
pre gents shoot 
+” Civgngmastsnigunuosnaprachayanetsteni shut Hie ete furydnae rpsuteegs teary ns 

ae ponpigseae aay is 
Teli pest int Tae 2s fete 

rare shshee rriraee iste sahd Fy 

picnic patito Doh astatastas aanatees oth otede a meet scgiaeae, ; 

pate nethigt sets Se petatat ad ut pares 
we ere ‘ . Feet wa(uiiar pt tnlata ate tortram fae sDreinlerattinggtel rabtnenpage ann ae ae? itheaatti nr sesrationtt ror! or 

iV rt 1 ree cise pa +8 dase peletete eaditaraceny " . i 
itetururahtce tht i ucanage arate i aararat Say nares # P ny ry LOS sy ya ra oaee tg eriirors errr PoCierre eles us ss i mr ‘ 

; minnerererey ate adi Bias araererter tt fi nae Bowe Huet asteh if yee pain 
y thi Mot ’ ody 4 ’ o 
Ptr en ties ttn d ipod fap retry oe tee trate na iar ne3 9.2149) ve 4 
rips nt Het in " 

venteeat 
fe aone anhateate feat oben tel rif 

ae ve ne saat Vu teat entry i ; 
iat ies sa dps rast whys ley Sayan Pr oegee i 

recep nt at mi ties 34 ait ty pptane i cy 
Rreren rips ay pe wn i HE oY th wy ie 
rie ea iN bale nit rene 

a Agena e ea : ih y 
vr i it a ia tien ee ie ae 

yikes Ladd Wy i 

ing 
isiath 4 ee Da Mee RDS ELA, et 

ay hae j UNH NRE TRA te is ones ae i 

hi : Na int ; fit ‘Dis i yitealy Hine) xt ia 
Rat a es ae ae 
dit f rca sn wn Ba oe Ay Ninds! 

shedtat i fay etna , 

i Bae taut ae tii vi it A FY) ; 

wich A Ge H nae Hind . 
ian sas il 4 hah ? aL wi aig es 400 Bubrise sta laBeyas ain a af Hi tity uta i aa yiady: a io a eat 

29 Bh! dy ft ae 

" ee 

ws} r\ +} r ih irl i AV 

Aaa i ih i Ei ce i ce 
Baa 4 Ni ae i Risiy ble ut 
malt ral uti) ys mE 

situate in apa 
nihil 

Ly 
<< 

ee ae 

Slat ees 

Pete - 
oi) ¥ ii: i ra 1 i Ste 

Wa oe 
fy salts tie ey suis 

a it it i a atte 
, nk tian ah Mi 

Nhe aa 

Ht 

ait | i Gite yt 

ih Hy isi aks a ft rt HORN AN fi 
j oF : i k i at ie iad ie 

iH na 

. 
=e = 

as 

esas 

SS 

em 

Sa emeaa oe 

Ui 

nun a } 
hy Pht 3 vat ts 

ati 
we 

iu ah 
Heeler | 
il 

SeSer, 
w= 

pas 

TST SSS = = SEE S24 Sasa esse 
su ese aTe eae = 

ees 
RSs ome, 

SAYA HN 
a 

ret 

2s 
aoe SE = 
Z 

aes 

a=. A 
‘ cued \ tae 

CAR as 

vi 

pe 
SE eatetses 

oe ite os 
Ra has Hi} Gia at na ae a ae nh 

i: i i Ax 
i ht ne i: eke " ae 
oe a ib ae pits Mi 

A 
Wy v i 

Aa Wiehe ent ia : \ aS 

ven iht nt ity Ny rete " ath a ety vai ane wus 
i satininidterca. to yanan yt ty Beis *( 
stale Leah AI ha i ty 4 4 y — r fetta it 

ito aM mil wa) - bit ue Math Hin tenets Me ; 4 . RE ited 
‘ i) Mt uid eipttin ti 
na) Wien ant ia i ae aay a 

sae ARH MEU writ ee the ie n 
t aye Rh Pe Ritiade stan ey at iN 

Str anergy a bi * Ue tRt 

Seeks 
aw Hwy 
me ulna Tait 

ata Sitntataty : mate 
ih tH y is sironanyaih oh ihe 

sit Sei i iu 
shee tbh. 

