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Le Value of Rssearch

Research moans *to scarch and examine witk continucus care
ané palnstaking effor t, to scarch ciligently; to seerech sgeing
and to examine anvw®s It is sn corganized scientific study to
insure ths purposeful seeXirng of now knowiedge. Nesearch hes
been dasignsted by innem:rsbl: pexes: *The 1ife blced of
prograss”, "Trhe fhture of incdustry™, "The melfsrse of race”’,
Fastour said, “Sclience is the soul snd the prosperity of

ource of &l1 progress’.

(1]

neticns cnd the living

The velue of sll research 1Is {c conmtribute sometihing cone
structive tc soclety &nd to menkind. 2uy m8sesrghk project 1o
be worthy of situdy snorld o one or wore ¢f the followin

things:

"

~ -

1« To gbteirn now ond usaful technicel deitg gnd infore
metion contriduting te some projzet.e 2. To Incresse the
ufility cf the productte 3. TO Inerense itas cutput srnl ssle,
4e¢ To d=cresse cosis of productione S. To decresse oper-
ating cost to the conzsumere. 6. To produce now bDUsincssa
end/or 7. To reduce the eccnomical weste.

Be ?urgose and Sccope ol Investigotion

Ta> ultimete objact of this investigetion hss buen prac-
ticaily summasrized in the 2bove paragrech; wnhlle its scopse
is only iiwmited to the coigreta pevi g operation. No atlempt
is mece to cover tne othar type of construction, such 28 gégg&

gspnelt, orick or stone psvement, ~2te. That the principl:zs

PPN
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by
metrhod of zpplication s&nc studics on the concrete pavement ctre
wlll hoid true o the cther tyne of constmuctione.

reerds of conerete swrfsce pevement during the =month of
Decemher 1925 toteled 7,400,000 sgquere yordse. Of this amount,
5,040,000 squere yards wes for roads endé 2,480,007 squw ro yards
wes fer streets =nd e2lleys. The totel yerdege swerdod Curing
the year cof 1329 vas 133,8C0,000 (7Q) squrre ye~ds. ,ccordin
ts the figure presentel here, 1T cost tho I1linnisg ftsts High-
g2y Teparinent $1.81 (152) per squars yord of 527 lin, £, ped
dey end 32.47 (I52) at 200 lin. £t. per dey. There is g ssving
of 3.14 peor squere yod hetwesn these twe productions. I we
use tha ehove figurs for LN liusivrsilon, & totsl eof 137,880,000
sQuars yords of pavemcnt wes lelid during 19235 4t =il enve
the public 81,955,240 per yesr. If tho production is 1,000
lin. fte or 1,200 1lin. ft. por dey, {tiis record h=d k=eon shown
in some paving jobs under jood manegement snd rigid super-
vision) there will be stil} greseter szving £o0 the ~udlic.

In Chapter II, stross Is placed upon the nceessity of the
anplication of =fficiency studles tc the concrele paving oper-
stion. I%ts significance, advartagss end reletlonsthip to the
preduction will be sad in this chapisr. In Chepter 1III,
a gentnral survey is mede on the current paving cporeltion and

ite gzood prazciice with more expresis on the mofsern cenciruction

method, the u=e of machinnry zné the orgsrizetion. Ir Chaopier
IV, £r historical survy is mede on the conc-e e rosd ITnilding

rlente Tight or ten yesrs £z, no contreehors in ower 21l

et v
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Unitedl States hed ever lslc in on: dey over 400 ., of ccnerete
vevement 18 ft. vide. Todsy vwiih the modern rosd mschinery

and the improved comstruction methed, en zverage output of
1,200 line fte. of povement 12id per dey Is rot uvnususi. "=
presis is aisc ieid on the standardization of the rosd sguip-
ment; why is it necessary? Tise distridution on ese’ cperation
of the road equipment will Le stircssed upon in the lgst part

of the chaptere Chépter ¥V will outline the gffects of proe-
guction or u2nit cost. The Z2ily cporeting cost is indevendent

theo production whether it is 500 or 1,000 1in, fte 1218 per

0
"y

éay. Studies ¥1ll be msde in Cheptor ¥I of tine lossos

- -
ects unen th» oroduttie

0

n&lvysis on peviag oparntions ¢nd its ef
itne Siudles huve snown thet the operstlion efficiency cvoreges
607« 1In Chepter VII, 2 mix-in-trensit system is suggest-c.

Its sdvertagos over the existing pdver =nd the centrel oro-
norticnel plent wsill Bo di-cussed &% lerge. In the lsst
choptar the whole investicstion i s
recommcnsations érzwn uvcl.

The writer wishes to express hls sincere hope thet his

-

irvestizeticon s2¢ roseareh w11l furnish use) informaticn snd

-

vighyvey depgrtnent

cr
O

deta to the nighway controcicr znd the sis
executives end@ engineers, irn perticulsr, tc %the coller: oro-
fessor w00 1s offering & course in highway engineering znd to

the student whe is ‘egking hRichray enginearing,

~
-~
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II. RELATIOR OF ZFFICIZECY STLDIES TC PROLDUCTICE

The construction of concrete highway pavement is essen-
tially 2 msnufscturing process or nrogressive series of con-
sccutive operstions. If materials sre losdad, they must %o
nauled, if they sre hauled, they must te mixed, if they sre
mixed, they must be pleced, spread snd finlshed enéd they mmst
be cured. vvery operstion muet e coordinztcd ené synchroniz
in every possible weye.

‘e Better Tse of Tire and Effort

Tfficliency study is zn important element i~ production
management. Its sucees: liss not on tre sesumption thet men
must work bardér but in the f=ct thmt 3t induces them o work
atter »ith less wested motion end time, theredly reducing lstor

costs through 2 higher ard more uniform rate of production.

It reduces the idle time 9F men gné msehinery, prevents the

purchese of unnecessary and n2¥ equipment, providss the
scecounting department with an aceurate lator cost per unit of
rroduction, assures & higner guality cf product andé improves
labor conditions by essuring th? employee g fair day'ls pey f
¢ fair day's worke
Be .Zfficlency Study Gives Test

Yhen the Ti-st study is made, the more sericus delays are
brought to light and some icdes is obtzir=sd es to the cagacity
end ndaptahilite o0f the machine or ebility end skill o
laberers. Information snall be chtained end data will be

1elyzed and used to correct these delays snd possivly t

- h s EATML AU At b
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chenge the sysitsm or sdd some additlionel cquipment, ~oduce or

increasse the erew or Go other things that eppeer liksly to aid

v

“~

the nerformzpce of the unite Then &iter zmple time 6 7ot 2}
edverntege of the correcticns, other studies stouldé be meds to
ctserve the resulis of ihe chenges, noting vhen they hsve

-

elped or hinderad; these studiss should bz repssted till the

L

unit vorks go sSmoocthilye

L+ Cost Cutting Through =f{ficlency Study

It va28 reperted by . J. BErialomen, {87} industrisl sngineer,

icleproo! losiery Commny in the sriticle, "Forty Percent
seving irn Torkerts Time’, thst s cost raduction of 4,300 ner
¥:3r is brought sbout by an expunditure of only 3Z,20C for the

tudy, waile operstions eorning sre incressaf 877 tnrough
tive crd motion studye

Te 7The Applicatisn of Ufficiency Studies In Some
gther Industry

~fficiency study prectice hes Teon spdlied tec the concerns
wross operations are stadle and whose productiom 1is pradator-
=wined sxd controlled as In the steel plsntas &nd similer process
industrics. 3Ry izproving snd stenderdizing methods, sync .ron=-
izing the work sisilions cf tho progressive process and having
thz time walue of operation ané cutnut of the various maechines,
& greet do8l 1§ szccomplished in such organirations in forms

cf cost reductione.
n nighly competitive industry th2 lsbor cost stsndarnds

L

egtehlished throug: tive study provides 2 regl mesns of

e e e kTS T L B oo e ot A A 4 2t e 0 et e . s o
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Getermining prices witr which to bic for new busliness. These
stancards, plus & flexibility Jsetor shiek nrovides for éolsy
gllczances and losses dve o fallu=e fo moct standrrds, furnish

gn zeceurete merne of supplying thae gdats needed for such tur-

Frecduction standards det~rained by efficiency studr sre
fnvalueble in t»c rlanning of sehedules, since the mucehine
ené zork stetion csnmacitiocs thus dotorminsd soupled with a
facteor to sllow for £lexiBillty and meterisl movsmént, iKY
20s8idlc securats nlearing snd msehine loeding,. The production

manuger oo eguipped s in & position $0 doteraine ouliekly sné

S

gocurately kis production pozsibilities, requirements znd work

Ze Zfficlevey den Eust bo Irsined and Smployed on “fficiency

Vo4

triieve the hichzar contrsctor shovld 'eske up the work

bimealf, Decsuse he hss to ¥now in tho »ight wmomant every

ap

cpsraticn of trhe whole job. If it is nct coordimetogd, the
3:01e or port of £ne systeom shoull e changed or corracted
until it is hargonizad. If the msn 1s empleyed £s sn o flicliency
study observer, he must possess cerizip guelificetions snd

gt Iring 20 Bis proctice ¢ telaswmee Detuesn gorrse? undse-

cn of the sams tc tie provlem. Too much theory counled with
en inguTficisnt precticnl knowlodse 1s & poor tssis {or the

#ork; vhile on the o2 har hend, procticnl knowledge witicut
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L
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€Oy

sufficient aducstion or training does rot Zive =2quinment Ter
this kin€ of worx to intarpret the various operatinns and

>

nroducticn Ceteils,

(@

Recently, (59) Booth znd 2lsom, Inc., of Sioux {ity,
during the ecurse of peving orerztions in RBoone Counmty, Iows,
have o valoned & sizple bul exipemely efPfective check on de-
lsws. They heve hiref & young men, »1é- zuaks snd obssorvant
shos0 g0l duty Is o siand 2t ins mirer 3i&n = note ook :nd

& wgitch wnd —eoont xhet he sres, Fis entriaeg start 0t C e

orelock end “is zecond ~niry In ~iz rete book 15 8% §131 Fele

P
oy

f o truck 1s =low

H
4
<
n
v
b
£

d winuts of the dzr snd the length of time the mixe

9
o

ite Toef. IT the hose hecomos istonnoctied he ra2cords

71y
[0}
3

tine of the ornforced shutdowne. If 2 high snet in the

(3.4
[
)

grede haits the Torward acvenent of the mizer, thst soncars
in the bock. The stmmmilon of the mEnntaes snd frocsticnz of

ningtes ¢t the end of th~ Jay mekos instantly svailztle ik

1

total of time los: and thn exnlanstion of that Isosa ¢nd the

* 451
¢}
4
-
@0
3
4
¢
]
0
A
>
= ]
*

regcorg accounts Tor any shortioe in i

e 2ffect of this oiservesticn is noit only the xnowledge

ria

of daley cauerss It reiuslly resulte in eoliminstion ¢f m=ny
pessiblie gelays vhich would tronssirze =Lthout use of th-

systrme The chenryer, oy scoustoming himgelf *o the moosure-
ment of short gerlioGs of 2inme by frequently Jo-¥ing 2t his
raten, noticed thet rhe zizing cyele of the mixer ssemed

unneccssarily long. EBe timeé it and his checkins resulisé in

N . I o
2 noigs thot truck mumber, the cxnct hour

et Ao 4 ot 7 AP ot ot e

B e e i R A b saa a4t
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tho discovery of z2n ecesily remadicr defect in the bellesignel
on tha mixer which was pernitiing ~sch bsitch to te mizxed
according to the specificction (Zonserslly 60')e or zt the
mixer d¢ not regard the checkar wits sn unfriexdly =y2. 7Thoy

considarr zim In tho noslticon of one of trneir ovn number &s

selves In watching for csusts of deley. Thoy ars *w©Ors thun
auelly ssgor to hesten the renalir of brasks 2nd to resune
cpe~aticng efter &8 shutdown, &nd they tsgke uwride in the foot
that the time check sheet 2t nishit doas net atiribute any

deleys to thelr own »a—t ¢Ff the ¢onersticn,.

thronsk the glight axpenditure reguired for nlsein~ zueh zn

efficiency wan on the jobe.

- rean m oy Tiad
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Placing the center line by hand
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Ae Orading

three distinct classes of grading were porforsm:de nheeler
outfits were used for light cuts; elovating grede culled by the
caterpillar treetor w¢8 useld for medium cuts end gseex shovels
vere used for nesvy cuts. Following the greding ocutfits came
the 12 foot blade grader, which wes used to level the cuts snd
£11ls and put them within 1 inch of the gred2e Tis greder is
sulled by & ten ton caferpillsr trsctor. 3oth the trsctorA
operator snd the greder op:ralor were taught to check the grsdé-
ing by the grede stzk:s. ifter the i:lade greding tne high or

low spots vere bronght to srode by twe or thrae slin teams,

3

whrich leave the grsde reedy for the form setting. The settin

4

()3

of the for=ms &nd surfacing of tho subuirede were performed under
one foreman, who hos e 7 foot ticds gredor drswn by 2 4 ¢or S
ton csterpiller tractor, which also pulles th«w subgrading =mechine
whnen making the finel cute Tho 7 foot dlade i us:s4d toc cut the
form line and %¢ roughly shape the subgrede, sfiar ulileh the
subrsrading machine cuts or disiributes the earth and the finel
ocperztion 1s perform=d by & 3 or 4 ton gasoline roller. =&
crew of twelve men ore used in subgrede vork &nd setting the
forms, cpproximetaly 6,000 feet of forms being usecd.
B ?371!‘.8
Tar peving censists ¢f s zeriss of operctions ag follovs:

-
H
-

« 2ixing. Hixing w88 come In & 27% Yoehring paver.

Th2 pizxing tize was rigidly zeld at 60 sceondse. This €0 sscond
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aixing time, together with 1l seconds for cherging end 3 to 5

seconds for dischsrging, mede each cycle sbout 74 to 75 saconds

Through consistent oporetion on this cyele, the meximus run of

400 dntehes wes obteinede Thiz rete of production 2oes not
nerait of tirne locses.

2+ 2lgeing. After mixing tha baieh wes plsced upon the

grede snd shovel aroundé the steel znd speded sgosinst the forms
by three shevalers end tvo spsderse.

3. Finishinge Th~ pevemcnt wesg 'hern szocthed out by the

finisiing meenine, Following itz wechins two mon flontes the
slat longitudi-elly with & stiff bsck floect. Following thasze
flﬁatm Ty W0 m2n belted the slch longltudinzily vith & flsx-
tle socoden bolt, and in the rear of these btsltmen tuc edgers

did the finel edging end joint finishing.
®

4. furing. Tho sist vss8 coverad with burlsg.e IS S
es 1t wasg =t1ff =onough, elther pondirg met od or dirting w-s
used.

during the pnest yeer. HOre then ten states now definitel
spreify this method of proporticning, more thar threoe have
cptional spoecificaticns, end irn mors then: ftwo othor states

tris metnod is regiired or pormitted under specis’ cenditionse.

b
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proportioning =ithor by v

of current preciice iz proporifoning eéosregete by toight mey
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be mxntionsd here:

« Tha nroportioning plent mos loczted nesr the

I
zidpoint of thz fJob st 2 point wm=de sccessidbla by a cress rosd
enc on & switch &rack slomgslide & rellirved eroscing the vork.
Cement and nggregete were delivered by reil o this zviteh
trecke The cemont wes unlondel cdirectly from the csrs irnto the
trucks by wey of & plastform constructed for the ~urpose, just
insicde the sntrsnce to the plant «rea. Further along the
aggregate cers wmere spotted cn the switeh track znd unlosded
by & crane with 1-1/4 yerd clams™ell bucket. By means of tris

™

(4]

crane the sogregates could be unloecded ente stock piles

s

Inte the ssrd angé grevel Lins. The bsiches sere measurad inte
the truciks from these tines ty betches sugpended benesth them
In the ususl menner.

“xample Il. sAggregate xere loaded intc csvrs ot the zlint

with the 2id of »olst crence z2nE ins. The operetors sere pre-
pered snd wsiting to »ull the lsvers upon the e-rivzl of an
exnpty train, ernd 2 eomrlete trgir wesg loeded in 4 minmtnse.
Cement was losded on flat csrs gl thg nlant direct from th

cars bty four men. . platform 4 feet wicde gné 20 feet long
built on the floor level of ths box csrs in which cement scs
delivered to the plent, rvas usad to stack encugk cement for
losding tre next empty trsin.

xaxpsle IXTe A centrsl provortioning pisnt wss ussd, con-

sisting ¢ 30 cublc yerds, Zutlar bin xith volumelric measuring

zline with elsmshell Tucket

N
O
[

"
'
pote
1

4
Qs
)
"
]

gdovices, ané & 3/4 yerd ¢

erimt
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for mnlosding coarse gggregstc {rom cars and for charging thne

bin with both fine and cosrse agsgregatese This plant wss opore

ated with five wmen - & shovel operator, oilar, & bectcher men
anc two laborers cleaning csr hobkicmse.

Da Trensporting of Xetordiels

™e following exs~ples reprosent the typicel operstions in

& score of jobs srzlyzed. Iz some casos light or hesvy irucks

e usad; In other casos Industry rallways sre utilized &o

nould b handled by itself. The contrector siould anraly:ce

13

the job careflliy, tafere he sdepnts seaen metbod -0 the bost

asdventage.

Txsmple I. Deien tpucks. Aggregate end cerent wore de-

livered by rail and these cars spotted on & siding. Camont
wzs stored ip the car end unlocded ns nesded for each tstch,
using 2 rlatferm erected sc thet 1t wouwld e st the car door.
£ short cistsnce ewsy slong the same g8iding sggregats cers
~ere saotted op nos te ¢ gtoel Bin end the s;rregetes unlosdad
ints the bin or cnto stockpliles by moans of ¢ o»2
with 2 3/4 yar2 clemshell tucket. Bsich trucks tnen cthtalined
their loeds from rTalicrers susypended from the bottion 2 the

birs ané procesdesd from that noint to thoe cement car for the

cenent for egeh tedch. Then the 1058 wos houled 40 the zixere

e o B e A LS AR kA £ i

3 wems
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ixsnplie Il. Beatenr boxes. Beiches were houled from the

beteher plent to the pever in bsich toxes. %o bDoxes were
locsded on sach car, endé trei s were m=de up of 20 cars cr 40
catchas, nsuled by the 8 ton gasolince locomotivese Thres such
lJocomotlives were used. The track geuge vas 24 inches.

