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NORTH CAROLINA COUNTY ROAD AND FINANCE 
SURVEY 

Report of a Cooperative Investigation by the North Carolina State Highway Commission, the North Carolina State Tax Commission, and the United States 
: Bureau of Public Roads.! 

NDER the general direction of Gov. O. Max 
Gardner, a cooperative survey of county road 
mileage and financial operations of the counties 

of North Carolina was undertaken July 16, 1930, 
by the State Highway Commission of North Carolina, 
the State Tax Commission of North Carolina, and the 
Bureau of Public Roads of the United States Depart- 

ORGANIZATION 

The financial affairs of each county are administered 
by an elective board of county commissioners consisting 
of three, five, or seven members. The total number 
of commissioners for all counties during 1930 was 407. 

The county board fixes tax levies, sets up and 
approves budgets, and, in general, under the statutes, 

ment of Agriculture. 
The purposes of the sur- 

vey were to ascertain for 
each county the mileage 
and location of county and 
township roads, and to de- 
termine the amounts and 
sources of road revenue, 
the purpose for which ex- 
penditures of road revenue 
were made, the amount of 
bonded indebtedness out- 
standing forroad purposes, 
rates of taxation levied for 
road purposes, and other 
information which would 
beof use in a general exam- 

exercises the powers of a legislative 

The cooperative survey of county road mileage and 
finance which was conducted in North Carolina during the 
latter half of 1930 revealed the existence of numerous defects 
in organization and administration. It is believed that 
many of the conditions found in North Carolina are charac- 
teristic of other counties throughout the United States. 
For this reason the text of the report on this survey is 
presented here, in the hope that it will prove of value to 
those interested in promoting efficiency and economy in the 
construction, maintenance, and financing of county roads. 
A number of tables giving data for the individual counties, 
which were included in the report as submitted to the 
Governor of North Carolina, are omitted here. With this 
exception, all the material which appeared in the original 
report is included in this article. 

The first part of the report discusses the manner in which 
the survey was conducted and the data which were obtained 

and administrative 
body. In 24 counties the 
board also serves as acounty 
highway board having juris- 
diction over the expendi- 
ture of highway funds. In 
44 counties the highway 
board consists of an inde- 
pendent membership com- 
posed of from one to seven 
members. These boards 
supervise expenditure for 
road purposes only and do 
not have power to fix tax 
rates. In 26 counties some 
form of township road or- 
ganization exists,composed 

ination of the local road 
finance and management 
in North Carolina. 

Because of the limited 
time available for thisinves- 
tigation, certain features of 
the survey were made on a reconnaissance basis. Thus, 
road mileage was measured with speedometers, road 
locations were determined from existing maps, and 
where tax settlements had not been made by the 
sheriffs a reasonable estimate of probable collections 
made by county officials was accepted. 

The actual work of collecting road-mileage data and 
the preparation of the maps was undertaken by the 
State highway commission, operating through the nine 
divisions of the commission. The collection of data 
with regard to highway income, expenditures, bonded 
indebtedness, tax rates, etc., was undertaken by the 
State tax commission and the United States Bureau of 
Public Roads, operating through field parties which 
visited each county seat and obtained data from the 
county records. The task of analyzing county records 
was greatly simplified by the fact that the legislature of 
1927 created the county advisory commission, which 
had set up for nearly all counties a standard accounting 
procedure which was accepted and operated by the 
counties in a very creditable manner. 

North Carolina, with a total area of 52,426 square 
miles, has a land area of 48,744 square miles, which has 
been used as a basis for comparison with road mileage. 
This area is divided into 100 counties, with an average 
area of 487.4 square miles. 

from the various counties. 

1 This survey was executed during the period July 16 to Dec. 15, 1930, by the per- 
sonnel of the organizations cooperating. The work was carried on under the direction 
of R. A. Doughton, chairman of the State highway commission, and A. J. Maxwell, 
chairman of the State tax commission, The following employees contributed full- 
time service during this investigation and assisted in the preparation of the final 
report and maps: Messrs. T. M. Denson and C. M. Sawyer, of the State highway 
commission; Fred W. Morrison and Prof. Mark C. Leager, of the State tax commis- 
sion; and George G. Clark, A. E. McClure, and W. A. Blanchette, of the U.S. 
Bureau of Public Roads. 
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In the second section a résumé 
is made of the facts disclosed by the investigation. 
third section consists of recommendations for the improve- 
ment of conditions in the counties of North Carolina. 

of from one to three mem- 

The bers with varying powers 
over road matters. In sev- 
eral counties the township 
boards levy taxes, collect 
and expend the proceeds 

without county supervision. In others, the levy is fixed 
and collected by the county and expended bythe township. 

County engineers appointed by the county boards 
are found in 25 counties. In 18 of these counties, road 
superintendents are also employed. In 49 counties 
actual supervision of road work is vested in a county 
superintendent of roads, who is employed by the board 
and receives instructions from that body. In the 
remaining counties the members of the board of com- 
missioners also serve as heads of the road forces in the 
townships comprising their respective districts. 

The lack of uniformity in local road organizations{is 
due primarily to special legislation enacted by the legis- 
lature permitting deviations from a standard organiza- 
tion, or to the enactment of special laws which set up 
new forms of management and organization. 

FINANCES 

The local road program of the fiscal year ending June 
30, 1930, was financed almost entirely from local tax 
levies. Although approximately $3,000,000 was made 
available to the counties from State funds, only 15 of 
the 100 counties elected to spend their share on roads, 
the remainder applying their contribution to the debt 
service fund used to pay interest and principal on out- 
standing county obligations. 

The legislature of 1929 made available to the coun- 
ties the proceeds of the additional 1-cent tax on gaso- 
line. This sum, with $500,000 from the regular State 
highway fund, comprised the $3,000,000 fund available 
to counties for expenditure for road purposes under the 
supervision of the State highway commission or to be 
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expended for retirement of outstanding indebtedness 
under the supervision of the State debt commission. 

Table 1, compiled from the records of all counties 
for 1930, shows the sums made available for county 
and township road purposes. 

TasLE 1.—Total funds available to all counties of North Carolina 
for road purposes during the fiscal year 1930 

Y. paleo road end bridge bonds ses sa ee $100, 059. 36 - 
De WALG., Of, TIO CER A Steer ee tee ce eee ee ee 338, 023. 60 
3. Appropriations or transfers from other funds__ 124, 596. 44 
4. Tax collections: 

Current year] ae aes $5, 461, 486. 63 
Previoussy cares sees ee 276, 361. 25 

5, 737, (97. 88 
O; vate LUMAs COMEEIO UW Ge Cees ee aetna eer ore 283, 165. 14 
6.2 Miscellaneous coni esse eee 480, 834. 30 

‘Lotalinewoitinds TOT Veal a= eee ee ere 7, 064, 476. 72 
Balance brought forward from preceding year_-_ 2, 705, 567. 69 

9, 770, 044. 41 

From these figures it will be seen that support of 
local roads is dependent largely on local tax levies. 
These levies vary from 7 cents per $100 in Buncombe 
County to 75 cents per $100 in Ashe County, rates in 
general varying inversely with the wealth and popula- 
tion of the counties. The total road taxes collected 
during 1930, current and delinquent, represented about 
19.3 cents per $100 for the State as a whole. The aver- 
age tax rate levied in the 10 wealthiest counties for 
1930 was 14.7 cents on the $100, with the highest rate, 
19% cents, in the tenth county. The other side of the 
picture is shown in the 10 poorest counties, with levies 
averaging 21.2 cents and a range of from 7 to 65 cents 
on the $100. 

Of the 26 counties levying township taxes, which 
amounted in 1929 to a total of $951,667, total levies in 
14 counties amounted to only $94,826, or an average 
of less than $7,000 per county. In the remaining 12 
counties levying $856,841, the average was $71,400 per 
county, with three exceeding $100,000 per county. 

The fiscal year for counties begins July 1 of.each year. 
Property taxes are not due until November 1 following, 
with the result that in most counties the road adminis- 
trator is confronted during the period of most active 
work with an empty treasury and in many cases with a 
deficit. ‘To relieve this condition county boards may 
sell ‘‘tax-anticipation warrants” in amounts not to ex- 
ceed 80 per cent of the taxes levied. The restriction 
on the amount of notes sold was placed by the legisla- 
ture of 1927 and was intended to correct abuses of note 
selling, which in many instances in previous years were 
not repaid but were converted into long-term bonds. 

BOND ISSUES 

The total amount of county and township road bonds 
outstanding on June 30, 1930, as nearly as could be 
determined from county reports, was $100,066,572. 
These bonds, in general, were of the sinking-fund type 
with 20 to 30 year terms, bearing interest at rates 
ranging from 4) per cent to 6 per cent per annum. 
The weighted average rate for all issues was 5.247 per 
cent. This total includes only those bonds appearing 
on the records as issued for road and bridge purposes. 
These bonds covered loans and donations to the State 
highway commission, costs of construction of county 
roads and bridges, and deficits in the road funds of the 

! Where notes were repaid during 1930, such items do not appear in these totals. 
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counties. For many years it has been a more or less 
general practice of county boards of commissioners to 
cover a deficit in the road fund with notes which were 
later covered by bonds. Such road and bridge bonds 
as have matured and have been covered by issues of 
funding bonds have, in general, lost their identity on 
the county records as road funds. Such bonds do not 
appear in the above total. No reliable estimates of 
the amount of such funding bonds outstanding properly 
chargeable as road bonds could be obtained. 

The information regarding amounts in sinking funds 
for the retirement of outstanding bonds was somewhat 
confused, because of the rather general practice of 
treating all bond issues as a common debt with a com- 
mon sinking fund for all. Again, in many instances, 
casual inquiry developed that sinking funds had been 
borrowed for other departments of the county or 
invested in real estate loans, which are in some instances 
in the status of frozen assets. In general, detailed, 
accurate information in regard to sinking funds for 
road and bridge bonds was not available during the 
progress of this survey. On account of the wide powers 
vested in local officials by statutes and special legisla- 
tion to issue bonds, and the promptness with which 
interest charges have been paid, a ready market for 
such securities has been found. Therefore, many 
improvements which might have been financed from 
current revenues by the imposition of an increased road 
and bridge tax have been met by the issue of notes 
which have been later converted into bonds. 

County board relations with the State highway 
commission have brought about transfers of county 
funds to expedite the construction of particular sections 
of the State highway system. In general this procedure 
has involved a loan to the State which has been later 
repaid, or an outright donation to the State. In a few 
instances sections of State road have been built by the 
counties and then transferred to the State highway 
system. County funds in the amount of $16,799,- 
576.40 have been loaned to the State highway commis- 
sion, of which only $4,770,651.28 is still outstanding. 
In addition to this sum the counties have donated to the 
State outright $8,772,869.93 without expectation of re- 
payment. The State highway commission is making 
repayments as rapidly as funds become available. 

Under the terms of recent State legislation new bonds 
and refunding bonds issued must be of the serial type 
and tax levies must be provided for the payment of 
principal and interest. During 19380 principal require- 
ments of bonds maturing, both of sinking fund and 
serial types, amounted to $2,324,368, while interest 
requirements amounted to $5,249,407, giving a total of 
$7,573,775, a sum in excess of the annual county road 
expenditures for maintenance and almost as much as 
the costs of construction and maintenance combined. 

Deducting from the outstanding bond issues the sums 
due from the State highway commission, the donations 
actually made to the commission in cash, and roads 
built, there still remains outstanding a sum of bonded 
indebtedness far in excess of the present worth of the 
highways remaining on the county systems. By far the 
greater part of the excess represents deficits from pre- 
vious years; that is, ordinary road and bridge expendi- 
tures converted into bonds by way of notes. 

Therefore, the present debt service levy, in part, 
represents a charge that should have been levied during 
the past decade when taxes were low and deficits were 
allowed to accumulate. 

eS ee ae 
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EQUIPMENT 

By means of a questionnaire sent out by the North 
Carolina County Advisory Commission, an estimate of 
the road equipment owned by the counties and town- 
ships was obtained. These replies showed an estimated 
cost of equipment on hand to be $2,588,000. Of this 
amount $1,887,600 was located in 47 counties operating 
convict forces. The remaining $700,400 was located in 
the 53 counties dependent on hired labor for road upkeep. 

It was not possible with the force at hand and the 
limited time available to make a check and appraisal 
of the equipment in each county, but interviews with 
field representatives of the State highway commission 
and study of county expenditures indicated that road 
equipment purchased was in many instances of the 
heavier and more expensive types. This may possibly 
explain the gasoline, oil, and grease bill in excess of 
$900,000 or $20 per mile per year for each mile of county 
road in the State, many miles of which showed no 
evidence of having benefited from regular maintenance. 

CONVICT CAMPS 

Forty-seven counties of the State maintain convict 
camps or stockades for the incarceration of misde- 
meanants and felons serving less than 10-year terms. 
The authority for the organization of county prisoners 
and short-term felons into county camps is found in 
chapter 24, articles 2 and 9, and chapter 70, article 4, 
of the consolidated statutes of North Carolina and 
numerous public-local laws applicable usually to a 
single county but occasionally to two or more. 

The official in charge of a prison camp is generally 
termed the superintendent; or he may be the county 
superintendent of roads; or, in other cases, the county 
road engineer may exercise general supervision over the 
camp. 

Due to the multiplicity of public-local laws, little 
uniformity as to organization of camps and utilization 
of inmates on road work exists. In general, able-bodied 
prisoners are placed in the road gang and utilized at 
the discretion of the superintendent. 

The records of expenditures and road mileage show 
that few miles of high types of road surface—i. e., 
bituminous macadam or better—were constructed 
during the last year. Therefore, convicts were used 
largely for the maintenance, repair, and reconstruction 
of earth, sand-clay and topsoil types of road. State- 
ments of camp officials and local and State road officials 
tended to establish the opinion that the use of prisoners 
under the supervision of armed guards on work of the 
latter type did not produce results at a low unit cost. 
Several reasons were assigned for this condition: 
First, the cost of guarding small bodies of men at work 
on maintenance or small repair jobs; second, the in- 
efficiency of the prisoners; third, the difficulty of 
obtaining superintendents possessing the necessary 
knowledge of road building and maintenance combined 
with the ability to develop efficient work from the 
prisoners, the latter reason having the greatest effect on 
the results secured. Many superintendents strive to 
keep the prisoners at work, but in many counties more 
emphasis is placed on labor ‘performed than on efficiency 
of the results secured. 

Another vexing phase of the convict problem is the 
large number of short-term men, many of whom are 
diseased, who pass through the camp for 30 or 60 day 
terms. The labor of these men does not reimburse the 
county for court fees, clothing costs, medical attention 
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and subsistence, all of which are paid from the road 
fund. 

No figures were available as to the average number of 
convict camp prisoners in the State. Messrs. Steiner 
and Brown, of the University of North Carolina at 
Chapel Hill, estimated in 1927 that 2,500 were so con- 
fined. This estimate seems 3 be fair and reasonable. 
The total expenditure on account of convict camps in 
1930, a ouie all costs shown on the county books, was 
$1,289,686.57, or an average annual cost to the taxpay er 
of $515 per cetera using 2,500 convicts as an average. 
Wide variations from this figure may be found in indi- 
vidual counties due to differences in accounting proce- 
dure and efficiency in managing the camps. 

EXPENDITURES 

The total road expenditures of all counties and town- 
ships during 1930 reached a total of $8,233,280.93, 
excluding the transactions covering short- term notes 
which were executed and paid during the year. Follow- 
ing the arrangement of accounts recommended by the 
county advisory commission, the expenditures are 
listed in Table 2. 

Tasue 2.—Total road expenditures of all counties in North Caro- 
line during fiscal year 1930 

Percent- 
Item | Amount | age of 

| | total 

i General Over aeadiex pense. ee. eo ee eee | $271, 856. 41 | 08) 
ee COMIC CUM OS eer tere eee ers Sake muse res es ns | 1, 289, 686. 57 | 15. 6 
o.eViaintenance'ot roadsiand: bridges. 52s 2, 725, 807. 93 | Son 
4 CONStLUCHON OL TOAGS an: DIIdl6Suee 2208s ee se ee 1, 342, 611. 63 | 16.3 
i, TOO wero ann Cxcayan. ee eke ee ee eS 2a) ASS 74, 651.48 | 16.7 
6. Interest on short-term notes________..________- es Se de ens 70, 745. 78 | 0.9 
(anne paloLshort-(Oum WOtesase se. == eam ee oe oes oe 94, 903. 74 | alt 
Se GrasOuUNes Ol AMC OnCRSOea es ete ee | 908, 144. 47 | sue | 
9. Miscellaneous expenditures (not classified in the records) - 157, 872. 92 | 1.9 

8, 233, 280. 93 | 100. 0 

These accounts were made up as follows: Under item 
1, all expense and salaries for those road officials em- 
ployed in or about the court house, including fees of 
county commissioners; under item 2, all salaries and 
expense incident to the convict camps as shown on 
county records; under item 3, all materials, salaries, 
wages, and other items entering into road maintenance; 
under item 4, all materials, salaries, wages, and con- 
tracts entering into road and bridge construction ; under 
item 5, all expense incident to the repair and operation 
of equipment except gasoline, oil, and grease; under 
item 6, interest paid on short- term notes, the proce eeds 
of which were placed in the road fund; under item i 
payments of principal of short-term notes carried for- 
ward from the previous year; and under item 8, all 
purchases of gasoline, oil and grease. 

