %*ﬁ o, {40)

In this fors the e quation ean be used to find the

necessary rimpull to meet & given set of sonditions,

Beuple 15
Estimeted tractor weight e 24,000 lbs,
Hetimated trailer weisht » 27,400 1be,
0 ou, yd, soal © 1,600 1b, = 64,000 1bs,

Total weight » 115,400 lboa,

Grade « 104

Rolling vesistance = 60 ib, per tom,

Substitwting the shows information in equation (40)
glves

BP « (10/100 ¢ 60/2000)(115,400) = 15,000 b,



.

& Euolid Hodel 39 POR-9SH will mest this rimpull pew
quiressnt,

Since drawbsr pull is dbviously equal to BP less tlw relling
resistance of the machine, the dravbar pull plus the rolling resise
bance of the trector cen be gpubsbituted for AP in equation (38) mo
that for mechines rated by drewbar pull

oh w QE2Lodolscton) o el Y

Solving equation (41) for the drawbar pull gives

i -(ﬁ . mmwm,#m. (42)

]
Estimated tractor weight « 30,000 lbs,
Bstimated scraper welght « 23,400 lbe,
15 cu, yd, load ab 2,500
1bs, por ou, 3, » L3500 Abs,

Tobal welght » 96,900 lbs,
Orade _ « 16%
w » Wn‘ mm'

Pind whot sise trestor will be nesded to operate
wder the above oonditions,

1r o ¢ $B (96,900) - (15)150)

DEP » 20,400 « 2,250 » 18,150 lbs,
A eaterpillar B8 sen supply 19,537 1bs, of drawbar pull
in sscend gear, A eaborpiller D7 can supply 21,351 lbe, of
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drawbar pull in let goar, An illis Chalmers HULS opersting
in second gear, or anm Allis Chalmers WR1O in firet gesr e
mmmmmmw‘

hnnamemmmmmunmmmq

for aseending wehicles, the equstions which follow have bess used,

(38)

e gy

(34) Agg, T. R., The construckion of roads and pavesents, Sth
od,, p. W3, New York, MoGraw.iill, 1940,

L

LS Y

T g -§ @ ()
poed o e 38 (57 - 50, were (48

?F,W

mesimun scondmisal plus grade (vehicle ascending),

in foet per 100 f%, of voad,

T =

Bln
qu
L =

the maxinum trective offert of the engine st the dee
sired speed in high gear, in pounts per tem of welght
of vehicle snd losd,

tractive resistance of the wehicle on the preposed
type of road ab the desired speed, in pounds per ton
of weight of vebicle and load,

speed in wiles per howr st beglnuing of aseent,
speed in miles pey howr at the top of the hill, amd
length (of profile staticns) in feet,

T™he forepoing equations are ccenamical frem the standpolst of

gasoline consumption, The sane exproseions will not held Lrue fop

Diossl fuels since fusl econauy incrsases with the load in Jdssel
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engines, Further, in excavsiion fuel etoncmy is of misor lupoge
tange as combrasted to sconvy of time and capital investmemd .,

Since time is a4 funotion of speed rate and speed rate is o
funsbion of available power, total load, ad total resisctanse,
these wariables will bo combived into one smation, Jubstitubing
the value of B in eguation (40) for RP in equation {29) and cole
lacting terms will glve

{E) | {45)

The we of equation {45) is demonsirated in exmmples 17 nﬂ
18, These examples alsc suggest a method of finding economiesl

grades,
Bampls 27

Assume that 240 feot of elevation must be galned in
6,000 £t, of horisental distsnos, For the trucks bew
ing used, the gross vehicle walght is 66,000 lbs,,
the horsepower is 150, the mochanical effielemsy is
0.9, and the rolling rosistance will ba 40 lbs, per
ton of gross vehiele welght, Pind the spesd of the
truck for the 4iffevent profiles of the road as il~-
lustrated in Figure 59,

Using equation (45) to find the speed on grades
which are incremwmts of 2% gives the fellowing tabue
lated values as shown on p, 18,
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A - b, For Nla,

0 34,5 3040
2 17,3 1520
A 1,5 1013
é 8,8 755
8 691
5476
a2 bt 436
1 4,32 380
16 3,84 338
18 346 304
20 3.3k 276

The grofils through the read can be broken down
dinto slope distances fvy various grades and horisontal
distancen with the relationships expressed in Figure
59. Using grades which srw inerenmamts of 2%, the vare
lous valuss beocmes

€ Grads Distanse Distance Time Time Total
. B 208 008 Time
6003 ] 5.93 0,00 5,9
W07 2000 5.3 0,65 5,9
3009 3000 A9 0,99 5.95
2426 3600 4,76 1,38 5.5
I hAE2 102 5.9
1519 L500 Lol 148 5.9
054 L6871 Las 1,53 5.9
1224 4800 heh3 1,58 6,00

EEEEEaas
B
8




The slight diffepecces in total time sre dus to
using the tangent of the asgle instead of the sime when
finding the wvalue for grede resistmnce, For all prage
tical purposes, it can Le said that theye is no differe
ence in totsl times, There would be economy of fuel
with the gentle grade, Un the other hand, there might
be stoncmy of road somstruction with the steep grades,

Bxmaple 18
Using the ssme date given in Exsmple 17, find the
shortest time and the shortest distanee in shish the
trusk san gain 240 feet of elevation, The relationship
between grade and distange is glven in Pigure 60,
Using equation (A5) gives the following remulies

& B Spesd Rate On  Time on B

20 1200 1234 276 kA3
16 1500 159 338 heS
12 2000 2034 436 b6
10 2400 2416 07 LS

8 3000 3009 607 h 96

6 LO00 K007 755 §3

3

600 6005 1,013 592

—

&-zwwunmsmuamahmmuumum
sssmry to gain slevation in the shortest possibile distente, the
fastast way is through using the steepest grades which the twuek



A =249407ro0nG

B =240° +.4a%



esn eliub, Further large etononles ars possible bew
cuuse of less road to build and less rosd to maintain,
The obvious ocnclueion is to allow for worst pose
sible relling wresistanes and frietion and allow fop
deterioration of squipsent and then construct the roads
with as steep & grade as lles within the ability of the

equl pasat



ACCELEBATION

Thus far in this study no allowances have been made for atw
eeleration time or for the rimpull requirenents for acceleration
time or for the plapull regulrm
ious squations, sush as {(29), (38), snd (L5), equating rimpull,
spesd, grade abllity, rolling resistonce and other factors, are
for conditions of constant speed, To sttain my velocity, vhite
sver, its magnitude, means thal added rimpull ia necesesry, In
trusk-operation this added rinmpull is gained Ly starting lu low
gears (see Lxample 13) in which gears largs rimpulls can he dove
sloped, As higher veloeitiss are reached, gear ratlos are changed
and rimpull decrosses,

The roletionship betwsen fopee and accelepration is

F o» ‘ﬁu%;, (46)

e for acceleration, The vare

where F « force in pounds,
o WSS,
8 » acosleration in [eot per sec, per see,,
w » weight in pounds, and
g » accelerabion of gravity in ft, per sec, por seg,

In a vehicle, the foree available for aceeleration will be
that rimpull which is in sxeess of the rolling resistance 2o shown
in Figure 61,

1f the vehicle is eperating up a grade, the grade resistance
will also weduoe the ¥impull avellable for sceeleration as shown in

Flgure 62,
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ﬁ/q O///‘/7\9
resristance

Vector D/ agrom

A

S,

Unbaloriced vec tor equals
the rimmpull minus the
rolling resrsrstonce [fis
the Fforce avais/able to

occe/erate vweight 'W*
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It follows that
F » BP - Roil - On, (1)
where F is the foroe svailable for ascceleration,
Substituting the valwe of F in equation (A6) for ¥ in Bouse
(47) and desigating "W* ags WM gives

2w - s -, (2)

Solving equation (48) for 2P ghves

R?'--@%!)&.i-wim. (49)

The value of AP in equstion (49) wAll be the total rimpull
requirenments 40 give a rate of aceelavation "A®,
In terms of the basic englneering formula

HP m%* , (50}

where ¥ » fores in pounds,
3 = distance in feob w«m which force acte, and
t «» tlme in seconis,

s = v, {51)
whare v o welocity in foek per second,

Substituting the value of 8 in equation {51) for s in equa~
tien (50) gives

LIRS (52)

Bines BP in equstion (47} is the total pulling foree, it way
be subwtituted for P in emuation (52) to give



{53)
wiers HP will be the horsepowes requirensnt for the vondition in

the equation,
Solving equation (53) for & gives

A e 5 m“mm‘m (54)

Equation (54), when modified by the mechanical effisiensy and
& comstant for the average value of Lbe torque, becomes

Boquation (55) is difficuld to use, because it is almost ime
possible to aseign & value to the horsepower, From Figure 53, 54
‘and 55 1 can be seen thab the horsepower of a mobor is a varishle
of the speed, ¥hon gears are shifted, the engine is slowed down,
As spsed 1s gained, hovsepowsr is lnorsased, There is no eaay
" method of determining this engine plekenp,