This type ol egquipment proved fessible on the job by
gliminating the cuiting up of thoe subgrsde by trucks, by
keeping & stexdy stresm of zaterials arriving ot the psver,

which eliminated waiting Tor baiches, end becsuse ipruffic

tis=ups were zvolds@d. T+ conirector iss of trc opinion thet

toteh trueks would heve besn more costly to use on this

e e g e

. -~ ¥ 3 ¥ Y. %) ~ 3 & L4 et TYen 0
xzmple I1Te CJombining truck and industrizl reiluay. The

truck hsuling wes sublet to 8 truckin;

& baten-box milae Hs tlsced on the Job six S tom trucks ond

&
0O
)
A
¢
¥
[
O
[ 4
[}
ri
'.’
(]
e
7]
0
»

six 8 ton trcilsrse The trucks carriad three bHeier boxes gnd

sedvem e

the &railers four. The batecrn tLoxes contained & € ksg bstegh

Q
e
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&
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¥
L
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pusned to tne 1imit snd ths narrow gaugs industriscl reiluay
&S substitutzée The trsnsfer wss mwovsd on ivo €x6 timb- rs

plzeec on %02 ¢of thz bateh roxes on one of inn trugkse it

ock 1} hours to moves. From the trensfer point, the

1]
q
W
"3
2]
| had
o
e
n-

.

tatehas were zsulsd over the né row gouge track to the mixer.

x

The transfer eguipment decsigmed Ty the centrsctor, consisztzd
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c¢eliversd fc tha zixsr drume The empty skip wes lowered snd

the

3 LS
hRey e

C&rs

- = - - s A S s P L - .
tne mirer. 7The welipni of the degeending skip furnished the

road. An sir comprassor, mount=d on & Ford truck, suprplisd

the sir for its operstione.

endling the msterisls eitheor frem the keigh truck or frox the

beter

cnerateor turned i1 around; the irvck baewsd ur to rositiorn end

48

~

Ze Hengdling of Ksterials

The feollowing exs=plqss ovtline the current prectice in

rox tc the: =iere.

“xexple Io Thon the truck &rove ovsr tho turntabls, the

PP

segccend truck beeksd up sgeip end dumpsd its second baten
t and meveld &VeFe s

-~

'xample Il. Tre beteh Toxes wxere transferred from Y e

to the skip of tre =mixer by z smell derrick mountcd on

.t viie i

nSCEessENY DOTEP. At thn mixzer thres mon uere required to shift |

the boxes frem csrs to skip end boeir to corse.

- -~ P B = 29 e o -
Zxaonls I1l. Bofween th2 cement czr and the pavar, o

Ead 84 ~ Pt Y + > 3 -,
vletform wag plsced on the sevement. The bater Hrucks |

Pe Toter Zunrrly

+ wator for the verious opersticns ¢f the contraoet

ghinery, is pumped fros becoks zlong the UaFe«
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The supply lipe consists of 4} miles of 2 inck nipe, mith
-t

>

hese outlets 300 fTeet = « The pumping unics consist o one

'8

[ 2]

Ce IIe "« ™e pump, oné & 2arnns triplex pouered with £ Fireules
snginee Thile lutter pumped [rom Xongeup brosk, the low point
cn = read, snd hancled water iTrough nearly four milcs ¢f
lines with & geugs pressure showing éround 500 pouncs =11 the
tizne. There were no storcge lanks, dut 8 by-pass »elicel valve

s orovided. Other pumds on toe job ineluded &8 Lo . Z.

N

Bouglss triplex puwp, chalin driven from & 4 eylinder motor and
truck mounted ond & Domestic centrifugs] pumping unit.

xample ITe The vater wvzs pumped from the sireas slong

- s - > 3T - T
the rosde £ two inch weder lins wes leldé, and eguipped vith

v&8 regrlated by mrens ¢f & length of nipe, plurgsd st the

- - F ] A% . n < -
upper ond, sognccter vertlcally is tha line gt one of iths hose

GCe Ca=ping
“hile mest ¢f the men come cut Trom itown svery car, & c2mp
st

-

1 mpintained for o gonvenisrmee of thoce w3o vi

Bhd
0
"
ct
B

9
b
&

there znd to servs masls to toth classss of men. Thie 013
Illustrations sre the current practice adopted ©y the certrazctors
to esteblish v coemp In order thef moglsz endé lodging could de

sup:liz& close to he scrie

R et ) TP - =i Pl o N I R - T VY X P Ry AT vy
Izmennice YTe TOE CEXD &S cgtiiisped sv the Zgwe Pornie =8
- & ) > - ]
thg tetchling yerd, snd comsisted of & kitcher end mess nall,

tunk rousze for 100 men, & blsceiswith shop, znd otvher fucilitiss,
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LA COOK &ncd thres nelpers sns & y=rd msn took csre of this

urit. The somp was run by the contractor. Ilunches were packed

up egc: vay curing operstinz weeither snd hsuled irn a2 motor truck

to the loecation of the varlious gengs thus oliminsting irns time

- o

“ -~ - . - N —~ 3o~ -~ o -— & T - L
108t Dy irénsporuing men Lo and fros the camp at tha lunch houre.

txsmple Ile This camp is meintsired umdor sudb-contrzct

by the kilson Comzissery Compsny, Chicege. The sleeping guar-

ters =rs unusuelly comforteble with cicen liner supniicd esch
veeil, &né regulcr stesl Le.g te zleern on, while th. moals

sarvad sre well worthrzile., JUout 500 rogular boasrcders anc &
zeny &8 10C Zimner borrders are served zach 4y, ¢t £ orive
ol 214.C0 per weex for roc: and bosrc for regulrr boarders end
& rate of %.70 for dinners for zll otners. Tic mees hell is
zennedé by osne ccokK, one dishwasher, two waiters, wnd cocnec yird
3sn, 811 ix cherge of & feremun repreosenting the zpsnye Cho
caxs slsc conteined 2 blecksmiih skoep, 8 repair shop, oifices
{for the contracieor and of fices “or the engineers, &8s well &s
stables, »tce This cemp utilizes s o0ld farz property, with

0 o~ o3 .4 s et o e . . e P
the office in the ferm hcuse, wnt the turn &ve: . 1leble Jor inams

e size of the orgzenizaticn cnd eguipmant variss with th
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&s well. Study shows ithest the nusber of omployats rengts frow
3 S e o > - 4 ~

37 te 180 in = single job. The [Tollowing orgsrizztions o2

shogn hcre for referencCe
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NOTE TO USERS

Oversnze maps and charts are microfilmed in sections in the
following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
OVERLAPS

This reproduction is the best copy available.
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| TABIE Y. SUMMARY OF CURRENT
Yo. Namber Rotual Actusl E.'ﬁ'é TIn.FE, General I'ﬁformaEIon |
or Work- Paving Lost per eckness
Location ing Time (Days) day {In.) - (Ft) (Mi)
of Time (Days) |
Project {Days) » {(Aver.) -
T U.S.No. 10 & 54
1928 113 830 20 - 18
2  UiSNo. 287-A5 52 40 12 671 5.08%7
28754 30 26 4 720. 18 3.550
3 Reedwood Hwy.
California 1929 162 82 80 - 691 9-'7-?-3 20 . 11.4
' ' 9B ube /
4 Monticello - 1927 167  T62-—-65  1800° 8 = .20 %.51;
Liverty, X. Y. : T o \ |
5 Jefferson-Nile 1925 :
Ashtebula, Ohio 181 135 46 586  9-7-7-9 16 15.1
6 Florida-Warwick,N.Y. 1600 8-7-7-8 18 4.6 1
| 7 Avon Leke,0. 1928 60 35 25 580  10-8-10 18 5.08 1:
8 Long-Beach Bomlevard . o
Los Angeles 1928 120 75 45 704 10-7«10 70 3.78 1l
S Deeatur-Cairo, Ill. 147 85 62 1405 22,6
| 1924 |
. 10 N.Y. State Hwy 8039 91 w5 16 1000 EaT3=6 20 9 1
1 Kashville-Spr‘ing- Y00 686 1§ 15
g hope Evy 1923 : ‘
P12 Galveito;z-ﬁmzston 75 43 52 1170 9-6-9 20 10
Hwy. Texes 1928 '
13 Rocky}mmt 15002  8-7-8 18 30 1
. Halifgx, N.C. 1926 ° '
. 14 State Ewy. Proj. Fo. 151 575  8-7-8 18 1
: 537-B] N.C. - -
| 15 StatejRoute 84 T, 800° 9-7-9 40 15 1
| 1928 | |
. 16 EKankskes - Chicago 1050°  9-7-9 40 8 1
Ili. 1928 <
17 111, 8tete Bwy., ¥o. 840 20 12
51 1$e8
18 Til. §tate Huy. 182 1356  S-%=9 18 22 1
No. 121 1928 .
19 I11. $tate Aid job 800  9-7-9 20 5.38 1
No. 3 1928
20 Indiags Route No. 6 600  9-7-9 20 7.855
1929
21 1000  8-6-8 18

1929

.@twoo% Hwy. Tenn.




SUMARY OF CURRENT PAVING OPBRATION PRAGEIO '
}""'G’eneral Informetion: Space ?ype ¥o. and size Amt. Losding Fro-
. Fﬁm of of = of of ce- Plant port
| (Im.) . (P) (¥i) -.- Expen- Mixer batch trucks ment - by
"sion . one Two three used wte.
| Joints Bags volu
‘ (Ft.) S -
- . batehing
20 - 18 Rex 278 2 v 6 plant weig
5.087 central
18 3.550 6-12 % proport- volu*
foning
! plant
L-‘I-?—Q 20 . 11.4 60 2%7E 7 batching welg
§-6-6-9 '_ Koehring plant
{ 8 - _20. %5 1:2:5% Rex 7S 34 7  betching weig
; . . : _ plant
r ' combination ;
P—'?-‘T—g 18 15,1 "Rex 21E of trucks and
: . industry rail-
LR way
B-7=T7=8 18 &.6 1:2:3% 78% : 8 6
10-8-10 18 5.08 1:2:3 200 Rex 27E 9 7 batching weig
; . , plant
: 2275
10-7-10 70 3.78 1:2:4 100  Hoeliring
) | 22,6 3E-E  Industrisl 9-10
» o Koenring -reilroad
E=T1w8 20 9 1:13:3%2 36 S 1n s batching voli
' . - plant
6-8-6 16 15 1:2:4 300 .. .coxbination
' ' ‘ of trucks and
industry rall-
; way
| 9=6=9 20 10 782 39
8-7-8 18 30 1:2:4 2-32E Ingustry Ry. 8 batching
, Koehring plant
i 8-7=8 18 12 1:2:4 5
| 9-7-9 40 15 1:2:3% Xoehring . 14-18 6 é
272 ’
{ 9=T7-9 40 8 1:2:8% g¢ozbinstion 6-8
| ‘ of Indwmiry
i " Ry. & trucks
| 20 12 27E Rex 10
, .
4 .
j 9=7-9 18 22 1:2:3% Koehring Industry 6 batcher
i , 2R - rdlroeads Pl t
3,9-7-9 20 5,38 1:2:3% ggghpmg

- e an 7] hatrhan we*



JPERATIOR PREUTICE

Space Wype  No. ané size Amt, Losding Pro-  No. MNethod Rein-_
of of of ce- Plant portion of. of forece-
ixpen- Mixepr bateh trucks ment by work- Curing ment
pion - oné two three used wt. Or ers
Joints gs volume

batching - -

i Rex 2¥E 2 k4 plant weight SO
; centrel
i 6=12 ¥ rroport- volume 33

§ ioning-

g plant
t 80 278 7 batching weight 70 t .
z Xoehring plant :
i Rex 7S 34 batching weight 75 hay 421b,

_ plant 7x7 mesh
é ‘ combination ,

f ‘Rex 21E of trucks and
| industry rail-

E way - :

. 78} 8 6 36 Standard

i ’ mesh Fruseon
200  Rex 27E 9 7  datching weight 38 earth "§ steel -
; plant bars
; 2-27E plain
{100 Eoeliring 180 burlap concrete
SE-E Tndustrisl 9-10 65 caleium
! Koehring railroad chlori®
;36 1 S batching volume 53 sand 100 1b.
plant wire mesh
: 300 .coxbinetion 180 hay
; of trucks and ’
industry reil-
wey

| 783 39 . 150 40 1b.

wire mesh

{ 2-32E Industry Ry, 8 batching burlap

: Koehring 5 plant

! Yoehring . 14-18 6 caleium

272 ’ chioride

! combinastion 6-8

of Industry

| Ry. & trucks

g 27E Rex 10 caleimm

. chloride
é Koehring Industry 6 batcher 2F steel
- 2T8 nilroads Pl t bars
_ S odon?




15
16

17

18

1¢
20
21

23
24
25
26
27
28

29

30

31

StatejRoute 64 111,

52

Blair} I1l. 1929

~Uticsa
Miss.i 1526

~“Pensagola, Flz.

1928 1
Mascuteh, I11,
1929 :
Wayne; Xichigan
1929 |

Little Neck Roslyn
Hwy., N. ¥, 1929
Contract No. 1795
New York 1929
Dklghoms Federal
Ald Job. Wo. 223
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1350
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1160
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9-7«9
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8«=£=8
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9
9-8«9
9-5«9
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9
8
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40

20
18

20 5.358 )

20 7.855

18
20
20
i8
18
18
18

20

10
30
18

2C.7
8
7
5
16.5
g
8.02

19.7

433
6.3
4.09
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|
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i
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1. 8 _hours work om 10 ft. strip
1% min., mixing time _
3. 20! conecrete per day at 20 hours

2.
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fe Ro&d Ruilding Hec-3Inery - its Psst end Present

Hectanicel nerse nower in nlace of humsn aeepgy: Figheey

constiruction end =tintensnce is using to s constarntly incress-
irgly degree motor tresction znd vower egquipment. Z. T. ITonz
says Ir his handtook of Construction Tguipment, "is & trans-
forzmer of energy intc usoful work, men is nbout the leest
eccnomic meehive In tho sorld. torking st iop speed he csn
sversge in & sorking dey not mc-e than 1/18 of ore mechenicsl

horse nover. It is therefore economicsl to retuce the accom-

lishment of hums~ ener to tho ehsclvte minizom consistent
&

‘U

zith Gue coordinsticon on the som»RRe This mzans sudstitution

i

of eqwi*mep* ir plzce of Wmen letor therever it is -cssitle
to d¢ sc. Xor2gver horse owEer dovsloped mechanieally is very
much chesper then £ horse nower derived from fesms gsuided by
érivers. Thrrefore, vherever irhe seme work Ce&r te “one by
mgchine thet 1culd otherwise be performed by haoraes, tra {ore-
ner is 2conomics?ly prof-rsble’. These nrinclnalis sccount for

the substitution of -ower eguipment or hand zand ifee~ vork

which hes elready teen scecenmplished end peint to s still zZreats

devalopment &long these linoss in the fMafurse.
B. fOrsdirng Tguipment

Nt A ~ Ny —2 a9 PN SR " ~ . -
1. 21.8c gradeys Origineting sbout nelfl 2 contury zgo

in tks: Porm of ¢ sirsight steel blede nung under the body of

an ordinary four-wvhe2l horse-éravn furm wagon, the ro.d grsder
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hes teen §avaloped int: 8 rugged, powerful mschine, welghing
10,000 or more in its larger sizes, desigpned for the trector
hetlage. From the modern grader with §ts allesioel copstruc-
tion, its reversible and blsde ccnirol festures, its tacksloper
attachments, extensivl=s sxles, lzaning vheels, offset hitehes,
ané, in ths lergsr sizes, 1Z ft. tiedes, it is & long jocurney

tack to the erude lover-opersted woodframe mechines of the

seventiese.

2. Ilewsting Iredsr: A numbter of years slgpsed bofore

7
/

the rreder a-tained wicespread use, tut sfter its design had

>
>~

V]
/7]
ct
ty
4]
o
3
(&4
e
O
)

teen improved snd specisl Pestures edded, such 2
c¢uction of a conveyor tc losd the excsvaied eertr into wegons,
forzing the 2Y-veting greder, tho mochine begen te reoceive
reecognition s &n importent £id to the highusy huilding;

3. Cater-illsr tractors: Ths standard power layout con-

sisted of four or cven eight ased of norses Or mules ir front,
driven Ty one mene Sower was first substituted for steek by

sing reuné wheel zss o stazss tractors adaptod for form werie

Y]

i

s the tractors were nct sdapted to use over rough ground ror
or soft snd sltippery soile Th= csterpillcr trsctors, first

fntreduses chout 10 yoers égo, overcame these ot
Since thet timc the substitution of caternill r tractors for

stock on 2levating graders nhiss been growing renidly vith in-

crezsing SUCEB838.

4. roucr shovel: Tre edspticn of power showvels 2o nighwey

msre Tirst efforts in trhe use of power =mere ret very successfiul,

S B i e e e s e e e — o~ — _
—— e Faawe Tk b cnn <
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building has teen very radid snd suc-essful. Oroater mobility
is being supplied by the racid develcopmant anc growing use of
crawler or continusus tresd traction; tkls type of traction
enebles the shovels #o move over vough snd soft ground under
their ow: noser without tlocking or leveling, and, therefore,
with but l:ttle delay znd =2Xpens@, Thile stoem still maintains
the lezding rosition in shovel constrvction, gxsolinse shovels
are being developed »epidly lbectuse of the advantage obtzinnad
by their use where cosl ccsis ere high or vhere fecd vater is
difficult to ottsin or ther pipe lipes sre 1ilkely to freoce.

A further Zevelopmont In the displecgmant of stegm for shovel
pover wes scecomplished wher £ swell type shovel wss equipned

£ the Cilezel typoe.

Q

witn a mechanliesl injection 0il zngins
7it: the vresent developmnt of clectric eguipment for poser

shovels, it is not sursrisirg tnet steewm meghines srg bied
» [~3

S. Hotor truexs: Formerly the horse-drewvn wagon or

-

cer snd treck ©ith horses or stesr dirpkics were used 7O

> -
hatiie-

"3

ing the excevated moterlal from the shovel. “hsse are Deoing

displzced to 2m increasing degree by =motor brucks snd gescline
industrizl locomotives. Motor frucks are essecisltly usaful
where the materisl must be hauled 2000 feet or more. vhore
hauling ccnéitions ere ot favorehls to the uce of itrucks :nd
£ troek

- ~,
T L2

'8

<
-

e

quantity of cxzavetlon por mile is lirge,

2.
[

i

car be used to sdventege,

-

Fod o OV

& fneumstic Erilling toclst In rock excavetion on high

. v aiee
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!

vy builcding, hend drilling hss gilven wey to the vneumetice
érill =néd norishls silr comrressore This =culpment hrs slso
displaced the use cof steam nith stesaxw drills to z lerge extent
because of its grester mobillty in the compress=or snd & wider
range of sizes.