The last-mentioned item, comprising so large a part 
of the total expenditure, is reported as a separate 
account, because the records were not kept uniformly 
throughout the State, as in some counties all gasoline 
was charged to convict camps, in others to equipment 
expense, and in some instances to construction or to 
maintenance; and also to bring out the relationship 
existing between equipment on hand, the cost of repairs 
and replacements, and the cost of gasoline, oil, and 
erease used in operation. Equipment on hand was 
valued at $2,588,000; equipment repairs and operation 
except gasoline, oil, and grease, $1,371,651.48; and 
gasoline, oil, and grease, $908,144.47. The combination 
of the last two items equaling $2,279,795.95 is more than 
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25 per cent of the total local expenditures for construc- 
tion and maitenance. 

Another classification of accounts recommended by 
the North Carolina County Advisory Commission 
groups expenditures as shown in Table 3. 

TABLE 3.—Alternative classification of road expenditures for all 
counties 

Group Amount 

1. Personal services = 8 Seve ae ee ec ee eee ee ee $2, 399, 511. 28 
9) Supplies-atid materigls... 2) <.22" 2 ee ee 2, 514, 890. 89 
3. Other expenses including road contracts 22-2 sane eae eee 2, 408, 693. 15 
4. Purchases of equipment other than replacements-______------------ 708, 452. 04 
§. Expenditures not. classified =<. --= 3ee™ a= eee eee ene 201, 733. 57 

8, 233, 280. 93 

A further analysis of these groups follows. 
Under Group 1, the item of wages (labor pay rolls) 

leads with an expenditure of $1,713,111.83. Guards 
for camps cost $254,130.52. Salaries of superin- 
tendents amounted to $219,651.04, the remainder of 
the expenditure falling into small items. 

Under Group 2, major expenditures are found as 
follows: 

Gasoline soil and Crea seme = =e aes ae ene a $908, 144. 47 
BoOGvalG PLO VISlC Tis es eee ee 321, 319. 38 
AlsbeotoxsuenoemdtineMey em Be Re oP ee eee 213, 043. 63 
Heedsanid (animale supe see ae ee ee 177, 903. 56 
Motor-vehicle supplies and parts 2222222. 2222-_— 92, 585. 60 
Hardware: and“paititse. 22 Se ee ee ee 45, 829. 28 
IW eretvornave ohare! Chaya). es eke eee 19, 761. 49 
W Garin Oa ppar eles a Sree eee ace ee ee eee ares ee ee 78, 074. 92 
LexsrolobavertnoelNMMSINe oe eee Se hes. = 18, 794. 18 
police: AUD 610) sneered eae ar ee, SR a eR a has Lee pe 26, 762. 73 
Tired and! (UbDese= 2 See oe See eee seer ieee eee 21, 185, 44 
Household and janttorsup plies a= e= a nee 19, 586. 35 
Road materials: 

EixplOSi Ves a= =e ae eee eee $17, 940. 98 
Cemet tess. 8 24-2 S es sae ae 10, 161. 69 
Sande se Ree a eee ee ee 8, 556. 34 
Grivel 22522243222 22 eee See 21, 989. 40 
Brick) 2 See ae ee 72, 24 
Stones 223.20 200 5 ee ee ee 35, 283. 03 
Pipe, tile, and culverts... ....=- 117, 314. 56 

22 S011 Ske 4 

The total of road materials purchased, as above 
stated, is very small, but it must be added that it does 
not include the materials used on construction contracts 
as these were not segregated in the county records. 
Other items in this group were small in amount and of 
little significance. However, unclassified items total- 
ing $300,396.92 were found listed under this group in 
the accounts of the counties. 

Under Group 3 outstanding expenditures were as 
follows: 

Miscellaneous construction___.____.________.__- $1, 479, 818. 09 
Blacksimichin ram cles lio en ise se eee ere 11, 423. 80 
Repairs to buildings, fences, ete._...._.._.____- 18, 507. 80 
Repairs and replacements to equipment _-_____-_ 357, 288. 61 
Repairs to automotive equipment___._________- 124, 797. 07 
Interest: and? discounts 5 eee oe eee 62, 591. 44 
Insurance and) Domino pene 41, 129. 36 
Miscellaneous (not classified) _........_.._.__-- 241, 361. 49 
Freight, drayage, and express_.___.._._.___.=- 11, 316. 84 
ACWATOSH NC Caml aig CS cre eee eee eee 10, 911. 23 

10, 960. 06 

Other small items less than $10,000 each make up the 
remainder of the expense. 

Under Group 4 purchases were as follows: 

Hlectrice light and:easoe Se ee eee 

Ofice equipments. 22ers 2 ee See eee $396. 91 
Automobiles 5. 2 See eee ee ee ee 20, 896. 79 
Trucks ...2. 3.06 ee ee ee 172, 997. 61 
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Wagons and harness) —— Jo aeee aoe nee eee $2, 484. 85 
Road. machines: \222- 22 Sas eee eee 69, 727. 27 
Other Machinety andseequl pei yee ae 294, 327. 45 
Livestock 222. 2-4.4e5- eee ee 6, 261. 00 
Land oo chee ee eee eee 2, 267. 03 
Buildings, structures, and fences* 2 es =e eee 30, 764. 95 
Rifles:and puns: 2 2 See ee ee 169. 35 
Books and libraries] > = 5e—.==—— === 3, 306. 65 
Miscellaneous (not classified) ...-..-._.-2-.---..2 3, 027. 50 

Group 5 includes all items in all counties which were 
not clearly classified on the records. In a very few 
counties it is still considered sufficient to merely record 
the amounts expended and the recipients, ignoring the 
value for administrative purposes of a statement of the 
kinds, classes, and amounts of things purchased. Other 
counties simply listed various purchases for which no 
subaccounts had been provided under the general head- 
ing ‘‘Miscellaneous.”’ 

Sufficient detailed records were kept in at least 
ninety-five of the hundred counties to present a reason- 
ably accurate statement of the general road disburse- 
ments for the State. 

ROAD MILEAGE 

No accurate survey of the local road mileage has ever 
been made. The survey covered by this report was 
instituted about August 1 and field work was completed 
during October. Because of the short period of time 
available, short-cut methods were of necessity adopted. 
United States Soil and United States Geological 
Survey maps were available for almost all counties. 
These maps, of varying dates, showed all roads in 
existence at the date of survey. With these maps as a 
base, parties from the district offices of the State high- 
way commission traversed by automobile each public 
road in each county, making speedometer records of the 
length of each, its type of construction, and its classifi- 
cation as A, B, or C according to its general traffic 
importance in the county system. 

In order to preserve some measure of regularity of 
classification, a form of the type indicated below, defin- 
ing the three classes of road and indicating the informa- 
tion desired, was issued for the guidance of road-survey 
parties. 

North.Carolina cooperative county highway survey for the fiscal 
year ending June 30, 19350 

Percentage 
of labor, 
materials, 
and sup- 
plies used 
for annual 
mainte- 
nance 

Major classification of county highways according to traffic | Miles 

| 

Class A—highways whose major purpose is to serve inter- 
community tratics 2... 2-512. cease ee ee 

Class B—highways serving in approximately equal propor- 
tIONS farny ang ANbercOmUMUNI hy treaties ee | Ne ee ee ens 

Class C—highways whose major purposeis to serve traffic be- 
tween farms, mills, camps, etc., and roads of classes A and B.|_-..-_-___}_--_________ 

Each map was reviewed at the central office of the 
commission in Raleigh. Connecting roads were 
brought into agreement at county lines and new maps, 
with a scale of 1 inch per mile, were prepared. Of 
these maps two are reproduced here for purposes of con- 
trast. Figure 1 is ‘a map of Mecklenburg County, a 
highly developed community with a close network of 
county roads. Figure 2 is a map of Clay County, 
which is sparsely populated and has a relatively unde- 
veloped road system. 

Mel? oa ane 
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MILES 

STATE HWYS 160.30 MILES 

COUNTY HIGHWAYS 

CLASS 
A 230.1 MILES 

B 279.5 
CG 63.4 

TOTAL 573.0 

TYPES 

HARD SURFACE 97.9 MILES 

TREATED SURFACE 4 99 | 4 
SAND-CLAY, GRAVEL 
GRADED 469 
UNIMPROVED 0.0 " 

TOTAL 573.0 
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COUNTY * 
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The survey made in 1926 by the United States 
Bureau of Public Roads, by visiting each county seat 
and obtaining estimates from county road officials, re- 
vealed a total mileage of 65,311.1.. The results of the 
survey just made show a total mileage of local roads 
amounting to 45,090.5 Table 4 shows the mileages of 
each type of road as given by the two surveys. 

Taste 4.—Comparative mileage of different types of road as shown 
by surveys of 1926 and 1930 

Mileage 

Type 
1926 | 1930 

survey | survey 

Earth roads, unimproved_-______- bP Se hae ON ee OM, OS. 20,359.0 | 11, 807.7 
Barth Toads arn proveda. © seas se = ee ee ee 23, 531.5 | 19, 056.8 
Sand-clawcanidl tOp: SOI. comes ee Bees eee ee ees 17, 845.6 | 12, 260. 2 
Sand-clay, ete; treated 6 2 Fe ee, ee ee oe ee ne 335. 1 
Gravel, chert, shale, treated and untreated___.___________--__ 2, 689. 3 850, 2 
Waterbound macadam__--____ Cee ee DAE hn S, E Dieu Vi 
Bituminous macadam = ss see eee ee eee 250. 5 | 137.4 
Bheeb asphalh. Sie ee ee ee eee 104. 2 | 71.8 
BitaMIMOUs CONGPETC ce eee ee eee ee ee | 24.5 159. 0 
Portland cement concrere= a. ee eee ee ee 236.8 |° 203. 7 
Briék< 2h. Ape. ee 4 ee ee ee eee 32. 5 | 33. 5 

‘Lots suriaced. mileage e 2= 2 ee ee ee eee 21,420.6 | 14, 226.0 
AOL AISI SOBs < Se s Sen e re e e  e 65, 311.1 | ~45, 090. 5 

The discrepancy between the two sets of figures may 
be attributed to two reasons—-first, overestimation by 
local officials in 1926 and, second, transfers of county 
mileage to the State highway system. These transfers, 
according to the records of the State highway commis- 
sion, are as follows: 

Type Miles 

Harthvodds. 232 oes ee ee eee eee een eee 995. 05 
Topsobgsancd-cl aye ec = ee eee 1, 405. 60 
Oi-treated roads topsoil pec.) mae ae aes 22240) 
Gravel ee 22.0202 SS ee ek ee 64. 95 
Mat@scamm :.. 2 pr So See een ee ee ee 54. 00 
Asplialtcc 22. 5 ee ee See ee ee ae eae 2s 
Concrétéses. 2 See Se ee ee ee ee 47. 35 

‘Dotal.. S62 335.0 Se ee ee er ee 2, 654. 60 

With a discrepancy of 20,220.6 miles between 1926 
figures and the results of the 1930 survey, with 2,654.6 
miles accounted for by transfer, 1t is apparent that the 
1926 estimates were made on an optimistic basis. 
These discrepancies in mileage, varying from a few 
miles to an extreme case, in one county, of 250 per cent 
of the actual existng mileage as determined by the 
present survey, indicated on the part of county officials 
an astounding ignorance of the extent of the road mile- 
age under their jurisdiction. 

During the progress of the survey estimates were 
made by the field parties of the amount of construction 
and reconstruction performed by the counties during 
the year just closed. County mileage constructed and 
reconstructed during the fiscal year 1920 is shown in 
Table 5. The mileage improved, as stated above, 
represented 6% per cent of the total county mileage. 

The classification of the roads into classes A, B, and 
C is admittedly an approximate segregation. How- 
ever, in the absence of a complete traffic survey, it was 
believed that by this effort a classification which would 
be of some value in determining traffic flow would be 
secured. The results of this segregation and the esti- 
mated amounts expended for maintenance of three 
classes of roads are given in Table 6. 

The sums expended for maintenance were obtained 
by-deducting from the total, expenditures for construc- 
tion, financing, etc., which left a sum of $6,567,146.86, 

TaBLE 5.—Mileage of roads constructed and reconstructed by the 
counties of North Carolina during the fiscal year 1930 

: | Con- Recon- 
Type | structed | structed | Total 

Improved earthit~s2. 6 = a re eee 699. 5 408. 5 1, 108. 0 
Sand-clay and topsoih2 8 oe soe eee eee 619.3 785. 8 1, 405. 1 
Sand-clay and topsoil, oil treated_....._.--..-_--.-=_ . 16.2 12.7 28.9 
Gravel, chert, et@= 2... "sstsc 2325. nee see eee 126.9 84. 6 211.5 
Macadam... 2. .*23 x20 ee ae Ss ee eens : 7.9 45.0 52.9 
Bituminous macadeam ose sae eee eae ee ae eee 3.6 3.6 
Bituminous. concretes 2S see ee ee ee i eae ee 10% 
Portland cement concrete, sy ses ee ee eee eee | pee See 9.3 

Grand totals <2. ee eee | 1,480.1 | 1,340.2] 2,820.3 

which, for the purposes of the survey, was classed as a 
maintenance cost. It is more than probable that some 
of the reconstruction or betterment costs, especially 
for work done on topsoil and sand-clay roads, are in- 
cluded in this sum. However, there were no data 
available from which to make such corrections; and for 
the purpose of obtaining the ratio of maintenance 
expenditures on the three classes of road, the effect of 
the inclusion of some items of expense for purposes 
other than maintenance will be small. 

TABLE 6.—Classification of North Carolina county roads according 
to traffic umportance and analysis of maintenance expenditures 
on each class 

i ' | 

| | | 

| | Annual ex- pee: 
Class | Miles | Percent | penditure for | Per cent pee ae 

| maintenance | ee 
mile 

oS oa Sa | 5 — 

deer eet fae a a DE | CAS 7b 32 25. 2 | $2, 343, 133. 28 | 35.8 $207 
Bytes coe oe Oe ee | 17,.477..0 38.7 | 2, 557,710. 79 | 38.8 146 
Ose, ee ee eee | 16, 238.3 36.1 1, 666, 302. 79 | 25. 4 102 

FLotalae nee | 45, 090. 5 100.0 | 6, 567, 146. 86 | 100. 0 146 
| 

The computation of average maintenance expendi- 
tures per mile assumes that the total expenditure was 
spread over the entire mileage of each class of roads. 
As previously stated, observations made during the 
course of the survey indicated that there were many 
miles, particularly of the less important roads, that 
apparently had not received the benefit of any system- 
atic maintenance expenditure. The figures given in 
the table as average expenditures are therefore theo- 
retical; and, as there was probably some mileage of 
each class upon which during the year there was actually 
no expenditure, the true average cost of maintenance 
for the mileage maintained would be somewhat higher 
than the theoretical averages. 

With this explanation, the table shows that class A 
mileage, including the important county arteries, com- 
prises about one-fourth of the county mileage. These 
roads should carry the greatest traflic and do receive a 
higher expenditure per mile for upkeep. It would 
follow in a well-coordinated road-improvement plan 
that the improved mileage would be found in classes A 
and B, as the total of surfaced mileage (14,226) is some 
2,850 miles in excess of the total of the A group. How- 
ever, as county boards are not permanent bodies, the 
plans of one board are not binding on their successors, 
and with each member of the board free to develop 
policies of the subdivision of the county represented by 
him, the road maps reveal a considerable mileage of 
class A road lacking improvement and a corresponding 
percentage of class C mileage which has been improved. 
This condition occurs throughout the State and is the 
inevitable result of the lack of definite program and the 

a 
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expression of the individual judgment and preference of 
members of the county boards. 
No attempt was made to determine the miles of the 

various types of roads appearing under the A, B, and C 
classifications, as time and sufficient personnel were not 
available. County roads, in general, are not built to 
the standards set by the State Highway Commission 

Of course, some either in width, alignment, or erade. 
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County maintenance in 47 counties is handled by 
convict gangs and in 53 counties by hired labor. In 
general, Toads falling in class A receive the first atten- 
tion from the maintenance forces, with roads in class C 
receiving whatever funds may be left after the A and B 
roads are attended to. 