Amawﬂuhkmahwﬁﬂwwmmmmm
scgeleration vate and veloclty, snd from this find the riupull re-
quircments to meet that rate,

The relationship bitwoon seceleration, weloeity and time is

ané. (56)

Substituting the value of "a® im equatien (56) for "a" in
equation (46) gives
P » g . {57)

where F o forcs in pownds,



¥ » final veloeity in feet per sesond,
& = the scoeleration of gravity 32,18 £t, per sec, por
se¢, , and
5 = acceleration distance in fest,
¥hen velescity in feet per secord i» changed to valoeity in
alles por hour, equation (57) becowes

| lﬁ o’ ‘ ‘ (s8)

vhere V 1s velecity in milos per hour and the cbher values are as
before, This equatiom can be used Lo find the rimpull needed to
give a desired velocity in & glven dstmos,

An sxpreasion of FoFY In ferms of pounds per ton would be
conveniant since rolling rezistunge and grade resistance hawe hem
0 axpressed, Ailso, acesleration can bs convenisntly sxpressed as
wiles por hour per sesond,

Luipr jose, » g0 . 116 fo/emel

\ » 90,7 pounds per tom

por mlls per howr par sevond,
igure €3 is the graphical soluticn of equation (59) glvimg
the rimpull in pounds por ton per miles per hour per secend aseels

eration, _ |
The accelsration rate and distence will affect the average
welogity, The aversage welosity, in turn, will affect the tine
sycle of & machine, Average veloolty is equal to wne-hall the



m,

/10

/00

©
S

D

3

>
QS

S

3

8

S

~
Q

va

/

Rimpull reguirements /n /bs. per ton

o2 3 4+ S 6 v 8 .9 [0 LY

Acceleration rote irn miles per hour
per second

Figars 63, Rispull yemirecents for sceslerstion ratos,



iw,

sum of the initisl and final weloeitiss, Zquations (29), (38),
and (45) glve final veloelities,

To find haul time it is necessary to imow the distonce over
which the vehiele sscelerstos as well as the average veloelty,

As previcusly noted, it is 4ilficult o find the exact aceeleration
distance because of changing horsspower and shifting gesrs, These
distances can be approximsted as in Table XV, Table IV is for
Buelid trucks,

In using Table XV to determine the average travel speed,
multiply the saximws attaisable speed as computed using equations
{29) and (45), by the factor opposite the correct haul road see-
tlom length, Retumn speed can be taken as being from 0¥ to 854
of the top sttalpable speed,

Daspls 19

A given haul unit can attain 8,8 miles per hour on &
road the grede of whioh is 6 and the rolling resis-
tance of which is AO pounds per ton, What will be the
average speed over & 3000 foot haul road if the unit
starts from a stop,

The factor frem Table iV is 75,

(.75)(8.8 milss por how) = 6,6 niles per hour,

average speod,
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B8
TABLE XV

CORRECTION PACTORS POR ACCELERATION

mg st el Gt a0t B fed ot
500 Ft, 30 o 70
1000 Po, <00 L0
2000 M, Py ) 80
3000 7¢, #15 «80
H000 Ft, and up IO w85 0 - 85
_

Buclid Road Machinery Compsny, Letisating produstiom and
(s} costs of saterial movenad wi':h Auclids, Fors No, 350 - R

p. 6, Claveland , Ohlo, 1946,
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TRACK-TIFE TRACTONS AND BULLDOZERS

The crawler tractor, with its warious attaghrnents, i the
a8t verastile of the different plsces of excavating equlpuent
in use today, It is an important auxiliary in almost every ewe
savating operation, and, ab times, it is the main plece cr sl
mont in the operation, Appendix C gives the charseteristiss of
some of the more oosuon tm.

Without attashments to the mashine, the crawlsr-tractey can
be efficiently used as & towing machine for work such as skidding
tisber, pulling stone boats, and meving wachimery and other heawy
ebjects, It is also used for stump pulling in land-clearing, and
frequently for pulling rocks,

When towing a cst-wagon or a muiti.wheslsd trailer, the trac.
tor becomes & haul unit, Beceuse of the low speed rates, the eten~
oale limis to haul disbange is short, The grest fisld of wse of
the orauler wagon is in those places vhere bearlng capacity of
soils is 80 low a8 to preclude the use of wheel-mounted oquipment,
This is the gase in sand and gravel excavation along river banks,
levee construction, channel excevation, road construction tLiwrough
Swanps, mining wet clay deposits and slmilar projests,

Frequently, too, the traetor and erawler wagon are used
where grades restrist the use of trucks, Because of greater
power, lower spseds, ind greater coefficlent of tractive effic-
iemny, the crawler tractor has greater grade ability then does
the truek, In some types of excavation it is more economigal to



198,

uss the alower speed tractor wd steep grades than it is o use
bigh-speed truske and low grades, Low grades entail & grester
exponditure for road construstion and rosd meintenanse, Low -
grades esn be sostly in mining in that to construet low gradea
ou roads it nay be nwcsssary to e up cre in the benches,

The erawler tractor and wagon have the sdvantage over other
squipment In thet prades, bearing ecspacity of soils, and weathey
are factors ubinh 1imit their performance less, Bad weather stops
‘trucks but not tractors, The chief dim_mm;'az the tractore
wagon combination is that of lew speed,

To incrsase the capacity of the tractor-wagen mmtmm
to compensate semewhat for the laek of speed, the tractor frequently
tows two eravisr wagons in tandes,

As & towing machine the crawler tryactor is frequently used to
pull & sheepsfoot roller, The sheepsfoot roller is used o come
pact and solidify loose fills, The weight of the tractor and the
dosign of the crawvlers is sush a8 to dld in compaction,

The rocter is & common abttochmmt to the erawler trastor,
Rooters sre commonly either J«booth or S-tooth, but can be used
Witk 1, 2, 3. h, or 7 teeth depending on what the tractor cem
pull in 2 glven seb of conditions, Closer furvows sre possibils
with the S-tooth,

The mét.ur is used to propare material fbr excawatlon by the
'huumc, serapar or slevating grader, The roober 1s used to
break wp roet systoaue aw its nawe sugzests, It is also wsed %o



196,

toar out stumps and baried rotks, The rocter is used to heeak up
frosen earth, sand, and gravel, It 1s also used to break up voaky
maberial and hard-packed ¢lay, Pigure 64 illustrates the bresiing
action of the rooter,

I more welght is nesded to help the recter penetrate hewd
material, rocks or sand bage can be placed on top of the roster,

Compared to the cost of most earth-moving equipsent, the
rookear L8 inexpensive, The use of the rootsr can greatly increase
the capacity of elevating graders and scrapers, The uss of the ‘
rootar can make seraper ammat&m sud lsading by elewating graders
possible where otherwise s powsr-shovel might be needed,

Graat econemles are posalbls with the use of a bulldosereroocter
combination such as that illustrated in Pigure 64, In using this
cacbination, the tractor roots in one diroetinn. turns and then
digs and pushes in the opposite direction as 1llustrsted in Figure
65, If being used as a pusher in scraper loading, the sane Gome
binetion and eycle cmn be sgmunically applied,

The aost comnon sttachent for the cravler tractor is the bulle
doser blade, The blades, the size of which varies as the machine |
sise, are either opsrated by cables or by hydraulie 1ifts, The
sable gcontrol gives & higher blade 1ift and a lower blade drep then
does the hydrauliec control, The cable controlled blade is alse
fester and wars pmm. Tha cable controlled blade depends on
the dead weight for pemetration, With the hydraulic contrel soue
of Lhe welght of the tractor cas be put on the blade for grestar

-~
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dowm-pressure, This last sentioned festurs ¢f the hydraulisally
operated blade is mot always an advantagze, To add the woight of
the machine to the blads resoves it from the tracks and decrssses
tractive eificlenmey,

Variations on the bulldoser blade are the tiltdoser, the bulle
grader, the treedozer, ard the angledoser,

The tiltdossr is a blade thet can move through s small verti.
eal sngle showt an axis which is parallsl to the long axis of the
machine, Thus & tiltdoser ¢an drop ome end of the blade t0 move
readily make Yecwts, Some bulldoser blades have sdjustments for
tilt, Veouts esn be mads without tilting the dlade,

The bullgrader differs fres the bulldozer only in size, The
bullgrader blade is longer than the bulldozer blade, The bulle
grader blade is used for epreading fill and for runing prelin.
insry grades,

The twreedozer 13 a cablo-operated bulldoser that has a higher
posalble blade 1ift, The high blade 1ift makes 1t possihle to get
more leversge on & troe when using the machine Lo dear land,