4 reat 

tan, } cere " 
Varga DINED rps Aya 4 say Nl ah, 
at "i hh win +9uh mh elena es ct cai me 

aS NY! W rr ti < veg 9) 
a ny nN ay Ww : Pane atts" , . an Nae 
Ver EET LASHES aaY HALEN SA BCU Rte ‘ Pk Wy na mun 
Pe ater amet ne pune 





JUBLIC ROADS 
A JOURNAL OF HIGHWAY RESEARCH 

| 

| UNITED STATES DEPARTMENT OF AGRICULTURE 
il BUREAU OF PUBLIC ROADS 

oe 

CONTROLLED-HUMIDITY CABINET IN WHICH CONCRETE SPECIMENS WERE CURED 
a 

For sale by the Superintendent of Documents, Washington, D. C. - - - See page 2 of cover for prices 



PUBLIC ROADS ihe aie 
Issued by the 

UNITED STATES DEPARTMENT OF AGRICULTURE 

BUREAUMO ESP UBEIGRROADS 

D. M. BEACH, Editor 

Volume 20, No. 4 June 1939 

The reports of research published in this magazine are necessarily qualified by the conditions of the tests from which the data are obtained. 
Whenever it is deemed possible to do so, generalizations are drawn from the results of the tests; and, unless this is done, the conclusions 

formulated must be considered as specifically pertinent only to described conditions. 

In This Issue 

Toll: Roads :and:Eree?Roads\. 250, ees 2) estat tee tees re 6 

Tests of: Concrete Curing ViaterialS es5 te cee eee ne (7 

State Motor-Fuel Gonsumption and vllaxsReceiptsial. 930.0) ae een ane) 

State Motor- Vehicle Registrations and) Weceipts.1 950 seem mentee ae n/c) 

State Motor-Garier lax Receipts71938ee) eam arene nin ene ant) 

THE* BUREAU. OF PUBLIG ROADS —)-* -) = Willard BinldingmWashingtonm se 

REGIONAL HEADQUARTERS = = == - Federal) Building, Civic Gentermoan branciscomGalna 

v 

DUS Ri GrlstO Feta CrLs> 

DISTRICT No. 1. Oregon, Washington, and Montana. DISTRICT No. 8. Alabama, Georgia, Florida, Mississippi, and Tennessee. 
Post Office Building, Portland, Oreg. Post Office Building, Montgomery, Ala. 

DISTRICT No. 2. California, Arizona, and Nevada. DISTRICT No. 9. Connecticut, Maine, Massachusetts, New Hampshire, New 
Federal Building, Civic Center, San Francisco, Calif. Jersey, (New Yor Rhodellsiandeand Vermont 

DISTRICT No. 3. Colorado, New Mexico, and Wyoming. 305 Past Office Building, Albany, N. Y. 

254 New Custom House, Denver, Colo. DISTRICT No. 10. Delaware, Maryland, Ohio, Pennsylvania, and District 

DISTRICT No. 4. Minnesota, North Dakota, South Dakota, and Wisconsin. of Columbia. 

907 Post Office Building, St. Paul, Minn. Willard Building, Washington, D. C. 

DISTRICT No. 5. Iowa, Kansas, Missouri, and Nebraska. 

Masonic Temple Building, Nineteenth and Douglas St., Omaha, Nebr. 

DISTRICT No. 11. Alaska. 
Room 419, Federal and Territorial Building, Juneau, Alaska. 

DISTRICT No. 6. Arkansas, Louisiana, Oklahoma, and Texas. BOVE Neb APR a ence neg Federal Building, Ogden leet 
Room 592, United States Courthouse, Fort Worth, Tex. . a -oe 

ae. DISTRICT No. 14. North Carolina, South Carolina, Virginia, and West 
DISTRICT No. 7. Illinois, Indiana, Kentucky, and Michigan. Virginia. 

South Chicago Post Office Building, Chicago, III. Montgomery Building, Spartanburg, S. C. 

Because of the necessarily limited edition of this publication it is impossible to distribute it free to any person or institution other 
than State and county officials actually engaged in planning or constructing public highways, instructors in highway engineering, 
and periodicals upon an exchange basis. At the present time additions to the free mailing list can be made only as vacancies occur. 
Those desiring to obtain Pustic Roaps can do so by sending $1 per year (foreign subscription $1.50), or 10 cents per single copy, 

to the Superintendent of Documents, United States Government Printing Office, Washington, D. C. 

CERTIFICATE: By direction of the Secretary of Agriculture, the matter contained herein is published as administrative information 
and is required for the proper transaction of the public business. 



TOLL ROADS AND FREE ROADS 
SPECIAL REPORT by the Bureau of Public Roads 

A on the feasibility of constructing and operating as 
a toll facility a system of six transcontinental high 
ways and on needed highway improvments was trans- 
mitted to Congress by the President on April 27, 1939, 
with a message recommending the report for the con- 

and building new roads where necessary to provide 
more direct travel. 

In studying the feasibility of a toll system, the Bureau 
selected six routes, located in accordance with the terms 
of the act, aggregating 14,336 miles. Its detailed 
studies show that the cost of constructing this system 

sideration of Congress. 
The report shows that 

a system of transcon- 
tinental superhighways 
cannot be supported by 
tolls and will not solve 
any considerable part 
of the problem of pro- 
viding adequate high- 
way facilities. 