With a large mileage of earth roads, improved and 
unimproved, ‘and with topsoil and sand- clay the pre- 

G = O R G | A 

LEGEND STATE HWYS. 32.35MILES 
COUNTY HIGHWAYS 

STATE HIGHWAYS amar) Le ees 
COUNTY « — A= A 30.25 MILES 

5 3 8 89.25 " 

: SCALE c 28.80 

sires UG eS he ey ie Fate y 
HARD SURFACE =e TYPES 

TREATED SURFACE 
SAND-CLAY,GRAVEL 

MILES HARD SURFACE O.OOMILES 
TREATED SURFACE 0.00 

GRADED SAND-CLAY, GRAVEL 

UNIMPROVED t : GRADED 9.30 
CONSOLIDATED SCHOOLS @) FiegurE 2—Mapr or Cray Country, N. C., SHowine Strate UNIMPROVED 139.00 1 

County Roapbs TOTAL 14830 " 

exceptions may be found, but of the county mileage 
being taken over by the State, the greater percentage 
requires widening, easing of curves or “actual addition of 
material. 

Future construction by the counties will be of limited 
mileage annually for a number of years because of 
shortage of funds. Bond issues are few and small in 
amount, except for refunding purposes, and public 
sentiment, especially at this time, is unfavorable to an 
increase of road taxes. 

dominant types of surfacing, road maintenance becomes 
largely an operation of cleaning ditches and dragging 
surfaces. Labor utilized after “cleaning and dragging 
have been performed at necessary intervals becomes 
labor more or less wasted as far as lasting improvement 
is concerned, and this aspect of convict utilization 
offers a fruitful field for future study. Some procedure 
should be developed to secure greater utilization of 
convicts on permanent improv ements than is now being 
done in many counties. 

RESUME. OF FACTS DISCLOSED BY SURVEY 

County road laws and procedures in North Carolina 
have not kept abreast of the actual changes occurring 
in volume and kind of traffic developed since 1868, at 
which time the present constitution of the State was 
adopted. For many years subsequent to the adoption 
of the constitution, horse-drawn traffic, the sole user 
of the highways, was small in amount and the radius 

Roads therefore were a local 
problem, used by the adjacent residents, and their 
condition was a matter of no concern to the residents 
of other sections of the township or county. Admin- 

istrative road units comprising a township were better 
suited to local road needs in 1868 than they are at present, 
when automobiles may cross a township in 15 minutes 
and some counties in about a half hour. Rural high- 
ways are no longer a township matter, and, as this sur- 
vey indicates, at least 25 per cent of the rural roads 
outside of the present State system are of intercounty 
importance. Again, township road officials, executing 
their offices as part-time occupants, with their regular 
vocations requiring their best efforts and attention, are 
not qualified to meet modern traffic needs and require- 
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Tasue 7.—Hstimated expenditures for public road maintenance 
by the counties of North Carolina ranked in groups of 10 according 
to assessed valuation 

TABLE 9.—Hstimated expenditures for public road maintenance 
by the counties of North Carolina ranked in groups of 10 according 
to population 

= Ce Per $100 | Per square Per Per mile * | Per $100 | Persquare| Per® Per mile 
Counties valuation mile | capita of road Counties valuation mile | capita of road 

Cents | Cents | 

Etrst: Cen. = er ee eee 15.9 $408 | $2. 40 $398) First tenecss-== | 16.9 $338 | $2. 33 $274 

Second tenes = eee 28. 0 Pu 2. 40 178 Second ten_- 29.2 199 | 2.32 175 

‘THIrd tense eee ee ee eee 27.0 137 92 Is7e “thirdstenss== 2252 164 | 1.95 149 

HWourthylen =e Pe te Be a 22.8 101 | 1. 86 17S" Fourth wens 22 eee eee 23.6 93 | 1.80 99 

Pith tenet oss eee eee eee eee 27.8 102 1. 94 10402 utth tenses. === ee Pues 100 1.97 122 

Sixth tele. S202 ee  eeee ee 29. 8 93 1, 92 TOA Se Sieth: Denise ee = sate re eee reer 23. 4 82 | 1.70 83 

Seventh: teneta= ees en 25. 0 67 IE Gil V5 pOCVenLh tenes ee tae eee 28. 4 98 | 1.95 117 

Highth tenusese2- ee 29. 6 60 1. 90 O527 Highth) tent ss se ee ee ee | Ziad 57 | 1.81 88 

INInthi tensa see ee ee cad 25. 4 62 1. 66 75 INGG COT ae ae es eee eee 24.5 58 ih 7Al 82 

SNenthst enon ae nae one eee eer 32. 6 44 1. 94 00a shenth tenses a" ee a a eee rae 32.0 47 | 2. 30 93 

A VOIR SO se Se ea kee eee ee | 22. 1 135 2. 04 145 A:VGrage se! ea ees ae eee 2221: 135 2. 04 145 

TasLe 8.—EHstimated expenditures for public road maintenance by 
the counties of North Carolina ranked in groups of 10 according 
to land area : 

Tasie 10.—Estimated expenditures for public road maintenance 
by the counties of North Carolina ranked in groups of 10 according 
to road mileage 

| 

BAe Per $100 | Per square Per Per mile ae | Per $100 | Per square Per Per mile 
Counties valuation mile capita of road Counties | valuation Anile capita of road 

Cents | Cents 
HurstsLens) aeee ear eee Sees Be ere 26.8 $96 $1. 97 Side RRirst ten eeeee se eee ee eee 21.6 | $148 $1. 94 | $123 
SeCONG.tOnveesee) ee to eee eee ee 23. 6 144 2, 22 L58\ SeCOnd tenes seen = ee awe eee rene | 230 209 2. 40 172 
JIPG\Ctis= Pe ease oe a eee eee ee 21.4 218 Oro 998-2 hind tem: eee oe ees | 19.3 208 2. 36 212 
EGUnEH ater es ee ene Mee ee eee ee es 22.8 103 Hewat 113 ae Rourth tens ee ee 24. 6 134 2. 00 142 
ALEC HG COU see eee eee a eee Pm eee ee 24.6 140 2, 06 134 SUP ith: tenet = ee ete ee eee eee 20. 4 110 1. 80 128 
Simtla en Se et en eae ee eee 21.5 71 1. 41 82" “Sixth: Tene ee ee ee en eee 22.8 139 Fe il53 151 
HOVemthteninc =~ eee eee eee Ita % 155 1. 84 172 t Seventh tens. ee See eee 29.6 89 1.91 102 
highthuten®..) 2s eae ee ee 22.0 208 2. 38 208; Hight tenes. ses see re ee ee 24.8 83 1.88 121 
INtn theienwe 2m. fees oe ieee ee eee es 26. 4 106 | 1. 96 1082 SN Ghent oe ee ee ewe | 20. 5 59 1. 60 101 
Nenthitenk =o. es eee ee ee a 18.5 108 1. 74 125. Renthiten Se aa bee Se ees 20. 5 67 1.92 167 

AV OLALO. OL Oe ee ee eee ee 7p). Ih 135 2. 04 145 tA Veral@in te 2572 eo ne ee eee | 2271 135 2. 04 145 
| 

ments with the full use of modern equipment and pro- 
cedure found so useful in the construction and mainte- 
nance of State highway systems. 

COUNTY ROAD EXPENDITURES ANALYZED 

It is at least an open question as to whether or not 
there are too many counties in North Carolina. Ten 
counties contain 42 per cent of the assessed valuation 
of the State, 20 contain 56.7 per cent, 30 contain 67.8 
per cent, and 40 contain 76.5 per cent. This situation 
reveals that 60 counties contain only 23.5 per cent of 
the wealth, with the result that fixed charges necessary 
to maintain a county seat and the officials required by 
law imposes a tax upon property far greater in per- 
centage than in the counties of the first groups. The 
effect of this condition is shown in the analysis of the 
road problem given in Tables 7, 8,9, and 10. In these 
tables the 100 counties are ranked in groups of 10 on 
the basis of the four major factors, assessed valuation, 
area, population, and road mileage; and the estimated 
expenditures for public road maintenance are analyzed 
in relation to these four factors. The same total of 
$6,567,146.86 was used in these comparisons as was 
used elsewhere in this report as being the sum actually 
expended for upkeep of existing roads. 

These analyses show that per capita expenditures are 
highest in the richest and poorest counties, while the 
tax on property is at its lowest rate in the richest 
counties and highest in the poorest counties. It is 
apparent that a low tax rate in the wealthy counties 
produces sufficient funds to carry out maintenance 
with a surplus for construction, while, on the other 
hand, the poor counties are compelled to raise their 
rates in order to provide for the absolutely necessary 
road-maintenance requirements. 

CONVICT CAMPS AND ROAD EQUIPMENT 

Two of the largest items of cost in counties that 
employ convicts are the maintenance of convict camps 
and road equipment. The relation between the cost 
of maintaining the convict camps and the mileage of 
roads in a county, and the similar relation between the 
value of machinery owned and mileage of road, may be 
considered to represent the relative sufficiency of the 
convict establishment and machinery owned. A county 
in which these ratios are high may be considered as 
relatively fully equipped; one in which they are low 
must be-considered as less fully equipped in respect to 
both convict forces and road machinery. There is in 
the various counties a wide variation in this relation- 
ship, indicating a very considerable variation in the 
sufficiency of the labor supply and machinery equip- 
ment for the road maintenance requirements of the 
several counties. 

Thus, in New Hanover County the cost of convict 
camps per mile of road in 1930 was $326.70, while that 
for Harnette County was $2.44. The average cost of 
convict camps for all counties using them was $47.27. 
Among the counties using convict camps, New Hanover 
County showed the highest value of machinery owned 
per mile of road, $398; Duplin County, with $14.90 per 
mile, showed the lowest value. The average value of 
machinery owned per mile of road by counties using 
convict camps was $69.30. Among the counties not 
using convict camps, Onslow County had a value of 
machinery owned of $181.50 per mile of road; Alle- 
ghaney County had only $3.03 per mile. The average 
value of machinery owned per mile of road by counties 
not using convict camps was $39.30. ; 

It is not necessary to go into the question of what 
constitutes adequate equipment. It is sufficient to 
point out that, as the character of the work done in the 
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various counties in North Carolina does not differ 
greatly, certain counties are obviously much more 
fully equipped to do the work than others. Some may 
be overequipped; some may be underequipped. The 
investigation that has been made has not been suffi- 
ciently complete and searching to determine with 
exactness the optimum equipment in any case; but the 
facts gathered do indicate that there is wide variation 
in relative adequacy of such equipment. 

In the relations of convict camp costs and machinery 
value to assessed valuation of property, a similar wide 
variation in the ratios for the several counties was 
observed. Again, it is not necessary to consider at 
this time what would be a reasonable ratio; it is 
sufficient to note the variation in these ratios, which 
may be considered as measuring the relative weight of 
the burden represented by the cost of convict camp 
maintenance or machinery ownership, as the case 
may be. 

In Buncombe County the cost of convict camps per 
$100 assessed valuation was 10.5 cents; in Cleveland 
County only 1.6 cents. The average cost of convict 
camps was 5.6 cents per $100 assessed valuation. 
Among those counties using convict camps, the value 
of road machinery owned in Scotland County was 24.2 
cents per $100 valuation, while that in Gaston County 
was valued at 2.0 cents per $100 valuation. The aver- 
age value was 8.2 cents. Among those counties not 
using convict camps, Onslow County, with 75.0 cents, 
showed by far the highest value of machinery owned per 
$100 valuation; while Mitchell County, with 0.1 cents, 
showed the lowest value. The average value for this 
group of counties was 10.5 cents per $100 valuation. 

It may be further observed that in certain counties 
the burden of machinery ownership is relatively heavy, 
although the value of machinery owned per mile of road 
is relatively low; and that in other counties in which 
the value of machinery per mile is relatively high, the 
burden represented by such ownership is relatively low. 
Similar comparisons may be made in respect to the 
cost of convict camp maintenance. 

REDUCTION IN NUMBER OF COUNTIES DESIRABLE FROM 
ECONOMIC VIEWPOINT 

In the conditions brought to light by these compari- 
sons lies the crux of one of the most serious problems 
of local highway administration in North Carolina, as in 
other States. It is clear that the root of the difficulties 
springs mainly from two facts: (1) That the county 
unit 1s not sufficiently large to include areas of rich and 
poor development within the same administrative 
borders; and (2) that the area of the average county 
and the extent of its road mileage are not sufficient 
to permit of full utilization of the force and equipment 
required for economic highway operations. 

Thus, the small, wealthy county is not much more 
favored than the large and poor county. Though the 
latter ts likely to suffer economic loss by reason of the 
poverty of its equipment and resources, the former is 
almost equally susceptible to loss by reason of the 
incomplete utilization of a rich endowment. 

Considerations of this nature apply not only in the 
field of highway operations but in all other phases of 
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county administration as well, They suggest that it 
would be desirable that study be made of the need for 
continuance of the present number of counties. With 
the present facilities for travel provided by the State 
highway system, at least half of the present number of 
counties could be consolidated and the residents of the 
larger counties would be in a closer touch with the 
county seats than the inhabitants of the present coun- 
ties were ten years ago. 

With respect to highway administration, similar 
advantages would accrue from a pooling of convict 
forces and machinery for the common use of several 
counties comprising a group of sufficient size to permit 
of an equalization of the financial burden and a more 
complete utilization of resources. As a practical meas- 
ure it appears that the grouping represented by the 20 
judicial districts of North Carolina merits careful 
consideration.. 

In the fact that county authorities were so unfamiliar 
with the highways under their control as to have re- 
ported in 1927 a total mileage exceeding by over 17,000 
miles the mileage discoverable in 1930; and in the fur- 
ther fact that such improvements as have been made 
have been distributed apparently with little regard to 
the relative importance of the highways; in these facts 
revealed by the survey there is more than in intimation 
of inefficiency in county administration as at present 
organized. 

In the enormous total expenditure for gasoline, oil, 
and grease there is strong evidence of waste and mal- 
administration. In the practice of bonding for ordinary 
annual expenses of maintenance and repairs, there is 
strong evidence of the need of supervision by competent 
financial authority. 

It is also evident that a part of the cost of State and 
county law enforcement is being paid under the guise 
of road expense. There is no reasonable excuse for 
the payment of criminal court costs from highway 
funds. Whether or not it is possible, in view of the 
constitutional limitation upon property taxation, to 
correct this anomaly is a question that deserves con- 
sideration. 

Ad valorem taxes collected during 1930, including 
current and delinquent taxes, imposed a burden for the 
State as a whole of 19.3 cents for $100 valuation. 
Ninety counties imposed rates of less than 35 cents, 
while seven counties levied taxes at rates ranging from 
39 cents to 75 cents per $100. These rates, in general, 
are very moderate and the tendency to the higher rates 
is observed in those counties whose necessity for exist- 
ence may be questioned. 

Additional funds, if required for local road purposes, 
should be secured by additional local taxes. The State 
gas tax and motor vehicle fund has been reduced to 
the point where further diversions of funds to local pur- 
poses would endanger the present State plan of financ- 
ing, constructing, and maintaining the State highway 
system. The present gasoline tax rate is now 5 cents 
per gallon, and this approaches the refinery price of 
gasoline. Additional gasoline taxes if imposed would 
tend to become a sales deterrent, probably reducing 
the income derived from that source. 
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1. It is recommended that the present law giving 
counties the option of using their allocation of gasoline 
tax for general county debt service or for road purposes 
be amended so as to limit the use of such funds to road 
purposes. This law now requires that expenditures 
of the proceeds of the 1-cent gasoline tax for local road 
purposes be made under the supervision of the State 
highway commission. The gasoline tax is imposed 
upon motorists to provide for highway improvement 
and upkeep, and a diversion of these funds to other 
purposes should not be made. 

2. Recent additions of county roads to the State 
highway system have created a condition whereby the 
State highway commission, with its present supply of 
funds, will not be able for many years to improve in 
accordance with traffic requirements the mileage now 
under its control. Further additions to the present 
State highway system or diversions from the State 
highway fund to other purposes should not be made. 

3. This investigation reveals that under the present 
county and township organizations road funds are, in 
many instances, expended without regard to the traffic 
importance of the particular roads improved. To 
remedy this condition provision should be made for a 
classification of local roads on the basis of traffic surveys 
and other investigations by State and local officials 
working in cooperation, and for the development of a 
financial plan to provide for the progressive construc- 
tion and annual maintenance of the several classes 
consistent with the resources available and the traffic 
importance of each class. Pending the development 
of such a plan, there should be no increase of taxation 
for local road purposes. 