7« Zlectric battery snc Cordeau-Bickforé ssfety fuse:

The clactric batisry has bheen displsced, &s & detonstor for

the gdynemite &and power, vith g wide range of sizes adapted to
use with th= various sizes of drilling outfits. The usefulness
of Cordesu-~Eickford is s« detonuting ssfety fuse consicting of e

lead tube filled with fri-nitroluens. Its sdvenisge

9
(5]
o
iy ]
L+

le there ig ne dgnger of hendling or storsges 2. its svaorage
rete of speed is 17,300 T=et por second; 3. it i-crerces the
efficiency of the explosive charge.

£. Hiszellareous eguinmert: Fresnos, rthaesiers snd siip

. < , e
serzpere heve g usaful oloece in “ighuey xrading. They =re used

&8 suxilisry eq:ipment on lsrge oroje cts, or they ure used
alcne on smell jobs. Tents grd tar paper shezceks have gliven wey
to ecck ~ouses, dining rooms and bunx houses mounted on trucks
sG thet they cen be‘ﬁoved =8 r:guired by tractoré cr ‘rucksSs

C. Fazving Tquipment

Se Subgrsding machine: Tre men ith pick and skovel isg

no lenger l=f% tc vorry the job cut uneided. Now this hsrd
woric is supplormented by sme
blsdesor bty & subgrading mscehine riding cn the ferms and

cutti-g exsetly to the desired crown. T~ finsl finish in the

e e v A8 hme i
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subrraede is insured by checking with £ texmplste of tho speci-
fiz@ section supported st its ends by the forms.

10, &tcel side forms: Tha sido forms ere nor used to

fornish not only more sccurste alignment and grede to the
firished pavemsrt, but they u«re 8l1so called upon t¢ guide the
subgredor grnd to vithstand the velght snd movemant of 8 finish
mechine. These have resultec in the develnorment of =zore rigid
gnd adaquetely supporte:r formse The chernges in pevem—nt slab
gesign by plecing tho thickezt part of the pmvement sled ot
the outside cdge instead of the center thereby incressing the

height of the fors from 6 or 7 inches %c 3 or 10 inches.

1le Form grader: Twhile tho coperation of form sotiting is

still largely hand sork, nov a zEChips knowm ss & form zredor

P AN
hes tesn Sovelopad for gradirg sccording to the depth regquired

% R
for vng > 0. 2 J

12+ Proporticning Tlernt: Tl the increasad cost of laber

during the Torld Yar lthere wmes introduced & belt convayor with
magsuring bexes to slizmingte thc wheelbarrovs. ter & losder

w28 1ntroduced to pick ud t' e coerse sggregate and reduce the

aumo:r of srocvelers reguired. Uwith ths change in speclificstion

began the cevelopm=nt of proportioning plents. The mamufsciur-

ers hosve oveleped gnd 2lece on the market measuring devices.

fs & Turtrher step toward coumpeansating for tne bulking of the

= PP W S S
e BYBL® ZaigpLweYy

W

-_— 2 3 —— S o - o~ &- e -3 At
T 2tS8S TEISOUre CONTEnY IJOW TGST 1 vais

eommissions have abandoned wvelume measurement ind reve zdonted

& propcrticning by velghte
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WHY?

EFFICIERT CORCREVE MIXING
! ywO CONTRACTORS SUILD A CONCRETE PAVEMENT-

. ONE LOSES AND
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13« Paving mixers: In ths recent yoars 2 greater izprovee

ment hos been medd in designing end buildéing the peving mixer.
1. “mter meisr hos dbeen provided for nore sccuratealy gaging
the azount of water zdded to esch batechy . timing devices have
teen doveloped to sutometically regulete the lengts of time the
tateh remains in the mixer; S. power cists hsvs teen devele
opad for transterring beateh hoxes'from irgdustrigl cers snd
dumping them into the skip or directly 1ntc the mizer; 4e
suitsble zus enginss hirve beon deovslopad So such cfficisney
thet they :re crecticselly as rellabic ss stesm nower fop
mizors; Se grastor coirtsklility hes taen secured Ty substitu-
ting comtinuous ix»:iction for iuc 03¢ type of =hsel treciicn;
an€ 6o the size of the poving mider hsas greduelly incressed

to 32-%, until tha 27-Z is moe ihe blg seller. .irnothar type
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endé the discovery thet concrete of th: cesired comsgistergy gin
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t any r3gulired distances without saperaticn of

uricus affects to tas concretes
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18e Finlishinz =mmenine: The Zevelopmant of finishing

weenines ané =agquipment has me=ce it 2o0s8ibl i Tinish concrete
with & stiffer consistency, whic™ resulis in securing o grépler

strength of concrete gxnd the uniformity of ilhs rond surfeco.
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There &re recent develommants of o combined raming ané sceread
mechine whleh, 2s found £t vork in thn fleld, produces tn
eccurgcy of finis: which is Letter than thet gonerally secured
vhere the stralght tewping mschines zre useca

16. Xiscellsneous egquipment: #ith the uze of motor

trucks, turn-tastles for turning trucks on the snbgrscde have
teen used, thus eliminating the necess:ty of turning the truek
on th= subgrade. The use of plank runveys for the lsst 100 to
200 feet sdjacent to th» mixer insures & satisfzctory sudgradre
This protection for the sutgrade is especlally necessary chere
trucks houl is usod =»ith 2 cen'ral mixing ~lont.

¢

onerete Toud Building Xazchineary - Its Stendardizstion

3 s .
v=2. Checlesesnes sné Tenreci:tisn

- ard Y g

Te

le Tconomics of nighwavy nouinment srandsrdizstior: Cn

the besis of presemt dey »gulpmont = peving cuifit compizte to
hendis adegustely 811 construction sork will involve an
investment of 355,00 %o 3100,000. The follow’npy outfits vith

ost £{o one of the highwey contrectors zre given here Tor

¢)

zeferenca.
ToBLT IT
Itoms Cost

27=% peving wixer . : A7200.00
Cne yerd crene 380000
w0 Trizlax punps 3070.00
{ne yard bucket 900.CD

600.00

Turntatln

A 2t >ttt st e s m s e e e . PO —
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ToBLY II (Conttd}

iten Cest

Smograder I800
tne bin (100 yerds) 200000
tne blace 2830.00
Cpe subzrsde gitschment S00.00
Cns roller (35 ton) 2520.00
One finiahing machine 25395.00
Steel forms (4,000 feet) 332000
2% inch pipe (6.5 miles) 7166400
fpe greder rocter 29570
caleium chlorice m=zemine 382.00
3 conerete csris [for dulk cexent) 106 .00
Scalz and platform 228.C0
2 fist trucks (1 ton) 1400.00
2 wagons 110,00
3 fresnoes 96.00
1 plow £5.00
2 tcol doxes {wheeled) 50.00
Tool house &% 2lznt £50.00
Cement shed 250400
Cempuoutfit complete 8500.00
Smell tools 300,00
Burlsp {2000 £t;} 320,00
curd forms {1000 fetl.) 15000

400,00

Sprinkling hose

Total Investment

% 55173.00

N ket ol o = vt e va m



]

§ O

*}

%ith suech an enormoﬁs investment, ¢he guestion ¢f dee-
precistion and obsolescencs are sericus considersiions %o the
contrectorse Tith standerdizstion, hc.has frir assurance thet
the investment hc mekes todey in sn expensive msebine will not
be guickly impeirec by the sgpesrsnce on the market of z now
mocdel stortly sfier he Turchaoses. The rgguent Iintroduction of
new models oftern has the =ffect not only of making obsoclete
earlilor ones before thair time, but of seriously z“Tecting the
econcmic usefulness of other equipment operated in conjuncti
witk trem. In the Sighwey censtruction vork, —»quipment repre-
sents & lurge cenitel invostment to the contractor, snc the
cost ¢of ovners-ip of this equipment &s & large pert of his
cherge to the publlie for consiruction service rencdzred.
Stendardizetion will helvo to check wnwerrented chenges in sizes,
models, end capscities brought ctout by uncontrolled compe-
titione TFor exampie, conereif nixer standGerdizstion 2ass Sesn
sucecesefule. For & numdsr of yaars ihe zixer memufacturers heve
vroduced & simplifiesd 15in- of sizes wiih ctanderd capzeity

retings. Se7ing in cost estimzted ot 77 hes teen reslized, and

S -

trede practice heg teen greatly improved. Tho stanrard sizes
of mixers eng puvers have proven cdequete to0 the nseds of the
contractors and the resulis heve tesr benoficisl to the putlice.
Tac engineer, msnufecturer, znd countractor should cocperste

in taking up this = tter - stancsrdization of rozd cqulpmente.

. Hethod oFf deotermining “he depreciztion retes for road

eguipment: There have been numepous instances of fallures to
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understand deprecistion or tc comprehand the spplicetion of
deprecistion retftes end its met .od to th:r verious hishuey equip-
ment by the contractor. This undoubltedly hss boern sccouniskle
for more varietion in bic prices thup all othor elem:nts ¢nter-
ing ints ths cost of constructione The comuitiee ef the isscc-
fated Cencral Contractors heve sgreed upon iive motheds {203)

f deprecistion, and recommenced that the =ost sprliceble
m thod te selected for etch item ¢f equipment. Hovever, the
mothof a8 sel2cted, should te followed consistently vith
respact to thet itsx.

Se Tho straligshit line m-t od: Tnder this mat-cd tre use-

ful 1ife of eech piece or zrcup ¢f aguipnment 1= esti=eted in
ysers, snd e fixed perceniage of the irltlai cost is cherged
off &s Ceprecistion neeh yosr during tke estim:tec life. Thnis
chaprge-off is med: shethar or not th2 eguipment is In use.
Txamplas: If the useful 1life of ¢ mechine is estizested 2zt four
yeers, then one-guerier, or 259, of its cost is chergsd off
S8EL F2ET e '

Pe The unit of rork mcthod: By this nmethod the 1life of

2 piece of equirment is ostimeted ir unltis of work end deproci-
etion Is written off esch ys&r in preportion to thne pumter of
units delivareé by the squipment cdurirz fhut yoare The unilis

of work may e tons, cubie yurds, squsTe ysris, Oor any other

vnit by rhich the sorking life ¢f a mechine cer be mees-ed.
To depreclsition is cherget of f vhen the equipment is icle.

xemple. If ¢ concrete mixer cost 52000 snd is ostimeted

by e s e e e
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to deliver 20,0 cuble yerds of concrate during 1ts 1ife,
then sach yerd of concrete mixed by the mmchine represents
$0.10 in daprecirtion, sné if the mschine mixes 3,000 cubic
yards during & season them 5300 is deprecisied th: first yoar.

e Tne job charge-cff method: This method rvrovldes for

cherging depreciction of pertieulsr mec-ines sgoinst the Job
for which they were purchssed. The smount chirged is the
difference betweeon the originsl cost of the equinmont snd its
ectusl or estirsted seleble value st the end of the jobt. This
mathod is suggested for speciel equipment for which the con-
trector will hawve no further uss oVter the job is comploted.
Tkis method would be used primsrily ¥ compenies whisch tuy
uipment for eudh msw projsctt and sa811 3% ucson complstion of
the worke Hovsver, it msy e used ir copjumection vith th
stralight-line depreocistion methed or the umit of work mothed
ta write off the undepreclezied cozt during the remeining sore
vice life., This c&esn be dono by churging off of ceprecission
to the first job, estimste *he remeining useful life in yosrs

or units of vrork, snd theresfisr deprsciete sccording to the

-~

first or seccnd m+thod wbovs 3axplained. Txzzmple: I z peving

r
(&4
D
%N
0
|
A
3
<t

mixer cost (8,000, at the complatlon of th: jo
bring 34300. In tnis csse, cnerge off 33500 in duoprecirtion,
on the first job or s»-som's worxze.e If ths contractor dacides

~ n'-n#y\e S an e Pl
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o21lloxad using uniis of work iraiesdé ol y-&rs sa the bssis of
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cherge-offs

e The composite rete method: This methed 1s 3 welghted

averege rete d-termined for cach controcier teeording tc the
cheracter of nis egquipment. Thc sum total of the depreci:ztion
is developed by aprlying toe straight line or uniti of vork
rethod to eseh individusl item, ond ther céividing the total

emount of deprecietion for =1l itcms by the total investment

™

to estebliish & percentaze ratese Tis rata will Te aonlilaed ceeh
(8]

yeer to the equipment as 2 vhole, snd will remein consistsan
unless the contreciorts eguipmeont ocutfit is sitered by & chenge

in ths type or numhor of itemnse Txomples

Item Tseful Tegrec- Drprec-
1ife istion Coct istion
rate
1 corercte mizer 2 yrs. 5077 2400 2200
1 " " 4 3rs. 257 2002 300
. . - .} - o -
1 stoszm shovel 8 y-Se 237 14000 i7

Gl

*q
¢
[
o
3
Py
4
;
8

£0 Jdump vegoms

e
d
3
[{]
.
1Y)
\
\
o
&
i
v
3
o
<

1C guwp triocks

Total 3 62400 § 1400C

Pne ~omnosite reite = 14480 = 23418

€. fopraisel of useful 1ife matrod: Under this methed

-

the unexhzustad useMl 1iTs ¢f cesen 1ten of =guipmsnt is
pericdically esti-zted by srporeslesre and tha pronor percentare
of tho velus is churged off os deprecistion. The» fzctor ¢

msrxet velue is not conmsidé-red snd *he syppraisel concerns
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malining in terms ¢f the original coste “xample: £~ pirce of

+ is

[N

oguioment is purchssed for =30C0. By pariocdicsl renzirs
still in good condition, =zrd zlthough *h: streicght line deprec-
iuticn formorly used snowed thet it hud « wslue of orly “10

by the sddition of repslirs gnd gcod usmaga during irs 1ife it
yas Telt bty the sporaisers thet it wes worth f1500. This sonld

« =en‘zl chavrges: In eoplying the renisl cherges, the .

guestion srisss shethor th: rental retes for 120 working <eys
& saesgon should Ye iwice £s muech ss the rentz2l reias for the
Z40-cay seasone Unguesticnetly, eguipment deprecietes oven

£ not uses, but there Is & qQuestion whsther 1t deprecictss

H

Zirect proporticn; thsd is, 17 th:r -quipment is not working
& certein number of <ays s yoar, if it ceprecintes as fast ss

-

F it were workinge Trxemplexz= If & 2ivce of :quipmont - sry

e

z trzctor - cost originglly %5000 snd is depreecieted szt the rat

A p " - ey @ s o ~ 0
P 32320 & year, snd if the aguipmont mer2 onrrated 120 doys

,J
e ¢cost per dey would Te over 311 exelusive of repsirs =xnd

onaerstion couts. IT the o2gquismeut oporsted 240 -ays, therm

P ekt
s Al

b= & zsost ol o

U‘

%

negoed 1tems, but probslly ez ineressed cost in repsirse
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e Rotd Zguipment COperzition snd Time Listritution
inalysis

l. Land leveler operction - the sdventege of tho lend

lavelor: The land leveler has bosn used successfully s e
medinm of cert- trensnortation in subgrsde construction. .he
lovelsr couplos the functions of en immense fresnc vit: t-ose
of rotery scrapers, vreelers, rnd In some czses of Gump vegons,
and vith the =dd~g8 sdventage thot the leveler gonstructs rs

£% travels; constantly olaning slight clevstions end £illing
sx31l depressionse It has teon cleimsd that the distinet coé-
vantagze over fresncs lics in the laveloerts zbillity especizlly

the lerger tyves noered by 8 60 or simiigr trector to meintein

(34

& nore lavel piane of roadway during con truciicn, thus giving
an =asier end move ecomominsl finish,

he weight of eny of th:s lsrger types o7 levelqr is sueh
that izs blzde will hite deeply into firm esrinh, or pirtly
broken stere, ssving much lcosening wilth plon opr scarificr.
™arning &rra 3s arn invortent oonsidergticon both in time and
convenience, Xore is truc of the lerger lzvelor. It was {ournd
more conomicsl to travel empty o gistance of 130 feest to

a

gnother plciun tharn o “back znd £111Y once.

The Fost-30 &nd 2.& Cue §6. 1lzveler is not cconomicel
for delilvering excesding Z50 fi. The Trst«ild and Z.& Cu. JCeo
or L.0 cu, ydo loveler crigins its efficieney In hauis Prom:

100 to 400 fe2t in Zdry 2cils.

o
RS
3
Jode
(&)

2« ¥respo operation: Thie rete c¢ffresno operetic

v o

e NS O L e e
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almost cntlrely & metter of propor =lowing 2nd jonersl merage-
moent s¢ lony ss the meterisl is such thet it cern he so broken
up or loocsensd that it will lozd resdilye. The smount of such

ms teris? which is carried tc the dump per Mresnc losd varies
sith tre sizes ¢f the Tresnc, ? racter of the meterisl, csre
of the drivers snd thne Troper supervision of itho foremsn. In
fresno work ths vuricus necessary operations of looding,
dumping, turning =t esch 2nc of tho trip and throwing the ¢ esno
beeck into losding position can resdily be porform:c within an
aversge time of 40 seconds. For 11 jobs studled by the Furesu
of fudlic Rozgds the sverage time for these oersticns 1s some-
vhet over one winute. If the msn-gemernt is very lex, the time
required for these opersticons Gften anproschos tnc minuias 201
trip, ¥hich meens & 50T decrease in preducticn. The follo:ing
table (187) shows the time required tc perform sevorsl operstions
of losding, dumping, and turning plus irs setusl trsvel time to
and from the Sump =t varicus lengths of hswl and the prcﬁucéicu

po8elible 8% zach rate undzr the theoe grades of moproamente
(3 &

et v a0 = h e 1o
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Faul Time required per round ETip - Dine CUBIC yorcs per nour
Good lvergge Soor Gocd [Ayargre  Poor

8¢ l.l 1.6 2.4 18.2 312.8 8.3

78 13 1.8 - 2.6 15.4 111 7al
100 1.° 2.0 2.8 13.3 IC0 7Tal
150 2. 285 Sed 1C.0 el Cul
200 2. 2.9 Se7 £.3 €8 CTad
£28C 2.9 Sed 1.2 §9 S.¢ 4.8
00 Je3 3.8 4.8 Sel1 Sel 4.3

G

113
.
\

400 4.1 4.6 .Sed 4.9

3 “haelasStraner operetion « sionificant i forance Lae

tween whogler end Tresns outfits: In & fresnc cutfit t-e only

force recguired in addition fc the drivers ond tesms £or tre
fresroce thomselves Ig that zhieh 1s nosfed for lowing. “ech
vnoeler, on tre other hsnd, reguirss 2 muios &nd & driver for

the keul, Tut Por lesdirg snd d»—-2ing sdditione? foree is re-

+3

[\R]
A

gulrsd thich usurlly consists of & snztch iganm, & lozdcor,
& dumpers Tho fores reguired fsr’ploving i1s o ssme in
elther case. ooking en and umhocking the snsich teexs else
ingrecsges tre loeding time, th: total time regquirad toc perform
the gtenderd cperstions of loszding, cdusmsing, turning, otc., 1is
considorebly longer for the wk2eler than for the resno.