The report was made 
in accordance with the 
Federai Aid Highway 
Act of 1938, approved 
June 8, 1938, which 
directed the Chief of 
the Bureau of Public 
Roads to investigate 
and report his findings 
“with respect to the 
feasibility of building, 
and cost of, superhigh- 
ways not exceeding 
three in number, run- 
ning in a general direc- 
tion from the eastern 
to the western portion 
of the United States, 
and not exceeding three 
in number, running in 
a general direction from 
the northern to the 
southern portion of the 
United States, including 
the feasibility of a toll 
system on such roads.” 

The report states that 
the building of such a 
system is entirely feas- 
able from a physical 
standpoint but the sys- 
tem would not come 
within 50 percent of 
being self-supporting if 
operated as a toll facil- 
ity. The report adds, 
however, that a system 
of toll roads such as the 
Bureau was required to 
report on does not meet 

TO THE CONGRESS OF THE UNITED STATES: 

I transmit herewith a letter from the Secretary of Agriculture, 
concurred in by the Secretary of War, enclosing a report of the 
Bureau of Public Roads, United States Department of Agricul- 
ture, on the Feasibility of a System of Transcontinental Toll 
Roads and a Master Plan for Free Highway Development. 

The report, prepared at the request of the Congress, is the 
first complete assembly of data on the use being made of our 
national highway network. It points definitely to the corrective 
measures of greatest urgency and shows that existing improve- 
ments may be fully utilized in meeting ultimate highway needs. 

It emphasizes the need of a special system of direct inter- 
regional highways, with all necessary connections through and 
around cities, designed to meet the requirements of the national 
defense and the needs of a growing peace-time traffic of longer 
range. 

It shows that there is need for superhighways, but makes it 
clear that this need exists only where there is congestion on the 
existing roads, and mainly in metropolitan areas. Improved 
facilities, needed for the solution of city street congestion, are 
shown to occupy a fundamental place in the general replanning 
of the cities indicated as necessary in the report ‘‘Our Cities’’, 
issued in September 1937 by the National Resources Committee. 

The report also points definitely to difficulties of right-of-way 
acquisition as obstacles to a proper development of both rural 
highways and city streets, and makes important and useful 
recommendations for dealing with these difficulties. 

I call the special attention of the Congress to the discussion 
of the principle of ‘‘excess-taking’’ of land for highways. I lay 
great emphasis on this because by adopting the principle of 
“‘excess-taking’’ of land, the ultimate cost to the Government 
of a great national system of highways will be greatly reduced. 

For instance, we all know that it is largely a matter of chance 
if a new highway is located through one man’s land and misses 
another man’s land a few miles away. Yet the man who, by 
good fortune, sells a narrow right-of-way for a new highway 
makes, in most cases, a handsome profit through the increase 
in value of all of the rest of his land. That represents an un- 
earned increment of profit—a profit which comes to a mere 
handful of lucky citizens and which is denied to the vast majority. 

Under the exercise of the principle of ‘‘excess-taking’’ of 
land, the Government, which puts up the cost of the highway, 
buys a wide strip on each side of the highway itself, uses it for 
the rental of concessions and sells it off over a period of years to 
home builders and others who wish to live near a main artery of 
travel. Thus the Government gets the unearned increment and 
reimburses itself in large part for the building of the road. 

In its full discussion of the whole highway problem and the 
wealth of exact data it supplies, the report indicates the broad 
outlines of what might be regarded as a master plan for the de- 
velopment of all of the highway and street facilities of the Nation. 

I recommend the rerort for the consideration of the Congress 
as a basis for needed action to selve our highway problems. 

FRANKLIN D. ROOSEVELT 
THE WHITE HOUSE, 

April 27, 1939. 

for fast-moving traffic, 
without crossing other 
highways or railroads at 
grade, would be about 
$2,899,800,000, which 
is at the average rate 
of $202,270 per mile. 

The average estimat- 
ed annual expenditure 
for the period 1945-60, 

required for financing 
the construction, main- 
tainng the property, 
and operating the facil- 
ity would be $184,054,- 
000, which is at the 
average rate of $12,840 
per mile per year. 

Estimates of the po- 
tential traffic on the 
proposed toll system 
were based on actual 
traffic counts on the 
main highways of the 
country and studies of 
the character of high- 
way travel. A number 
of facts led to the con- 
clusion that only a small 
portion of present traf- 
fic could be attracted to 
the toll system. Long- 
distance travel consti- 
tutes only a small frac- 
tion of the total travel. 
Counts made on east- 
west highways at sta- 
tions established on a 
line extending from 
Canada to Mexico 
showed only 300 pas- 
senger vehicles crossing 
the line daily in trans- 
continental travel. The 
system could be 
expected to serve ade- 
quately only that por- 
tion of the traffic hay- 
ing origin and destina- 
tion close to one of the 

the most urgent highway needs, and presents a master 
plan designed to meet these needs. 