Phe angledoser differs {yom the bulldomer in that the blade
is set at en angle to the mschine, This makes the machine more
afficient in grading, in maiing Veeuts, and in making sidehill
ocuts, Kany bulldoser blades are gonstructed so that they uay be
angled if the work demands it,

is an suxiliary tool, the bulldoser has many uses on earthe
meving projects, It is used o spread £411 in road construstlon
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snd to make the preliminary gredes, In like manner it is used
gempmmxmmmmmanm;.

fh-morahm&whumtummmm:rmmw
acity of tie powsr-shovel or dragline Yy relieving these machines
of slov elesn-up work, The bulldozer can also sfficiently clean
up the stone seatbered by blasting and by spill in loading, The
WM:«M&M»M&M&!MM&IM:MM
the heul units,

As an amciliary the bulldoser is also used as a *pusher® 4o
ald in seraper loading, Soms crewlers are equipped with a pusher
Irent for this ens purpose, The bulldeser is preferred, howsvor,
mwamhiuguMM’a;mh«itmmmdnlhamonr.
When wsing & bulldoser as & pusher, care must be taken so &8 not
to injure the rear tires of the wr&p&r.‘

The bulldoser is frequently used to increase the capscity of
surge piles, In Pigare 2 it oan be seen that the capacity of the
uwpmhmnwmmamammux. In
practice & bulldoser s frecuently uned to spresd the materisl over
& grester ares and thus incresse the capssiby,

The bulldoser is anexeelled by any other scumon machine for
landwclearing, Lond-clearing is the necessary firvet step in most
sarth-zoving projects whether these projests are in mining or in
construction, Bulldosers oan fall trees uwp to three feet in dia~
meter, In falling large trees the bulldozer [irst moves some dirt
and suts the roots on the fall side of the tres, Then the roots
on wither side of the tree are oub with the blade or with & pocter,
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Mmbumenwmlth&“mwmmmn
hMupnn&bhup&aMMMhmw. Proequently the
final push is made by plasing the blade uader the roct ball and
Aifeing whils pushing,

The roster is & wseful awilisry to the bulldoser in lusde
elsaring, Ry eubtlng bhe voob systess with the recter, bulldoser
mwummmmw,

mdmumM'ManMmummu
read-bullding, For imitial side-hill euts, the angledomsr ig
more afficlent than the bulldoser since the angledoser sidecasts
the material as it moves forward, Vith the doser 1t would b nee.
sssary to swing Lo dwmp,

as an excavabing wachine the bulldeser has some efficient
applisations, OCenerally, the bulldoser should be 1isited &0 heuls
lese than 200 feed long, Under same conditions the scomomis lisit
¢an be lnsreased to about JOU fect, For sfficlent cperation, the
deser should also be restricted Lo broken and soft materisl, As
proviocusly mentioned, the applieability to many sells is incressed
by the we of the rootor,

As m esrth-nover the cspasity of the bulldozer can be lne
ereased by dsing downhill whenever possible, by using shuttle-
like movements, by doalng in trenches or troughs, by using highest
possibls specds, and by using two nathines trawling abreast of,
aad pacrallel to, each other,

As lodionted in the discussion on grade-rosistence, to work
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downgrade makes it possible to take advantage of the pull of pgrave
ity on a machine to insresse drawbay pull, To :f.nnm‘ drawbay
pull will ibereass possible speed snd the possible load, Likew
wise, in pushing downhill it is pomsible to take advantape of the
angle of repose of the material and thes incresse the bowl leoad,
This possibllity is suggested by Pigure 69,

¥hen turns are elimimsbed, as in Pigere 66, capscity is ine
ersased by decreasing the cycle time, In the cyele plotured in
Pigure 66, the bulldozer dige and pushes, dunps at the end of the
push, shifts to reverse, backe up in highest stiainable apeed,
and then shifts o & forward gear to repeat the cyole, There
mizht be an sdditional shift to a higher foyward gear after the
bulldoser has filled the bowl, If it is necessary %o swing and
dunp as in Figure 67, abowk 15 secends will be added to the eyele
tine,

If the doser is opsrated over the sase path so as Lo form &
trench or trough, camcity of the bowl will be incressed bosause
spAll aremd the ends of he blade will he provented by the sldes
of the trensh, This sase inerease may be sseomplished to & minor
degres by operating twe bulldosers abreast of easch qhhgr. In this
lstber csse spill is prevented arowd the adjscent ends of the two
bulldoser blades,

Svery effort should be made to use the highest pessibla speeds
at all times, If the dosar has & low rewsrse speed 1t should turn
at the end of the cuk and return in the highesi possible Porward
spesd, If the bulldesmer has & high reverse speed, it should return
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in that spesd and eliminste turming around, Thus when using a
Gaterpillar D2 on & leng awcugh haul the wnit should returs by
tuming ab the end of the out and ueling the bigh forward speed
which is 4,9 mlles per hour, The highest possible reverss spund
of this unit is 2,6 niles por howr, On the other hand, if & Cabe
erpillar U7 is being used, 1t should return in the high reverss
spoed vhich 1s 5.4 miles per hour, The highest forward spesd of
the D7 is 6,0 miles per hour, The difference botween these two
speeds is nob great enowgh to justify the sdded time entalled in
making two extra tuens,

The ideal conditions of use for the bulldoser in & steipplag
operation are lllustrated in Plgure 68, In this case the bulle
doser 1s doaing soft material dewnhill and dumping sithowd turne
ing, Though mot illustrated here, trench-dosing is possible under
those conditions, When beds oubcrop at the side of a hill in this
manner, the bulldoser 1¢ the ideal tool $o use for making the
initial out,

The bdulldoser is seetines vsed to strip wvery shallow silseral
deposits of Limited asreal extent even though it is not possible
to wuste the overburden downhill, In these cases the bulldesew
pushes the overburden to the sides of the deposit to kesp pushing
distance to & practicable ndnimus, An effort 1o made to Wwep the
grades as flat ss is possiblo and economisal,

The bulldessr has scoe efficlent applicstions ms & leadlng
mashine, Plgures 69 and 70 illwetrate how this cun be avomplisied,
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Flgore 70,
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These arrangements hawe froved to be otonomical at many sand and
gravel pite,

Usually a rough timber rang md crib, or trapped bridge and
erib, is bullt ot a low pedat, The bulldeser then bullds an sarth
reap, The sand amd gravel is then pushed by the bulldozer over
the ramp or bridge to load the tyusk below, If possible the rawp
or bridge is constructed so that b will not de necessary for the
doser to push & load upgrade,

When there are no trucks gresent the bulldoser is occupied
in digging maderial frem the further resches of the deposit and
transporting it to & position near the ramp wheve It will be aweile
able for gquick loading of the trucks, At ¢bther times the machine
san de used to clear the losd and strdp the deposit, In sany grawel
pits emaly one nachine and ome man are nesded,

In at least one instance this method was used to mine a vein
deposit of gold-bearing are, This verticsl vein cuberopped in &
hill, One bullgrader was used Lo push the ore down fram the apax
of the vuberop and the other bullgrader working below pushed it
over & remp to load truske, This speretion was run by the Horth
loccasin Mines Gyndicate nesr Lowiston, Menbana,

On the sane gensral printiple the bulldoser has bewn used o
feed crushers from & stock pile and %o feed conveyor belis from
surge plles, Pigus 71 illustrates the condiilons that exist ab
gtook or surge piles, Afber the pile hes funnsled to the angle
of repose from the feedsr oubward, & bulldeser is necessary %o
slean up the rest of the maburial,
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A mathad of sppraximating the capacity of the bulldoszer
follows,
The blade load of ¢he bulldoser nay be found by the squation

e LUELH (o), ()

whers BL = blade 1osd in bank cubie yards,
L « length of blade in feet,
H = blade height in fest,
2/3 B = 2/3 of blade hedght in fest which is equal to avere
age thickness of load, and
SF = aswell fagtor of the material being axcavated ,
The cupseity of the hulldeser may then be found by the equaw
tioen
C - (60/1)(8L)(2), (61)
where € « bulldoser capasiby in cubic yards, place moasureant ,
per howr,
T » total time in minutes per roumd trip, md
B = working elTiciency,

Total time is found by sdding 15 minutes for sash shift of
the gesrs to the digging s traveling time, Digging distance
will average about 30 feet, If & 90 degree turn ls necessary %o
dump, as in making side-hill road-gutis, an additional 15 minutes
is added, If gears must be shifted %o make a 130 degres tumm at
sach e of the cut, (0,30 minutes must be added to the eyele tinve,
i wide redius curves are made at such evd of the cub, this extra

distance must be included ¢o find the travel btime, but no shilte
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time is added ab the curwes,

Working efficiencies may be fowmd from the following tables

mus xvr

TRACTOR BFFICIRNCIES
Conditions Exgellent Average Poor
Por tractor equipment 90% % 758
Rubber tired equipment ass 758 65%

e

(36) Pm, K, By, Prineiples of modern excavation and equipment,
. L Illineis, R, G, LeTouwneau, Ine,, 1942,

S

ir ﬂ-rm ie belng pushed down grade the capacity is ine
croased by 40% for each 54 of gyade, If material is being pushed
up grade, the capacity is reduced by 20§ for each 5% of adverse
—— _

Buaple 20
What is the howly capasity of a Oaterpillsr D7 digping
and pushing sowmon varth 300 feeh? The mechine digs in
fivet gesr, pushes in third gear, dumpe without tamisg,
and returas in high reverse gear, The bulldeser blade is
10 feet long by three feet high, It is operating under

averags working eonditions,
Blade load » DMWHEJ. (,80) = 1.8 cu, yd.