4. Machinery purchases, operation, and upkeep for 
local roads are the occasion of much uneconomical 
expenditure. Some adequate State supervision and 
control should be established so that necessary ma- 
chinery purchases may receive the benefit of the reduc- 
tion in price to be obtained by group purchasing, that 
the selection of machinery may be more in accord with 
the actual needs, and that large units of equipment 
needed for only occasional work may be moved from 
one point to another, to the end that waste by idleness 
of eee of equipment which now exists can be 
avoided. 

RECOMMENDATIONS 

5. It is apparent that efficient utilization of the 
present county convict forces presents great difficul- 
ties, especially in the ordinary maintenance of the 
roads, and it is likewise apparent that there are few 
counties that will have sufficient money available for 
construction purposes in the immediate future to give 
profitable employment throughout the year for their 
convict forces. It seems necessary, therefore, that 
in order to work county convicts economically they 
must be divided under two general groups, so that those 
who are classed as ‘“‘honor prisoners, ’’—those who can 
be worked without guards—can be utilized in ordi- 
nary maintenance work by the counties; and that those 
prisoners who have to be worked under guard, and 
therefore in larger groups, may be administered under 
some plan of district organization composed of several 
counties operated under the control of the State prison. 
Local road organizations could then obtain from this 
district camp groups of prisoners from time to time 
for use in the construction of roads, when funds are 
available for that purpose; and the district prison 
camp could develop such other lines of work as would 
supplement the road work that was available. 

6. All township and special road district organiza- 
tions should be abolished at an early date, and all con- 
trol over the roads now under their supervision should 
be vested in organizations of wider territorial jurisdic- 
tion. 

7. Additional powers should be vested in the North 
Carolina County Government Advisory Commission 
over budget and accounting affairs in the counties. At 
present these powers are advisory. The addition of 
supervisory and regulatory powers to this commission 
would be of great value in further standardizing financial 
procedure and safeguarding public expenditures. 

8. Plans should be formulated whereby a State pur- 
chasing agency may serve the local road organiza- 
tions in the standardization and purchase of road 
equipment and supplies. 

9. Finally, it is recommended that the State high- 
way commission be charged with general supervision 
over improvement and maintenance of the roads 
classed as of major importance under the classification 
of local roads on the basis of traffic surveys, as pro- 
posed in paragraph 3. 
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TRUCK OPERATION AND PRODUCTION IN CONCRETE 
PAVING WORK 

By Andrew P. Anderson, Highway Engineer, Division of Management, U. S. Bureau of Public Roads 

AREFUL studies on more than one hundred Port- 
land cement concrete paving projects throughout 
the United States show that an average of 17 per 

cent of the time during which the construction crew is 
out on the road ready to work is actually lost because 
of insufficient supply and faulty operation of the 
hauling equipment. The function of the hauling 
equipment on a concrete paving job is simply to trans- 
port the batches from the material yard to the mixer 
skip at the rate at which they may be utilized by the 
paver. To perform this function effectively should 
not be very difficult; and yet its inefficient conduct is 
probably the reason for more losses in profits and more 
failures of contractors than any other one thing. 

In order to obtain a better insight into this rather 
general difficulty and, if possible, to develop some con- 
crete evidence as to how and to what extent these time 
losses may be reduced or eliminated, an intensive 
analysis was made of the accumulated field records of 
the production studies which have been made on ac- 
tually going projects by the engineers of the division of 
management of the Bureau of Public Roads. These 
records now contain fairly complete data on more than 
a hundred concrete paving jobs on which trucks formed 
the hauling equipment and on each of which the studies 
cover a period of from one to three months. They are 
of sufficient volume, therefore, to be reasonably repre- 
sentative of present general practice under actual 
field: conditions. The more pertinent facts disclosed 
by the analysis of these records, and especially by those 
accumulated during the past three years, form the 
basis of this article. 

CONCLUSIONS OUTLINED 

These facts seem to indicate clearly that good man- 
agement should find it both possible and profitable to 
reduce materially the interruptions to continuous 
mixer operation which now arise on the average job, 
and that it should be both possible and profitable to 
eliminate by far the greater part of the mterruptions 
arising from faulty hauling operations. While it will 
no doubt prove profitable to reduce considerably the 
delays due to occasional shortages in the supply of the 
hauling equipment, their entire elimination under 
present methods of operation will probably be impossi- 
ble without unwarranted expenditures. 

There is also ample evidence that the insurance pro- 
vided against an occurrence of too many of the more 
expensive mixer delays due to fluctuations in the 
normal rates of operation justifies a certain apparent 
oversupply in the hauling equipment. The operation 
characteristics of the hauling units as well as all 
auxiliary equipment can readily be determined on any 
particular job, both as to their individual operation and 
as to their combined effect on job operation and rate of 
production; and, when these operation characteristics 
of the hauling units have been properly ascertained, 
the number of trucks required to supply the mixer 
adequately on the varying hauls from day to day can 
readily be determined. 

Other points brought out in this study are that on 
short hauls the main factor in determining how many 

batches any given truck can deliver per hour is not 
primarily the road speed but the length of time the 
truck must spend in the yard and at the mixer during 
each trip; and that given equal road speeds and present 
normal operating conditions, a two, three, or four 
batch truck does not deliver to the mixer as many 
batches per hour as two, three, or four 1-batch trucks, 
respectively. It was found that on 122 concrete 
paving jobs on which trucks were used for batch haul- 
ing, the average length of haul was 2.65 miles. In view 
of these facts it is evident that the relative production 
efficiency of single-batch and multiple-batch trucks is 
one rather important factor which should be given full 
consideration in the selection of equipment for a given 
job. 

The data indicate further that the present rather 
common practice of subletting the hauling of the ma- 
terials on a batch-mile, square-yard, or other similar 
basis introduces interests which are often antagonistic 
instead of mutual, in that the largest possible profit 
from the hauling will be secured when the rate of pro- 
duction is held at a point at which the profits from 
mixing and placing the batches are actually considerably 
below their possible maximum. 

CAUSES OF LOW PRODUCTION DISCUSSED 

In order to obtain a clearer conception of the condi- 
tions under which the average concrete paving con- 
tractor operates, Jet us first list the main causes which 
contribute to keeping down his production. For prac- 
tical purposes these can be grouped under two main 
heads: Less-than-capacity load on the controlling or 
key equipment, and the operation of this equipment at 
less than its maximum rate. The latter, by far the 
most common cause of low production, is generally due 
to various more or less frequent interruptions to the 
steady, continuous operation of the key equipment. 
These interruptions or delays are generally termed time 
losses. In our studies we have for the sake of clarity 
divided these time losses into two classes: First, those 
consisting of definite stops each 15 minutes or more in 
duration, and, second, those less than 15 minutes in 
duration. The extent of the time losses of the first 
class as found on the average job is shown in Table 1. 

TaBLe 1.—Delays of the first class—Per cent of total available 
time lost by the mixer in definite stops, each 15 minutes or more 
in duration 

| Per cent of 
| available 

time lost 

Rain and wet subgrade:_.-2.2-- -.-__-=---=2-. ees ee ee eee 17.5 

Moving plant set-tp ss 25 se a a ee 3 

Tack Ol Materinis see: a ee ee ee ae ee ae 3. 

Iuack of prepared subgrade_2--=)--.=-------=--- = nae oreo 3.0 

Inadequate supply and faulty operation of hauling equipment__-___-___| 3.0 

IMEI Aet Mel ice ae ones ee Uke eS ey ee ee ee 2.0 

Hache Otawaten abe lkOn eet eee ieee ee ee 2s 

Loading plant trouble_--_----_- } 

Miscellaneous causes- ------ 0 

After the contractor has obtained his contract, set 

up his plant, and assembled his crew, we can thus 

247 



248 PUBLIC ROADS Vol. 11, No. 12 

predict that the average job will lose, for various 
causes, about 40 per cent of the available working hours 
in definite stops each varying from 15 minutes to days 
in duration. Nearly one-half of these time losses are 
each less than one-half day in duration, and thus 
directly affect both mixer and hauling equipment 
operation. But this is not the end of the troubles. 
The records also show conclusively that every job 
loses a considerable amount of time in minor delays or 
interruptions, each less than 15 minutes in duration. 
Furthermore, all these short-time losses occur with the 
full crew on the job and are thus proportionately much 
more costly than full-day losses when most of the crew 
is not paid. The average of these minor time losses 
based on an analysis of 122 jobs is shown in Table 2. 

TaBLe 2.—Delays of the second class—Average time lost to the 
mixer for minor delays or interruptions less than 15 minutes in 
duration, expressed in percentage of the net working time, or total 
available time minus all time losses 15 minutes or more wn 
duration 

| Per cent of | Per cent of 
Gaiee of delac net work- | total work- 
Ca aes ing time | ing time 

lost lost 

mee a, 

Hauling Sduipment Sup Diy: = .c-nees= oa 5 eee eee 2.3 1.4 
Hauling equipment, opération=——-~---2_- 2 = eae! a9 4.7 
PAUeOCUIPIICNG, CUI DINE re eee ee 2.0 ise 
Lack or trouble with water at mixer_..........-.-.-------- Bas 1.9 
SUD PTaAGOndela ys as ee yee ee ee ee ee ind 1.6 
MIXeMODELSUOL. 5. soce sees oe eS eee a ee eee aad 1.3 
Mixer trouble 22 2 ee ee Aen oe a eee 1.9 ie al 
Lack of materials and supplies in place __-__- ye ee Oe eA) 0.7 
Birris fir teens = re et Ss See eee 0.7 0.4 
Miscellaneouss=- 22-2 30 2a ee ee oe ee 2.1 1.3 

ARON een See ENR SP erry DR Ste Rao ae Bek ha) 26. 0 15.6 

Many of these second-class delays or minor time 
losses, and frequently most of them, are of very short 
duration, but are usually repeated every cycle, so that 
their total often becomes astonishingly large. Further- 
more, all these losses occur with the full crew on the 
job and are thus proportionately much more costly 
than full-day losses when the crew is not paid. Table 
2 shows that the average job loses 26 per cent of the 
net working time or 15.6 per cent of the total availa- 
able time in delays and interruptions none of which are 
as long as 15 minutes and most of which are each of 
only a few minutes or seconds in duration but of a con- 
stantly recurring nature. In these minor time losses 
12.2 per cent of the net working time or 7.3 per cent 
of the total working time are due to the hauling equip- 
ment. These losses are divided on a percentage basis 
as follows: 19 per cent, or about one-fifth, arise from 
actual shortage of the hauling equipment; 17 per cent, or 
about one-sixth, from dumping the batches; and the 
remaining 64 per cent, or nearly two-thirds, from faulty 
or inefficient operation of the hauling equipment on 
hand. Itis noted in Table 1 that 3 per cent of the total 
available time was lost due to the hauling equipment 
in stops of more than 15 minutes’ duration. These 
naturally all occurred while the full crew was on the 
job and might better be included under the net working 
time losses. On this basis the time losses chargeable 
to the hauling equipment amount to approximately 
17 per cent of the net working time, or 10 per cent of 
the total available time. 

CONCRETE PAVING CONSTRUCTION DEMANDS SYNCHRONIZED 
OPERATION 

In order better to understand why it is that the 
hauling equipment is the cause of such large and per- 

sistent delays to the continuous operation of the mixer, 
it is necessary first to realize how the modern concrete 
paving job is conducted and what factors or conditions 
influence or control its rate of production. In a report 
published in 19251 it was shown that the process of 
constructing a concrete pavement 1s essentially a con- 
tinuing operation in which the maximum rate of 
production is fixed by the requirements which deter- 
mine the length of the mixer cycle; and that every 
interruption to the steady, continuous operation of the 
paver on this cycle results in a decrease below the 
otherwise possible rate of production. There is, 
therefore, practically no opportunity for any appreciable 
variation in the rate of any of the numerous dependent 
operations. Nor is there any chance to anticipate the 
requirements of these different operations, except at 
the loading plant, where there is usually some oppor- 
tunity to provide sufficient storage of materials to 
eliminate the delays which might otherwise occur due 
to switching or the nonarrival of cars. 

From this point on all operations are closely inter- 
dependent. The materials must be proportioned, 
loaded, and hauled to the paver at a rate determined 
by the duration of the mixer cycle. The operations of 
finishing and curing can not be allowed to fall behind, 
nor can those of preparing the subgrade, setting the 
forms, placing steel, and forming joints be allowed to 
lag, but all must proceed at least at the general rate 
set by the mixer. 

Losses of time occasioned by lack of coordination 
between the various operations involved in the paving 
process are irretrievable. Not even the loss of a single 
batch from the given maximum rate during one hour 
can be made up by more rapid operation during the 
next hour or the next day. If, for example, the mixer 
cycle is 75 seconds, the maximum possible rate is 48 
batches per hour; and a production of, say, 45 batches 
during one hour can not be made good by a production 
of 51 batches during the next hour. <A batch lost is a 
batch lost beyond recall. 

Such decreases in production would not*be a very 
serious matter were it not for the fact that, exclusive of 
materials and hauling, the daily or hourly cost of 
operating a concrete paving plant is practically con- 
stant, whether production is at the maximum possible 
rate or at almost any fraction thereof, so long as it is 
operating at all. The records which have been exam- 
ined show rather conclusively that the average hourly 
cost of operating a modern concrete paving plant, 
exclusive of materials and hauling, is seldom less than 
$40 or $45 for every hour the paving crew is out on the 
road. If, for example, the mixing time and operating 
requirements permit a mixer cycle of 75 seconds and 
the hourly operating cost is $40.80, the operating cost 
per batch will be only 85 cents when the outfit is 
working at 100 per cent efficiency, and this cost will 
rise to $1.70 per batch when production falls to 24 
batches per hour. This example emphasizes the im- 
portance of keeping the mixer in continuous operation 
on the lowest possible cycle. 

Under the usual field conditions neither the mixer 
nor the hauling equipment can be operated for any 
extended period of time at 100 per cent efficiency. 
Theoretically, the mixer can be operated continuously 
on some definite cycle determined in part by its mechan- 

1“Efficiency in Road Construction,’ by J. L. Harrison, Punic Roaps, Vol. 6, 
No. 9, November, 1925. 
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ical condition and the skill of the operator, but mainly 
by the specifications and working methods required. 
In practice, neither truck nor mixer operation ever con- 
tinues for any length of time at this maximum possible 
rate, and still more seldom do both attain this rate 
simultaneously. A large number of causes seem to 
conspire to prevent perfectly coordinated operation. 

cement is used a canvass cover is usually spread and 
fastened down after the cement has been dumped on 
the batches, or a special container is provided. The 
truck then proceeds to the mixer. 

The turntable is usually placed some 200 to 300 feet 
ahead of the mixer. The truck drives on the turn- 
table, is turned 180°, backs off and proceeds in reverse 

In OrpER TO Maintain A SHoRT Mixine CycLte tHE Truck Bopy Must Br Hoistep to Dumprna Position BEFORE 
THE TrucK Is BackED TO THE SKIP 

As the rate of maximum production is approached, the 
difficulties of maintaining this all-essential degree of 
coordination multiply at an amazing rate. This does 
not mean that highly efficient operation is impossible, 
for the records show many cases where for a week at 
the time operation reached or closely approached 95 
per cent of the theoretically possible maximum 
production. 

HAULING OPERATIONS ANALYZED 

For the purpose of giving the reader a better under- 
standing of the reasons for those large, persistent, and 
expensive losses which are due to the hauling equip- 
ment, a somewhat detailed analysis will be made of 
the operating conditions of the hauling equipment and 
the functions with which it is associated or on which it 
is dependent. On the average well-managed concrete 
paving job, the hauling equipment cycle is about as 
follows: The truck on entering the material yard pro- 
ceeds to the batcher to receive the sand and coarse 
aggregate. Usually some maneuvering is necessary in 
order to get the truck into position under the batcher; 
especially is this true where more than one size of 
coarse aggregate is required and two bins are used. If 
the truck carries more than one batch, it requires some 
movement before taking on each additional batch. 
The truck then proceeds to the cement platform where 
a stop is made to take on the cement bags. If bulk 

toward the mixer. If sacked cement is used, it is a 
common practice for the men who empty the bags ts 
board the truck at the turntable and empty the bago 
on top of the batch while the truck is being turned and 
backed to the mixer. On some jobs a definite stop is 
made at some other point well ahead of the mixer, 
where the cement bags are all emptied before the truck 
proceeds to the turntable. If no turntable is used the 
turn is usually made somewhat further ahead of the 
mixer at a place where one or two forms are temporarily 
omitted so as to provide more room for maneuvering. 
If the previous truck has been unloaded the oncoming 
truck proceeds to the mixer, hoists the body to dumping 
position, and as soon as the skip is down backs into 
position on the skip. The dump man then drops the 
first batch; and the truck is driven ahead sufficiently 
to clear the skip. After the latter has been emptied 
and returned to the ground, the truck is again backed 
up and another batch is dropped. When the last 
batch has been dropped, the truck is immediately 
driven ahead, the body is lowered, and the truck 
proceeds to the material yard. On arrival at the yard, 
the end gates are closed and the truck is ready to begin 
the cycle of the next load. 