In this plan five classes of improvement are listed. 
A bold attack on the congestion and delays on main 
arteries by constructing express highways through 
cities, belt-line distribution routes around them, and 
bypasses around small towns, is proposed. It is also 
proposed to create a national system of interregional 
highways, approximately 27,000 miles in extent, by 
modernizing and improving existing routes of travel 

149838—39 ——1 

six routes. Access to the highways would have to be 
controlled both for collection of tolls and to prevent 
interference with flow of traffic by entering vehicles. 
Vehicles traveling distances less than the spacing of 
access points would not use the toll roads. 

It is estimated that the utilization of the system would 
average, during the period 1945-60, 12,450,000 vehicle- 
miles per day. Assuming toll charges of 1 cent per 
vehicle-mile for passenger vehicles and an average of 
3.5 cents per vehicle-mile for trucks and busses, this 
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travel would produce an average annual revenue of 
$72,140,000. This is considerably less than the $184,- 
054,000 estimated average annual cost and leads the 
Bureau to conclude that the system studied could not 
be supported by toll collections. 

The portion of the proposed system estimated to be 
most nearly self-supporting is the 172 miles from a 
point near Philadelphia, Pa., to a point near New 
Haven, Conn. With the increase in traffic expected 
by 1960, this portion of the system would earn slightly 
more than the estimated cost for that year. 

The report states, “If, as an actual test of the feasi- 
bility of a limited mileage of toll roads, it is the desire 
of the Congress to make provision for the construction 
of a section of highway of substantial length upon which 
there is a reasonable prospect of the recovery of the 
costs through tolls, it is recommended that such provi- 
sion be made applicable to a section of highway, prop- 
erly located, and extending from an appropriate point 
near Washington, D. C., to an appropriate point near 
Boston, Mass.” 

The report recommends the construction of a special 
system of direct interregional highways, with all neces- 
sary connections through and around cities, designed 
to meet the requirements of the national defense in 
time of war and the needs of a growing peace-time 
traffic of longer range. A system of such roads, in- 
cluding 26,700 miles, has been tentatively selected on 
the basis of the detailed traffic data available. Exist- 
ing main highways can be modernized to form a large 
part of the system but some new highways will be 
needed to provide directness of travel. Although 
these roads represent less than 1 percent of the total 
mileage of rural roads, the Bureau estimates they 
would serve, when improved as indicated, at least 12.5 
percent of the total vehicle travel on rural highways. 
More complete information on the character of 

traffic in and near cities than has heretofore been 
available is presented. Traffic maps in the report 
show that about 90 percent of the traffic on main 
highways near the entrances to large cities is bound 
to or from points in cities themselves and cannot be 
bypassed around them. It is found also that a large 
part of the traffic is destined to or bound from points 
in the very heart of the city or points most conveni- 
ently reached by going through the center of the city. 
There is great need, the report indicates, for express 

highways cut directly into and through the center of 
the big cities. These are needed not “only for service 
of the through traffic delivered by the main rural high- 
ways but also for the daily in-and-out movement of 
local traffic between the downtown section and sub- 
urbs centering about the main highways at the periphery 
of the city. 

The West Side Highway and Henry Hudson Parkway 
in New York, and the recently constructed express 
highway in St. Louis are cited as early examples of 
such facilities. The provision of similar facilities in 
Pittsburgh is now receiving serious consideration. 
By preference such express highways should be con- 

structed as attractively landscaped depressed thorough- 
fares passing under all cross streets. 

Bypasses—the remedy usually proposed for the 
relief of congestion on through streets in cities—are 
said to be only a partial and, by themselves, a not 
very effective remedy. They are recommended around 
the smaller towns and a new type of belt-line distribu- 
tion road around cities is proposed. For maximum 

effectiveness, both the bypass and distribution highways 
must be free of cross traffic, parked vehicles and devel- 
opments immediately adjacent, to preserve their initial 
advantage against the encroaching growth of the urban 
community, which otherwise soon converts them into 
ordinary local streets. 

Outside of city limits on the main highways the 
report shows there is need of modernization of the 
existing roads to ease curvature, reduce gradients, and 
extend § sight distance in order more safely to serve ‘fast- 
moving traffic. Near the cities, also, a steadily in- 
creasing mileage of four-lane divided highways is 
believed to be required. 

According to the report, such improvements are 
required on most of the mileage of the Federal-aid and 
State highway systems, especially those parts built 
before the recent considerable increase in the travel 
speed of motor vehicles. For the most part they 
involve only local changes in the existing roads. By 
such changes the bulk of the highway traffic that moves 
between adjacent cities will be amply served. 