Thoere 1s slse mere of ¢ tendener Tor weits cnd deleys tc osceour

at the cut.e Ooin the other herd, thare is z tendiercy Por the

e e o ¢ 28 i e

- s —

2 eeimtaay s
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teams to meipntain & slightly fsster pece end to tire less then
on the longer Tresnos hsuls. Tith good mnn:zrement on :cheeler
work the time=-constant can be kept wiihin an eversges of fwo
minutes per reund-trip, while the average for sll jobs thich
have been studied by the Bureau of Publie RFoeds is very close
tc three mirutes. Anoth-r significant difference is thst the
fresno is wor? sconomicsl than the vhesler for hsuls ap o 30C
or 40C f=et. Th~ Polloving tekle {187) s ows the ;v 'reg> ti o
requlred per round-trip &ndé croducticn possibls &t 2ach rate
for warious hruls of 230 fect anc overs

TABLT 1V

TauL Time requircd por round T« 2Ce pOr nOUr
{Ft.) trin -~ 2inutes

F:=@ Average roopr Good Avarase Foor
200 Se7 4.7 S5e6 8.1 6.4 Sed
300 4.5 S5 65 67 S8 4.6
400 Se3 63 7 o3 Se7 4.8 4.1
8Go G2 72 8.2 2.9 4.2 el
€00 7.0 8.0 T 43 S8 Sed
700 7.8 8.8 9.8 S<9 3.4 Sel
800 8.7 Q.7 10.7 345 Se} Z+8

4, iavating graCer operetion: The idesl fiold of the

eleoveting grader is adapted to rolling prairie reglons, ‘here
cuts gre usuelly falirly long =«nd the side slopes siisghit so ss

to avoid much deecd~-heading and the scill reasconsdbly free fron

PRy SN
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rocks, lerge boulcers, or many stumps ¢nd roots, while the
povwer stove! is scapted to rocky, very “andy or situmpy Sround,
ané wnere the side sl opes arc steep or the longitudinel sur-
fs¢ce siopcs &re ebrupt snd muc broken. The cower s-ovel is
fsr loss sffected by ‘he eonicur of the surface or ths crar-
acter of the msterisl. 2But neithrr the oower s™ovel nor the
elevsting gredrr can dc shellow shiort hauwl work in common =x-
cavation ss cheaply as the {res:oe

Toetors sTfecting kigk rate of »roduction: In elevaling

greder work ¢ high rete of production is depencent upon thre

folloving fsctors: £, ~Froper operation of the henling ~2Cuip-
ment, 2snocirlly 53 S0 exchong'ng ®8gOTSe Be L sulficlent

provision ¢f proper houling sguipmente. Jo Cporsting e

the propoar spfice.e Do The plow cutting

(54

elevating greder s

r
bite must be such thet it will zive the elswntior the

-

(44
¢

th:

0
(

meximum anount of meleriel thst it cen hendle. . L Droper

supervision znd monesgement on the nart of feremen and svper-

-1

irt=ndente.

*ith toam-drewn wegons, the grader .p«ed should te

intaired &t sabout £1Z feet por minuiee Vith motorized hcoule-

ing eguipment the grader can e speeded up to 240 feet per

minuts, If 1-1/2 cu. yd. wagons are used the teams can reacdily

be made to walk €t the rzte cf & feet per szeend, sc that if the

-

- 2 T - .
.LOSding s Caezum 3t tha front

tesm over tn= grader will te jJust suf’lcient tc comnlete tre

loed sitkhout spilling. The empty wagon should bte mude to

CNBINSACEEOE Lt ¥aiis de e e et e S G T st s e
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follov clcsely on ths w gon coonleting its londe ™o looded
wvagon snoulé immecistely s ing sway sharcly fromx the grader
and then continwe forurr~d wntll cleer of sny chence of inter-
fering with> the Yol oving wagons. This method will faciliteste
2 quicker exchange of wagons and reduce grader Sclsyss. The
following *ebla (187) shows +hr time in coeonds regquired for
tne vezricus operaticons under cifferent mensgement,

e vy T »
PRy .5 S ‘

Good Average 2oor

Loading time 18 £3 30

txehange *ie 7 13 20
Tarning 8t 2nd of cout 35 15 35

inother teble shows the mumber of losde or trips »or hour
which esch wegon shonld move st the snped 4 feet e second,

garnd tho time in minutes ner round irip Tor veoricus 1l-ngths of

naul.

TEBLE VI
Faul . Time npar pround irip Rumber of trips
(Fte} (sinutes) per rour

100 2457 2343
200 339 17.7
300 4.21 14,2
400 S5.03 11.9

L TN ——an

et
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Tewl Tims per round trip Y¥umber of trips
(Pt} (Zinutes) ner hour
802 Se85 10.2
800 £«G6 2.0
709G N 7«48 8.¢
30C 830 7 o2
3000 "G.54 C+0
1200 13.58 S e2
1400 13422 3.5
1600 14.85 440
1800 16.49 Sed
2000 13.13 33

5. FPower shovsl pnoratior . -« ZPPset of melerisl on tise

required for £illing the diopers: The Following table gives

g very fair impression of the differcrnee tetwsen rTory in zood.

ground and sork in éifficult meterial. In genarel, fast oper-

eticn 3In Zood meterinl zes sceumpanied - large divper loods

}

(D]

Yiaw

ent the quentity dserassed with cifficulty in loading =s

clcsted by the btime ~lemonte

PN RIS T R Len T # (A bk v s ey SR < <
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lozd dippers
{In seconds)
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Shovel totel oyc

& °E '2 «.4 .S
C 2447 £35.1

RS S o |
4v]
oS
L4 )
NOw
Yy rs
B
[ | ]
n (&

et of silzes of Shcvél oz yardegs coved per dipper:
It wiil e noted thet while the ratic of i*e indicnted canre-
itizs of the dippsrs for tne sizes of
shovels .18 l.83, th- ratlio of ths everage.ysrdage movel per

dipper iozl of the 3/4 cu. e 6nd T/3 CuRe ¥ie group to LR

® " r A & 2 - - ~ ~ % /D - g X
eith Indicstor cenaeiting ©F 1 e F2. 2nd 1-1/8 cu. yo. moved
& = - £a 3 L 3 R

ctout 30 per cent more mstorisl zner ditper lond thar 438 Yhs

3/4 cu. yé. 224 7/8 cu. y<. shovels.

mone gement: Toier favoreble conciticns in goed

20

coxmon exeavetion, & pover snovel can te maede to lo-d wezons

or trucks g2t the rate of four well 7ililed dippers per mirmu:iz,

providing the swing does not oxeesed 20%. £ zood onerstor cen

-

contirue this rete for intermitternt periods throughout the daye

Sttt 0t br

e TS DT e M S et e teet e
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Tris is very close to the meximum limit cf shovel cporeticn snd
peraits of no deoley or intsrferonce of sny kind. ZHovever, msny
Jjobs hovse been found where uadar normsl Tiaeld condltions in
mstérials which were easy tc diz end dump & reto of opcretion
%8s £t the rete of throe well Filled cdippers peor minuts, 76

meintalin this rate consistently reguires £ shoval in first

sble "suling equipment, loading gt the gide of the 2iovel so
toot the averege sngle of ¢ ing dees net excesd 20° gnd, stove
ell, & cerafully trained and well cupervised personnel. [ cone
tinuing rate cf

g00¢ common Sxgevetion mey ther fore Lo teken ss ithe massure
of exeocllconce in ihe mansgenent of ¢ pOwer showszl jote -8

gcme nsrdé, tough, or sticky, éigging Lecomss

o

the matsricis b

more difficult with the rosult generally boih the nmumtor of

L 4 - = . - 2 ey . - . s v 3 Y 93 - Rl
Cipprr-loeds pir hour sndc e yoirdsge Der Qippoar-loed are

DI B sk s

S T S
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¥ing of msterisl Tipprs per hour cutlce y=rc
cf continious oper- per hour
ction
Gr.cc Avore. Poor Gocd Jvere. Poor |

common excevation which
Gigs eesitly engd dumps
freely 180 150 120 gC ) 80

Common axcsvsiion wich
dumps freely - ut 1s so

nerd tihst fuil bite =z
ceeds evailable nower ot

A e+ = e i ot o

norassl engine specd 150 120 S0 70 38 40

Cemrmon excevation wzhich :
¢igs easily tat which §
sticks in dipper 150 130 Q0 7z &0 45 :

Common excavstion, rard
gnd sticks In éipper 120 20 €0 580 40 28

Tell bisster metericl 140 110 80 55 40 30

ot
44]

tlzstaeld materizl 100 75 50 35 2c

- -
roGTa

b
S eran s e

Boies The ctove tzbiz is bLased on 3/4 cu. yd.

a3 ;

ct

shovel ang gvereged 4 feeo

In rlece :

”

6« Crene operation - modorn hendiing mot

{ srayity pit zrd telt convayor, tha c—gne hus prove’ to T2 8 j

dependeble piece cf a2quipment. Tho standard setup is simple.
>

The hoppers arag set &t such ¢ disance from *he traek that & ;

erene with the crawler iype snG 2 3/4 yerd bucket, ce- work

frasly waen the hoppoere cnd thn eers; The distance ta2tveoe

VI D el

stock plles skhowld vo such that fwe csrs, cone of cané &nd one
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ahtmaned troms.

ON RATE OF SHOVEL PROD
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1

cf zravel, msy bto reach £. The crane will then uplord either
into the hoppers or ontc the stoek pliss, in some ceses ituo
¢c-anes ené two lesding hins will be used, this reing governcd
ty the numiir of zzrs tc bte handled and the reguirement of
the mixore

-

: & poed X ocudir yord crsne in

oren

4
©

Teily ocutput of tk
the hends of ¢ skiliful operetor w11l movs s ucket eveory nslf
mimete freom & freiznt cer irto the hoppoers, anéd will operste
st & slightly higher rate from the stock niles inte the hoppers,
es incicated by tho cetusl stop-nsich readings presented in
ths follewing table. 7“her handling dry sand the lozds sverage

clecse tc the rated capacitye “hen mandling crushno ztene cor

cutice yards for sznd, end = out Q.8 cubic yerds £or stonte

. 1-23 R . ~ 2 -~
2 ekiilful operstor cen *tslke 2 suble yurd of Irevel or sicre

cut of 8 freight cer every minute, s z 11itls mere ther that

rezch theo kourly oubput muliiplisd 2y the mumber of heurs. The

Jepocity of the ceene; ™o quostion is oTiten usks” whether

%N
t

the crene cen keep up with the cdemands of Tthe mixer. It

preguned that thn mixzxer st full efficiency can rroduce 48

~ ~

‘etches of conerste «n houre. Suprposing the =iz is 1:2:4, which

sy

BTN T e hoin § 4 0 S s et e vs s e

S Y T T T TR
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requlires 5 oudic foci of cemmnt, 1 eubkic feot c¢f sexd, «né 20
curig feet of stone cr graval per tateh, whiceh squsls 9 cutlic
yerds of cemant, 18 cutlic yords of sand and 36 cutic yixds of

stone or gravel an houvrae it w511 o clear thet the erane is

ghle to kean _2sce with tke mixer gwen rron it is working from

0
or
>
3
Ty
[
(44
;?
[
4

the cars te the honper spd the mizer is cper
efficiencyes If &8 & or @ heg mixer is used, then & heevier

crene with = larger bucket will he nended to keep nsce vith the

s

.. - . . - R . . .
mixer vhen trg lz tier is sreting st 48 tatehas sn houre Tho
2 .- 2 Py > Y S * - -~ -
Tellowins tellce srows 4hn varisus cperstlings cycles o ctop-

veteh reedings oF time reguired to heEndis mmtorisl by crone

Prom cars to laichor nlent, 0311 the time reguired to nondle

O
F¥ Pl S XI

Ccplete cyecle Time in seconds for eaci: cycle

Lwinging 150°%) G
Tu—ping 7
FErziurning &

Torel =
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7+ locding plsnt: The modarn contracltor has gonurslly
e moved from

adecpted the batter type of steel rins. They can

jot tc jobr apd the measuring or weignting devices ure raster,

more reliatle 2nd shove 811 more sccurtts. The 0ld romemede

tin is gradually gettirg out of use, 88 tne maasuring Jevice

cften takes & minute or sO $¢ lond the cosrse sggregate snd

helf thet time to losd the sand, whlle the modern steel Tip
vill dichurge 2 6 bag Leter in spproximately 20 secsonds &S
setunlly tised by ths stop-waten in the fileld. Th:s total

exing in lceding time from ti'e use of the modern steel birs

is justified.

8. Bucket louders end Telt conveyors: In ploce of stesl

tin gné shell crane, & 60=t. Earbar-Croene convevor was used

on the steonc &nd the 45-t. “ertar«lreene conveyor crn the sond

wvere used in one of the Penas:ivenis ni:itwery jobs. wavhere

Greoene buczet louders

sancé and stone, end & fleet of Z Tasch trucks cesrrizd the

meterialse The hezsrds of rsing low on stone, snd of complying

1th the state specificaticns in plreing it in & ft. lsyors

!
¥

zere overccme bty mutiing & spout sbout 15 feet long cn thr €0

rs

k2

£+, conveyor. This snecut is countar-telanced znd wey Yo 2esily

swung srcund 180 degrees vith one hande. Alsz the mucrine it-

self may e syung 8z ogqua’! number of degress o 1

exwivelel; 6 g8imil=zr treck was tilt Tor the sendé conveyor. 48

cne t1 = with

T s

wmich 88 I700 tons of stone hove Lasn ctored st

this method, ellowirg an empla supctly fer toth mlxers, cnough

PRI AKX UP BT T vaaad maa e o
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Material yard lay-out

Bucket loadeh and belt in action
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1606
to teke cere of any reescpable shortage, or reilroed tieup -
end storing in 4 ft. layers eoven more ecsily than with & crane.
Or loading the 2 betch trucks the berver- Groone loaders with
strike-off hopp2rs nroved most affective bot: in spe=é end
gccuracy. The operators heve tire strike-off hoppers on the
loaders full before the trucks drive mnder. ¥hen the trucks
are bémeath the hovper, only & fow seconds &re required for

the first batch to be emptisde On the zand sirout 20 seconds

ere ususlly required to refill the hovper Por the second retceh,

and on the stone stout 48 seconds. AS &n average the Irucks
stey uncer the stome lczdar 1-1/2 niratss snd undar the =ond
locder one minute, reftting Lotn tetches,
éispeicaing ticket, sand, snd cem-nt nesuslly r»:guires less then
five minutese

S, Eixer operation - the xmixer: (n a corerete peving

Jjob the mixer is consicerad as the "key producer’. Tas pro-
duction cepecity of a five bag mixer mey De ftgsken &t 48 baiches
en rhour st 1005 efficiency. If the mixing cycle is teken ss

1 mimutc, one batch should be teken zvery 75 secondse If the
contrzctor Teils toc mest this siendard, he is failing to resch

M1l efficiency in production. If & 3-1/4 minute mix is ro=-

{

quired, cne bateh should he cortalined every 50 seco s, enc if
& 1-1/2 mimuts mix is requirad, one betehn should he obitained
svery 105 seconds. The 1-1/4 minute mix reduces sutput to

43 tatcres en tour, cnd the 1-1/2 minnte mix to siightly over

34 batches gn hour. Trese recuctions in ocutput willi affect

B A L e T+
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the unit cost con thz bid price that =il be told in the lstor

chapter.

¥ixing cycle: The mixer ir turnin; out o khatch ¢f concrete

involves the fellowing cycles:

1. ZIosding skip: uthile the provicus ehevrge is bein
»ixed, the skip is lcadecd, 7The time regquired t: transsit the
xaterlel from the truck to ﬁhe szxip zvereges 132 secondse

2. Raising skip:s 1The skip s reised to ¢ verticsl po-
sition in order tc dump the hatch ixnto the drume 2 modern
mixer with ¢ skiilful operstcr will teke 10 to 11 s-comds on
t-is operstion.

S« Dlacherging skip: The materisl in “he skiv is ncver
f1ly discherged when tac skip resches the verticzl posiiione
If the Tine and cosarse aggregetes are dry, 1t =111 tske e&s
13t8le as 3 seconds to discharge the ski p afte» 3t % irn ¢

verticsl positione. If the sggregates zre wet enough to

neclsten the cemont appreeiabtly 1t rzkes from 4 to & secocnds to

4, Xixirg:s The meteriel mast te retsined in the rum b

full specificeoticr period,in zOst coses, 60 socondse

S« 7The discherge: &8 sesn s the covplite =mixing peo-iod

reachadé, the meteriszl muct Te discharged. . =et mix can

fobs
L]

e goiis thoroughly discharges from & modern mizer from ¢ to
10 seccnde,
6. Tumping *ne bucket: Finelly the batck is deposites

on the subgrede, while the next bateh ig teing mixed. TThis

A WA SIEEE D fne et mat ma b e s e ot B b
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cperation does not affect the mixing cycle.