TRUCK OPERATING TIME SUBDIVIDED INTO TIME CONSTANT 
AND HAUL 

Truck operation may be subdivided into two parts. 
The first part includes the time spent while the truck 



250 PUBLIC ROADS Vol. 11, No. 12 

is being loaded at the material yard, plus the time 
required for turning, backing, and dumping at the 
mixer, plus such waits or delays as are necessary or 
incidental to both these operations. The total time 
required for these operations is designated as the time 
constant. The second part is the time spent in travel 
between the materials yard and the mixer, and is 
designated as the haul. The items going to make up 
the time constant will be considered first. 

An analysis of the various steps comprising the truck- 
operating cycle shows considerable variations, but an 
examination of many truck-haul jobs studied during 
the past three years shows average values as given in 
Table 3 for the items which go to make up the truck 
time constant, or the time which the truck spends each 
trip in other operations than actual driving on the road 
between the materials yard and the mixer. 

) TasBiE 3.—Average truck time constant on all concrete paving jobs 

Time consumed, in seconds 

{ 
| 
| 
| 

| 

Operation or item | 
1-batch | 2-batch | 3-batch | 4-batch 
truck truck truck | truck 

| 

Batcher plant: | 
Loading sand and stone or gravel___--_--_| 15 59 114 | 190 
Loading cement___- poe ge th Ye 28 80 106 | 110 
Driving and maneuvering within yard__-_- 81 99 102 100 

Mixer: | : 
THUY E ab EIKO Loe Peer ee Seren 3 68 5 64 93 
DaGhrnentO, TALXGre soe se eee ee ee eee 56 77 70 | 75 
MRE eC DAL ChOS = =a eee ae ee 23 128 200 | 303 
Wests oF. delays=2-- 222 ae 2 eee 141 178 292 | 417 

Total time constant per round trip____- 412 696 948 | 1, 288 

Total time constant exclusive of waits__ 271 518 656 871 

WELL-MANAGED JOBS SHOW MUCH LOWER TIME-CONSTANTS 

While these are the average values for a large number 
of jobs and thus reflect the operating rates which might 
reasonably be expected on the ordinary job, they do 
not show what time is actually necessary to perform 
these various operations from day to day as indicated 
under actual field conditions. A smaller number of 
exceptionally well-managed jobs was therefore selected 
to afford a nearer approach to the theoretical values of 
these same items. These are given in Table 4. 

Tasie 4.—Average truck time constant on well-managed concrete 
paving jobs 

rar 
| Time consumed, in seconds 

Operation or item See a Bi mi 
| 1-batch | 2-batch | 3-batch | 4-batch 

truck | truck truck truck 
z | 2 

Batcher plant: | 
Loading sand and stone or gravel________- 12 48 | 90 150 
Loading cement----- ee ae ee 24 | 47 738: )| 102 
Driving and maneuvering in material | | | | 

2) CYerd2) eS eee, | 42 54 60 | 65 
Mixer: | 

CUTIE ab Or 2 se ee oe 28 39 | 54 60 
Backing to mixer). —- oe eee 54 60 | 75 75 
Diimping batches 2 ass = oe eee 19 | 110 | 157 265 Waits and ddayec 2 aed eee 74 120 | 161 226 
Total time constant per round trip______ 253 478 | 670 943 

Total time constant exclusive of waits__ 179. | 358 | 509 aly 

It may be noted first that on the average job, as 
shown in Table 3, the total time constant is 30 to 50 
per cent larger than the net time constant; or, in other 
words, that on the average concrete paving job about 
one-third to one-fourth of the actually observed eTOss 
time constant is due to waits and delays. Table 2 

and the discussion following it show that on these jobs, 
so far as net working time is concerned, the mixer was 
operating at an average of about 26 per cent below its 
full capacity and to this loss of production the hauling 
equipment contributed about 12 per cent. If we in- 
clude all hauling delays of more than 15 minutes dura- 
tion, the figure becomes 17 per cent, or more than half 
the loss of net working time. This is in sharp contrast 
to the average time constant on the well-managed jobs. 
On these the total time constant is on an average 
nearly one-third lower than on the average job and 
only about one-fourth of the total time constant is due 
to waits and delays as compared with about one-third 
on the average job. Perhaps the most striking differ- 
ence is the fact that on these well-managed jobs the 
mixer was operating at an average of only 13 per cent 
below full production. To this loss the hauling equip- 
ment contributed only about 4 per cent or one-fourth 
as much as on the average job. The records show one 
job on which during two full months only 1.96 per cent 
of the mixer time loss was due in any way to the hauling 
equipment. 

DELAYS IN HAULING AND MIXER OPERATION NOT CONCURRENT 

Another difficulty is that the operation of the hauling 
equipment is no more perfect than the operation of the 
mixer, and sometimes far less. Poor operation of the 
hauling equipment is quite as likely to occur when the 
mixer is functioning at its best and therefore requires 
perfect operation of the hauling equipment in order to 
avoid delays as it is when the mixer is functioning 
poorly and does not require so many batches per hour. 
The net effect of these nonconcurring operating rates 
results in a bunching of trucks at the mixer when the 
trucks are operating well and the mixer poorly, and a 
lack of batches when the conditions are reversed. The 
extent to which contract hauling tends to aggravate 
these difficulties will be discussed later. 

Since 100 per cent operating efficiency is not long 
maintained by either mixer or hauling equipment, it. 
becomes necessary to have a certain apparent over- 
supply of hauling equipment in order to prevent too 
many mixer delays due to waiting for batches during 
those periods when the mixer is going well and the 
trucks poorly. The data seem to indicate that the 
general practice is to have such a number of trucks that 
an average of from one to two batches will ordinarily 
be waiting at the mixer. In practice, this means that 
at times a dozen, or perhaps even more, batches will 
be waiting ahead of the mixer, while at other times the 
trucks will not be quite able to supply its demands. 
How and to what extent this present practice can prob- 
ably be improved on will be discussed after we have 
examined some of the causes which affect truck opera- 
tion at the batcher plant or material yard. 

YARD LAYOUT AND OPERATION ANALYZED 

One of the very common causes contributing to a 
arge time constant is a poor material yard layout. 
Usually there is no choice as to location, but too fre- 
quently the best use is not made of the location avail- 
able. The general practice is to set up the batcher 
bins so that the trucks must turn and back under in 
order to receive their load. In fact, many bins are so 
built that a drive straight through is impossible. This 
is unfortunate, because turning, backing, and maneu- 
vering a truck requires time which might otherwise be 
utilized in hauling batches. In fact, the yard layout 

t 
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and the routing of the several necessary operations 
should be planned as carefully as the performance of 
the several operations at the mixer. 

The ideal yard layout would be one in which the 
trucks could enter at one end on a wide curve, drive 
straight under a loading bin having compartments for 
all the aggregates, pass on to a near-by cement-loading 
platform and storage shed, and then proceed on a tan- 
gent or easy curve to the main road. Figure 1 is a 
sketch of a yard layout which closely approached this 
ideal. The effect of the yard layout on the time con- 
stant is also shown in Tables 3, 4, and 9. In any yard 
layout the unproductive truck time should be reduced 
to a minimum, as every deviation from this attainment 
results in an inescapable penalty in the form of more 
expensive hauling. 

A Surr Way to Get a Laren Time Constant: Two Bins, 
Two Sizes at Eacu Bin, AND ARRANGEMENT SucH THAT 
Trucks Must Br Backep UNDER Botu BIns 

The modern bins and batchers can be operated so 
rapidly and with such regularity that there is usually 
no valid excuse for requiring the trucks to spend a long 
time at the loading plant. The modern batchers will 
ordinarily handle a 30 cubic foot batch of sand and one 
size gravel in 5 to 35 seconds, depending largely on 
how dry the sand is. If two sizes of coarse aggregate 
are used with a 3-way bin, the cycle will ordinarily be 
increased from 5 to 12 seconds. For 1-batch trucks 
the actual loading time is practially reduced to the time 
taken to dump the hoppers, as the filling and weighing 
can usually be accomplished while the loaded truck is 

passing out and the empty one is moving into position. 
Tables 5 and 6 give several values as found from time 
studies of batcher operation on representative jobs. 

TaBLE 5.—Time of batcher operation as shown by studies of 
representative jobs 

Time 
Operation in sec- 

onds 
Type of batching 

I-coImpartment, DALCHOr =» se .2 se ae eee ee | Weighing sand_ e 
Setting scales2 2.2. = 2-2 
W eighing stone __ me 
Dumping and returning__ = 

| 

MTopaWeyelen.-_.-- 25 23. 0 

Sand and 1 size coarse aggregate; 2-compart- | Weighing sand__________-- 
ment batcher. | Weighing stone-_-_____-_- 

Dumping batch__--------- SIOON | 

‘Total cycle... 2--2 
| te 

Bd 

== || Sand and 2 sizes coarse aggregate; 2-compart- | Weighing sand_- Eee a 
ment batcher. Weighing No. 1 stone_____ — 

Weighing No. 2 stone 
| Dumping batch_ ory 

Total cycle___- eat 29.8 

TaBie 6.—Batcher operation in loading 3-batch trucks by means 
of a 1-compartment weighing batcher 

Time in seconds 

Operation | 
First Second Third 
bateh | batch bateh 

Discharging batch leaded while truck drives in_ 5. 2°| 7 : ee 
SOUR StS CH LOS ears = Wine geet Mim eee ob ae = E 3.0 ul 
Wisiching sand ae sere ane é 10.9 11.6 
Deb SCA OS seer ee en ee te 2. 4 2.9 
Wisishing oT a Velo ea. see ee eee : 4,2 4.1 
Discharcing DalChessesrs .-- sss ame é 5.6 5.5 
Delays andiwailts seconds= 4 eens es ee reeeee on 7.8 
Total time to load 3-batch truck, seconds_________-- 66.3 

Unfortunately, the yard layout and operation pro- 
cedure is seldom such as to permit full advantage to be 
taken of the rate at which the batchers can be operated. 
Frequently the yard layout is such that vastly more 
time is consumed in maneuvering and driving within 
the yard than in the actual operations of ‘loading. 
Table 7 is the average record of a large number of time 
studies on yard operation in one yard. Two-batch 
trucks were used with a two-bin set-up in a supposed 



252 

effort to facilitate the use of two sizes of coarse aggre- 
gate. A toll of nearly two minutes was exacted from 
every load which was passed through this yard. 

TasBLE 7.—Effect of poor yard layout on length of time required 
to load 2-batch trucks 

, Time in 
Operation eeconds 

Closing end ‘gates ofviriickes i fo 2 ae er ee ee 27.6 
Driving to gravel bin and backing under__-_-___-_-_-- SS Sa Re ee eT 34.5 
Loading ‘gravel, 2'sizes; 2 batches 2 ae ee eee ee 67.0 
Driving to sand: Din snd backing tnderl=2= = = eee 44.0 
Loading sand; 2: batches. -2 52s S22 = te ee eee oe ee | 30. 0 
Driving to. cetnent cars es ne ee ee eee Eee es | 39. 5 
Loading coment bags: 29s: [23555 Se i ee ee a eee ee ee YB) 
Walts and. delays: so2- S25 bee ee eee ee eee | 9.5 

| 

Total time required for taking on load___...__--__-___-- See eat et a 309. 5 

Ir tHE Tiz Wires Are Cur at THE LoapiIna PLATFORM 
Two Men Can Reapity Empty THE CeMENT BaGs ON THE 
BATCHES AT THE MIXER 

EFFICIENT HANDLING OF CEMENT ELIMINATES DELAYS 
Handling the cement bags sometimes consumes much 

more time than should be necessary. Twenty-five 
seconds per batch of seven bags is readily attained on 
many jobs, though some few of those studied consumed 
more than twice this much, usually because of improper 
loading platforms. For speedy loading, the platform 
should be somewhat higher than the top of the truck 
body. A little time will also be gained if the bags in 
the car are stacked to the same height as the number of 
bags required per batch. 

On some jobs, especially in the more arid regions, a 
practice is made of hauling the sacks to the road on 
separate trucks and distributing them along the sub- 
grade where they are later picked up by two or three 
men and emptied in the mixer skip. The records show 
that when the bags are properly and conveniently 
placed good laborers can empty them in the skip at the 
rate of 9 to 10 man-seconds per bag. About the same 
rate can be attained in dumping the cement bags on the 
trucks after they arrive at the mixer. Two men are 
usually employed for this work. The use of bulk 
cement is rapidly coming into vogue in some sections. 
‘Typical time studies of handling bulk cement in 2-wheel 
buggies show average values as given in Table 8. 

The time which the trucks are necessarily delayed at 
the cement platform need only be a few seconds more 
than the time required to dump the buggies on the 
truck, or about 15 seconds per batch. At least. one 
more buggy than the number of batches handled by 
each truck should be provided. 
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TasBue 8.—Time of handling bulk cement; three men loading 
buggies 

Operation sap es a 

Loading buggy.4--2 322.5421 opie aes ee ee 67.0 
Wheeling: buggy.to scales: 2225202220 es se ee 13.0 
Weighing andiadjusting contents sas = sere eee ee | 16.4 
Wheeling buggy to‘truck®.222225 fa22. oe ee ee ee eee | 7.2 
Dumping buggy on truck 2-2 a eee x 12.4 
Returning buggery toro rig eee eee ee een | 13.0 

Total time per buggy------ bf ls 0S ee ee eee ee 129.0 

A few time studies have also been made on the opera- 
tion of mechanical plants for handling bulk cement. 
The average values obtained from these studies are 
given in Table 9. 

TasuEn 9.—Time of operation of bulk cement batcher 

Operation eee 

Loading and weighing-__-___-__- See eet = Bccek Se. Ss sune eas eee ere 26.9 
Dumping. cemént on trucks tess: ase ee ee ee ee 23.8 

Total cyclo :o3 skies Sees Sat a a ee eee ee ete ee eee 50. 7 

Present practice in handling bulk cement usually 
requires that the cement be dumped on top of the sand 
and gravel and a canvas cover be spread over the load 
or else that it be carried in a special container. Spread- 
ing and fastening down the canvas covering usually 
consumes from 20 to 30 seconds additional. 

TRUCK OPERATION AT THE MIXER ANALYZED 

When the truck reaches the vicinity of the mixer 
the first operation is usually to turn it either by ma- 
neuvering through a space where a couple of forms 
have been removed, or, more frequently, on a turn- 
table. The value of the turntable lies chiefly in the 
fact that for some types of truck the time of turning 
is considerably decreased, and if the ground is soft 
the subgrade is not cut up so badly. Table 10 shows 
typical time studies of good operation of a light turn- 
table in turning one-batch trucks. 

A 3-Batcu Truck Can BE TuRNED ON A Goop TURNTABLE 
IN Less THAN ONE MINUTE 

For heavy trucks a larger table is required, and the 
time elements are somewhat increased, but even a 
3-batch truck can readily be turned in 60 seconds. 

A rather common custom, where the cement is car- 
ried in bags on the batch-trucks, is to have the dumpers 
climb aboard as the truck reaches the turntable or the 
turning place. Two men can readily dump the bags 
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TaBLe 10.—Time analysis of turntable operation 

Time in Operation 
seconds 

Running truck on turntable____._____._____ : 4.4 
Rotating turntable 180°________ = 12. 1 
Backing truck off turntables... 2.2. Ss ta 

: otal time.to turn truck - 2250. sons 24.2 
Time required to return turntable for use of next truck 10. 6 

PotaMonoratine CrGlo: ekan tee Se 8 ise 34.8 

while the truck is turning and backing to the mixer, 
especially if the tie wires are cut at the loading plant. 
More frequently a small platform or light truck is kept 
some distance ahead of the mixer, where each truck 
stops long enough for the men to step aboard, dump 
the bags, and step off. The time required is about 5 
seconds per bag when two men work on the platform, 
or 10 man-seconds per bag. While this method makes 
it easier to take care of the empty bags, as they can 
all be saved, bundled, and tied up by the men who do 
the dumping, a definite amount is added to the time 
constant of the truck operation. For 2-batch trucks 
carrying 14 bags of cement this is seldom less than 75 
seconds. The saving in bags and the added safety of 
the workers must then be balanced against this extra 
cost of truck time. Probably there are many jobs on 
which adoption of this method would prove profitable. 