The report sketches the general outlines of a Master 
Plan for the improvement of roads and streets to meet 
the real needs of highway transportation. In addition 
to the several classes of improvements previously 
mentioned, the plan includes improvement of a care- 
fully selected mileage of secondary and feeder roads to 
give direct service to a larger number of rural dwellers. 
The selection would be made from among the 2,618,- 
000 miles of roads outside of the Federal-aid and 
primary State highway systems. Constituting about 
83 percent of the country’s total road and street mile- 
age, these lesser roads serve at present only about 13 
percent of the total vehicle mileage of traffic. Located 
on them, however, are the homes and working places 
of about’ 75 percent of the rural population. The 
purpose of the improvement of an additional mileage 
of these roads, therefore, is shown to be that of afford- 
ing better access to rural property rather than the 
service of a large increment of traffic. The choice of 
the roads to be improved should be made in close con- 
formity with a program looking to the promotion of 
economically and socially beneficial land use. 

The report discusses at length the limitations hitherto 
placed upon road improvement by difficulties of right- 
of-way acquisition, and shows that similar difficulties 
are now the principal obstacle standing in the way of 
needed improvements of the several types described, 
especially within and in the vicinity of cities. 

Taking the city of Baltimore as an example of a 
universal condition, it shows, by spotting the location 
of properties on which the city holds tax liens and prop- 
erties being acquired for Federal slum clearance 
projects, that a wide belt of decadent property surrounds 
the central business section. Decay of values within 
this zone (the result of the outward movement of the 
homes of the more well-to-do citizens) is rapidly 
approaching a critical point. Creation of new values 
is beginning to occur, generally without regard to any 
well-conceived future street plan. In Baltimore, pro- 
posed slum clearance projects are shown to lie in the 
path of desirable express highway locations. All of 
which indicates the great importance of early considera- 
tion of the new street plans which must form the frame- 
work upon which the cities of the future will be erected. 
It also indicates the need and present timeliness of 
effective measures for the acquisition of land in the 

(Continued on page 75) 



TESTS OF CONCRETE CURING MATERIALS 
BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 

Reported by F. H. JACKSON, Senior Engineer of Tests, and W. F. KELLERMANN, Associate Materials Engineer 

UMEROUS methods and procedures used for 
curing concrete pavements are included in the 

scope of the investigation herein reported. However, 
the investigation did not include the use of cotton 
mats which have proven highly effective as a curing 
medium, not only on account of their ability to retain 
moisture over a considerable period of time but also 
because they protect the concrete from large fluctua- 
tions in temperature at early ages when its ability to 
resist temperature stresses 1s low. 

The reason for the omission of cotton mats was two- 
fold. First, the investigation did not involve any study 
of thermal insulation but was for the purpose of deter- 
mining the ability of various curing agents to retain 
moisture and thereby promote the development of 
strength. In the burlap curing that was used as a basis 
for the comparison of the other methods, the burlap was 
kept in a saturated condition at all times and therefore, 
insofar as moisture loss is concerned, the results were 
the same as would have been obtained with saturated 
cotton mats. Second, the technical and practical advan- 
tages of cotton mats have been demonstrated conclu- 
sively by previous investigations, both in the laboratory 
and in the field. 

Thorough and complete curing has always been 
recognized as one of the most important single factors 
involved in the construction of a concrete pavement. 
The importance of delaying moisture loss until the 
concrete has attained sufficient strength to furnish high 
resistance to the shrinkage stresses resulting from dry- 
ing is self-evident. For this reason, provisions for 
curing form a very important part of every concrete 
pavement specification. 

For many years concrete pavements were cured 
almost entirely by means of a thorough and continuous 
application of water for periods up to 10 days after 
placing. Curing began by covering the concrete with 
wet burlap applied just as soon after finishing as pos- 
sible. This was kept continuously wet until the follow- 
ing day when it was replaced by a covering of earth or 
straw kept continuously wet for periods of from 7 to 10 
days. It has always been pretty generally agreed that, 
theoretically at least, the above method is ideal. How- 
ever, it requires continuous wetting over a considerable 
period of time, a procedure which is not only expensive 
but requires constant and efficient supervision to insure 
full compliance. 