3”“ in first goeny = } WS i, /hr, = 123,3 %, fuin,
Speed in third gesr « 3.2 mi./hr, = 2616 Pt /uin,
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Spewd in reverss Seb ﬁim: w §T5,2 n./."‘w
Cyele

Shife time « 0,15 min,
Pig 30 £, at 123,3 £%,/nin » 0.2 min,
Shift to third » 0,15 min,
Push (300 £8, = 30 £6) at 261.6 1%, /ain » 0,96 uin,
Shift to roverse = 0,15 min,
Return 300 %, ab A75,2 fo/uin, = _0,6 nia,
Tobal time » 2,28 nin,

Capacity « (60/2,28)(1.8)(.83) » 293 cu, yd, per
hour, plase neamrement,

Semple 23
A Caterpiliar DS is belng used o push dirt 300 1%,
It dige in first geor and pushes im fourth, It cen either
Mu wach ond and peturn in the slxbh gear forward,
or it can return in the high reverse spesd withow turne
ing, Which wystem gives the shorbest syele?
First goar forward » 1,6 mi,/to, » 1408 £%, /uin,
Fourth gpear forvard » 3,0 mi,/hpr, = 26k f%,/min,
8ixth gear forward « 4,9 wi,/Mr, » 4312 ft,/aln,
High reverse sposd « 2,6 us,;/kr. w 228,8 fe, /min,
Grole with tuwrns st esch end:
30 feet st 140,68 f4, fuin, v 0,213 nin,
Shift to fouwrth » 0,15 min,
(300 £4, - 30 £%,) at 264 fe,/min, » 0,025 nis,



Turn and shify » 0,30 mia,
300 £%, st A31.2 %, /nin, » 0,695 min,
Tarn and shift » 0,30 min,
o m——
Tobal time w 2,68 min,
Cyole when retursing in reverse;
30 £6, at 140,8 £%,/uin, « 0,213 uin,
Shift to fourth *« 0,15 win,
(300 3, = 30 £8,) ot 264 f¢,/uin, » 1,023 ndn,
Shift to reverse » 0,15 nin,
300 £, at 228,8 £, /uin, » 3,315 win,
Shift to first » 0,15 min
et Aot
Total time . « 3,00 aia,

In this case time would be saved by tuming at the
wd of the cut and retuming in a high forward speed,

Buskets and scoops have baen attached to the erawlerwtrastor
o form machines commonly kmows as fronteend loaders, dozeveshove
els, high-lifts, and overhasd-loaders, Thess machines vary in
capasity from one-half to three cubie yards,

These mschines can efficientily be used for making sasll eme
cavations suth as basesents sud foundations, They ars also usow
ful for loading materisl from sbouk piles, A commen use is in
charging cmsent mixers with aggregate, Machines of this type
have besn used in send and grovel excawaiion, Generally these
machines sre restricted to unconsolidated material and o sualle

scals prajecte,
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The overhead loader hns the greatest capselty of the machines
of this type, A&n interesting application of the overhesd loader
was in connmsetion with the systen plctured inl'imc 9. Afver the
{irst cut was made with the power shovel, & large overhead loader
was used 4o make ancther cut befope the belt was moved, This
owerhead loader was sounted w a Caterpillar 18, It used u shyde
tle novement as in Figure 66, The machine losded as it moved fore
ward into the bank, The 8coop was ralsed overhesd as it reburned
in reverse to the hopper,

The latest develoment in the tractar fisld has been the
rubbertired bulldoser, Porenost mong these mchines is the |
Townadoser which is made by the LeTowrnesu Compsny, These mathe
ines have several sdvantages over the cravler-type tracter, PFipet,
they have grsater possible speed, Second, shifting time is enly
+O3 minutes, whoreas the crawler tractar uses 15 miowtes, Thind,
rubbep-tired tractors sm travel over streets and highways since
they do not hawe Lugatm'in&wom surfage,

In the writerts epinien, the principle disadvantage of these
mm: is that they de not bave the tractive ability in soft
soils that the crawler tractar has, They also lack the grede
sbility of the cruvder trastor, An idesl applleation for & mache
M#tmwwia eleaning the coal bed shead o the coalwload.

ing shovel in strip nmining cosl,



THE SCRAVER

The soraper is & comperatively recomt development in savbhe
noving equipment, The soveper is finding increasingly wide end
varisd applications, It is & versatile, flexible, sell.contained
unlt, When properly spplied, the scraper mkes possinls startling
scononies over the shovel-truck system,

The trachbar-drawn sevaper hus twoe limitations, The firsd
limitatlon is in the type of saterdal that can be effectively and
slficiently handled, This wterial must be unconsolidated snd
smallesized, The second limitation is that of apesd, Average
spead under exsellsnt working eenditions will not greatly exoeed
400 feeb por minute,

The first linitation can be extanded semewiat by looseuing
the materisl with s rooter and by adding drawbar pull by using a
"pusher* or & "sateb-cat,” DEven then the machine is restricted,
The aize of stome the maghine ¢an handle is limited to the sise
of stone tho tractor and sereper gm straddle, Even with ssall
lasted stone the efficlemsy is decreased by the dif flealty in plek-
ing up & fall load,

The slow speed of the ermvley tractor linits the sconmsieal
length of haul for the serepar Lo 1000 feet, This Umitation ean
be extended somevhat by imercasing !W sise or by using Lwo
sarapers ia tandem, To do this will necessitate the use of &
pusher or snateh-cab to add in loading, By these methode the haul
=it aight be extended Lo about 2000 feet,
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Foremost among the favarable foatures of the screper is that
the one machine operated by one men can load, haul, dump md spwead,
The machine operates imdepandertly of all other units, If one
seraper breaks down it does nob affect obher units as is the case
if a power shovel breaks dam, Whe 5 power shovel mmm
it idles all the trucks serving it, .

The digging sction of the scraper makes it possible to sarry
wiforan grades, The scraper loads by taking a thin slice of matere
dal as 1t passes over the ground, This slice can be horizeotal
or inelined, A horisontal slice is desirable in msking road cubs,
and land-lovelling for irpdgation or for air-part coustrustiom,
In mining thinly stratified depoeits, s hariscatal cut is doeived,
A seraper can sfficiently meake thin cuts on which it would be wne
sonomical Lo use a power shovel,

The inclined slice makes it posaible for the seraper to mix
waterial as it exeavatos it much the same as the power shovel
doss, This mixing sction is desirable when excaveting weterisl
for proad.fill,

The screper is a hawl wnit, Against the disadvarkege of the
short econamical haul distance io the advantage possessed by the
trastor«drewn seraper in boing able to opsrate on road gonditions
thet sxclude tiw wse of trucks, COravler-trastors can develop
m tractive effort under olmost any conditlons than a truek
tan, By being abls to oporate on poorer roads than tracks can,
the tractar-drawn seraper sales passible a saving on rosd bullde
ing snd rosd malmbenance, Uraviers improve most earth road beds
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by travel; trucks destroy road beds, With grester tractive sffort
iv greater grade sbility, Tractar~drawn serapers can gain elevaw
tion wore rapidly than trusks gan, 5till another advantage given
ko L seraper by ibs prosber tractive efficlency is that tha sera-~
per is less alfected by weather than is the truck,

The seraper needs no help in dusping end apresding, The
wathine dusps ite lead while traveling without the loss of tiue,
The dumping is by a posltive actien that effectively oleans the
bowl, 7The spreading of the load ﬁl]ro dumping voms that no ke
iliary equipmmt, such as the bulldosar or the grader, is nosded,
Faurther, W‘Miu fin & thin blanket and compatting the pree
vious load, better road sempaction is possible shan is possible
with trucke, This is a highly desirable feature in road-bullding,
, If desired, the seraper can dump from a standing position

iuto & bin or pocket, This is necessary in mining, Pigws 72
illwtrates how this can be accanplished, The bars of the grise
aly are spaced close encugh bogether so that they (traster and
seraper) can safely and eesily travel owr thes, The scraper ls
dlopped over the gricaly oand dusps from a standing position, Tiw
seraper load passes through the grissly to the bim or pociet bew
low, This sysiex has bown used in excavating sand md gravel,
alay, iren ore, manganess and obtber opes,

Became the scraper io self-comained, there are fewer dge
laye in soreper excavetisn than bhere sre in power-shovel and
trusk excavation, There are no waiting pericde at the shovel
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or at the dump vhen serapars sre Leing used,