The operation of dumping the batch into the waiting 
skip usually presents no particularly time-consuming 
delays except where 1-batch trucks with gravity dump 
bodies are used. Some types of gravity dump body 
are very difficult to dump unless the load is placed 
exactly right, and especially so when the mixer is work- 
ing down a steep grade. Needless to say, this type of 
dump body should never be permitted on the job. The 
actual dumping of properly equipped 1-batch trucks, 
as well as of each batch of the larger trucks, is often 
accomplished in 10 seconds, and in no case should the 
truck detain the skip for more than 30 seconds. An 
average time of 20 seconds for dropping each individ- 
ual batch is found on many jobs. The total time which 
the truck is necessarily detained in unloading, however, 
varies with the number of batches carried and the oper- 
ating cycle of the mixer. If the skip is down, the 
1-batch truck can drop its batch and immediately pro- 
ceed on its way for another load. The truck carrying 
two batches drops the first batch in the skip and im- 
mediately, without lowering the body, moves forward 
sufficiently to clear the skip, waits while the skip is 
raised and again returned to the ground, and then 
quickly backs up and drops the second batch. The 
total dumping time is therefore at least one full skip 
cycle (usually about 35 seconds) plus the time required 
to drop the two batches. 

Ordinarily the mixer operator will not be ready to 
raise the skip as soon as the truck clears it after dump- 
ing the first batch. For 2-batch trucks, therefore, the 
total dumping time generally approximates 1}5 cycles 
on a well-managed job on which the practice is to have 
the truck bodies hoisted into dumping position before 
backing into the skip and to employ a dump man to 
drop the batches. The total dumping time of the 3 
and 4 batch trucks, however, must include at least one 
or two full mixing cycles, respectively, plus one skip 
cycle and the time required to drop the first and the last 
batch. As in the case of the 2-batch truck, the time 
actually consumed in dropping the first and last batch 

will approximate 11 cycles, so that the time the truck is 
actually detained even on perfect mixer and truck 
operation will closely approximate 2'5 and 3 mixer 
cycles for the 3 and 4 batch trucks, respectively. On 
the average job the total time the truck is detained at 
the mixer will be somewhat greater than this because 
of the delays to continuous mixer operation which oceur 
from time to time, and the more batches carried the 
more frequently will these delays occur while the truck 
still has batches to unload rather than when trucks are 
being exchanged. This fact probably explains why the 
actual dumping time of the 3 and 4 batch trucks, as 
shown in Tables 3 and 4, is somewhat longer than would 
normally be expected when compared with the dumping 
time of the 2-batch trucks. 

THE SECOND Batcu Can BE Drorrep As SOON AS THE SKIP 
1s LOWERED, BUT A FuLtu Mixer CycieE Must THEN 
Exarsk Berore THE Tutrp Barcu Can Br Droprrp 

HAULING SPEEDS VARY WITH LENGTH OF HAUL AND OTHER 
FACTORS 

Practically all the stop-watch studies on truck opera- 
tion show the time spent by each truck during each 
trip in driving from the loading yard to the turning point 
at the mixer, the time spent in returning from the mixer 
to the loading plant, and the exact mileage between 
these points. The condition of the road and the 
mechanical condition of the trucks is also noted. The 
road speed of both loaded and empty trucks is there- 
fore readily obtained, as well as the average round-trip 
speed. The latter quantity should be computed by 
dividing twice the hauling distance by the total time, ~ 
loaded and return. The average of the two speeds will 
not give the correct result, unless they are very nearly 
equal. 

The variations in hauling speeds, both loaded and 
unloaded are very large. The studies made include jobs 
on which the average round-trip speed rarely exceeded 
10 miles an hour and for individual 1-hour studies was 
as low as 6 miles an hour, as compared with jobs on 
which the average round-trip speed exceeded 30 miles 
an hour and exceeded 40 miles an hour during certain 
l-hour studies. The speed was found to vary with 
many factors, the chief of which were grades, mechanical 
condition of the trucks, the type of trucks, the amount 
of traffic interference, whether or not all the trucks were 
capable of maintaining the same speed, the length of 
the haul, and particularly the condition of the road sur- 
face. The average length of haul from loading yard to 
mixer of 122 jobs was found to be 2.65 miles. Complete 
hauling studies are not available for all of these jobs, 
but the average round-trip speed on all those containing 
complete data was 18 miles an hour with maximum 
speeds on individual 1-hour studies running as high as 
45 miles per hour to as low as 6. 
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Table 11, made up from the studies on four separate 
jobs, illustrates the great variations in average truck 
speed which are found in the field on different jobs and 
something of how the average round-trip speed on al- 
most any job varies with the length of haul. 

The records bring out three things quite clearly: 
First, that with good roads, proper equipment in good 
condition, freedom from traffic interference, and able 
management, fairly high hauling speeds can be main- 
tained rather consistently; second, that with any one of 
these requirements lacking the uniform maintenance of 
high speeds is very difficult and probably impossible; 
and, third, that a high speed is ordinarily of little 
productive value unless it can be maintained fairly 
consistently and includes all the hauling units. Jobs 
using a variety of trucks of different sizes and speeds 
show almost without exception a low average speed and 
a large time constant. 

The condition of the road also has a marked effect 
on the average round-trip speed which the hauling 
units can and do maintain. Table 12 shows the round- 
trip speed maintained by 1-batch trucks on an earth 
road which was generally in good condition, but became 
spongy and rutted after a rain. 

TaBLe 11.—Data obtained from four fairly typical jobs, showing 
effect of length of haul on average round-trip speed 

Average 
soe Hauling conditions | Lou aa 

Miles per 
| Miles hour 

1 | Good pavement, 3-batch trucks, excellent condition ____! 1. 58 Pata 
1.81 27.5 
2. 04 28. 3 
4,35 Band. 
4.97 37, 2 
6. 24 40. 2 

2 | Earth and gravel road, fair to poor; 2-batch trucks, fair | .18 6.0 
Condon. pee Sn Selec ok eee ees ee ee ae | - 46 10.9 

| ool 16.5 
| | 1. 73 17.4 

3 | Earth road, fair condition; 1-batch trucks, fair condition_ . 52 | 9.8 
. 80 11.4 

| 1.02 13.1 
1.48 | 15.8 
1. 87 | 16.5 
2, 45 | pm 

| 

4 Earth, gravel and pavement, fair to poor; 3-batch trucks, | - 66 | 7, 2 
fair CONTELON it kt IS Sie de eee eee . 95 8.1 

1. 20 8.2 
eR 2-5 8.7 
| 2.08 | 10.8 

2. 30 | 10.4 
| 

TABLE 12.—Effect of length of haul and road conditions on average 
round-trip speed; t-batch trucks in good condition 

= Tig an 

| 
| Length} 
of haul 

| 
| 

| 

Average | 
round- || Condition of road 

trip speed 

| Average 
| Length | *- 
| of haul | round- 

itrip speed 

Condition of road 

| Miles per | | t | Miles per 
a | Miles | hour | Miles hour 
Kare #2 See eee Oren 10 || Spongy, rutted______ 1.80 | 18 

Dope e hee et 55 | 14 Goode 2.40 | 27 
Good soe ee oe o5n 20) Bair =. ere ee 2. 60 | 21 
Spongy, rutted_______ | 1.15 | 5 (Good eases eee 2. £0 28 
(ROO Sees ae alia Malls 

i, 
\ 

i = 5 | pa | el ogame SO Bee 2.90 | 24 
Oi £00d-s:-4 2.2 5 | 31 | 

| | | 
| 

HAULING AND RETURNING SPEEDS DIFFERENT 

The variation in speed between the loaded and the 
returning vehicle is sometimes very large. This is 
especially true on jobs using light 1-batch trucks for 
hauling a large size batch, thus overloading the trucks 
sufficiently to reduce materially the speed of the loaded 

vehicle. Trucks which are not overloaded do not show 
much variation between loaded and return speeds ex- 
cept when road conditions are poor. Table 13 gives the 
average hauling speeds on a selection of jobs most of 
which were operating under better than average condi- 
tions. It will be noted that the 1-batch trucks show 
the widest variations between hauling and returning 
speeds. This fact is definitely traceable to overloading 
of these light trucks. 

TaBLE 13.—Effect of loading on speed of trucks in concrete paving 
work; selected jobs, road conditions good to fair 

Number Average speed 1 Number | Average speed ! 

= of i Pee eet, Reet ee T of in Kae ta = 
Job No. | hatches | Job No. | batches | 

per load | Loaded Return per load | Loaded | Return 
| 

Miles Miles Miles Miles 
per hour | per hour per hour | per hour 

3 17.9 19. 5 || 2 17.2 23. 8 
3 18. 2 20. 0 2 17.4 19.8 
3 | 23. 0 30.8 1 11.6 21.9 
3 | 23.3 26. 1 Le 16.4 26. 9 
Sil oes A 25.7 1 | 17.1 27.5: 
3 | 25.7 30.7 | 

A Few PuANKs TO BripGE A Bap PLACE IN THE Roap SoME 
TIMES SPELL THE DIFFERENCE BETWEEN Capactry PRo- 
DUCTION AND A COMPLETE SHUTDOWN 

FORMULA USED FOR ESTIMATING NUMBER OF TRUCKS REQUIRED 

A survey of all these data indicates the difficulty of 
finding and applying any one standard rule or formula 
as a guide for the proper number of hauling units of 
any given kind which the contractor should put on his 
particular job and the manner in which this number 
should vary from day to day with the length of haul. 
The present investigation indicates that the only 
really valuable method is the regular use of the stop 
watch on the job to evaluate the various factors which 
make up the time constant and to obtain the actual 
round-trip speed; and then, by entering these values 
in a formula or a graph, to obtain the number of trucks 
which will be needed each following day. This method 
serves a double purpose: First, the time required to 
perform each operation under actual operating condi- 
tions becomes a matter of definite fact instead of 
opinion or guesswork; and, second, there is nothing on 
the job which equals the stop watch for discovering 
Jost motion and wasted effort, and for finding means of 
Improving operating methods. A good stop watch, 
with a little training in its use and in finding how the 
various operations should be timed, wil] undoubtedly 
prove to be of great value to any road contractor. 
In no other way can unnecessary time losses and faulty 

nate, Exc picantes 

sana -cter~* 

oa hee 

—~ 

ee ee) ers 
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methods of truck operation be so readily detected and 
the actual effect of new methods determined. 

After the various time constants have been evaluated 
the following formula is suggested for finding the 
number of trucks needed, The chief merit of this 
equation lies, perhaps, in its form, which is such that its 
use should naturally stimulate an interest in each of 
the various factors which control the number of batches 
a given vehicle can deliver in a given time. The 
formula. is perfectly general and can ‘be applied to any 
set of hauling conditions in which the key equipment 
operates on some Sonne cycle. It is expressed as 
follows: 

0b eek 

Snt vy: 
N= 

where N js the minimum number of trucks required to 
keep the mixer in continuous operation. 

Lis the length of haul in miles from the material] 
yard to the mixer. 

Sis the average round-trip road speed, in miles 
per hour, maintained by the trucks between 
the above points. 

T is the total time constant in minutes; i. e., the 
time which the truck is actually required to 
spend regularly in loading, turning, backing, 
dumping, and waiting during each round 
trip. 

t is the actual mixer cycle in minutes; i. e., the 
time required to pass each batch through the 
mixer. 

nis the number of batches carried by each truck. 

The first term of this expression, sae represents the 

number of trucks which under these operating condi- 
tions should be on the road at any moment, while the 

db 
second term, nf’ represents the number of trucks which 

should be either in the material yard or at the mixer. 

NOMOGRAM USED TO FACILITATE SOLUTION 

The alignment chart or nomogram shown in Figure 2 
will frequently prove a timesaver in obtaining the 
number of trucks for any given set of conditions, and 
especially in making the numerous solutions required 
when it is desired to study the interrelated effects of the 
various factors such as speed, time constant, mixing 
cycle and the number of batches per load. The scales 
are logarithmic and equal, except for the middle scale, 
which is exactly one-half that of the others. The 
actual scales can therefore be picked off on_a piece of 
drawing paper from an ordinary slide rule. The spacing 
of the vertical lines is immaterial except that line C 
should lie equidistant from lines A and EK, and B and 
D, respectively. The vertical position of any two of the 
scales can be chosen arbitrarily and the position of the 
others then determined by a single solution of each part 
of the equation. 

The method of solution is shown on the chart. 
Lines 1, 2, and 3 indicate the manner in which the 
straightedge i is manipulated in the solution of the follow- 
ing problem: Required to find the number of 2-batch 
trucks capable of maintaining a round-trip speed of 20 
miles per hour which are necessary to supply a mixer 
operating on a 75-second or 1});-minute cycle when the 
haul is 5 miles and the total ite Shai fle WET aes) 
minutes. The number found is 12 plus 3, or a total of 

15 two-batch trucks. It willbe noted that in the solution 
of the first term the middle scale is used only to estab- 
lish a point about which the straightedge is rotated. 

The use of this chart or of the equation with the con- 
stants actually observed on various jobs is productive of 
much valuable information, as is shown by Table 14, 
which was computed in the following manner. The 
time constants found as average v alues on a number of 
very well managed jobs were used in computing, for 
various speeds and lengths of haul, the relative delivery 
ability of multiple- batch trucks in comparison with that 
of 1-batch trucks. In these computations the mixer 
was assumed to operate on a 75-second cycle. Com- 
putations were made for 1, 2, 3, and 4 batch trucks, for 
speeds varying from 10 to 40 miles per hour, and for 
hauls varying from one-fourth mile to 7 miles. For each 
set of conditions and for the time constants and mixer 
cycle as stated above, Table 14 gives the number of 
trucks required to keep the mixer in operation and the 
relative delivery value of the given type of truck, that 
of the 1-batch trucks being taken as 1.00 in all cases. 

TaBLE 14.——Number of 1, 2, 3, and 4 batch trucks required to sup- 
ply mixer and relative delivery Die of each in terms of 1-batch 
trucks when operating under certain similar as to 
speed and haul distance. Time constants equal 4.2, 8.0, 11.2, 
and 15.75 minutes for 1, 2, 3, and 4 batch trucks, respectively, 
mixer operating on a 7: ’5-second cycle 

Num- | Length of haul in miles 

Round-trip | ber of Oak ot WEES eee : 
hauling {batches | | | 

speed (miles | hauled | | “ 
per hour) He 4|% Lt? 3 4 |5 6 7 

oac | | OBO a ec ae oe a ae 
| | 

1 |{Trucks 1___| 5.8 | 8.2 |13.0 [22.6 |32.2 [41.8 |51.4 {61.0 |70. 6 
|. Value ? 1. 00} 1.00, 1.00) 1.00) 1. 00) 1. 00, 1. 00} 1. 00) 1, 00 

4 {Trucks __.-| 4.4 | 5.6 | 8.0 |12.8 [17.6 |22.4 [27.2 [32.0 [36.8 
2 \\Values___--| 1.32| 1.46! 1. 63] 1.77| 1.83] 1.87] 1.89] 1.90] 1.92 

10n--s-=-==--| fidiruckstaees 3.8] 4.6 | 6.2] 9.4 |12.6 |15.8 |19.0 22.2 |25.4 
3 |\Value.____- 1.52) 1.78! 2.10] 2.40! 2.55] 2.65] 2.70] 2.74) 2.77 

fTrucks.._-.| 3.7 | 4.3 | 5.5 | 7.9 |10.3 /12.7 |15.1 |17.5 |19.9 
4 |\\Value_____-| 1. 57| 1.91) 2.37] 2.86 3.13] 3.29] 3.41] 3.48] 3. 54 

1 {fTrucks.....] 5.0 | 6.6 | 9. 0 [35.4 |41.8 |48. 2 
\Value- 1.00) 1.00, 1. - 00] 1.00 1. 00] 1. 00 

|) Trucks 4.0} 4.8 | 6. 3.0 |19.2 |22.4 125.6 
15 6 Value eee 1, 25 133 1! 82) 1.84) 1.87) 1. 88 
eS ae ee i 3. ¢ ke PDs ive 3.5 (16. 6° [17.7 

2 iat oe a 161) 1.9 2, 55) 2. 62| 2. 64| 2.72 
if Lrueksaee 3: 0/03. 9 lee Pegg rh Da ER ay | ss 

4 \\Value___.-- 1.43) 1.69) 2. 86| 3.06) 3.19] 3.29) 3.37 

1 fers __.|46| 5.8] 82 (13.0 17.8 |22.6 |27.4 |32. 2 |37.0 
Walieneee= 1, 00} 1.00] 1.00} 1.00) 1.00) 1.00} 1.00) 1. 00) 1. 00 