7« Discherging leg: The wodern mizer hes on it some
timing cevice, & timer whlech rings & bell =% the completion
of the mixing p~r iod is jenerslly used. thin the bell rings,
the cperator mizt move the discharge lever end tho discharge
meckhanisr ammast open the dischsrge tafore s materinl is roured
into the bucket. These opersticms gencrete s log, it is tecruse

cf the fset thcot no human 1s able to react instsntly to zny

ordinery stimulus and thst it tskes time for ih> dischorgs

4u]

to 3 seconds is sllowed for

2]

zechanism to worke. Cenersliy fre
the dischargs 1loZe

Time roquirsd for the verious operstions mey be summarized

as Pcilowss:

TLOLE XIX

vericus {poreticns Seconds
Reising ekip 10
Discrerging skip 3

¥ixirg &0
Disenarge leg 2

Torsl time 75

10. 7ruck supply. = cnoice of trucks: Tro comnon mothod

4
H

of trancrerting materisls in the concrete highwey constructicn

CEIES Hea 8 s rmen Tk e s st
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is direct delivery from the lonling »lent to the mixer in tatch
truehkzss The trucks ere geparally elthrr of single or two tatch
capecity. Lerger &nc 2aavy Lrucks sre sometines seésn, but nre

not in comor uss. The trensportation problem is lirgely a

teuek preblen, invelving = cholce between singlc snd iwce-boich

Ae Tirst cost: Ths capitei Investzonit im equipping with
2inzls betech twucks s low. i wag agtimeted on & S =ilz hsul,
23 singlz batch irucis ers needed &3 sgeinst 12 high spesd,
two retch trucks. Tha 29 singlce bateh trugciks weuld cost in
tho nelighborihicod of 32C,000 as‘againsz 12 *igh speed two
tater trucks wi:ich ecst szbout 360,000.

Be Cazacily cnd suitebility: The welght of & bsg tsickh
{sarnd, coarse ergregate =znd cemenl} werics fror 3,200 to 3,800
Ihs. Tris is tso goreet & losd for the single beten irucks now
in use a2nd as & res-l thelr rate of dopreciztion is high.
Two=betech trucks ere relzitively sironger &nc the rate ¢f tradp
deprscimticn is not visibly effected, if »easoneble cure is
exercised in tkheir use on thls vorke.

Ce Current repeirs snd maintensnecos T cost of current
repairs and lost time whils repsirs sre being mede sppesrs to
be & lsrger fector whers 8ingle baielh ifrucks sre used then - here
2 beteh trucks cre ussle

Te Cpareting cherges &nd cverhaad: 12t us teke sn
exsmple for illmstretion - if single beteh trucks are umsod

tac peyrcll =11l cerry, z&y 2% <rivers in 4 =il-s hsul, &t 2

400 et Ny MUn B e e e b e
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are used, the payroll will csrry 15 drivers for & miles heul

at a rete of 31400 o d2y, or & toiel of 5£0.20. In & 120 oy
verking sesson, & saving of 54320 will be mede in favor of
tw¥o tateh trmicks. Saving is alse Invelved in ses, o011, :nd

accassory perts.
Ve Interest in 2a2its]l Savesimont: is mentioned in
Pirst peragreph AT the cznisl inwestment for the 0@ single

teteh tracks will be 223,000 ené for the € tateh trucks

1

£80,000, say =t 49 interest, ¢ saving on ths differencs of
240,000 will ho £1800. issuming the 1ife of the truck is 3
yaers, » toigl reving wiil e mode of $48,000. From the stove
éiscussion, sach fector must be neighted snd counter-belanced,
and eech partlculsr jJjob should te glven i's own thought and
ettenticn, tefore the irucks &re crosen. Periaps nc twe joovs
“hethqr the tracks ar¢ cwned or hirec: In delivery of
meteriels from lo«ling plent io the mixsp, thera &= seversl
methods In use dodesve CRe 1Is te nirs the trucky sncthor is to

our *ra truck; still oithers —gke ths contreet heuviing to tke

Herrison, kighvey sngipeer, Ue. . Zuregn of pPublic =osds, =ay
be quoted here to claplify this contract heuling tusincss.

{n one of th= prcjects otserved, ths mair contrsctor, firmly
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entronched hehlnd g contract gusrenteeing the dolivery of
matericl to hiz &t & fixed cost per sguere ysrd of pevemcnt
igid, was thereafter Indifferant &s to tre locstion of his

terial yard with the res 1t thet the henl was ncedlessly

H

*ro metenisl detriment of tha subeontractor.

~
(¥} N adNs

{0

Cn arother job, the mein contrsctor imstalled ¢ locéing zlint
J S

wrich opersted ac tedly thetl the +yucks could ot meke &

}rd
n
4

-
™
13
o

]

reubls: was cowclicnted by & long de

ot

cauces Tis
- - ey I~
ing to threo weeks or =cre, In mo7ing from the

& seccrd sefupe

Turirs this piried the tracke which had teen vorking on
€ {and

tne job mers withdrawn end tvhen the mein cortreeton vwes ready
to tegin cperaticns zgain there wes & zood dea? of trcukle iIn

getting & new truck train. £t3il om arothor jobt the sub-

-l o rd

contractor provided frucks which vere originzlly rolliaved o

¢l

e sufficient %o mset ths heul requirements tut vhen the mein
contractor improvsé the sfficlency of his operetion, ire sub-

contracicer wes unable or unwilling to supply séd-itionel

tpuckse On tha other nsnd, 1t is nmet justified or eccnomicel

spucks. Supposing sey for & 4 mile heul, 1 hoewy guty trucks

ere neoeded. Tor trhe full lenzsth of henl, evory truck is
utilized to ‘ne full capzeity. 1 the lest two or three Tille
raul there sre mo~e trucks then nra achuslly nseded. Taarelty

1+ iz pecessary for scume trucks to be idle, until thare cre

LY AL Wd Rt anand Mo e i e e o



some demends for thoime A mod-rn heavy duty trueck will cost
from 54200 to A5000. “he =znnua” Intoroest

axount to from 8240 to J300. Teed storege =ill cost %30 1o

2100 & yesr, anc taking th~ truck to wnd from the . gwveroges

from 240 $¢ 580. T ose iftems do not incliude *tne & oreci: tion

anc canliel investment on thz 1die trucks. This wonlsd be

subssquence or st the zams timns The trucks can Yo gnifted
erowné so thet everr trueck will be utlliized to the M1l capecity
if ~ossible. :ifter thase nrodlicns ere 2nelyssd in this manper,
either ic cwn, to purchese or ic let the neuling to the sub-
centractor willl not peye This mey be dono 2ithar by sgresmen
witr numerous irndivicuzis or with the Iccel concern vhich co-s

tha heulirzg tusinesse. The writer has otserved thst +the lost

crharge or change those who sre insxperienced, or the truck
Sriver may e given imstrmctions gt the Tirst steri. ‘he con-

W

3 i0 T~ M - W b} - T
tractor pays avery bateh mils thet the fmick ovner czrn =0 ko
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ad

Developing the formuls for numdber of trucks requirsd:

Tet @ = @éistance In milrs from the

wixer.

+to the mixzere.

= speed In milrts por our on the return

k
17 W
10$éing plent o the miver.
.= (v 2‘60 time In =zinutes regquired on
&

trip Treom the mirer o the locding

5]

1. leeding cand gnd cotrse aggragete; J. 1oale

tetle; 4. btoekzing the

-+
1
iy |
3
(v
8

™

ing cement; 3.

truck %c mixsrs; S. dumping onito the skip, (o

»

s>,

mist be sddad stout 2 or € minutes o

— =y % et 8. - R ~ . - H
celsys =nd o> total tiass required are given 3

(7,090 +(7,60 + t

or
'
i

ch
t

e0a{v, + V5) .

t
¥iVo 3

r

1-l

“here t, = 3 {sge Tetie ¥

N
Vle Y9 =

20 ¥i%. por hr. {sverage reading tsken

V,= spesd in =ilss per hour from the loasding sliunt

(d IBC = time In mirutes reguired from

r unavcideble

R 1 e s A d ARt ek T et @ 4 e et o 4
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The centrretor is wernod what?
hir»a’, it is slways
ther fe sctuslly neaded In ordzr *2 guerd cssh

Sue 1o mrchine treskdowr or holding up on ths wet

“hesc sxgerisnees sre roi unususlly hsovening In
rocd builéinge. The number ¢f =ingls batekh rucks
for vericus lengths of asul =nd number of workins
slh.esn in the [oilowing 'stlc.

TIRLY XII

the sem2. 211

- & 1 3
o Ine IPNeHs sre coctnest or

28visst) > o oroids 1 or 2 more dyuclks

™ of working GG6¥S

Tistence in Z¥srage pumeor of
walzs trucks roguired at 6 éays par ti}e
1 g 8
2 14 12
3 ig g
2 24 24

o
)
©

(o}
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Time reguired ir l. losdin: send snd cosrse sggregete,
2. losding cement, 3. turning teble, 4. tecking to mixer,

-

. dumping on the sikip, antd €. =misce:loneous delizy.

TaBLY XIV

Lascriztion Minutes Seconds
At losding plent: .
losding sgroregatasg 3 30
locding eement a ig
£t mizor:
turring teble ig

bzckins to mixer 30
durping losd 16

miscellsneous deley 1 70

ToEel s 9]

ile Truck dispstening system: Or & recent Fepnsylvsnic

roed job, {48) the L. J. dcxebon Comstruction Cc. of ritis-
burgh, hed sdopited suc essfully & truck dispatering system.

FR
PR

Tae jobs wero locsted mear Slickville, Pe., one consisting of

2% =iles of pavement [rom Five Iaints toward Graossburg, wn

the ciher ¢f & & mile strete~ froxm Slickville to rorrysville.

conciticn sought by the cortractors t0 keer two 4r:ciks valting

o 8t 2 R A AR 8 RSAN B b P
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at esch mixer 211 the time. The cenirsl cdispatching boenrd

snowvn iIn the sccormpanying filustretion was tc obtain the dis-
tribution of trucks socught. %The thrse eirculer slots in the ]
heorizontsl bdard ropresent the plsnt endé the routes to snd

X,

from the tws pevers, Te points on the lerge discs farthest
from the plent represent the locstions of the mix-rs. Trucks
are represented bty the emgell disecs or huttons which siide in

the slots. Thus, the besmd glves ¢ pletu~o of the fruck cis-

tribtution =t any time, vhen the discs representing trueks ere :
moved in sceorcdaence wvith trock schedulss snd infocrmntion i

suppliec by cheeckers at t&2 mixers. The verticel board is

used tc kees g8 recoré 0 the movemants of sach trucks.

S Tl

The trucks sere op-rated on « five minute schedunle &nd,

the time to end from the miz-r hsving been determined, the
Giscs were moved tc ghow the progress of the trucks. The
rountes shown by the discs were merkad of{ in five minuie in-

tervels end the small dises were moved foresrd one groduztion

AR am 03 £ BT AL K 4 s vt aten e < o

every five minutes. £8 e8ch truck raturned to the nleant, its
time vas checked and the nositions of the smmll Giscs wo-e
corrected if necessery. 4+t tre mixer, csch truck driver wes
given e slip showing the number of trucks in weifing &t the
time. 7This =slip ves henédz2é to ths central Jispatcher upon

return to the plsnt, *hus Zvirg hiz fairly comolete inforzation

concerning the loretion ¢of trucks &nd 2llowing hixm tc send out

trucks from the pilant sccorcdingly. %Whenm ths pheitoTreph

reprocuced wes teken, the trip to ths Perrysville oixer »ith 2
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losded truck recguirad Z0 min. snd tho reiuwvn trip took 10

mine. The irip to the Tive Points xixer reguired 35 mine spd
the return trip with ap empty truck took 20 mine If tha bosrd
st any tir~e showed, for example, that two tricks were weiting

2t the Perrysvilie mixer while only one vwes welting at the

1)

Five -oints Festinstivn, ths next ircoamlng Perrysville truck
was transferred to the Five Points job srd the discs were moved
gceordingly. “he checkers gt the mizers =lsc recorded on the
z1ips Issved to tha truock drivers, ssethor and rosd conditions
Lr ak-doxns and othur in 1form.tion essentisl to the cperstor

of the dispatching toard. It is cstimated thei truck conirol
on tﬁis Job zaved two trucks or $50 z dey. Insiallstion of

e lelevhone line frow plsnt o =ixers would result in more
gecursle dispetchinge.

12, Industris) rallveys - comperative investzent in

transporigtion eGuipmanis Tho gonsral practigse ic run the

industrial rgilvsy on the shouldar peraits of tke uninterrupted
preperztion of subgrade snd setting of forms end avoldance of
trock operation over the Pinished subgrsde. In spite of the
sdvantage vhich the Industrisl rallivay hes in this particuler,
its use gpprars to be de,vsasing. The mein resson is that &
highway contractor twhc invests in this for: of aguipment finds
thet 2 lsrge pert of nis working eeplie) is tied up in <Guipe

ments Another r2zson is the hligh cost Invelved. "enty-pound

treck mith tiss, swiiches, cic., 18 wordth por &PS8S S5GR0 &
miles =ngines cost frox 33000 to 26000 eac~. <rrs sre worsh

S T YR URNESTY | T R S



Industirial

rallway

FISE - T

w2 P,

o ot o TN | 00 T R L

e g -



115

ebout %85 esch and beler boxes sbout $60. The cost cof fuil
industrial reilway squipment for 8 5 mile msximum mey reach
§75,000. To obtzin z rezsonebly :ccurate view of the compare-
tive investment in transnorteticn equipment wtich is involved,
this sws should be compsred with the 320,000 required for
single betch itrucks end the 360,000 roguireé for hrigh speed
twc batch trucks to meet tr» sgme mexizum “sule

Rrund-trio train cyrecle: The tizme reonired in nporndling
& train of smv, . cers i= as fellows:

TOBLL XV

¥asious one atlions Zinntes
losdinz 4 betchas of aggregrte 1725
Loeding 24 batchas of cemcnt 18-15
Switering per trip 10=520
Tnleeciny st mixer
{st rate of 45 bastches per hour)} 32
Cperation 2lone, oxeclusive of heel &(-82

Travel time for each mile hsul,
at 4 niles p:r hour 30

It is essuwmed. thet U5 minutes represents the sversgs ti-e
per trip soant on oporations slone, then on o 1 mile hesul the
round irip ti e will ke zhout 1-3/4 nours. In 2 10--cur
working day, the trips per train ®11l be 10 2 1-3/4 = £-5/7

hours on & *ripe oW 1T the trsins
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sre csrrying £4 katense, £ trains must Be delivered per hour
in order to meintein 42 bsiches &n hour. Th-orefore, 4 trsins
sre reguired. {1/2 grein egusls the celivery ver train unit
per hour, £ = 1/2 = 4). If the “mul is 6 miles, the total
reund trip time, on the sem2 brsis, i1l ke ebomt 4-1/4 hours,
In 2 10 hour working day, 2 trips per csy cen only d¢ msde,

or cne trin zvery S hours. In order tc meintain the 11
oroducticn, 10 troins are tc be operrted, 10 l:cemotivas must
be used en¢ 120 cers with {40 beistr boxas mmet slso Yo pro-

vided.

fodd

13. Teter line: (nly one system of hendling water 1s in

(¢]
o

cmmon Use todav. It is pumped througk ¢ plps line Xcid elong

the right-cf-way to the mirer. In the common prectice provision
is made st reguler intervels « senerelly 200 to 5 O Teet -

for taking watsy from tha nips iins, znd & hose coernection is

(¢}

used to Posd the mixer, T™ore hoge connogtticns &-~e 5lso used

Y
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Tne g€aguecy of the pumping
of a »ipe lin~ of such girne thet the pressure~haed will zlusys
te within the 1imits for vhich the pump 4is desismed. There zre
vitel ciffeorences betvesn 5 vump designed to daotiver 10C rsllons
a minute sgeinst ¢ pressure~-heal ¢f 100 pounds end ons drgigned

to gelliver ¢t trhe same rate szsinst & nressure-husd of 400

SCUunidSe This T81i888 the

2

estion 58 to whet oressuare~-hnesd is

¢r

requlired in dellvering usa

ST

Vo

‘eter supply cets for conerste peving: Tha state hichiay
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Water Sapply Dats
B Loss of beud diw to frictsn in sterd pipem for waser
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depertment ol Pennsylivenie hes cowplled the following ivfor-
metion {3C) for use_in cdetarmmining the sizes of pine line to
be used for the water supply on concrels paving nrojeets.

The informeticn is baser upon 50% of the vater bring reguired
for curing snd 50% being required for t»e mixer snd subgrade.
The deparitmont states thot if cslciuvm chloride is uvsed for
curing the smount of weter required for tre lenmths paver ver

68

b

hour can be re’uced one~helf. "ha tabla siven under tie s
of pipe linss is figured withont rodificution for head, &nd
the same tgble ¢t the botter cof the tebulation zives the in-
formetion for the commection for the hesd. The tables sre
bssed on & reguirement of 2000 zel, of water for 100 fest of
paving spportioned es follows: 1/2 for curing, 1/4 for sub-
grade, 1/4 for mixer. The p: vemont is sassumed to be 18 feet
wide. The need given is besed on friction loss onlye To this
must be scdded the height of the outlst of *>2 pipe shove the
scuree o supnlys Tha formuls ussed is the TFazenaTillisms
Permmla:s H O O= §§E§§§§ » Where £ = loss of nhnad due o fric-
ticn, ¥ = 400038, I = length of pipe in fgel, V = volocity

of water in fTeet per sscond, ¢ = diamet=r of pips in feet. &
£ inch pipe = 2.067 intsrnsl ciemeter. £ 2} inch pine =

-

2468 intarnal Glamcte 2 3

f-h

roh pips = 3,068 int-rmel <is-
metere. Fovw th~ tablcs zre used: ¥xample: 1. =gtirzterd
progress of peving 70 ft. per hour, water reguired - 5600

gel. par hour, maximum nater pressure in pumz - 1Z0 lts. 2ar

squere inche
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Pion 2 inch dismeter, punp 12 feet sbove level of suprlye.
Cutlat 40 Ceot sbove pump. Fow fer from the pump can the uork
be suprllecd? 150 1b%. preasurs = 345 ft. head s8s 1 conversion
table. 345 - 12 -~ 40 = 283 ft. not neede The heed reguired
for I mile of pipe is 1083 feet. Distance waeter can 5@ sunrlied
= yorx < 1/4 w=i. »

ixazple 2. TFstimsted progress of prving - 70 ft. por houre
Yaximus watsr pressure in pusp - 500 1lbe por sQe ine. Haximum
distance water omst te forced = 23 miles. Uhet size wvipe is
required? 500 1bs. = totsl vatar pressure sveilehlce, vhich
corresnoncs o 1,182 fte. heed, 2 in. pipe under tpese con-
diticns reguires 2,708 ft. hoed or 1178 1b. pressure end is
too smalle 22 in. pipe is nccessesry snd reguired 1,118
fte Decé, which corresrmcnds to 484 lt. pressurce & 3 inch
zipe requires 377 ft. Bead wiich corresponcs o 163 lbs. pump
oressurs.