Because it is a selfu.contained wnit, the tractor-drewn
scraper possesses a flexibility that is lacking in other sarthe
moving squipsent, The scraper ¢an go any place at sy time to
make almost any type of excavation, This is an especially usee
ful characteristic in mining deposits of ores that cvcur a8 seate
Cored peskets,

If & shovel were to be used to mine these poskets, much
preliminary wori is entalled, Pirst it is necessary to build
roads for trucks, Then the slew task of moving the shovel must
be undertalm , mtpmn_rtmttmuhumm,bcfon&nm
can be loaded out, Urades and voads must be nsimtained for the
~ trusks,

When the screper is used, a bulldoser osn rough out the
roads md clear the trees, Theu the scrapsry cm strip the dew
posit, wine, md baul the ore,

In mining the deposits of greater lateral extemt, stripping
and mining ¢an be sarried on together, The soraper can losd ore
and haul it in coe direction and strip md haul overburden in
the other direction %o msice & miooth balanced cyels,

There are smany possiddlities for balaneing the acrapey gyele,
Bvary effort should be made to sliminste wmecessary turne @d ue-
pwoductive travel, When individusl balances sre wed as in the
upper part of Figure 73, there are two turns for sach losd, The
distanse traweled without prodwtion is equal to the distance trawve
wled while working, If the “Figure Zight® is uaed, there are twe
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burns for Lwo loads and tis distance traveled empty is redused
appreciably, The sawe reductions are wade by digging and haule
ing both ways as shown as the botteam of Pigure 73,

Figure 74 shows how ib might be possible to make further
reductions in turns and wasted trawel distance by lengthening
the distance belng woriked, Using imdividual balances thers are
two twns per load and umprodustive dummwum-
distmes, By lengthening the cyels, as in the bottem part of the
M.%Mwﬂtmumnmtw four losds and
unproductive travel distange Lo almost completely sliminated,
Pigures 76 and 77 sloe illustrate these gains in eof flciemty,

Pigure 75 illustrates another method of inorcasing the seree
por efficieney by isproving the eysle, The illustration shows
how a scraper night be efficlently wed in digging drainsge dite
ches or camuale, By leaving earth rempe in place at close Lnbere
vals, the mund trip distanse for the scraper can be redwed,
Redue ing the distance will keep the scraper opersting within stom-
owical distance, This egonomical distence is loss than 1000 feet
for a troctoredrawn scraper, Afbter the soraper has dug the csnal
to grade, the sarth ramps cmn be excavated,

In scraper loading the resistange of the cwbting sdge of the

- myaper vhen loading is the grestest consuser of drawbar pull,
¥hile loading the rolling resistance is & negligible factar,
Alber the sersper ie loasded, the load becomss a trailing lead
and rolling resistance is agein the controlling fautor alemg with
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grade reaistance,
| The tractor-drawn scraper's capacity for self-leading snd
its drawbar pull are very mearly equal, 1.s,, it requires e
pound of drawbar pull to eslfeload one pound of dirt, Thus a
Caterpillar D@ tractor has & drawbsr pull of 26,200 lbs, and so
can seif-load very nearly 26,200 lbs, of dirt into the scraper
while operating on & level surface, A D& tractor is capable,
however, of pulling a mueh greater tralling load than this and
0 do 80 will increase the economical lengih of haul, To get &
load larger than 26,200 lbe,, the scraper smst have assistance
in loading, This assistance is ¢ommonly obtained by using pushers,
Bxample 22 will illustrate the abowe relationships,

Bample 22

A Caterpillsyr DE ia to be used for pulling a seree
per, The haml will be wp & 108 grade, To maintain thw
desired production it will be necessary 0 haul in fowrdh
guar, The zaximum rolling resistance will be 100 lbs,
per ton, The material being moved weighs 3000 lbs, per
ilcose cuble yard, What sise scraper can be used? What
size tractor will be necessary to ald in loading?

Bolving squation {42} for GW glves

(62)

The drawbar pull of a Caterpillar DS in fourth
goar is 13,707 lbs, Tha D8 weighs 18 toms, Substie-



tuting these values in equation (62) gives

- WJM mo - ﬂi? tons

The maximgs poasible trailing lead is then
51, 7Ttons - 18 tone « 33,7 tons,
This trailing load will be made up of the scraper and
its load, A LaPlant Ghoate CBL weighs 22,000 lbs, or
il tons,
33.7 tons - 11 tens » 22,7 tons, the allowabls load,

m e 15 eu, yd,, pormiseible load,

The capacity of the LaFlent Choate 084 verles from
13,6 cu, yd, struck to 16 cu, )4, heaped, It will be
used,

The drawbar pull of thes Caterpiliar D8 in flrst gear
12 26,208 1bs, The unit can then self-load very nearly
26,208 lbs,

45,400 1bs, - 26,208 Ibs, = 19,262 lbe, additiemal
seraper capacity which will require additional drawbsr
pll for loading,

A Caterpillar D7 has 21,351 lbs, of drawbar pall in
first geay and so 1% will be used as & pusher to sssist
loading,

In gractiee the pusher will serve seversl scrapers, Ain effic~
ient pushsr ¢ycle with one or with several scrapers is illustrated
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in Pigure 76, By eliminating usnecessary turns and travel dise
tance, it L often possible to wee only one pusher whers two

might otherwise be needed, Oood coordinatien between pushers

and serapers requirs good managoment ,

Figwe 77 1llustrates the efficlont use of & pusher, Seree
per lo, 1 self-loads to the limit of ite ability, As seraper
m.lmmium.tmmm-wmmuum
complete the load, AttmmhMMumh.l.m-l
per No, 2 is self-loading parallel with the pusher, After sore.
per No, 1 is loaded, the pasher owings over to ald in losding
seraper No, 2, This systen ls carried on through the operation,
When earefully coordinmted no time is lost in lesding, xuh-_
hill shown in Figure 77 was a borrow-pit er & stripping aves, the
same gystem could be used,

If the pusher is not kept busy in loading, the idls time
eould be used in rooting, The oyole shown in Figurs 65 could be
used to an advantage,

Scrapsra are now being built iz sises up through 40 ou, yis,
. mnm,mn@ﬁnmummﬁm,ﬂxum
‘muwmuhmwumw. In this case e
machine pushes and the other machine pulls, The pulling mashine
is referred to a8 & "matoh.oat,” COycles eimilar to that showm
in Pigure 77 can be used,

Pushers can often be aliminated if the work is laid oud to
take sdvantage of gredes, If mowment is downgrade the 20 lbs,
of gruade resistance peyr %on par peremmt grade becomes 20 lbe, of
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grade pull per ton per pereent grade,
Exemple 23 will illustrete how o favoreble grade alds seree
per loading,

Sxemple 23.
How large & load can a Usterplllar DT tractor pulle
ing a Bueyrus Erie 3152 scraper self-load werking down a
5% gradet The dirt weighe 2,700 lbs, per loose cubic
—y

D& welght is 25,300 1bs,
Bucyrus Erie 5152 soraper enpty welghs - _23,400 lbs,
Tobal *‘im of mw - w’m l.bl.

Galf-load on level surface (since D7
has 21,351 lba, pull in low gear) « 21,000 1ba,

Welght of machinery and load w 69,700 Los,

69,700 lbs, « 34,85 tone, '

Grode pull due to working down the 55 grades «

{58)(20 lbefperosnt grade ton) » m lbs, per bem,

34,85 vons) (100 1bs,/bon) = 3485 lbs, additionel pull
st up by the 5% grade due to the weight of the machinery
and the material which could be selfl-londed,

3485 1lbs, additiomal drawbar pull will load its equive
alent in earth; i.0,, 3485 more poundsof dirt,

‘W w 1. Th3 Loms,

(1,73 bons)(100 1bs, fon) = 174,3 bs, pall set up ly
the added 3485 lbw, of dirt, This will load an squivalent



of 174,3 1bs, or earth,

Md 0SB . 097 bons adéttional load,

(087 tons) (100 1bs,Aon) = 8,7 lbs, of additiemal
mall set up which will lowd an equivalent smount of dirt,

This process can be continued down to an infinitese
mal amount of material,

The total amount of material that cen be self-loaded
operating down a 5§ grade equals

21,000 lbs, + 3485 lbe, » 174.3 1bs, ¢ 8,7 1bs «

24,668,0 1bs,

« 9,15 on, yds,, the load

that the scraper can plek up wnassisted,

The capacity of the Busyrus Brie 8152 scraper is 17
ou, yds, bwaped or 13,5 ou, yds, struck, A pusher or a
stesper grade will be meeded to pick up a full load,

In ﬁo asbove sxample the total welght of the Lractor, seraper,

and the meterial self-loaded equalss )
69,700 lbs, + 3485 1bs, 4 174,3 1bs, « 8,7 1bs, « 73,262 1bs,
A study of squation (63) shows that

3435 o (69,700)(C/2,000), vhere C = (§ grade)(20), In squstion

(63) ¢ = (3)(20) « 100, (6&)
In scustion (63)