TESTS MADE TO COMPARE CURING MATERIALS AND TO DEVELOP 

STANDARD TEST PROCEDURE 

So long as only small amounts of pavement were in- 
volved and daily yardages were limited, it was possible 
to enforce such curing provisions without great diffi- 
culty. However, as methods of construction became 
more efficient, and daily yardages increased, the cost 
of curing by water as well as the difficulty of enforcing 
the requirements mounted rapidly. As was bound to 
happen, this condition has resulted within the last sev- 
eral years in the introduction of numerous substitute 
methods of curing, designed to accomplish the same 
purpose without the use of water. Most of these 
methods, involving the use of such materials as various 

grades of waterproof paper coverings, sodium silicate, 
liquid bituminous products, rubber emulsion, etc., de- 
pend entirely for their efficiency on the ability of the 
materials to retain water within the concrete. ‘The 
materials seal the surface and their use is justified on 
the theory that adequate curing can be accomplished 
by retaining the contained water. 
Many attempts have been made from time to time 

to study the effectiveness of different methods of curing 
concrete through the construction of experimental 
roads, curing different sections by different methods. 
Such procedure would seem to be a very logical method 
of ascertaining the comparative value of different cur- 
ing materials. Actually, however, the impossibility of 
controlling other variables that may affect the result, 
particularly weather conditions, make it of distinctly 
questionable value. 

There are many problems regarding concrete pave- 
ment construction that may be studied with profit 
through the construction of experimental roads. How- 
ever, in the authors’ opinion curing is not one of them. 
It is believed that such comparisons should be made 
only in the laboratory under closely controlled tempera- 
ture and humidity conditions, using a test procedure 
that will permit direct comparisons of the efficiency of 
different curing materials. Having determined, by 
means of a series of tests of this type, the degree of 
compliance that may reasonably be expected, suitable 
requirements could be written into standard specifica- 
tions and the test procedure used as a standard routine 
laboratory method of evaluating the various materials 
and processes offered for use. 

The tests reported herein were made with the twofold 
purpose of obtaining comparative data on the effective- 
ness of various curing materials and methods now in 
common use and of developing a standard laboratory 
test procedure for use in specifications. The procedure 
followed has been made available to Committee C-9 of 
the A.S. T. M. in developing a tentative method for 
testing curing agents. The curing materials that were 
investigated included, in addition to burlap, calcium 
chloride, used both as a surface application and as an 
admixture; sodium silicate; six waterproof papers; a 
special curing blanket consisting of two layers of burlap 
with a jute bat between; an asphalt emulsion; an 
asphalt cutback; a straw-colored lacquerlike liquid; 
and a rubber (latex) emulsion. The last four materials 
were proprietary liquid curing compounds applied in the 
form of a spray. A brief description of each of the 
materials investigated is given in table 1. 

STUDIES MADE OF 38 DIFFERENT CURING PROCEDURES INVOLVING 

14 MATERIALS 

Several of the surface-sealing materials were used 
both with and without a preliminary 24-hour applica- 
tion of wet burlap. In addition, the time elapsing 
between the molding of the specimen and the applica- 
tion of the curing material was varied. The compara- 
tive effects of burlap curing for 1, 2, and 3 days without 
subsequent curing were also investigated. In all, 38 
different curing procedures involving 14 materials 
were studied, the results being compared with the 
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results obtained with specimens cured continuously 
with wet burlap in sealed containers (ideal curing) as 
well as with specimens exposed to the air without pro- 
tection of any kind. To provide ideal curing the 
specimens were first covered with two layers of wet 
burlap. Over this was placed a metal cover that was 
sealed around the edges to prevent any loss of moisture. 

TaBLE 1.—Description of curing materials 

Type Description 

Burlay eee Weight, 9 ounces per square yard. : P : 
Paper is tee es 2 layers of paper cemented together with bitumen and rein- 

forced with sisal fibers. : f : 
Paper Bane esse 2 layers of paper, reinforced in both directions at about }4-inch 

| intervals and cemented together with bitumen, bitumen 
applied to 1 layer only. 

PapemG!: = 2: === Same as paper B, except bitumen applied to both layers of 
paper. ‘ 2 

Paper ese ee Single layer of unreinforced paper, treated with a white emul- 
| sion. ve 

Pap GT ee eee eee Same as paper D, except treated with a brown emulsion. | 
Paper b2s2-s- 2 Same as paper D, except treated with a brown-white emulsion. 
Sodium silicate._..| Commercial grade as used for curing concrete. Applied witha 

brush. 
Calcium chloride___| Standard commercial product (flake) as used for curing concrete. 
Curing blanket_-__| Consists of 2 layers of burlap with jute bat between. Weight 

22 ounces per square yard. ’ 
Liquid curing ma- | Special asphalt emulsion used for curing concrete. Applied 

terial A.! with a spray gun. , 
Liquid curing ma- | Special asphalt cut-back used for curing concrete. Applied 

terial B.} with a spray gun. 
Liquid curing ma- | A straw-colored lacquerlike liquid. Applied with a spray gun 

terial C.! 
Liquid curing ma- | A rubber emulsion (latex). Applied with a spray gun. 

terial D.! | 

1 The liquid curing materials are all proprietary compounds, the exact composition 
of which was not determined. 

The results of five series of tests, four after 7 days of 
exposure under the temperature and humidity condi- 
tions described below, and one after 28 days of ex- 
posure, are reported. A brief description of each pro- 
cedure, including the type of curing material involved, 
whether used with or without an initial application of 
burlap, the time of application, and the duration of 
application, is shown in table 2. This table also indi- 
cates the series in which each procedure was used. 