Txemple 3. +“stimxted nrosress par kour = 30 ft. Distance
gater must be forced = 2% milens., That horsepower s&nd pressure
sre required? 2 ine. pipe regquires 4333 ft. hesd by tablc or
188G lb. pressure. water required = 7200 z8l, per hre = 2
SEl. DOP $3Ce = 167 1be PP seC. 16.7 X 4333 = 72,360 ft.
ibe. per see. 4 550 = 132 horsepower. 2% inch pipe would
requi-e 1785 ft. head by teble or Y75 1b. pressur=s. 16.7 X
1785 < 550 = &4 borse~cuer. 3J ine pipe would requiée £0¢ Pt.
head by tablec or 250 lis. pressure.

16.7 z 604 = 580 = 18 horserower.
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Ve FFFECT OF PROMICTIOCN WD ¥rE¥aG 3¥uxET &% THIT OGIT

A. Effect of Zixing Time on Production

Scme corngineers specify one and one-helf mimutes for mixing
time of concretoe vhile others spscify orne minute. It iIs found
that & considerabls number of fielcd tests indicate thut =ith the
better designed =ixers and adéqa&te control over mesterials snd
zeter contont, threc~guarters of & mimite of mixing will give
& concrete ol so neerly the sems strength cs & =sinuts or &
minute and 2 hel? the! the extrz cost of tha lonmger wnizing
time do28 not scem wsrrented. Cutting the mixing tinme by
this anount snd keeping the mixer Tully occuplied gre very
importsnt items in & cost reducticr progreme Th= following
tablc “VII shows thet tkhe maximum number of batches of con=-

'S

crete thet mey te turn=d out per hour u»ith s =ixing ti-2 of
12 minute is 34, for 1-1/4 =inute, 40, for 1 minute 42, &nd
for 3/4 minute, 60. It is sssumed that thore iz no loss of
tizne tetwesn batchos, and thet the mixer is operated ecn-
tiruncusly for the full lenzth ©f the working dave In practice
such 1l productlion is seldom sttained; and production sver-
eging “57 of the theoretieel maxirmum is not umasusl. For g
10-hour working cay, tho cost of peving is incressed sbout

2400 per mile of pz=vement leid for esch one-fourth =minute =dded

to the mixing time.
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TLELT XVIiX

JURLTR OF BATOETS D0 BF SRODUCED PIR IOUR PLT ¥ ORIATUS
HIXING PIXS
verious {yecles 1-1/2 8in. 1-31/4 Hin. 1 in. 3/4 uin.
Saconcs Seeonds  Seconcs  Seconds

7o raise skip i0 10 10 10
Dischergs skip 3 3 S

Discharge leg 2- 2 2 2
Rixing time g0 78 80 4%
Totel time roquired 105 50 75 60

Zs tches per howr 35 40 48 60

Be TRffeet of Size of Betches on Producticon

Tae foliowing tabie i1l dhroew some 1ight on the relction-
skip of sizes ¢cf tarteres on rete of production. The larger
the size of tatches will be the higher the rete of production.
The daily ocutput is iimited by the 275 pever to 2 fixed msci-
mum number cf hatchoe gnd the corresponding rumber of cuble
yaerds lzid. ?herqu?e, the pever holds the “key ancd bottle-
neck” in production. it th2 present tize the 27 and 327
have rescned thelir cepzeity, unless & n=¥ system is intrc-
cduced such ss truck mix or sc-czlled =ixed-In~transit systiem
thet will be outlined iIn the later chevter. The {cllowing

-

tablz is on the basis 1:2:3; concrete nix; the yieléd is <.

p{w

[1:N
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cudic feet per sack of cement znd the averags output is 400
batcher per 10 heur working day; —ach cubic yrré of concrete
2lel )

cen ley in the neighbtorncod of 2.2 Iin. ft. of prversnt £C

wide and l10~7-10 cross-section.

T:.BLE XVIIX

Sizs of vetchss Cze ¥is. in 10 hours Tine. ft. leid in 20

rours
S 352 739
€ 224 830
7 492 1033
8 64 11ve
g €36 13538
10 701 21478

Ca TPffeet of Lengtk of Beul on Production znd its
TInit Cost

The daily cost of opersting ¢ =modern road tulilding plant
is noerly inderendent of the rate of productiorne In the case
of the power shovel Esgon used s zn illustrstion, ve ncted
£ caily opareting cost cof 275.00 for the fermer sndé 37C.0C for
the letter; inhe cost »olds sood whether muech meterizl iz dug
oy little. Cn the othor nend, 1t will te sprerent ‘hat the
nuzbor of tesms rogrired in c-der to irensmort the meterial
which this shovel cen €ig »iil vary with the cdistsnce it must

be heuled. The ZBuresuts studies show thet tesms travel stout

Tan A A S e
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250 feet 8 minute. T™ose studies slso show thst such metter

¢s weiting vhile the loed is put or &t the shovsl, turning at

the shovel, turning =z¢ the fil1l, droping the lozd, etec., should

nct require more ther two mimutes por lord haunled. IP, them,

the distancs the Jirt must YTe hewled is 250 Teeat, & losd can

be haulad every four minutoese If the srove? cen put s éi-per-

ful of good cormmon oxczvation onto g wegen every OO seconds -
a8 most ohcvels csn 1f properliy oparated, *tvo disperfuls
wmeking & wagen i1ocd - 2 vagon can e losded every 47 segconds,
as to keep the shovel supplingd with tegons 8 trzin of six
vagons {4 x 60 = 242 seccnds 2 40 sec. = 6} is r.quirec., If
the haul dlstance is 500 feet, the round trip for tho wagons
tecomes six minutcs snd nine wagons (6 x 60 £ 40 = 9) are
requirede it 1,000 feet, tﬁe rounc trip time bsecomes ten
minutas cnd 12 wagons are rneeded to ke~- the shovel busy ¢t
a1l tinnse 1t 2,000 Teat, 27 wagons are reguired, nnd =%
£,000 feet, 51 wmagons sre required. ~hllzs the speed of the
truck 4s 800 feet per ninute, or 10 fest par second; if the

neul Cistapee is 230 Tect, the round &rip fcr thno trucks

er £ feet per sacond. 4t IE0 £t heul, the rcund trip ti-e

becomes 3-2/3 winutes mng § Sractors {-2/3 x 60 & 403) sre

SRR WAL My h o -
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required. it 500 fect haul, the round &rip timc hsceonmns T-Z2/3

minutes end 2 tractors mast e supnlied. 4Lt 3,000 feet, 13

*rectors, nt 2,000 Peet, L3 trsctors; at 4,000 fegit, 43 trac-

tors are required. In these studies 2 mimites ere allowed for
w&iting, while the Josd is tut con =t the shovel, turning at
ths shovel, turning st the 111, droprpinz the losd, etc., thile
40 secon”s arc sllowed for inc dipperfuls meking a full Icnd.
The fellowing tsble shiews the number of various hsul equipment

g tha round trip tine reguired st warious lengths of haul.

s myr s -
TLBLE XIX

7 SN AT Te epvasy » T POUTRMTRT OAWD RO mm Ty, Tv 3T
BOES 2 CF ¥ 21 U AL g'.;a.?.'.:?‘«: T AW ROTEDL TRIP T
“IIIOTTTITISTS =P S IRTATIN R TTT Q)
St aviin dd ¥ TlAwWY JHENTI N
.- Toves hy(
SR ZOBS Truoks _reciors

Zeul Time In Tize In Timg in
i H¥in, TCe Pine Bec. ¥inne af

Cse
Fte IZequlired Reguired Zequlireé Hequired Regquirad Haguirszad

£30 4 < 28 4 37 S

O

H]
~3
1

805 € g a7

3

1
(e4]
.
o
bed
<n

1000 i0 - 15 4.
20C0 18 27 Te 12 1543

o
Q\

3000 26 44 1G.6 15 zz SE
4000 34 51 RECT z0 22 42

If we essumsd that the cost of meisteining ¢ tesm and
wagon with &river is spproximately &7.00 a day, ané that ten
wagons are sent cut with the sicvel, th: deily cozt of opor=

&y

eting the wagor is £70.00, wrile the deily opersting cost of
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ths =hovel is in the asighborhood

procduction cost becomss 21485.00 =2

of 375.00, tnen th: totel

éars Ten wegons ¢sn take

&1l of the diggings from ths shoval s3 long &s the hsul is

uncder 800 feet, tat beyoné that

ment Is Sfnsufficient snd oroduction falls.

duction capaecity so f=r es the los

1000 cu. deC ner 1C nour :orking

s
O M

roductiocn hes falien o €77 { I
~f

distance the raulling eguip-

Hare 1s & Dro-
eding uwnit is concerncsd, of
day, bvut st 1,000 ft,

x 1000 = 870 cRe ¥iSe

b2
2 1300 cr. yEs. = €71 of the pessidls meximmm because there is
not snough transportailion tc hondle what the s> ovel cgn nro-

duce. .t £,000 ft. production is ar 377 { gv-x 1000 = 370

~
3

1

4 1060 = 37 } of shevel capacity; &t 3;000 ft. it 2

e

&;; x 10C0 = 230 = 1000 = £3), and at 4,000 ft. is under £0Y¢

65! X 1600 = 200 1000 = 20}, angd the unit cost of handling

ol

tha £irt heg been sffected in inverse rstice. Up to 800 feoet,
it wes & 1ittle utder $.18 (1345 2 1000 cue ¥Co = %18}, ot

1000 Pte, 422 (67€ x 1,000 cu. ¥. 2 2142 2.02), et 2,000 fent,

o T" -

3438 {37 x 1000 cu. yé. 3 3145 = .339), 8t 3,000 Feet, .52

(€37 X 1000 cue yEu 2 $145 = W52} and ut 450 feet is under

2,73 (209 x 1000 cue ¥C. = 1145 = 73) Tre followxing iable

csnows that the affect of unit cost on produc+ion e£s the risunlt

of incdoquete supply of nsul equipment whon the lengtn ¢f heul

ot

g increesed.

o o o cargenniemm



Tamooer 0F Cle ¥de | roduetion tnit cost per
Heul in Pte G&irt shovelsd per Efficlency cBe Flo in

10 rour day ' £ cents

€00 1000 100 1s

1020 £70 &7 22

2000 370 37 SS9

3020 230 23 &2

4000 200 20 73

De =Effect of Ysrious Opcretions on Productiorn gnd Its
Unit Cost

The cats prasented hex»d is on e i0w-=iig conercie povenmsnt
job built by the ¥ichizan State Highwey forces; this is to show
the effect of vsrilous opzrations of osch pever on the unit cost.
Fever Xo. 1, e S5~bsg mechine nsing @ truck haul for sunpliying

the sggregate, poured 1.81 milies with 2 dond henl of 4.7 =ilss,

-

wnile paver He. 2, 81lso g T-bzz moehine, ooured the remsinder
8.34, using & narrc¥ gsuge incdustrizl witk 2 desd neul of Q.8
miles. The svarage haul for pever Xo. 1 vas sporoximetely 5.6
milesg, while for peovor Nc. £ the gaversge haul was spproximerely
4.42 miles, msking the zvergge hatl for the entire job sooroxi-
mately 4.63 =iles. The following teble drews 2 comp-riscn
betnecn the production of ths twe pavers and also thelr corros-
ponding unit cost. The cvarsge runm of pever No. 1 wss 586 feet

Dir E8Fa The former encoumtered smch raliny westher and other

sources of delsy, wiile the lztt2r hed Tsvorsdble veeather gnd

S Oes vmnt b
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maintained & very good spece. This resultsd in lover unit costs
for the verious operstions comnected with this psver ths: with
hiose of pever Noe. 1. Item 3 (pever No. 2) greatly exceeds
that of pever Ho. 1 in cost per sqQusre yerde This is cue to
e heavy eXxpense connectad zitn oringing the incdustrisl sguip-
ment tc the job. Cn practicaelly every other item of work the
unit costs of pever XNo. 2 sre lass tien thoss of psver ¥o. l.
This is caused prinelpslly 'y the better shiowing mede by pever
Foe. 2 sfter the rairny sesscn. Item J (on psver Ho. 2) is
hlgher thar on the other setup beesuse ¢f the Industrizl $tree
located on th~ sroulders, thireby ceusing the worimen to ob-
tgir practically 811 of th- cover materisl fro~ one sids of
the slsb insteed of from bot" sidese The 003 ct. por ste ¥l
difference betweern the materials is caused by the slightly

richar freight rates on the sggregates.
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TLBLE XXX
COLPARISLE CP OQLT OF VATIQUS (7Z=87ICHS CGF FLQZ PLVING
TNIT (127)
Paver %o. 1 {S-lsg) Pewer Fo. 2 {(Eebug)
Itexs TUELLLLY 1048 T Totel Unit
sQe yde cost fost sGg. y¢. Cost Cast

A« Zoving Tquipment £1492.2  S22.21 0246 9£,207.9  4950.95 L0510
E. Tropehing ¢ 354,47 L0830 2 5006412 0630
Ce 7ater lincs # 83152 0204 * S603.87 L0283
T. Forms i 60207 .03%2 " 2832.97 .027%
Te Truck Faul " T704+23 3885
Fo Industrisl Hanl ? 25730.44 L1682
Ce iix 2lece ¥Firndsn T S8L4 .87 12 1 10663458 <1121
Fe Curing ° 673425 0313 n 3625430 «0380
I. Haterials " 1269054 5303 T 55503448 <5824
Je Shoulders " I920.75 <0893 | 851387 0883
%o Yerd-setup " 773.40 .0362 " 1466.89 0154
Le Yurd {peration * 2149.31 .0999 * T447 .35 LO782
He {worhzad " 1588.3G 0730 “ S48C .16 L0877

Tctal Cost £1409.6 33366.41 1.532 95,297.9 124681.03 1.308

iwvers;re Cost
Teys Lorued

Lyarage Tun

excliusive

of cempent
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Ze» Effecet of Time on Cpersting Cost

Studizs by the Burecen of Publie Ros=ds show the deily

cost of opsrating s mede-n ccncrets paving nlsnt is stout 2400

vhethar the ¢eily production of pevement te SOC or 1,000 feet.
Assuming & sntort stretch of pevement 10 miles long, end 20t
wide, if the deily output is 5CC fect, 1t woulcd take 108
working dsys tc finlsh, 63¢ feet, 85 deys, S00 feet, 6& dsys,
end 80 on, while the totel dsily operating costs are 342,400,

535200 8ud 230,400 respoctively; the time saving in escl: cuse

is 13 &and 12 days, while the exomnt of saving in dollers is
estimated st 27,200, 24,300 and s5 ons From & Sonsral sarvey

-

f the peving jobs Gver 61l ths perts of ths countery, & daily

(4]
or

reduction of cvor 1000 feet Is net umusuel, while a daily

%)

progéucticn wncer 600 fect 1s stil]l found iIn some peving jobss
this is beceunse of poor mensgoment and inzdeguote machin rye.
The following tetle glves & zen=rel 1des of how tha deily
producticn &ffects the deily opereting cost, snd oFf tha ti-e
saving in days &nd th &nounﬁ of saving in dollers with the

result of high sné lov producticn.
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Xumter of t.
laié per cdoy 800 600 70C 300 300 1000 1100 1200

¥umdber of cdays
actuslily spent 1068 88 76 56 88 83 48 44

Time ssving
In cdays 13 12 ic

-3
[41]
w»

<

Teily op-rating
cost of 400 42400 35200 30400 284400 200600 21200 18200 17800

Zmcunt of saving
in dollxrs 7200 4800 4000 2300 2403 2000 1800

Pa =Effect of rodnction on Unit Cost

In tho orepersticn of & bid in higchweyr sori, the contrector
i 3

should make himself familier =ith the omin ftems &nd thelr
percenteges in consitwmetion cost upor evhich his bid is beased

upon. The folliowing tebulcotion indicstes some ~reportion of

expenses in construction costs.

maRT 7 TI7T
TABLY XXIIX

I. HEg:ipment

2. Hsteriels 389 - 40%
3. Lebor 157 - 20¢
4. Cverheszd 10% - 127
S. rcfit 10 - 107

£18 o et 2 WA e maatna s s e Tae o e e srrerevs
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he most effective way to fecrease unit oroduction costs

o~

without fmpeiring the quslity of finished products is tc in-

cresse the outmpnts This ca- be dene by ¢llminating or reduc-

coordinating 2nd synchronizing the rate of oro-
gucticn of the warious subsidiary wperstions with: the mixer;

-

3 in {inding m2ens of elixinsting unnecessary oporstlions und

an n 2y
of expééiting those whleh are ascessary. The fellowirng tglle
(153) wzich summarizes 11 the items shich entsr into thc

tre

construction gives cocapuriscns of two jobs; in ama job

it cost 1s 51.681 por 32. ¥2. &t & ratz of mrcduction of

£

828 £t, por darw, wvhile &n encther iob the unit cost ic com-

- ~ a s+ 2
et the rate of proinction,

it

Cicgtor thot th~ pocd

tfrna vime losses snd wasic motions commected with 2ll direct

SEB fh./dey SGC Tf./CRY

Zgvipmont Cest cost DeT SQ. CCSY pe™ SQe
' _jdo Yo
Tepreciction 315,500

Rensirs 10,800

Toisl N3G 9800 Sie 34

[ T T
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T.BL% IIV. {Contid)

T¥8 Tt./day 900 Ft./dsy

Y¥aterials Coct cost ver sge. cost ver 2oq.
Yo KA

Cemant '
Sand $17,200

Crevel 35,000

“ater 200

Stezl 7,600

Calcium crloride 4,000

Total #64,000 80.6 60.6
Isbor

Superintendence 4,400

Tnlozding ezgregote 3,800

Fandling cemont 2,300

Fanling 3,S00

Tatep 1,500

Foras 4,000

Steel 1,800

¥ixing snd nlazeing 4,600

Finishing 1,400

Caring 80GC

Subgrade 4,200

Noving 1,800

Total 34,000 2.2 21.5



g2 fY./any

CosSEt per uge.

¥i.