1T = (3485)(0/2,000) = (69,700)(C/2,000)(c/2,000), (65)
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847 = (174.3){(0/2,000) = (69,700)(C/2,000)(C/2,000)(C/2,000),({66)
Substituting the waluse glwen in equations (64}, (63), and
(66) into equation (63) glvees
Total weight « (69,700) « (60,700)(¢/2,000) + (60,700)

(¢/2,000)% » (60,700)(6/2,000)°, ()
Baquation (67) is & geometvia progression of the type
‘#W‘#‘rzi‘“ﬁ*"&bicaﬁti ‘“)

The progression in (64) is convergent is « 1< r (1, wmd if
eonvergent the sum is found by
] uﬁ?, (69)
wisre 8 « the sum,
& w» the first tersm, and
r = a ratio which is grester than = 1 bub less then ¢ 1,

To use equation (69} to Lind sevaper capscity the terms will

be chunged sv thats

8 « T » weight of trector ¢« welght of sersper + tetal
welght of materisl that can be loaded,

2 « 3W » self«loaded walght « welght of tractor + welght
of saraper + woight of material that can be
self-loaded on level ground, and

¥ = /2000, where G = (¥ grade)(20 lba, per ton per pere
oot grade),

Substituting the above values into equation (&9) glives

™ -yt - (7o)
Cheoleing the rasults of Dxumpls 23 by using equatien (70)

glves
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™ - r%’ - ?3;368.‘6 1bs,

Pounds of paylosd are then equal to total weight winus the
weight of tractor and emply scrapes,
Pounds of payload « 73,3684 « 48,700 » 24,6684 1bs,

Volume of load = = = 9,15 eu, yé,

Using the same data given in ixemple 23 and equatiom
(70) find the faverabls grade down which ;m scraper ¢an
load completely without the use of & pusher,

When losding down a 104 grade,
C » {10){N0) - 200,

T = 1—:—(%,— » 77,500 lbs,
Vol, « ﬂ%w . 10,7 @, yis,
’ 4

A ten pareent grade is not steep encugh,
When loading down & 157 grads,
g = {m)fm} = 300,

Yol, » %w » 12,33 cu, yis,
3

A 15 percent grade is also insdequate,
Whem losding down a 20% grade,
C » (20)(30) = h00,



Ll 7= %Q‘I%sm) = 87,200 lbs,

Yol, = W » 14,25 cu, yds,
4 20 percemt grade will give a struck load,
When loading dowm & 255 grade,

¢ w {25)(20) « 500,

™ w00
T- (s00/2000) = %400 1os.

Vol, = W = 15,68 cu, yd,

h 25 percent grade will probsably be adequate,

In practice scrapers can be loaded down grades as steep as
50 percent, Almost every projest can be lald out so that serapers
ean load down hill, The economy of the practice is readily appare
ent,

Treughlng a8 in Plgures 78 is another nethed by means ef which
sceraper efficlency can be inereased, In the Plgure, euts 1, 2, and
3 are carried lower than § and 4, This practice alds in carrying
. hctﬂw grade, This also prevents the tractor, scraper, and pusher
frem skidding to elther side, Digging in the troughs prevents end
spill, Sections 5 and 4 are locsened considerably as Sroughs 1, 2,
and 3 are being excavated, This lovsening enables the seraper %o
piok up a load more easily when digging fyom 5 and 4, Cubs 1 and
2 smst not be carried so deep that the machinery will bs umable to
straddle the mound at 5,



{{ KL

Sevapor loading,

Figure 78,
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Another method used Lo incresse the size of the scraper lead
fs kmown as "pumping.* In this practice the operator drope the
cutting edge of the scraper and begins to load, When the seraper
approaches its self-loading capucity ihe ¢ractor crawlers begin
to alip or the motor might lug down, At this polot ths ewbting
odge is raiwed and the machine is allowsd to pick up speed, After
sacugh speed has been ploked up, the cutting edge is dropped sad
more material is forced into the bwl. This method takes advane
tage of the force of the inertis posseased by the total weight,

Figure 79 illustrates scraper loading in rooted areas, In
the Pigure, the first loed has boen taken from the designated area,
About two-thirds of the secomd load is picked up from a fyeshly
rooted area, The seraper [inishes the segond load in an area over
shich the first scraper has alresdy worked, The reason for this
thet the material in the overlapped ares is harder and so it will
force move naterial into the suraper bowl, There is less tendency
for this harder material 4o spill around the ends of the cutting
sdge of the scraper,

The distance over which the serapsr loads warles as the dime
ensions of the seraper and the depth of eub, Cemerally this dise
tancs will be about 100 feet, lLoading speed is determined by the
speed in low gear of the tractor, Haul and return speede likewise
depend on the tractor charasteristiss, Turning takes very nearly

4l
20 seconds, Dumplng time can be lound wmzaumamm;‘ )

{(41) Park, K, F,, Prineiples of modern excavation and equipment
p. 60, Peoria, 111,, R, O, LeTournean, Ine,, 1%2,
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(Travel speed, ft/nin)(Depth of sproad in f£t)(Dowl width in £%)

whare DT o dumping time,

Average figures that osn bo(u;d to e stimate scraper cyele
f 54
time are given by 7, R, Psulees, Ineluding allowances for

Cv———

(42) Psulsen, 7, R,, Postwar applisation of tractor egulpments
mww englinesy, Vol, LIXVIXI, No, 1, pp, 38-40, Jamuary,

Joading, dumping snd retuming, round trip speed will average AMD
feod per minute with ezcellent conditlioms, 330 feet per nimube wnder
faly conditions and 275 feot per minute under poor sonditiems,
These Tigures are applicable on hauls of from 500 feet to LS00
feet, | |

The latest development in serapers is the Toumapull, This
machine has & large advantage over the crawler drawn sevsper in
that wuch higher haul epseds can be realized, It has the disad-
vantage of decreased tractive efficlency, The Tournapull does
‘M have the self-loading ability and the grade abllity of the
srawler tractor,

the data in Table XVII which follows will illustrate ihe
— advantage that hishcr speods gives the Tournapull, It alse ile
lustrates the lmportance of speed as haul distances increase,
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TABLE XVIX e
SCRAPSR PERFOAMANCE
Yards per Cost per Cost per

Haul Distance ~oups ~Joupes Cu xe, (Gta,)

800 fwet b & 6,75 bt
1,000 Leet 129 6475 543
2,000 feet 9% 6,00 | 6.3
3,000 feet 75 5,62 7.5
6,000 Loet k5 5,40 12,0

# Correscted bo job efficiency
#%  Includes pusher cost proerated,

13 1P Trector with LP Carryall
800 feet 80 $ 5,00 6.3
1,000 feet 7 5,00 7.2
2,000 feet 43 5,00 11,2
3,000 feet 30 5,00 16,6

(43) Evans, R, D,, Earthmoving esonomy - Part I1I, The Coe
operater, Vol, 8, Ne, 2, p, li, March, 1946,




HAULAGE

Several of the facters pertaining to haulage have been dige
cussad in the preceding ssctions, Among these factors are the
comfficlent of friction, rimpull, rolling resistanse, tire pene-
tration, grade resistance, grede ability, econueical grades,
spaed, and acceleration,

The applicetions ¢f the above factors have been hrought out
in the exsmples,

Exampls 1 illustrates the effect of swell of matarial om the
paylosd, lxsmple 10 illustrates the effect of rolling resistance
on hanlage spoed and eosk, The affect of grades on spesd is ille
ustrated in Bxample 13, The cholce of proper grades is illuge
trated in Zxample 17 and 18, Exanple 19 illustrates the correc-
tion of sttainshble speed rote to find an average rate,

The hanlage cycle is $he sun af the spotting Sine at the
shovel, the losding time, the hsul time loaded, the twrning and
Samping tine, nd the peturn Sime, |

To allow for fixed times in heulage cyeles, rough assuape
tiens wwre used in Exasple 19, Closer sversge values are given
in Table XVIII, Thess values ave for Euclid trucks but can be
ueed for any other comparable type,

A study of Table XVIII shows that the rear dump truck uses
the most time in Mm. The reason for this is that the resr
dusp truck must stop, shift, and back up to the edge of the dump
or to m bin as umws'm Plgures 60 and 8],
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TABLE XVIIX

TOTAL TURNING AND DUMPLIC TIME PER WAULING CYCLE

MM fuclid Slde Dump

Favorable Q.7 Hin, 1,5 Min, 1,0 Min,

Average 1,0 Nin, 2,0 Min, 1.5 Kin,

Unfavorable 2,0 Min, 2,5 Min, 2,0 Nin,
s

(4k) Buclid Rosd Machinery Company,, Estimsting production sad
eosts of paterial movement with Buclids, Form No, 350-R,
P. 7, Cloveland, Ohio, 1946,