In series A to D, inclusive, the specimens were 
exposed for 7 days in an atmosphere maintained at 
100° F.+2° F. with a relative humidity of 32 percent 
+2 percent, using for this purpose a specially designed 
curing cabinet in which the temperature and humidity 
were controlled automatically within the lmits indi- 
cated. Jn series E, the specimens were exposed for 
28 days. Each result reported in series A to D, 
inclusive, with certain exceptions noted in series B, is 
the average of either five or six individuai determina- 
tions made on different days. The results of the tests 
after 28 days, series E, are the averages for from two to 
five specimens, as noted in subsequent tables. 

In series A, 19 methods in addition to the standard or 
ideal method and the method involving no curing treat- 
ment, were investigated. These included burlap for 
1, 2, and 3 days; paper A and liquid curing material A 
with and without burlap; the other papers and liquid 
curing materials without burlap, that is, as recom- 
mended by the manufacturers; calcium chloride, both 
as a surface application and as an admixture; sodium 
silicate; and the curing blanket. It will be noted that 
in this series, surface sealing materials when used with- 
out burlap were applied 3 hours after molding. This 
would represent about the maximum time that might 
be required in the field. Burlap in this series, however, 
was applied immediately after molding. 

TABLE 2.—Description of curing procedures 

Used in series 

eee Curing procedure laa (ncaa nan Lea ee 

A|B|C|D|E 

la | Wet burlap, sealed with metal] cover continuously --_--- pF ine fab. | fo. ol [>.< 
De MIN OWLLOAUTIOCING =e oo ee ee ec ae See Te re p aad pl fers (85. « ||P 6 

3a | Wet burlap for 1 day, applied immediately after mold- 
110 ae ae > ey OReek aig abet USES 8 trea YO ae a ee 9 || Se | ee XE 

4a | Wet burlap for 2 days, applied immediately after 
Mmoldingos.- Ne Sees Ss ses a ee eae te eee A) ee Xen foe 

4b | Wet burlap for 2 days, applied 1 hour after molding-__|___| x |___|_--|_-- 
4c | Wet burlap for 2 days, applied 3 hours after molding__-|___| x |___|___| x 

4c-1 | Wet burlap for 2 days, applied 3 hours after molding !__|___| x |___|___|___ 
4c-2 | Wet burlap for 2 days, applied 3 hours after molding 2__|___| x |___|___]|__- 

5a | Wet burlap for 3 days, applied immediately after 
MOlding 2s 7 hye See eet Ee ee See ae eee X hex MNS oe cates 

5b | Wet burlap for 3 days, applied 1 hour after molding____|___| x |___]__-]_- 
5e | Wet burlap for 3 days, applied 3 hours after molding__|___} x |___|___| x 

5c-1 | Wet burlap for 3 days, applied 3 hours after molding !__|___} x |___|_-_]__- 
5c-2 | Wet burlap for 3 days, applied 3 hours after molding 2__|___| x |___]___|__- 

6a | Wet burlap for 1 day, applied immediately after mold- 
ing followed by paper A for 6 days__-____.__.---_---- ba ta eal ees 1d. a 2. 

6b | Wet burlap for 1 day, applied 1 hour after molding, 
ROUOWEON Da DADET EA LOl ONG Ey Saeen seer ane Jou) X lass ee 

6c | Wet. burlap for 1 day, applied 3 hours after molding, 
followed iby, papervA fori6idaysess ss seen ee eee NS ox |l Sed eee 

7a | Wet burlap for 1 day, applied immediately after mold- 
ing, followed by sodium silicate_._....._.......--___- Day pe x Ibex 

7c | Wet burlap for 1 day, applied 3 hours after molding, 
followed byisodiimisilicatess- = ---ste8- 5 ee ae =e) one Salix 

8a | Wet burlap for 1 day, applied immediately after mold- 
ing, followed by calcium chloride (surface applica- 
Cig) Sei = sa ae Sheet Se Oe eee > eer (RE etl ac 

8c | Wet burlap for 1 day, applied 3 hours after molding, 
followed by calcium chloride (surface application) __|___}___|___|___] x 

9a | Wet burlap for 1 day, applied immediately after mold- 
ing, followed by liquid curing material A___________- oa ees ee lid || Ss 

9c | Wet burlap for 1 day, applied 3 hours after molding, 
followed by liquid curing material A____.___-____-__- See Ee | Gb || 5 < 