» |fTrucks...--| 3.8 | 4.4 | 5.6 | 8.0 |10.4 [12.8 115.2 {17.6 |20.0. 
3 *“ l\Value____--| 1.21] 1.32] 1. 46] 1. 63) 1.71) 1.77} 1.80) 1.83) 1.85 
BO in aromn men 9 |fTrucks___--| 3.4 | 3.8 | 4.6 | 6.2 | 7.8 | 9.4 /11.0 |12.6 |14. 2 

3 |) Value. ___-- | 1,35] 1. 52) 1.78] 2.10] 2, 28] 2.40) 2.49] 2. 55) 2. 61 
, \fTrucks___--13.413.7/43|/55/6.71] 7.9 | 9.1 110.3 [115 
4 l\Value.___--| 1.36] 1.57) 1. 91) 2.37] 2. 66| 2.86] 3.01] 3.13| 3. 22 

| | | 

1 |{Trucks...--| 4.4 | 5.3 | 7.2 j11.1 [14.9 [18.8 122.6 |26. 4 |30. 3 
\Value_____- | 1.00! 1.00} 1.00) 1.00! 1.00) 1.00) 1.00) 1.00) 1. 00 

> |f/Trucks.__--| 3.7 | 4.1} 5.1] 7.0 | 9.0 /10.9 |12.8 |14.7 |16.6 
Be IN ENC oe ot | 1.19] 1.29] 1.41) 1.59) 1. 66] 1.73) 1.77] 1.80} 1.82 
So ngese seen  \fTrucks....- 3.3 /3.6|43|56/6.8| 81 | 9.4 [10.7 120 

3 \\value_____-| 1.33] 1.47] 1.68] 1.99] 2. 20] 2.32) 2.40] 2. 47| 2.53 
lPrucks_.._.|3.3'36|/411/5.0/60169/7.9'89|9.8 

4 i Wialuer 2. — } bdo} 1. 4% 1. 76} 2. 22) 2. 48 2. 73| 2. 86] 2.97, 3. 09 

| | 

l(Trucks.-_--| 4.2 | 5.0 | 6.6 | 9.8 |13.0 |16.2 |19.4 |22.6 |25.8 
| 1 Value. ____- 1.00 1.00) 1.00, 1.00, 1.00 1.00 1.00) 1.00) 1.00 

> \frucks::.--| 3.6.) 4.0/) 4.8.) 6.4 8.0 | 9.6 |11.2 [12.8 [14.4 

; 4 |\Value____--| 1.17) 1. 25] 1.38] 1.53} 1.63) 1.69] 1. 78] 1.77) 1.79 
30 --.------- q |{Trucks...--| 3.3 /3.5/41/5.1|62/73|84/94 [10.5 

3 \\Value_____- 1.27) 1.43| 1,61) 1.92] 2.10 2.24| 2.31| 2.40 2.46 
| fTrucks.___-| 3.3 | 3.5 /3.9|47/55/63/7117.9|89 

4 \\Walue___._- | 1.27) 1.43) 1.69] 2.08; 2.37) 2.57| 2.74| 2.86) 2.97 
| | | } | 

( 1 {Trucks_ | 4.0 | 4.6 | 5.8 | 8.2 |10.6 |13.0 |15.4 |17.8 |20.2 
iialue ect 1.00 1.00, 1.00 1 00, 1. 00; 1.00! 1.00) 1.00) 1. 00 

» \fTrucks.__.-| 3.5 | 3.8] 4.4 | 5.6 | 6.8 | 8.0 | 9.2 |10.4 {11.6 
“ |\Value____-- 1. 15) 1. 21) 1.32) 1. 46) 1.56) 1. 63) 1.68) 1.71) 1.74 

pe 3 na aes: fess 20304") Send 6 5.4 | 6,2) 7.01) 78.) 866. 
3 \\Value___.-- | 1,25! 1,35] 1.52) 1.78) 1.97] 2.10) 2, 20) 2, 28) 2.35 
4 {Trucks.____| 3.2 | 3.4 | 3.7) 4.3 | 4.9 | 5.5 | 61) 67 | 73° 

\Value_____- 1. 25) 1.35) 1. 57| 1,91! 2.16) 2.37) 2. 53| 2.66) 2.77 
| | | { | | | | 

1 Number of trucks required. ; - 
2 Relative delivery value. That of a 1-batch truck is taken in all cases as 1.00. 
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FORMULA FOR COMPUTING NUMBER OF TRUCKS REQUIRED PROCEDURE 

i2OL AR fe L=HAUL IN MILES 
snt nt S =ROUND-TRIP SPEED IN MILES 

TO OBTAIN FIRST TERM OF FORMULA, PLACE STRAIGHTEDGE TO INTERSECT 

LINES B AND D AT PROPER SCALE VALUES OF L AND nt, RESPECTIVELY, 

T=TOTAL TIME CONSTANT IN MINUTES 

t=MIXER CYCLE IN MINUTES 

N=NUMBER OF BATCHES PER TRUCK 

N=NUMBER OF TRUCKS REQUIRED 

AND MARK INTERSECTION WITH LINE Cj ROTATE STRAIGHTEDGE ABOUT 

THIS INTERSECTION TO INTERSECT LINE AAT PROPER SCALE VALUE OF $; READ 
QUOTIENT 422%, ON LINE E. TO OBTAIN SECOND TERM OF FORMULA, 
PLACE STRAIGHTEDGE TO INTERSECT LINES © AND D AT PROPER SCALE 
VALUES OF TAND nt RESPECTIVELY ; READ QUOTIENTA~g,ON RIGHT AAND 
SCALE OF LINE B. ADD THESE TWO QUOTIENTS TO OBTAIN N 

Figure 2.—NoMOGRAM FOR CompuTiING NUMBER OF TRUCKS REQUIRED FOR GIVEN CoNDITIONS OF HauL AND MIxER 
OPERATION 

LARGE TRUCKS AT DISADVANTAGE ON SHORT HAULS 

This table, which is based on the average time con- 
stants found on well-managed jobs, seems to indicate 
that for much of our short-haul paving work the large 
trucks operate under a rather serious handicap. Thus, 
on a %-mile haul and a round-trip speed of 10 miles an 
hour, which is quite common on hauls of this length, a 
4-batch truck is only worth,. in delivering batches, 
about 57 per cent more per hour than a 1-batch truck, 
and only about 19 per cent more than a 2-batch truck. 
Even on a }-mile haul and at an average round-trip 
speed of 15 miles per hour, the 4-batch truck is worth 
in delivering batches only about 69 per cent more than 

the 1-batch truck and only about 22 per cent more than 
a 2-batch truck, which of itself is worth only about 38 
per cent more than the 1-batch truck. When the 
haul has reached an average of about 1 mile, the round- 
trip speed should be about 20 miles per hour. In this 
case the 2-batch truck becomes nearly equal in delivery 
value to 1.5 one-batch trucks, and the 4-batch truck 
nearly equal to 2 one-batch trucks, or to 1.3 two-batch 
trucks. On long hauls the apparent advantage of 
the 1-batch truck at even equal speeds practically 
disappears. 

It should not be inferred from these results that one 
particular size of truck is necessarily more economical 
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or more desirable for concrete paving work than any 
other on a given job. The relative cost of hiring or 
operating the various sizes of trucks must also be con- 
sidered. For example, on a haul of 1 mile, with an 
average round-trip speed of 20 miles per hour, and 
time constants the same as those used in computing 
Table 14, all trucks would be equally desirable from a 
cost standpoint if they could be either hired or operated 
at the following total costs per hour; 1-batch at $1, 
2-batch at $1.46, 3-batch at $1.78, and 4-batch at 
$1.91 per hour, or at any other hourly costs which would 
maintain this ratio. Similar equality would be attained 
under the same hauling conditions on a 4-mile haul 
when the rental or total operating costs of ee trucks 
were as follows: 1-batch, $1; 2-batch, $1.77; 3-batch, 
$2.40; and 4-batch, $2.86 per hour. These Caen 
are based on the assumption that all the trucks main- 
tain the same round-trip speed. If the speeds are 
different the table can still be used for finding the 
relative delivery value of any two or more trucks. 
Thus, if the constants are as above except that the 
1-batch trucks can only maintain a round-trip speed of 
15 miles per hour as compared with 30 miles per hour 
for a 2-batch truck, then a 1-mile haul would require 
ten 1-batch trucks or five 2-batch trucks in order to 
keep the mixer fully supplied. Under these conditions 
the delivery value of a 2-batch truck would be equal 
to that of two 1-batch trucks. Consequently, if 
1-batch trucks cost $1 per hour, the 2-batch trucks 
would be worth $2 per hour in hauling batches to the 
mixer. 

Different values of the time constants, 7’, will naturally 
modify the values given in Table 14, and in every case 
the contractor should use the stop watch to determine 
both the time constants and the speeds at which he 
can operate under his own conditions, and should re- 
check these values from time to time. He will then 
have definite facts on which to determine both the 
number of trucks required from day to day and the 
size of trucks which will be most advantageous for his 
particular requirements. 

DISADVANTAGES OF CONTRACT HAULING DISCUSSED 

That degree of coordination which must be main- 
tained between the mixer and the hauling equipment 
with respect to both supply and operation, in order to 
produce square yards of pavement in place at the lowest 
possible unit operating cost, can only be achieved if all 
the operations involved are under the full control of one 
party. The rather general practice of subcontracting 
the batch hauling not only divides authority but it 
sets up two parties with essentially opposing interests, 
one of which must be subordinated if the job as a whole 
is to be operated on the most economical plan. 

It has been noted that the operating time of the mixer 
is worth about 75 cents a minute. The time of a truck 
is ordinarily worth from 2 to 5 cents a minute, depend- 
ing on the size and type of the vehicle. For ‘both the 
mixer and the trucks the cost is very nearly constant 
so long as they are at work, regardless of whether pro- 
duction is high or low. Consequently both the paving 
contractor and the hauling contractor endeavor to keep 
their own equipment in steady operation. But the 
mixer can not operate continuously unless there is an 
equally steady supply of batches at the skip, and it has 
been shown that 100 per cent mixer operation over long 
periods is practically impossible. This means that the 
rate of demand of the mixer fluctuates; in order to 
provide for these fluctuations there must be a certain 

oversupply of trucks. If the paving contractor can 
eliminate two minutes of lost mixer time per hour by 
hiring another 1-batch truck he will ordinarily be 
ahead financially. To the hauling contractor, on the 
other hand, the provision of this extra truck will mean 
almost certain loss, since the total waiting time of the 
trucks will be increased. The usual form of batch- 
hauling contract calls for compensation on the basis of 
batch-mile or similar unit. For this reason the hauling 
contract can be completed at the lowest-cost only when 
no more trucks are employed than can always operate 
freely without having to wait at the mixer. Nor is 
there usually any increase in the actual cost of the 
hauling if the number of trucks is decreased far below 
that ac “tually required to maintain the rate of the mixer. 
There is, therefore, no economic incentive for the haul- 
ing contractor to have even a full supply of trucks. 

Nor is there any great inducement for him to elimi- 
nate faulty truck operation which gives rise to delays at 
the mixer. A minute lost in waiting for the truck to be 
properly squared around to dump its batch means a 
definite loss of about 75 cents to the main contractor, 
but to the hauling contractor the loss will probably not 
be more than 2 cents if the vehicle is a 1-batch truck, or 
more than 5 centsin any case. Furthermore, the delays 
which arise from various forms of inefliciency i m truck 
operation are about four times as large as those which 
arise from an inadequate supply. Contract hauling, 
therefore, involves financial risks to the main contrac- 
tor which should not be assumed without very definite 
and certain compensating advantages. 

These facts indicate clearly that full authority over 
both truck supply and truck operation should be placed 
in the hands of the main contractor if the lowest possible 
cost of producing concrete pavement is to be attained. 
He is the only one who very materially benefits from 
efficient truck operation, or who can properly gauge 
the loss due to an oversupply of trucks as compard with 
the added insurance which they provide against the 
more expensive mixer delays. The most desirable 
amount of truck oversupply will, no doubt, vary from 
job to job, but so long as mixer delays are caused by 
truck shortages and the ratio of the value of truck time 
to mixer time may be as great as 1 to 35, acertain amount 
will be advisable. For the contractor to own sufficient 
trucks to supply the longest occasional haul would 
probably be unprofitable, unless other uses should be 
available for the extra trucks after completion of the 
long haul. 

In view of the fact that the average haul for all jobs 
studied in this analysis was 2.65 miles, it would not 
seem advisable for the ordinary contractor to keep on 
hand haulding equipment sufficient to supply the full 
requirements of the mixer on hauls of more than about 
3 miles. Under ordinary operating conditions an aver- 
age round-trip speed of 20 miles per hour, and a 1-min- 
ute mixing specification, a 3-mile haul would require 
about 18 one-batch, 11 two-batch, 8 three-batch, or 7 
four-batch brucks. On the first part of a 6- mile haul 
(assuming no Increase in average speed) this plan would 
involve the hiring of 3 four- ‘batch, 5 three-batch, 7 
two-batch, or 14 one-batch trucks, each hired truck to 
be released when no longer required. In order to insure 
getting these extra tr ucks when needed and maintaining 
full authority over the control of the drivers, it would 
probably be necessary to pay a little above the prevail- 
ing rental, but this item should not equal the carrying 

(Continued on page 260) 



HIGH-SPEED PRODUCTION ON ASPHALT CONCRETE 
PAVING WORK 

Reported by R. W. Edwards and N. L. James, Junior Highway Engineers, U. S. Bureau of Public Roads 

N UNUSUAL rate of production in asphalt paving 
work was maintained on California Federal-aid 
Project No. 194—A, during the construction 

season of 1930. On this project, “which is situated 
south of Fresno, Calif., between Malaga and Fowler, 
and south of the latter, "43, 556 tons of asphalt concrete 
were laid over a distance of 7.54 miles, between August 
i8 and October 8. The average production for each 
8-hour operating day was 1,050 tons. The maximum 
for any one day was 1,204 tons. The company which 
did this work has carried its production efficiency to 
increasingly high standards during the last year. On 
two previous jobs, at Salinas, Calif., and at Tulare, 
average production rates of 802 tons and 927 tons, 
respectively, were established. 

That this ‘high rate of production was largely due to 
efficient management is demonstrated by the results of 
production studies conducted on this project by the 
United States Bureau of Public Roads. A scientifically 
designed asphalt plant of large capacity was selected 
for the work, together with auxiliary equipment capa- 
ble of keeping pace with it. Labor and directing 
personnel were efficient and well paid. Studies of 
time and production losses on previous jobs enabled 
the contractors to eliminate such losses on this project. 
The production studies show that the total loss of 
available operating time was less than 10 per cent, 
while the time lost with the crew on the job was less 
than 3 per cent. 

ASPHALT CONCRETE SURFACE LAID ON OLD PORTLAND CEMENT 
CONCRETE PAVEMENT 

The entire 7.54 miles of asphalt concrete surface 
was laid on an old Portland cement pavement, with 
the exception of a few changes of alignment which re- 
quired construction over a new subgrade. For a 
distance of 4.69 miles, between Malaga and Fowler, 
the asphalt concrete was laid to a width of 30 feet. 
The remaining 2.85 miles, lying south of Fowler, is 20 
feet wide. The new pavement was constructed in 
three courses, a base or primary leveling course, used 
to fill in shoulders, etc., a leveling course, and a surface 
course. The latter is normally 2 inches thick, while 
the thickness of the other courses varies considerably. 
The total thickness of the pavement varies from 9 inches 
at the edges to about 3 inches at the center, depending 
upon the irregularities of the old pavement. 

PAVING COMPLETED IN 4144 WORKING DAYS 

The contract was awarded on July 16, 1930, and the 
work of clearing and grubbing and providing material 
for grading the “roadbed for the new construction was 
begun on July 17. Work on culverts and small struec- 
tures was begun on July 21. Erection of the asphalt 
plant was beeun at Malaga on July 16. The plant 
erection was completed on August 15, and other pre- 
liminary work was sufficiently advanced or completed to 
permit asphalt paving to start on Monday, August 18. 
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The paving was in progress fr om August 18 to noon of 
October 8, a total period of 51% calendar days including 
ve Sundays, Labor Day, cl one Mexican holiday. 
This resulted in 425 available working days, and out of 
this one day was lost due to rain or wet grade. The 
daily average was 1,049.5 tons per actual working day 
and 1,023.4 tons per available day. 

The price received for the asphalt concrete was $4.01 
per ton. This price covered all items from furnishing 
and setting permanent wooden forms to finishing and 
rolling the pavement. The total for 43,556 tons was 
approximately $174,660, or $23,164 per mile. The cost 
per square yard was approximately $1.50. 