\ . T —

The bottom dump tractar-seni-trailer, on the other hand,
ktnumrmnmermkum:!mgm. The tracter and
trailer straddle A& marrew opening over the pocket, The load is
discharged through this oponing and the unit moves on in 2 forward
goar to form & loop in the road, Some of the newar installations
bave long bins and automatie dumping arrangesests so that the Sruek
need not etop but merely slowe down somewhat while discharging
its losd,

The side dump tractore-senitrailer likewise does not bask
inte & duwsping position, It procesds in forwvard to the odge of
the dump or bin, dusps over the side, and continues on in forward,

To speed up the truck cycle of rear dump trucks, several
types of drive-over pockets have been designed and installed,
On ens type the truck drives over the pocket and stops in the
dumping position, Thwe deck over which the truck has driven is



Then wap-d by hydraulic or pueumatic pistons and eylinders
80 that it gomes apart and leaves an opening through which the
trusk cam dump, Afber dlscharging ite losd the truck moves on
in a forward gear, The desk is closed so the next trusk sem
drive over,

A variation on these types of pockets is to have 8 porsane
- ent opealng Letween the rasp troads, The truck straddles the
opening as it drives over the pooket, The truck stops in the
dumping position, dumps, and moves en in forward, Some of the
uaterial resains on the treads, ¥¢ remove this, sheet steel
sikirts which fora M of the curb and vhiich ars operated by
hydraulie or ponsumatie rass, push the dirt through the opming
as they are foreed inward, The skirts return to thelr positiem
and the tread is clear of obatructions so the next truck cmn
drdive over,

The more slaborate of these drive-over pockets hawve slight
dapresaions for the rear wheels at the dumping position and eligin
bunps for the {romt wheels of the truck, The depressions aid the
driver in spotting his truck quickly and aceurately, The differw
ange in elevation betwean front and rear wheels pgives a slope to
the truck bedy and makes dumping move vapid and easier,

By using these drive-over yraups or pockets, valuable sesonds
‘san be saved while dunping, There is also a deorease in driver
gtatigue sinoe this method eliminates shifting ence and, more jime
portant., it eliminates the mecessity of the driver to twrn and
strotch as he nust whils backing up as in Pigures 20 and 81,
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If it is necessary bo basgk upwﬁma&am or at &
dump, roads should be laid oub ms in Pigure 41, When roads are
laid out in this manner, the driver hes & mﬁw field of visiom
and can back up more rapidly and more safely,

In Plgure B0 the driverts fleld of vision dees not include
the entrance to the pogket, In this case the driver must bask
wp slowly uwntil the entranes of the pocket comss within his fisld
of visiom, This sethod is not as safe as that illustrated in Pig-
ure 81,

If using & shuttleetrusk such as a Keshring Dusptor, no tums
are netossary, Spotting at the shovel or at the dumping point is
rapidly and safely done, These trucks, however, are not ssumomical
om long hauls because of small capacity,

Table XIX gives aversge values for time used spotting the
truck at ths loading waehine, |

(45)
TABLE XIX
SPOTTING TIME AT LOADDS MACHIME
. Euclid Bottom Ruelid side
nmti.n; Dunp Tractors m nap
Pavorabls 015 Min, 0,15 Min, 0,15 Win,
Avarage 0.5;:? ¥in, 0.30 ¥in, 0,30 lin,
Wlwﬂbll lgm mni- Ogm m. llm m'
-

{45) Buelid Road Machimery Co,, Bstlmting preductiom and costs
of material movement with Suclids, Form No, 3 50-R, p, 7,
Sleveland, Ohie, 1946,

A
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A study of Yable LIV shows that generally the rear dump Srusk
is more maneuverable than the tractor—semi-trailer type, Under
favorable conditions none of the types need back into dusping pos-
ition so the epobling tlmes are the same, This condition is illuse
trated in Figure 18, Where conditions are not favoratle, it is
mummmm; ¥hen this is nececsary the less maneuverable
tractor~~seni~trailers use move time than the pear dump truek,

If double-spotting, as in Plgure 20, is used, the spobbing
tine need not be considered in the truck grele since one trusk can
spot while another truck iz being Joaded,

If it ie necessary to back ur in spotting at the loading
machine, the trucks should back in so the driver has s cleay field
of vision,

The loading time for the haul uwnit may be compubed in either
of two ways, The shovel cupub in cudle yards, loose measurement,
por hour ean be divided by 60 to find the shovel cutpub per minute,
The truck capscity in cubic yards, loose weasure, can be divided
by the shovel capacity per minmute, to find the loeding time in
sinutes, The cther way is Lo determine the averags cyole time
for the shovel and the number of passes necessary to load the
shovel, The produst of these two factors will give the loading
tine in minutes,

To compensate for delays haulsge compubations are usually
based on & 50-minube hour, The truck cyels time divided inte
50 minutes will give the ousber of Sripe per hour, The mumber
of trips pur hour times the truek capacity in cuble yards gives
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the nunber of cuble yards mowved per hour, The musber of trucks
required equals ths hourly production desired divided by truck
capacity per howr,

Sonpls 13

A M50 hp vear dump truck of 10 eu, y, capacity is
%o be used to haul hlssted yock from & S-cu, yd, powey
shovel, The shovel oan produse 450 e, yi,, bank measure,
per hour, The swell factor of the roek is ,67,

The mechaanlcal efficiency of the truek is ,90,
The gross vehicle weight L8 66,000 lbs, Conditions are
favorabls both at the shovel and at the back-in pocket,

Road gonditiens are as follows;

Bosd Leugth  grade EoRy
Showsl to haul road 300 f%, 2% 160 1bs,
Haul rosd 600 £, 5% 60 lbs,
Haul road 3000 1%, o8 60 los,

The truck can roturn in high speed of 37 niles mr

hour,
The travel spesd over the different sections of the

road is found by substitubing in emation (45),
Speod over the liret ssotion equals

« 6,9 miles par hour,

Average speed fatter from Table IV is 0.5, T avere



age spoed is
(.5)(6.9) » 3,45 miles per hour,
_(3.&5)(” fo,/min,) » 303,6 £%, per min,
!Mﬁnwwmmﬂnumnrmutm

&

303.6 v, o7 moutes,

The spesd over the segcon? seobtion of yoad eguals

? I
(20 x 5 *» £0)(66,000)

The averige speed {actor fyom Table XV is .7, The avepe
age speed is then |
(.7)(8.63) = 6,041 miles por heur,
(6.061)(88 ft, por min,) = 531.6 fi, per min,
The time over the second seetion of road 1s then

W » 1,13 minutes,

The speed over the thixd section equals

(BASABA.  © wten o v,

The average apeed factor from Tables AV 1s 8, The aver-
age spesd lis
(,80)(23 miles per howr) » 18,4 miler per hour,
- (18,4)(e8) fv, por min,) « 1619, 2 ft, per min,
The time cver the third section equals

W - ,.5? minutes,

The average speed facter {rom Table XV forthe return

« w £,63 piles per haur,



trip is (85, The awerage vreturn speed is then (,45)(37
miles per bour) = 31,45 niles per howr, (31.,45)(88 fe,
per min,} = 2767.,6 fu, per min,

The return time is then

The showvel loading cepacity in loose cubie yards per
winute is

m%..ma - mmqﬂu
QIQM. » 312 eu, M, per mimde,

The average time %o load ome Lrusk equals

» .9 minutes,

The truck cyele becomes the total of the individual
tines
Spot &b loading meshine, . , . . . = 0,15 min,
L0ading 4R 4 4 0 s e e s e s s =09 nin,
Time on first road sectiom , , . . = 0,99 min,
Tine on socend seebtion , , o 4 « o « 1,13 nin,
Time on third eeblon o . . ., « = 0,67 min,
Tarn and dunp 2400 ¢ 4 o 4 o » o » 15 min,

Raturn tine T EEEEEEEEE.. 0."9 ma
Tm-ml.tm**!l&nwiiﬁ "-osmu

Phw nusber of trucks needed $o keep the shovel epere
sting continuously sesuming perfect tiaing and coordinstion
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ﬁ:?*’ ‘6‘? » T trucks
mmat}unwtmntmmmm
aqualsg

» 8,3 trips per hour per truck,

The astual production is squal to the mumber of trusks
times the Wmtmktmqumatiﬁww
hour, as follows;

(8.3)(7)(20 eu, yd,, loows messure) = 560 cu, yd,,
loose measure, per howr,

(.67)(580 ou, yd,} = 390 eu, yd,, benk neasure, per
howr,

| The choloe of the sise of heuling wnite is & problem of both
technology and economies, The sise of the hmulage units should
be such that it takes at lsast two, preferably thres or mere,
passes of the excavating wnit to load it, mrmla_W'
apparent, A trock may be rated as being sble to haul ten tons,
This mesns it can haul & tem tan loads it dows nob mesn thet the
trusk can stind up wnder the impast of receiving this ten foms
&t ene tike o» would be the ease 1f ib was loaded with me dipper
full, : |