00 fL./cey
eocst oo 8g.
Td-

Generzl expences
Contractort's drswing
gcecount
Gen-rsl oOfTlce
®ielé ofiice

filent sotup
iropepty rental
Switer or treckegs

Finsnce
Intorest
Bonds
Insurence

ontinsencics

Tote2 »sti—-ete

4,030

3,400

3,000

Ty YN
R F g

316,400
170,100

[ ]
to
s
)

4.6
1.5611
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Ge Effecf of Yerl-lavout on Init Jost
Before the conerete peving job is sterted, decision must
be msde ©s 0 the points {rom whieh work will Lo startods.
¢ften this decision cennot te oade until & good many =2laments
such £35 source cof msterial su;?ly, freigut charge, cost of
moving the meterinl-hendlirs plent, length of heul, and cost
of nauvling, etec., &re thorcughly cxanined. The Tollowing

exgmples ere given to illustrate Ros the locxtien of lovding

?irst crolee: Set up the nisnt et smos by the side ¢f

- w—d

2
]
Q
‘l
l».,
*3
(@]
i.3

the VYorthwestern P8ilposd Sistione Tetsl haunl, diston

v is B milee. Using hesvy £usy trueks, zssuming
230 per hatehr nile, 40 batches an hour or 400 tatenes ¢ goy,
(23locwance Por time lost incicental te —lent operatiomn), it
tzkes an svysrege of 5.2 dayes to bulld o =ile of conecrete »o 4,
2300 destches per wmile.

x 2300 = & 4890

cn "N 1 nN) i
] M M M M
gﬂ .g zA Eﬂ En
QO Q Q o
w - n 4]
N Q] N £
8 8 8 8
1 it bt 1l H
[N A (] i\ t~
b a3 N
58838

(&)}
#
2
e
n

~3

4

zﬂ

by
SN
8 8 8
-

‘1

&
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Secord choice, thare

«t Ames, s=ncthrr satup &t Buxi

First setup

ley. JOssuming the cost of moving

| nmeul fistsnce is 4 miles in toth directionse

1 X 30X 2360 = & $3%0
' 2 x .20 x 2300 = 1380
§ 3 x 30 x 2300 = 2070
& % 30 x £500 = 70
8800
2
Too
Sost of moving end assenbling plant 1020
; Totel 314

‘ ™=ird cholice, set ur

:1_‘

te.. Tofge Tes Hoines 7. Re
t -

i frem FuxleYe

s

i -

| 1 x 30 2 2300 = 3

]

30 X 2300 =

™
b

! TR WSO X 230 =
I
§ 6 x »30 x 2300 =
|
Sost of 8 =3ilz heul 2

1 X W30 2 £330 =
2 x .30 x 2300 =
Cost cf 2 =ile haul e

Total

ehout & milas from £msg rné 2 ~iles

314490

A o A A bt < 4 oo
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Proz the cbove anslysis, in “he Tirst cholge the total
hatling cost is $84,840; in the second chcoice, $14,800; in the
third creice $16,3560 7The sseond chioice is west nrefaprslloe
It saves ine contracter 310,350 by setting up the lordinz olent

£f Awns end then moving it 1o Tuxlevs

&
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VIe DINY LOSHTL [UALYLIN &N CRIDIKREG S¥D POVING CRUUTIUEC
Ae Time Iosses Tue %o Testhor Tondifion

The sys lost for paving op rations include not only the
loss of time durirg the winter montkhs, shen no work can be
carried on for comperatively long intervals of time, but slso
the dsys lost Guring the normel sorking sesson due teo low
tegperaturs and rein. Tho tadulotion maede from dsis collectad
by the smericen Rosd Builder fsscciction mey be bricfly sumsr-
izecd ss follows:

For grasding ope stloms, working deys rsnge from 130 t
3003 for psving from 100 to 3Q00. ~Precipltsticon renges Trom s
maximem of 72,1 inches to 55.82 inches. The mexirmum avaRrage
high temporasture is 113 degrees in irizone znd XNow ¥exicos
and minimum sversge lov tampersture iIs 5T degrees kelox zero
in Zortha: stern Hontane. In Florida the svergge 1sst cgy cf
frost iz the spring is Herch 10 &nd first freost In the fell
is December 1. DBut in vesterm Tyoming the lzst fro:t in
gpring sverages July 18 and thb Tirst frost in the fall
averages iunust 10s The combinziion of cold weather end rela-
tively high prreipitation mske for r short werking sesson in
Yew Har-pshire, shich revoris only 100 working days for deEving
opereticns; 42 inches cf precipitetion, 3:;j cnly throe mexths
in the yeer when frost mey nct be ocxprcted. Ont the other
nand, ,labemn reports & relatively lonz worzing ssascn of from

240 to 300 deys in spite of precipitetiocn of 42 and SI Inches.

Stucéies by the Suresu of Public Zozcés shovr thet larger
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percentege ¢f the svailsble working time lost on aécount of
rain end vet subgrede. sbout cpe~-fifth of th~ total time lost
charged to tae combined ceuses are due to ths sctunl fall of
rain during uvorking hours. ¢Cn one feirly typleal job the totel
lossaes eherged to rein snd wet subtgrsde smounted to 385-3/4
rours, end cf this totzl only 53 hours were cdue to rectuel
rainfgll Quring vorking hourse. Ths detrimental =2fPect of the

rain©a’?! on the subgrsde or tho road or treck over vhich the

&

ing is dornc 1s therefore clesrly the mejcr feetor in this

-

]

28]
clzss of time losses. Th» follow ng tedie (Q) érams g com-
narison of time losses due to westher conditions and the
various csuses, such =8 machine Yresk down, lcck of mseterizl
and so on, on various projects. Totel ti~~ losses cccupny

47.4%; while mesthor losses sre £2.67.

N LR B g 4t et s = ot e s s ne
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TABLE XXV,

*POJe Total time vesther lLosses
¥C.o States Dete losses cdue to
veriocus couses reir snéd cold
=4 vet sube veather
grade
1l Texss Mar. 24-Junc 2 603 33
2 ({Xlehoms Gct. 27=¥ov. 10 44,7 13.2 1C.7
3 Texas S5ere l-=ipT. 30 438.7 455
4 ¥issouri Lpre. 7T--June & 40.3 28.8
5 ? : ¥ay 2--July 31 435 30.0
[+ i ¥ay 27--July 31 38.8 23.9
7 " Jaly 10-~-3uly 31 44,7 Ge3
8 * ADTe 22-Sept « 18 Z28.8 21.6
8 3 Luge l~-Aug. 25 36 .0 25.6
10 " Zuge 18~rug. Z7 204 173
11 Xebraske SeptJl4~00nt .30 25.0 23.7
12 zissouri £uge 10=Xov. 19 5.8 25.6 3.9
13 * Jurs 12-Fov. 24 42.4 26.6 248
14 i Oct. 9--Nov. 20 62.9 35.0
15 Illinois AUTe 30-Nove 7 28.5 1.} 2.5
18 7 ¥sy 1 f=%0v. & S3e8 1G.8 0.2
17 * Yoy 18--Xov. 5 45,7 12.3 5.1
18 Filorice Cete Qw=Tone 19 64 .4 12,9 1 tl
19 ® LEpr. 23=-Jen. 28 44 .8 17 .6
€0 HBississicpi (ot. 24-Dece 7 57 8 £3.0
21 Texes Apre 18-Tuly 31 §51.8 14,3
22 " June 15-July 11 38.0 SZe
23 = Juno 17-5ug. 1 41.6 S5
24 * 2uge G-=iug. 21 84.1 26.1
25 XEissceri MY 24~=S=pte €8 558 2C .6
26 Hiekrian eune ?“Sept e 11 34 .0 1063
o7 # .}uﬁe 14-33’9€ « 11 48.4 5.8
22 ? June 2l=July 10 2640 «3
29 Hisscuri sune l4-Sept. 4 S #0 24 7
30 Czlshoms Jung l4e=July 17 2849 20.7
31 ” Jume 21-Tuly 31 35.0 15.8
32 * tugs 9==Cepte 1 501 16.0
iveregse 47 4 21.5 1.1

T A A At iaae s s = e ke me e e s
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So far =8 the record oan b treced, totel lost time on
the three jobs becavse of westher snd subgrsde on the Pennsyl-
venis State nigheey paving job a2t Treout Run, Fe., in 18Z2 svers-
aged 379 of totel time. Rocord is glsc found in the Iovs State
lz2

i) . 1

< |nc

righney paving job in 1921, for the sversge

last three yesrs, time losses due to s ow, rein zné frost was

-

st duzr to sutgrede on

f27 ]
(o]

15¥, ‘This does not include the *ime

c
account of weathor. If tkis ficure is socummulsted, the totel

time losses due to veathwr znd suksrade sould vun up *o 287 -
30, while ths percentsge of deys lost fue to vesthor slone

cneveticons in thas orthern ststeos wes Z4.94.

in the p=ving
Izmproved construction m:t ods and well selected equipmont

and personnel will do muel” to overcome delays caused ty

unfzvorsbl: vesther ccnditicns and s ort working seescnse Up
to 1323 nc paving contractor in Yortn Cercline hed lsid in cone
éey 1000 feet of conereis psvement 18 feet widej dut since then

that amount hss heoen exceecded in the stei~ meny times. The

zeather hes not chsnged but metholds snd eguirment heve baen

ilmprovecd.
Be Time Toss Tuo to Yixer {peration

Tnless the opsrator is Pexilier xit™ ths egorreet mennop

e

of cperating the =ixer, he can bo the cause of considerabls

lost tizme. Hendling =z taich of coneret sist "

2

¢iffe-ent opargtions: cherging the
cherging. It tegkes from 9 to 11 second

Prorn the ground to the vertical pecsition, while the length of

I etk ek bk n s n e s



mixing time is specified. The discharging opersiion csn he
cverispped with cherging. Thst is, an oxperience: oderator
will start the discharge gt the instant tha timing deviece
sounds. /At atout the sgme time ho =111 st&rt‘raising the
aixer skip, &llowing from 1 tc 2 scecnds retween the two
operetions. Ths dischergs gete is clesed e second or LHwo
tefore the skip reaches the vertical vposition, with s cherge
ing time of 10 seconds and 8 batchmeter setting of €0 seconds
for the specified mixing time snd 5 seconds for =1} materizls
to erxter into the drum zfter the timer is set. The eXDEr=-
ienced opereter can turn ocut an average of 40 batehss pur
hsur, whilc the Inexpopisnced oneg carnot o more then 30
batcres an hour. This was sciuelly otserves in th~ “lelad,
Tex tatches p2r hour 3s z zrast savings In 2 13 hour working
day, the output is refuced by 180 bstches. Inoxperiercerl
operators cften eguse celsys becauze they do not properly
place 2nd spresd th~ contcretec. This meXos unnNeeesSsary wodk
for the puddlors anc¢ Pinishsrs, end the pover often hes Lo
3t07 until the finlshing cporatizns cate™ upe Ancther delsy
is caus=gd by = milure %o properly orepere the fine grade
aheed of the mixer., Litempting Lo prepere the fine grade
Benind tha mixer ususlly ceuscs s delsy overy time the mixer
2076S. 1t vas found that time losses due +° subprade not
prerared zre 3.27; zoving the mizer 2.89, ané nirer trouble

g .09
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C. Time Loss Duc to Laborers
Studies by the Boreeu of Pudlic Fosds shovw that the svare
ags letorer cees not ectueily werk cver ctout 707 [187) cf
th» tirme for vhich he is pslid. The low lzhor rverking tive 1s
pertiy due tc some men®s natursl Inclinstion $e s™irsk or dosf,
enéd pertly Sue tc the mechanicnl =2quipment which sets ths pace

in order ftc hnve mifficiant main te serve s eguiomont, when

fuction slows down, tzese msn sre not Tully occupiec. Suggest-
ions heve been made by the Dureau of fublic %oedés thelt the size
of the organization should te determinnd by 2 messurce of the
gres tar capacity of suck & porzasnent crew over thet of
nnuslly recruited ountfit. The heolding of, In idle times,

& shrev@ supsrintendent, ercert mech:ina cpargtors snd canvehle
foremen 1s reflectsd in trelr 2bility %o work more 2ffsctively
in tusy tinzes, snd trne overnesd cost of le2ning then nay be
offset ty usinzg then to vut 11 sguipmen® in Pirst elsss cone-
Sition. Titw raforemce o opevetion of equinment it is s
vantageous to seeure the hichest type oparstors or trein theom
gend pay vhat is nocessary to retzin them. This hus proved
that the time lost snd tne noglect gné careless nendling of
wachirery Ly & peor and Inexvperlsnced oserstor will pay for &n
expzsrt. £11 of these considersticons suggest the necessity

for rigid control of and trorcug knowladze of unii cosis of

ne ~forzing work and for constent study of +¢ e&xsct oro-

ductive a2tility of =sch outfit.
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De Time Lost on Po

<

er Shovel OGroding

Studics {95} by tre Turean of Pudlic Rords on the o-ersticn
cf 7Tl power shecve® grading projeets during the pest three
seasons in 2ll perts of the United States is summerized ss
follows: Totsl hours evsilcble for operation, 16,5963 sctusl
hours that cquipment op-rated, 12,406, or 71Y¥ of the avscileblse
working time. The 4,950 hours or 30% that were lost sre com-
rosed of delays of over 15 minutest cduraticn. The delays that
are tvoldable under oreper msns genent sreg

TRBLY XIVI

Deser ption 4
¥oving shovel 3
Trillinz ong tlasting 2
Fauling ogquipment 1
Tgtor end fuel 1
Cpe «tor 1

The unaveideble delays are:

Srnovel repsirs 3
¥oving shovel 2
Zsndling rocks and stusps 3
Blssting 1
Tandling trafifie P

iscellsneous delays 4

e e v A et e e &+ o " s e £ e n 2 S e 1 e e e . S e+ e
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Tais means that the sversge power shovel outfit zctuslly
operates only 719 of the construction sesson éuring which it
is sctuelly on the jodb, @ thet during the time it is opepr-

ting it loses 387 of the time through smell delzys, the
gsrester part of trnieh cen generelly be sovoidsd through proper

mansgemonte The delays that sre unsvoidsblns:

Caserintion <
Shoval resalrs p{s)
nfevorsble zestrer and wet srade 9
Xiscellanecus delsys 3

During the 12,048 hours thet these 71 shovels sere sctuelly

in operation, they vwere :im:d with & ston-watch for 1,760

nours. During this timing poricd 674 hours, or 38% of the

L
stcop-watch -tudy time, vas lost through small delsys of loss
then 1S minutes' duraticn. Tie svoideble dslays are:

.

TABLE XFVil

Teserintion 4
Taulty operstion of hauling cguinmsant 7
Insdequstc supply of kauling cguipment 8
Hoving snovel 3
Checking grsce 3
Taking on fuel snd water at wrong time 1
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Fe Time Lost on Industrisl! Rsilway

Sstudies {134) by the Bur2an of Public Fords indlccte
thst th=s mixer 3s ir operation £t & 1ittle heiter over 507
of working time, when the industrial rsilwey is used. rers-
centage of vorking time lost because of various causss sver-
ages‘48§. Th> tizme takenrn ir shifting trzins is & comwon
cause of mixer delays. Derzilmen‘s are &lso 8 common csuse;
they =nct only ccuse rsther freguent mizor delsys, but slso
the spilling sné loss of numerous batches. The loszs of
time from switching trains et the mixsr is sgrother deleye.
The following teble summerlizes the percentage of zmorking
time lost cGue to vorlous ceuses.

PERLY XXVIIX

Handling tetech Toxes 6.0
Sootting cers 2e5
Suitering 12 .0
¥ixer trcuble 442
g% cperatinson of mixes 4.1
Zoving mixer 91
rgtar gunnly 1.8
Puel supnliy Cel
iZiscellenesus _ € «O

LA S AN I KT B b
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X¥o tizme losses cn uece:nt of weather and subgrade sre

includei in the sbove studies.
Fs Time Lost on “loveting Srader

Telsy of cne kind or srothor sccounting for time losses
msy be summerized under thres hcadings - bregkdowns, clefn-up
anéd stock resting. levating graders sre olten continued &n
service long efter they hoave becose so bedly worn that brozkege
is freguart and trouble 1ith the elevoting mecnznism me-c or
less chranie, Tho result iIs nct only the cdefinite time losses,
but ¢ constant loss of efficiency. The chein drives and belt
give the most troutlz. oGther purts bresk cceasionelly. 1sck

-

of oroper and constant meintenance is the cutstanding czuse ¢f
The cleasn-up sround th:z lower roller stops ths outfit
oftentimas esch d2v. The contiruel operations of the 2lcvating
greder ere ceused by the “andency of droppings to scoummilate
ebove tn:0 bottom roller end on the belt itself., Thess cocummi-

lodions must be removed froxm £ime to time ug often os once for

D

every 13 vagens loaded. Tnz clean-up takes gn average cf 4

=minutes. In & 10 hour day, the loss of time from this cause

=in
is consic=rable.

The lsegt deloy results from the stoek-resting. This is
most censplencus when thoe grecder is drsen by 16 or 20 norcees.
Th: tim=s losses on horse érawn Jjobs sometizes r»un in ths
neighbornced of 20% in not weeth:r, whereas the time losses

on ceterciller troegtor jobs is 5¥. It is ovié nt that t-e
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ceterpillar tractor shows 1is zrest adventsege. It does not
tire ss the percentage of time uncder full losd is incressed
and het woather has »o eadverse :ffect on it. Where & hizh
rete of procuction 1s to be cttalired, the caiorpillzr trsctor
offars z source of vower st cnce depsndeble and affective.

GCe Time Lossoes on Fresno &nd Sheeler

&
W

studies whicnh heve been me- @ by the Burcan of Publie
Rozds iIndicsto that the losses suffered Ly contractors doing
fresno vork £alX under ths tuwoc categories of menagerisl
losses ané tldding lesses. Tre formor consists of those due
to impropor adjustmont of 20quiomsnt tc the mork, short hau
time lost Iz lozding, turning, carsloss dueping, &nd & aumt:p
of miscellancous losses rot directly rolzted ¢ these, wmirile

the latter results fros ¢ failure te ssuge correeily the in-

fluence of hanl. 7Poor plo?ing is often ¢ fuctor in sreort locding

failure to remsove th2 recois of irzes resulis ir light loxding
erd lo=s of time in louding. 411 thness «Uf2et *he time spent
in lozding. T2 loss of but & tenth o & minute on z2sen load
duz to long swing of fresno =moens the loss of ¢ hundred yerds
cn the deyts ocutpute Studios slsc show that very stiff cley
tends to incrsese the tinze required for losding, unlesding,
end turninge. Time losses Gue t¢ weathor gnd wmet subgrade rre
ccnalderahlo, The mules move ¢ 1itile more slovwly sndé therc

is & terndency %to loss timn in lozdinz zné dumning.