The general superintendent for the paving company 
had complete charge of the entire contract and the 
superintendent of plants was in charge of plant opera- 
tions. There was a capable foreman for each division 
of the work, such as hauling, spreading and finishing, 
setting forms, etc. Two experienced timekeepers were 
em ployed to take care of the clerical work and to attend 
to the ordering of all materials and supplies. These 
timekeepers enabled the superintendent to devote his 
entire time to planning and supervision. A carefully 
planned and detailed schedule of operations was pre- 
pared at the start of the job and as a result no delays 
whatever occurred due to lack of planning or to inefhi- 
cient management. It was the duty of each foreman 
to see that his equipment and personnel functioned 
efficiently and to correct delays immediately. It was 
through this specialization on the part of the men and 
coordination on the part of the general superintendent 
that this job proceeded so smoothly and at such a 
remarkable rate. 

The normal crew per working shift averaged 62 men, 
which included 16 at the plant, 8 hauling materials to 
the job, 17 handling material on the job, including 
rolling, etc., 12 form setters s, and 9 on supervision and 
miscellaneous work. 

ADEQUATE MODERN EQUIPMENT USED 

The major items of equipment were: 
1 new,all-steel, portable asphalt plant, consisting 

of a 4,000- pound, 80 r. p. m. pug-mill and a 
6-foot ‘by 22-foot 8 r. p. m. dryer. 

1 1% cubic yard clamshell crane (feeding plant). 
10 trucks hauling 3 batches or 6.3 tons. 
3 9-foot spreader boxes. 
1 30-foot finishing machine. 
1 20-foot finishing machine. 
1 10-ton, 3 wheel eas roller. 
3 8-ton tandem rollers. 
1 water-tank truck. 
4 runabout passenger cars. 
1 blacksmith shop. 
| portable field office. 

All of the above equipment was of the latest design 
and in first-class condition. 

* Re | 

Sei, Asai hs nee* 
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HANDLING OF MATERIALS DISCUSSED 

Materials other than sand were delivered by rail to 
the plant, located on a siding at Malaga, near the north 
end of the project. Sand was produced locally and 
hauled to the plant by subcontract from pits about 8 
miles distant. One pit supplied course sand and the 
other fine sand. It was necessary to premix or blend 
these sands at the plant to obtain the grading required 
in the specifications. 

The aggregates were unloaded from the cars by 
the 1%-yard clamshell crane and either stock-piled or 
fed into the hoppers at the cold elevator. There were 
three of these hoppers; one was used for the sand and 
No. 4 rock, the latter varying from 1 to % inch in size. 
A second hopper was used for No. 3 rock, varying from 
¥-inch to rock retained on a No. 3 screen, and a third 
for No. 2 rock, which was such as to pass a No. 3 
screen and be retained on a No. 10 screen. The sand 
used was such as to pass a No. 10 screen, and included 
some finer than that retained on a No. 200 screen. 
Three adjustable gates, regulated by a feeder operator, 
admitted each size of material to the boot or hopper of 
the cold elevator. It is interesting to note that each of 
these materials arrived at the plant in precisely the 
grading desired in the four hot-storage bins. This was 
the chief reason for the exceptionally small percentage of 
bin delays or delays due to lack of proper size of hot 
aggregate. 

Materials after leaving the stock pues passed through 
the dryer where they were heated to 375° or 400°. They 
were then conveyed by a bucket elevator to the screens 
where they were screened and chuted into four hot- 
storage bins, each bin containing a certain size. All 
aggregates passed the 14-inch screen except part of 
that for the base course, where a maximum size of 2 
inches was used. 

Passing from the hot-storage bins, materials were 
batched by weight in the weigh box, which was sus- 
pended on multiple-beam scales, so that each size could 
be weighed rapidly and accurately. Dust was conveyed 
from a dust hopper to the weigh box by means of a 
mechanically driven screw operated by the batcher 
operator, and weighed on the multiple-beam scales. 
The dust was not heated. After the materials were 
weighed, they were dumped into the mixer box by the 
mixer operator. The gate of the weigh box opened at 
right angles to the mixer shafts; this arrangement facili- 
tated even distribution of the materials in the mixer. 
Baffle plates were installed in the weigh box to dis- 
tribute the materials issuing from the four hot-storage 
boxes. In order stil further to assure even distribu- 
tion, a definite sequence was adopted for weighing each 
material. 

Asphalt cement, heated to about 280° was weighed 
and admitted to the mixer, parallel to the mixer shafts, 
by another operator, who also discharged the mixer and 
dumped the truck hopper or “gob” box. The mixer 
gate and truck hopper were operated by steam pistons, 
controlled by steam valves. 

HAULING OPERATION CAREFULLY TIMED 

The asphalt concrete, after being weighed by the 
State highway authorities, was hauled to the job in 
trucks equipped with tarpaulins. Al) trucks hauled 
three batches or 6.3 tons, and all trucks were pneumatic 
tired. Truck speeds averaged 22 miles per hour. The 
trucks were turned about 200 feet ahead of the finish- 
ing machine and were backed and hooked to the spreader 

boxes. The contents of each were then dumped on the 
street ahead of the finishing machine to approximately 
the desired depth. The terminal time constants of 
operation for these trucks averaged 6.5 minutes per 
trip. A careful scrutiny of the time of arrival and 
departure of trucks from the plant was made by the 
company to check upon the efficiency of truck operation. 

FINISHING MACHINES USED FOR PAVING 

A finishing machine was employed to spread the 
material and strike it off to the desired section. For 
the 30-foot section a rebuilt machine was used. For 
the 20-foot section a regular finishing machine, partly 
rebuilt and speeded up, was used. Studies disclosed 
that the 30-foot machine would travel at the rate of 
7.8 feet per minute and would handle approximately 
194 tons per hour, while the 20-foot machine would 
trave] 12.6 feet per minute and handle 205 tons per hour. 

Compaction was obtained by the use of four rollers, 
one 10-ton, 3-wheel roller and three 8-ton tandems. 
The 10-ton and one 8-ton roller were used for longi- 
tudinal rolling and the other two 8-ton rollers were 
used for transverse or crescent rolling. Late in the 
afternoon two of the 8-ton tandem rollers were used to 
rell out bumps. 

PRODUCTION STUDIES COVERED BOTH PLANT 
EQUIPMENT 

AND AUXILIARY 

The studies conducted on this project by the engi- 
neers of the Bureau of Public Roads covered the period 
from September 15 to October 8, and included the 
following major items: 

1. Making several stop-watch studies every day of 
the operation of the asphalt plant. The purpose of 
these studies was to determine the amounts and sources 
of delays at the mixer. 

2. Making daily stop-watch studies of auxiliary 
equipment to determine their rates of production, and 
to ascertain whether or not they favored or limited the 
attainment of maximum production by the asphalt 
plant. 

A number of other features of the construction were 
also studied, including mixing time tests to determine 
the effect of the length of mixing time on the distribu- 
tion of aggrezates and asphalt in the mixer. 

In order that the mixing operation might be carefully 
controlled during the period when time studies were 
being made, a timing device was installed on September 
3. Although it was an innovation in asphalt work, the 
use of this device resulted in an almost clocklike regu- 
larity of plant operation, a nearly constant mixing time, 
and approximately a 6.5 per cent increase in rate of 
production. 

For the purpose of the production study, the charging 
time was taken as the total time consumed in emptying 
all ingredients into the pugmill. The mixing time was 
taken as the interval between the completion of the 
charging and the opening of the discharge gate. The 
discharge time was taken as the time from the opening of 
the gate to the completion of discharge. A summary of 
the results of the plant production study is given in 
Table 1. It will be observed that for the base and 
leveling courses the possible number of batches per hour 
proved to be 73, while for the surface course 61.2 batches 
were found to be possible. Minor delays brought these 
rates down to 69.8 and 60.6 actual batches per hour, 
respectively. These figures are practically the same as 
the maximum production rates allowed by the State 
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authorities, who would suspend plant operation if pro- 
duction exceeded 70 batches per hour for the base and 
leveling courses and 60 batches per hour for the surface 
course. The reason for the difference between the 
number of batches allowed for base or leveling course 
and surface course was the fact that the State required a 
“double charge”? on the surface materials, i. e., No. 3 
stone was weighed separately and after the weighing and 
dumping of the other aggregates. 

TasiE 1.—Production data for period of study, September 15 to 
October 8, 1930 

Base Surface 
and course 

Item leveling | and 
| courses jscreenings 

Gharpine-tinesseconds? 2. 222.2265. eo ae ee Se ee ee 6.8 a7, 
Mixing time, seconds_____- = ee ee eee See eee | ear! 28. 3 27.9 
Discharge time, seconds___.__---_------- Se ESD Be tena, a es 14, 2 15. 2 
Motaseyclesseconds:.. 2-1. SA ee ee eee 49.3 58.8 
Net ezbRECRES OSSD 1LG (oer: NCIS ey era ee ee 73. 0 61.2 
Per cent: of hour lost minor delayse-2- == Se eee 4.45 | 0.78 
Per cent of hour ubilizedis sae = ae ee Ae ea Se ee 95. 55 | 99, 22 
Wetial patches: per lounes ca = se =o. sae ee ee ee 69.8 a 60. 6 
Actual tons per hour of operation ___ OP ie Serene eS 152. 0 131.0 

Average tons per day on days operated_-_..--.----------------- 1], 066.9 
Average haul COjob, miles: 4 22) hes eee ee ee 5. 07 
Average number trucks for both courses. ----__=---.2.2-=2---=- 15.2 
Actual job efficiency including unavoidable delays_-__------ ate 90. 41 
Actual job efficiency excluding unavoidable delays------------- 97, 14 

1 All courses. 

TaBLE 2.—Production data for entire paving period, August 18 
to October 8, 1930 

pees and | Surface 
Item leveling | course and oe 

courses | | screenings J 

Total Doursqnixsin es bles. 2 eae ee eee 208. 80 J08. 25 317. 05 
Total fous mixeds = a= ee ee ee ee 29, 823.05 | 13, 732.91 | 43, 555. 96 
Total: batches mixed... 2] aes eee eae ee 13, 548 | 6, 373 19, 921 
Avrerave tons el auC Nes = a= ee ee 2. 20 | 2G oo IKE) 
Actual batehesmper Ours sae aoe eee ne eenrere 64. 89 | 58. 87 62. 86 
Actualtonsipemhour. 225.2554. 2 eee eee 142. 83 | 126. 85 137. 38 
Average tons per day on days available_____..__-_!__--_-______ [aes eee 1, 024. 85 
Average tons per day on actual working days-_----__|_---------- | cee 1, 049. 50 

The production data for the entire paving period are 
given in Table 2. It will be noted that the actual 
number of batches per hour was considerably less for 
the entire job than for the period from September 15 
to October 8, when the timing device was in operation. 

DELAYS IN PRODUCTION ANALYZED 

In Table 3 is given an analysis of the delays occurring 
during the entire paving period. Time losses are 
erouped into two divisions, major and minor. Major 
delays are those 15 minutes or more in length and 
minor delays are those less than 15 minutes in length. 
Minor delays usually occur much more frequently than 
major delays and generally far exceed the major delays 
in total time even though each may be less than a 
minute in length. These minor delays are usually the 
most serious consumers of profits. Major delays fall 
into two classes: Those occurring with the full crew on 
the job and those occurring with the major portion of 
the crew laid off. Delays are classified as avoidable 
or unavoidable, and the efficiency of the organization 
is computed exclusive of the unavoidable delays. It 
is particularly interesting to note that on this project 
the major delays were all unavoidable and exceeded 
the minor delays which are believed to be mostly 
avoidable. The cost and difficulty of further reducing 
these minor delays would have been great and it is 
questionable if it could have been done. To illustrate 
clearly the cost of these time losses, they are evaluated 

TaBLE 3.—Analysis of delays during entire paving period, August 
18 to October 8, 1930. Total available working days during 
period, 42.50; total available hours, 340.50 

Per cent , 
Therm Delay of total Esti- 

c in hours | available} mated 
time cost 

Major delays—unavoidable: 
Handling on:erad oa) ost ee ee ee 1. 66 0. 49 $197. 84 
Crane repairs se4 So esee eae ee ne ee, ee a ee . 50 -15 59. 59 
Plant equipment repairsae. esas === eee eee 4.62 1536; 550. 61 
hack/oPaspoal ties se. oe ae = eee Aw ti) r22, 89. 39 
POWer Off ote * Ss Se Re ee eee 225 07 29. 80. 
Hiléctrical repaits 22-2 ee LE? . 34 139. 44 
Rain or wet grade (crew off job)...-------------- 14. 50 4.25 302. 04 

otal. St fe oe ee ee ee ee 23. 45 6.88 | 1,368.71 

Minor delays—probably avoidable: 
TraCckOperatione £2 aon wees eee eee eee ag a . 06 26. 22 
luackiofhotnaterialss = = 4-2 3.14} ° .92 374, 23 
Operative: delayss=. =e oe ne eee 2.31 . 68 275. 31 
Handling onierad 6htese.2n- 25. eee ee 4.05 1.19 482. 68 

DOCH 2 ee Se eS ee ee ee ree 9.72 2.85 1, 158. 44 

Grand total, all delays.....-.---.------------- 433.17 elms ones 

at the rate of $119.18 per hour, which is a conservative 
value for the normal personnel and organization em- 
ployed, and the estimated cost is given in Table 3. It 
should be noted that for the periods when the crew was 
not on the job the estimated cost of delay was not 
computed on this basis. 

(Continued from page 257) 

cost of owning these vehicles during the long periods 
when they would not be needed on the job. 

That both owned and hired hauling units can be 
combined and operated at a high degree of efficiency 
when full control is maintained over the hired units is 
amply demonstrated on several jobs included in this 
study. On one of these jobs, using partly owned and 
partly hired hauling units, a rate of over 50 batches an 
hour was attained during several weeks with a time loss 
of less than one-half of 1 per cent from faulty truck 
operation on a haul which at one time exceeded 8 miles. 
The mixing time was 50 seconds. 

CONCLUSIONS OF INVESTIGATION SUMMARIZED 

The major point brought out in this investigation is 
the fact that under present methods and practices of 
providing, directing and operating the hauling equip- 
ment, the paving contractor loses about 17 per cent of 
his time, which might otherwise be utilized in further 
production. A part of this loss is due to the rather 
prevalent use of a method of subcontracting in which 
the economic interests of the two parties are antago- 
nistic. The use of this system, at least in its present 
form, is unsatisfactory and should be discontinued. A 
larger portion of these time losess, however, are due to 
faulty or inefficient operation. Numerous instances 
are found where under able management and proper 
supervision these time losses have been greatly reduced 
and a corresponding financial reward obtained. Too 
frequently much of the seeming inefficiency of the truck 
operation is really due to a poor yard layout or to 
faulty operation of the loading equipment. Careful 
planning of the yard layout before the loading plant is 
set up should obviate many of these difficulties. Once 
the work of pouring concrete has actually begun, noth- 
ing will probably prove so effective in reducing time 
losses and correcting faulty methods of operation as 
able supervision abundantly supplied with actual 
facts obtained through frequent use of the stop watch. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 
Report of the Chief of the Bureau of Public Roads, 1930. 

DEPARTMENT BULLETINS 

No. *186D. Highway Bonds. 20c. 

*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 

*691D. Typical Specifications for Bituminous Road Mate- 
Tale Segoe OC 

1216D. Tentative Standard Methods of Sampling and 
Testing Highway Materials, adopted by the 
American Association of State Highway Offi- 
cials and approved by the Secretary of Agri- 
culture for use in connection with Federal-aid 
road construction. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULARS 

No. 331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 

TECHNICAL BULLETIN 

No. 55T. Highway Bridge Surveys. 

MISCELLANEOUS CIRCULARS 

No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93M. Direct Production Costs of Broken Stone. 25c. 

109M. Federal Legislation and Regulations Relating to the 
Improvement of Federal-Aid Roads and National 
Forest Roads and Trails, Flood Relief, and Mis- 
cellaneous Matters. 

MISCELLANEOUS PUBLICATIONS 

76MP. The Results of Physical Tests of Road-Build- 
ing Rock. 

No. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *914Y. Highways and Highway Transportation. 25ce. 

937Y. Miscellaneous Agricultural Statisties. 

1086Y. Road Work on Farm Outlets Needs 
Right Equipment. 

Skill and 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 

Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. (1928) 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

10, D-15. Tests of a Large-Sized Reinforeed-Con- 
erete Slab Subjected to Eccentric 
Concentrated Loads. 

VCR moO: 

VO lO NO: 

Wol, ©, INo, @, 1B 

Vol. 11, No. 

*Department supply exhausted. 
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