The grade of the haul roade s a limiting factor on the sisze
of trucks, The largs tractore-semi-trailer units do not have the
grade ability posseased by the six or tem wheel dump trucks, 0f
the different havl wnits the erawler<tractor md traller wit has

the greatest grade ability,
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The sise of haul wnits Decomes increasingly important as
the length of haul incresses, If the speed rate is constant,
cost of hsulage per cuble yard de¢rsases as the size of the truek
inereases,

Speed of haul wnites also becones increasingly impartant as
the length of haul incresses, A higher speed decreases the wost
of transport per cuble yard as Jength of haul incresses, This
is illustrated by the comparisons in Table XVII, Aw spseds ine
crease the importanse of road construction inereases, High speeds
demand smooth hard esurfaces,
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GoaTs

The sethed of cospubing costs hae aluost becows standapds
ised to the method given here, Vith referencs to earthmoving
equipment , costs consist of the cost of ownership and the cest
of eperstion,

Cost of ownership is & fized cost, It is made up of the
first cost of the mashine plus interest on the Cirst cost plus
taxes, stwrags, and insarunce,

The first eost is the sun of the prise of the machine F 0.5,
factery, frelght, erection or installation charge, snd testing
cost,

To find the yearly sost of ownership it is necessary to dotw
ermine the life of the wechine, The life of trucks, crawlere
tractors, serapers, ssall shovels, and similar equipment is come
monly tsken as 10,000 operating howrs, GSchedules have buen set
up by the Associated Gemeral Contrasters of imerica, Inc,, the
Power Orane and Shovel Associstlon, and cthers, The life of
equipment as glven in these various schedules agroes olossly,
The life of the sguipsent in years is then the life in hours
divided by the mwber of opersting hours per year,

The deprecistion cost per yewsr is the first cost divided by
the life in years, The depreciation cost per hour is the depree~
iation gost per yesr divided Ly the nusber of operating howrs per

yoar,
Iinterest, taxes, and insurante ars comonly taken a8 ten pere
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sent of the avarage yesrly iovestment, This ten peroent consists
of intepest, six percwnt} baxes, twe peroent) ad lnsuranes, two
pereent,

The sverage yourly lavestzment as & peroent of the firet sest
e be taken from Table IX, In general, the average yearly lnveste
ment in doliars will be

‘%’n (Firot cost),

where “n* is the life of Che machine in yeers,

Cost of operation is mede up of the operatorts wages, soclal
secwrity, compemsation, power md fusl cost, maintenance, bire
sosts, wire rope costs, repalrs and replecements, oil snd gresse,
and similar itess,

Fuel coste are usually computed by the cest per horsepowere
hour, FPueel consumption per horsepower-hour ls Lest estisated Yy
fusl consusption for similar oquipssat over 3 pordod of tims,
 Tire costs per hour are usually arrived at by estimating tire
dife in hours, and less commenly tirve life in miles, A tire life
of 3,000 hours is average, Yire rope costs can be estimated from
dife of vope in hours or in Sons or yards of material moved,

flsdnk enance, repaire, and replacements are takem au & paremt
of first cost per year or 45 & peremd of the average ysarly ine
mwm. he schodules pu-lished by the Associated Gene
eral Qontractors of America and the Power Crane and Shovel ASSo0-
fation give averags {igures for these coshs as & pereent of the
first cest,
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9 yours 11/
10 years 10

11 years P=1/23
12 years Sl /3
13 years 7=9/23
Ay yeors Tl /7

15 yeare be /3

55wl /9% of fipst cest
55,08 of firet vost
She6/11% of first cost
Sk 6% of firet sost
53-1113% of first cost
53-4/7% of first cost
53-1/3% of first cost

i

04}, gresse, and greasing labor are uwsually estinsted at a

fixed smount per sperating hour,

The best basis for setlmbing couds is complete and scourabe
costs records and perfopmants date of like squipment operabing wnder
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conditions similar to those anticipated,
Example )4 18 glven to show how hourly costs can be compubed,

The costs of ownership and operation of a 1} eu,
74, Dissel shovel; |

Uost of the machine £.0.b, fastowy. . . . $30,000
Predght, « « v oo s o v oass sase 650
Tobal £irsh €080 o 4 o0 e o oo o $3L,00
Depreciation st 20¢ (5 years),

(JOO)(B3L,050) 4 o anos oo B,
Amual interest charge st six peromt

of svorage yeerly investaent,

(OB)(0E)(H30,050) & o 4 e o o o oo 1,007,80
Annual texes, mnd insurance, |

(CLJ{0E)(832,050) o o ¢« oo o v  Thisdd
Haintenance and yepairs at 15% of

PIXOL €OBb 4 uu s v o e s o os o Uy857,50
Potal annual fixed ChAPEe . o o » + o o $22,730,50

Pixed charges per howr based om two shifts per day, five
days per wesk, and 47 weoks o year for s total of 3760 heurs,
Cost of owearship per howr,
(#22,730,50)(3760) (howrs) o . oo o 6339

m.w;wmpoonoo#o me
m,m.mm..'..,'...‘ 142



M,MMGW;MW.u..OQ.ﬂ
Oi) and grease por howr . . + ¢« v « » » Q&
Tobal hourly cost of ewmaing and operabing , ., & 7.45

The cost per yard or per ton of meteriel handled will be
the capacity of the machine per hour divided by the cost of Gus
ing and epereting per hour, o

The eost of moving naterisl per wnit is a good index of the
sffistlonsy of operation and mansgement,
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CONCLISIONS

There is no all~purpose serthmoving machine, Rach earthe
moving wit operabes st maximes efficiensy under definitely ros-
tricted working econditions, It is mansgesent's duby to ssoere
tain the conditions of mamimum efficiensy for vach machine and,
as far as is possible, o mateh the existing conditions with the
proper sachine,

The fundamsntal principles of physics and sechmmies can be
applied to the study of sarthmoving equipsent bo determine ite
working capacity and applicability, The varicus asswptions of
mmu&«umwmwmmmnm whm-uwin
applied to earthmoving equipment than they are when applied to
the flow of fluide or problens in mechanics,

e effiefiency snd produstion of earthmoving equipment can
be increased through eorrect applicatien, good operatiom, preper
cowordination among the differwnt pleces of equipment, elimine
. atien of momproduttive movemsnbs, time studies, preventative
maintensnce, and correct sising of unite,



Coal, bituminous
Ceal, bituminous
Geal, btwsinous
Goal, bitumincus
Gopper ores

Dry, natural

&3% throagh 1O-mesh

4% through 100-mesh

Broken, lovss 7

As blasted in bank

Hard ripeap
Clean, loose

Yok

b A
2745

o5

16

3543
3 5h5
Shds§

29
L5
17

35
L%

B 3
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Sand, clay, gravel Sueti an-dredged 26
aLone ﬁ!% fines seresned 37

Riwer mad Sustionwdredged is



ABhas
Barite

bry, loose

In place

Wet excavated

REolled dey

Broken Permaylvania inthrascite
Broken bltuminous

Blast Durnace

Wet mixed

Fine or lumpe
Exgaveted commen losm, dry
Exoavaled cosmmon losm, molst
Excavated ctomon loam, wet

Sereon | inch to 2 inehss
23% run

et
Crushed



Lignite

:

Yot excsvated

Deluris

Fluld

ek

Palverised
LooEe

Sligtly damp

Sroken fummace

Crushed
Crushed, loose

2850
3378
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‘m‘hd’&mhivﬁﬂﬁll w'w
ﬁﬁiﬁ“ﬂf“ﬁ.,...unn &' 3‘
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Approxinate working weighh is 35,500 pounds,

Sesp.

ist, forwsyd
Avd, forwayd
3rd, forward
4th Lorward
Sth, forward
b, forward

Belt horsepower is 131,

Soeed (nph)  Drewsar gl (lbg)

26,208
19,537
15,973
u.m
11,266
799

Wummmwuzmwpmu.
mmmuﬁ&» |

Approximate working welght is 17,500 pounds,
Bdt hopsepowar is 65,0,



Geax ,
lst, forward YA 14,300

20d, forward 2,3 | 9,100
2rd, forward Ja2 6,200
5th, forward 5.8 2,65
lst, reverse 1.8
2d, reveres 2.8
Ird, reverse 3.9

M. raverse Sg“

Gear, Speed (mph)  Drewbar pull (pounds)
Low, forward O to 3,0 6,000
High, forvard O %o 7,0 28,000
Heverse 0 to 5,5 36,000

This machine is equipped with a torgue converter,

Appreximate working welights is 29,000 pounds,
Belt horsepowsr is 150,48,



740

2,0
32

Apsrocisate working weight s 23,000 pounds,
Belt horsepower is m.&a.

Resn
1st, forward

L7
@l
L7
3.8
b
64,0

L8
hel

19,002
15,507
1,42
7,867
- 6,190
b, 157
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o L

Appraximete woriciag welight is 23,200 pownds,
Balt horsepower in 84,66,

an,

1,5
240
2,5
33
et
5.7

L3
Johs

18,973
13,357
10,562
7,827
5.157
3483
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