194]

tudizg elso indicste thet the time required tc operzte

the vheelor par oseh losd 1s zs followss:

4 WG St e o
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le turning et the cut, 18 se¢c., 2. turning =<t the 7111,
16 sec., 3. lording, 21 seC., 4. ¢nd dumping 14 soc. Theae
gre cperstlicns whieh sust be porformed sith cwvery losd, &nd
tha fect thet they sum up to only 1l.25 minutes ss ggeinst sn}
aversge consumption of 3 minutes por losd, in cddition t¢ ibe
time used in hauling snd in returning from the dump Crews stiane
tion to ths importance of miscellancous losses &3 £ fzetor $n
cutting down cutmut. This lcss of 1.75 wminutes par losd is
gbout 309 of the time required for o 400 ft. hen) &nd shout
207 of the time required for ao 80D fi. hsul. Such losses
arise from 21} kin s of &2isys wh;ch are similzr to ¢the lo-ses
enccuntsrsd on Tresngo jod

He Summary of Time Losges om Concrete Peving Preject

The lator snd ogquipment cest por dey for opereting e

mixer veries but little mvether the productiss is 30C or 400
tetenes per d8ye The vealue of elimineting 211 sveidadble cdelays
whether they zre largs or smsll czn readily be aporecisioad,

thet the everege higheay contrzctorts outfit opcr-

£n
[«
[»]]
o
[4]
)
g

gtas only zkout 60 to 65 per cent of the availsble working time

thst is actuslly spent on *re job and the rest of 35 fo 40 por

cent fs lost due to verious csuses ss summerized In the following

teble. Tima losses dus to resi or, hclideays sné Zundeys
ocecupy larger pa-centsges of tixe losses. Imnkdeguste surcly
of hsuling equipmant to supnly fthe mizer with the wexirmm nuw-
bar of katches it can mix per hour is one of ths csuses of

delay on scme prving iots. Trouble witw rster supoly for

~ ™

[V
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z2ixing sné curling cousecs another dzley on the sverege jobe.

9 t3)

These deleys mey be due to g lesky pipe line, to 2 pipe line

4
4
(nd
%
"
T4
g
4

thet is cnly 2 inches in 4%

is necesssry, or to & weter pump thetl Coes not have the cuncelty

- . - < e
tc supply {ke nocessary amount of weter, Or that =y Lo vorm

cute. Timo loss is somatimes csused by leck of mrotepislis st

te plant Yoesuse of uncertsinty of shipments of rggrigetes or

cemant,. Iime loss due to lack of preperzd end wet subgrede,

re

7]

vits of rain, fs =ost saricus toward peving opers'ione
irotner deley 1s the sixer Uroaskdown which is inevitatle in

& ¢ontinucus orareticn «very animute. T¢ so-celled mise

¢ellianecus delsys sre due io meving the tumtable, plscing the

exversion jointe, Interfersnce by th~ inspector ¢nd zuper-
interdent, slox operstion of the mirer operstor, etc. Thn

celeys so summsrizes mey be classlifiecd zs trose gvoidedbls ord

2ys, th~ contrscicr

uneveidarli=. In so f2r £38

42

yd

ctie de

£

vl

=

cen eligninste the lost time to 8 zinimunm by rigld cnd oreper

stpervision tnd cerefnl study ovar cvery ornoreticn. Uiktrout

g 2% ineh or 3 inckh line
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2.-’;ver-agad threz concrete peving jobs
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TARLE XAX
COHAPARTINOY OF VIR 23D “RUCE BN PROICTION &85 PROTUCTION
QOUPG INPDEEERG L PEOINTIaYS . (921)

Cwrwiht e

Ltom napslys of Compariaeon Prvor Cporation Trugk Llzav Fopgentagzy of
Opnration Inoratse or Doeoronge
TIent Cos™ —Coat of plant Top ™ (i EY SR YD)
(Hota 1) a b~-wilec road job D123 ,000.00 B 35,800 ,00 Qver pavopr plant
HoXe tTUOGK QRpRCGITY -
1 mile Loul, £ ou, Haxlmum of
Production  yde bote>, 10 hrs. 2847 inereaso
in opanation SCH Ouayis. 470 cuevilge oVer pevep
tlla Jdo. AVe fapumed oporation
pov day 607 of 310 CUNYine 202 0ulydse,
maximame.

Mumbor of oneydae
o 4 yoars brped on
seagon conorating

ooyrations of 100, 2;
100, and 200 duve P
100 doya for 4 yeara B ,600 cueyda 112,820 cu.vd.
100 ceye for 4 yooars 131,400 cuayd,. 1ED 00 ou.yQ.
200 deys for 4 yoavrs 175,200 cu.sy2e 225,600 on.yde

Cost per gue CORL DO Ole Yde X
vde. On the clusive of lebor sl
tho baagda of ropelir coaty
deprecinting 100 days oporation

plent invesnt-for 4 years 51416 por cueyde £1.9003 por aneyds. 17T dnoroanse
ment in 4 150 doya oporstion comproad Lo
vears (lcbor for 4 yeers T4 nayr QuLyd. 02 peor ou.yd, prvor

and ronalr 200 deys pperntion » opove tion
costs not for 4 yosrs W73 paY DY fUBOL Ty oneyd,

includad)

* - 4 ? ’

Hote 1 = Compurison trsed on Detsten tracics (7 begs ner Leteh) for dey~lotohing
to muvar, and Zecnbde yard traek mirzersa, tote) cuosoity in cneh orne
apguricd to L« tho 4quivalent of two "=hrng Lutotes <t 138008, or 58,8
eitble feot (22,1777 ouble yerdn) of mixed conorate pir ‘rip.
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ViZI. CONCLUSICE AVD OO EWLV.TIOH

1. Sthe coastrnction of conrcrete migheay preement 1is
essentlslly & manufacturing procsss or nrosressive serizs of
consecutive operations. If materizls are losded, they must be
na:lad, 1If thay sre hauled, they must be mixed, if they sare
nixzo, they mist be placed, spread end firishec srnd they must
ke cured. Svery operation must te coordinated gnd synchronized
in 2very nossible wey.

2. T™e spoplication of afficiency studies to tha paving

operatiors wiil throw some light end hove some check upon the

capecity snd sdaptebility of the muchine gnd the 2tility and

ot

skill ¢of tho leborers; it Induces them fc work Letter ¥ith

less wssted motli p enéd time, thereby reduci-g labor costs
through ¢ higher end nmore uniform rets of production; it
recucee the idle time of men end mechinery; it eliminciss to
the minimus the time losses of vorione avoideble and unevoid-
it

(£3]
w

eble delays througn the findings of stop-woteh rzeédings
rrovidos the contrsctor viih an accurste sceovmt of lztor
cost per unit of production; zné it cssures z higher quality
of procucCte
Se Indicat;on of current good oractice of concrete

rvaving operztion:

ze Proporticoning sggregates by reight ineressed in
sopularity during trhe pest yosr in the conc-eis nifhwey con-
gtructione.

t ulte 8 Tew states nave eCopted a strongth specle

e K



-3 Py
AV

“p)

fication either by veight or by ¢rdbitrzry mathods. In nesrly

as

-t

811 csses the comprecsive straniith specified is 3,000 pounls
per square inch ot 28 days. [rFroportioming strictly in sccord-
ence with the weter-cement ratlio lsw was practicec in nurarous
jobs thrcoughout the counmtry. Toe usuel specific-tion is & to
& =2llons of water psr bag of cemant.

Ce The generel trend to increese mixing time still
remeing to be seens ibout eishteen ststes now specify thet
cencrete shall be mixed for & pariced lonzer then ornc minute.
The usual inerease hcs been to 1~1/4 to 1-1/2 mimutes. Ficld
studies srow that the specificatiorn of increecsed mizing tirce
cdoes shorien 48ily producticnse

ds The asneral prectice of surface finishning hes
Leen roduced to striking off (by mechnime), iritisl belting,

removal of excess surfsce water Ty wrans of ¢ roller or Plect,

6. T practice of laying burlzp directly cn the
pavemrent surfece nss become standsrd practice In &l11 states,
e method of curing is optiomel ir most states. wat czrin
end ponding are 3111l *he fevordve mathods euployed by con-
trectorse oalelium enloride ie 8130 often usede The so-cglled
“Tunt Process”® mzthod for curing concrete pavement hos taen
sdepied by some stztes. It will prove its ussfuln-tss &nd
convenience in the modern conerete paving ecnztruction.

f. Continuous longitudinel =»fge beres inted or
#

~veay -

TAs dd ot A B A3 Bt A e < o s
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nlled to prevent bonding are quite geperzlly used in 21l

sections of the coumiry in concrate pavementss Ther> hes been

i

e gznsrel tensency to speclfy wire mash in concrste pavemen's
row teing tullt ir the vicinlty of motropolitar citirg, which
cerry necavy tratfice

g+ ¥ost states now specify trsnsvorse expension
Joints, with thelr placem-nt rarging at intervals o 30 to 200
ft. Th2 ususl specifigaticn is botween 40 ord 80 fte Thie oOnR-
struction of 47 wide expsnsion joints 2% 1300 ft. intervels
is specified vy the Iilinois State Hichyey Depsriment. 2rse-
tically cvery stete now specilfics s longitudinel center joint.
Tae “"dumsy jelnt™ hes bhean usad quite sxtensively ir ccocncrots
pavement construction in Pacific Coust states.

e The ususl secticn c¢f the thickencd edge type of
;avezeﬁt is 9-6-%9 inches, although & mumber of shtetes heve
gpecificd Q-7-9 snd 10-7-10 ssctionse.

f. The 20' peve-snt sesms to ke steondsrdized. The

construction of 40 wicde rozds nas horatofore taen confined

&

ore or 12ss Lo main erterics lesding ‘o metropoliten citi-se.
In constructing them, ona-heif the width, or 20 . is rTuilt

gt & time, This helf, a&ftor telng proporly cured, mey then

&

2 used Ly traffic while the second siric 4= being built
alongside

Je The use of T=trg 2 tatches truck seens te be
most populer; - ile three teichnnss truck is sonctires used.

in & long nsul over tienty miles, the use of imdustrizl rsil-




[

a0

1t

4

ways is not unusuel, vhere the grede is not over 5¢. Hauling

by the combinatlion of irucks snd industriel reilways has been

done irn some peving jobse. Studies show transfer of the loead
from the tr-cks to the rails or vice verse 1s the most serious
delsys.

e The gen-ral practice of loading the sggregates
seems to Tavor the btatching plant method. Central nronortion

plsnt method is not often usced in the rural highrey construc-

tione

2. 8tudlas show thzt In order #oc =ztigin the

B

Zrer cr
wmiform production, the follering reoguirerents must be mot:

£+ 2d=gusate snéd suitsdblse roed eguipment mst te uwsed.

. 8killed lzbor must be employed.

. T2 weather must ba such thet the work in guestion
cen te carried one.

d. Rigic supz-vision and effilcient mens goment must
be securede.

5. Rogd bullding machinery snd iis operstion snsliysis:

&« The substitution of power equipment for hang
and team vwork vahlch hes glresacCy been zccomnlished will noint
te 2z still greater dsvelopmsnt zlong these lin-s in th- futurc.

Tvery tise as tre rozd mechinery is improved, the deily pro-

'..’c

éaction is s&lso incressed.

b. The cuestion of Caprecistion end obsolence =sre

serious conslderations to the contrectors. Tith stendsrdizetion,

ne nes falir essurence thet the investment he makes today in zn

P PPN YIS



gxpensive mechine »111 not be gulckly impsired by thé gppeer-
ance in the merXet of & now mod~l shortly sfter his purchase.

ce In fresno work thoe various neceéssary cperstions
of losding, dunping, turning i erch end of thoe trip and

‘hrowing the fresno back into lowding nosition can reedily be
performad within 1 mimate. 4 normel frosno job will show an
average hevl of 175 feest. Cn such z job the zverage output

under sversge menzgenent would be stout 72 cubic yards per

fresno per 10 nour vorking dey.

Ce Fielid studins s*cw thet the totgl tive roguired

minutese Over 400 fect nzul the sheelor ls more necnonlesl

than the £resnO.

The $deal Tield ol ths elevsting grader is sdepted

Ce e .l

S

tc rollins preirie roezinms vhers cuts =re f2irly long snd th
o2 o

side slcne slight =0 2s tc zvoild much dosd-hesding and the scil

*ree from rotks, lurge btoulders or stumps. L ith

csn be speeded up to 250 feet per minutc.
P-4

Tne rovwer shovel is fer las: sffeocted by the

contour cf tho surfsce or the churacter ¢of the ms

"ected by “he kindé of mate ials, arngles cf

swinz, sizeo of stovels snd 4ie gleriness of tha operator.

is consicdersdly longer Tor tho wheeler then for the

LTl PSS O URINN

1GE 4 amizs s



168

8« £ good 1 cue ydeo erane in the hznds of s skiliful
oparator will move g buckst every half minute from a freight
car intc the hoppers and will operate &t s slightly higher
rate from the stoeck plles into the hoppars &s indicated bty the
gctusl ctop-wateh remdings. Tith good operation, the output'
should be sbout 60 cublic yurds por hour; but tha deily output
will hardly resc:h: the hourly cutput multiplied by the mumbor
of hourse Th~ reason ls the delays ceused by shifiing csrs
or mschine trezk downe.

he The 0)d homensde bin is practieally out ¢f use,
&8 the moasuring devicse is not so ccemrete and reliadls sné it
tekes 8 oinnte or s¢ to lond tho coarse sggregate and nelif thst
timg to losd the sand, while the moce n steel i~ will cdis-
eharge & 6 tag batenr in upproximately 20 seconds as indiceted
by th: sbtcep-watel: readings.

i. In place aof stenl binsg, & combination of bucket
1os§er sné belt is someti=os used. There 18 not gny datz availa-
able to snow which type of locding system is wmers nconomiczl,
but it coses indicete thet thz bucket losders ené telt tekas
cornsiderably more time to loed in & 2 tsieh truck then the
modern steel bins,

Je ©On = concrets vaving job the mixer is comsicered
es the “key producer”. The nrocuction ceprclty of £ £ bsg
mixer wey be taken zt 45 batches arn neur in the hends of en
experiznced znmd elart operator; hut the ~2fily cutput $ill herdly

resch the nourly cutput mmltiplied by the pumber of working

AT A A A e ok e A # 1o e e



mead

bours. The reason 1ls the delsy ceused by insdegquste sundly of
materials end haglling cquipmont, mizor bresk-Cown, vrprenered
subgrade, eic.

ke %o hi

"3

@ the trucks on the bertch wileoags Tasis

)

is morc eccnomicel $c tho coniracior thai (o parchsse s fleo &

QO

of truexks, if 11 the fuctors sre considored such as, first
cost, intnrest, deprecistion, mcintensncs =nd repsir znd over-
nesde The number of trueks to be supplied deperds upon tne
size of truck used, whsther 2 or 3 btatch, distence o e hsuled,

Eal

on o¥ the rosd, tihe toigl tire re-

’.h

spead of the trucks, condil

LA

reired te losé the soarregatos end cement a2t the meterisl yurgd
grd miscellsneous deleys. Th- conirsctor is werned to hrve

one or more trucks oa tho job than ore scluslly needed in erd-r
to gucsrd sgetinst any unaxzrpected delays which canse the mixzers to
stop cpsreticne.

i« The fect thct the use of Indusiriszl rsilwveys
eppsars to be decreesing is that & righvey comtrrotor Tho
invests in this for:m of =2guipm2nt finds thet & lzrge part o
his working cepitel is tied up in equipment enc otrner raoscons
ere the nich costs involved,.

Te The zdeqguacy of the pumping plant depends &bso=
Jutely on tre uss of & »ipe linz of such sizs th=% the pressure
head will alwsays be within the limits for uhiehr the pump is
éasigned. Thzr: are vitsl differaznces between z pusp designed

to cdeliver 12" ellons g =minute cgeinst

fa
X3
3
&
0
5]
£
§
D
w
o
]
fu
0
]

120 nounrds and one designed to &2
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2 prossure heed of 400 poundse

6« The daily cost of opersting s modern rosd bullding
vlant is resrly indepsndent of the rste of precduoction. ~'e note
s daeily opereting cost of A73.,00 for the cower shovel snd S70.00
for the wagon; the cost holds zood whethsr the moteris) dug is
400 or 200 cue yde. & de¥. ind the .2ily cost of oz rating s
fleet of road paving cguipment is 2400.0C whothar th delly
praducticon of prvement be S0 fent or 1200 fect. The Tollowing
censid-rations strongly indicate *hzt & proper znd efficient
menagement hes great effect or preduction ond ceorrespondingiy

its unit ccste.

e Lenst» of "=l

G. Vsricus operstions unds™ poor o2né Jo0l meEnsTe-

2 in daye means sweunt of money seved
in dollzrs with the result of Rirk F22ly out-ut,
121

fo Th2 nither th: &ily output vill e lover th-

regt 07 percentrge

rozé peving job &s e 1little over $0F and ‘ho

of ti-e lost 3s Cuo to svoidalle and unsvoidatle aelsys. They
ETC,
s .0sther {s ow, {rosi, rain)

'
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be Hixer trcuble

g. Lack of mrterisls (cemend, sggrogetes)
dé. Inzdecusts water supdly

e. ivck of prepzred subzrede

f. Inadequete supply of ssuling =quipment
g« “ot subgrade

he Zoving &né assesbliing the slant

I. *xeess lengtt of mizxing cycle

Je Slow operation of thc mixer srnerster
ke FHoliday sand Suncsy

l. Troudle with wator vips or mster vusmp

fe 2iscellansous (firnisrer, zoving of the =iver =ndé

and reinforcenents, att,)

Se As it iz censrally rscognized, te nover holds the
"key ané the bottle neck™ in zeving production. It ssems iret
s ang€ 32T hzve resched thelir meximum:
capacity end usefulnesss 5o higher outsut ce- be czpectsd on
t2e present rprocess, unless 2 now system is iIntrcduced.
?eeently, the so--2el1lad nix-in~irensit systom or truck mizer
wasdlueed cn “h2 merket. It offers z grest 20s8'bility of
inereasing the faily ouilput. TLs adventages and signilicance
ovar the r»resent power sre worthy 3f coasiérrastionm emd

Seption by the highwmay contricticre

[,
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