10e | Wet burlap for 1 day, applied 3 hours after molding, 
followed by liquid curing material B______________-_- = ee 

lla | Wet burlap for 1 day, applied immediately after mold- 
ing, calcium chloride admixture____..___....___------ pa (es ee 5. Sc 

jJic | Wet burlap for 1 day, applied 3 hours after molding, 
caleiumichioride'a dimixtires 2 a= see one eee B Aips Sed as aX 

12c | Curing blanket, for 3 days, applied 3 hours after mold- 
TT Noe SP ee hee Set On ae ee ee eS cee ae > dal eee hee |[5.<9 |F dre 

13b | Waterproof paper A, for 7 days, applied 1 hour after 
MOlMin gees as Pare ee De ee ee ee ee sell Stee Meee ee 

13c | Waterproof paper A, for 7 days, applied 3 hours after 
TNO LG SASS oes eee ee ee ee ene eee ee ae Xcxe nolan 

14c | Waterproof paper B for 7 days, applied 3 hours after 
THO] GIN g Ree ee ess SE ee ene ees > a ae HS ce|| 94 

15e | Waterproof paper C for 7 days, applied 3 hours after 
Molding hess [eX ee NS = ee ee eee oe eee eee | at xa lie 

16e | Waterproof paper D, for 7 days, applied 3 hours after 
MO] Gin gees od ae ee oe ge ree ee ooze exe 

17c | Waterproof paper E, for 7 days, applied 3 hours after 
THO] GAN Pi Se Te ind anys pe en Se ses exe exe 

18c | Waterproof paper F, for 7 days, applied 3 hours after 
TNO LU eS Se aa ee oe ee ee ee PG eee ee |" 2 |) 1 9-< 

19b | Liquid curing material A, applied 1 hour after mold- 
Le eee eee ees 2 ee ee ee ee era oh eee | onl 

19c | Liquid curing material A, applied 3 hours after mold- 
11 Wee ge Se Yt UE ag ie ae eS oj Skala oa exe 

20b | Liquid curing material B, applied 1 hour after mold- 
STE) ets Sees hoes Bes Bi os eine Spee eee 5 ee eo 

20c | Liquid cwring material B, applied 3 hours after mold- 
5 Dah oa Rs TESS Ee haem mee ee Oe Se ee Ee ot peer elle ele eel Bx 

21b | Liquid curing material C, applied 1 hour after mold- 
TH ee Se A iho a ne Se ee eee >| Pp dy omen eat 

21c | Liquid curing material C, applied 3 hours after mold- 
INS Sheen ee ee SE Sepa oe ae ee ee A > ep alias ||| 2 |! oc 

22¢ Liquid curing material D, applied 3 hours after mold- 
ET) Oe eh ae OE AR Let cat ea yaa (wal (EE IES 5 < 

1 a burlap was sprinkled intermittently in such manner as to keep it continu- 
ously wet. 

2 The burlap was sprinkled intermittently and allowed to become dry between 
wettings. 

SPECIMENS SEALED TO PERMIT MOISTURE LOSS ONLY THROUGH 
CURING MEDIUM 

Series D was a duplication of series A, run several 
months later. In series B the effect of varying the 
time of application of the curing agent was investi- 
gated. For burlap, the effects of delaying the applica- 
tion 1 hour and 8 hours are shown as well as the effects 
of continuous sprinkling and of intermittent sprinkling. 
The relative effects of applying paper A and _ liquid 
curing materials A, B, and C, 1 hour after mojding, as 
well as 3 hours, are also shown. Series C was run in 
order to obtain additional data on the effect of using 
waterproof paper and liquid curing material with a 
preliminary 24-hour application of wet burlap for 
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comparison with the usual method which does not 
require burlap. Series E gives the results of a series of 
tests after 28 days of exposure, using, in general, the 
same methods as used in series A and D in which the 
specimens were exposed 7 days. 

The effectiveness of each curing method was measured 
both in terms of relative moisture loss and relative 
strength, using test specimens of 1:2 mortar, 6} inches 
wide by 12 inches long by 2 inches deep. The curing 
material was applied to the top or molded surface of the 
specimen, and sealed around the edges in such a manner 
that moisture could escape only through the curing 
medium itself. The rate of moisture loss was measured 
for each method by determining the loss in weight at 
various intervals during the exposure period. 

The specimens were molded in watertight sheet metal 
pans, the bottoms of which were reinforced with angle 
sections for a stiffening effect. This was done because 
it was frequently necessary to handle them at about 
the time initial set was taking place and it was felt that 
molds that were not rigid might allow stresses to be set 
up within the specimen. 

The procedure followed in fabricating the specimens 
was to mix just sufficient mortar for one test specimen 
at a time. A well-graded concrete sand was used in 
the mortar together with sufficient water to produce a 
plastic consistency. In each series, the water-cement 
ratio was maintained constant. However, because of 
slight differences in grading of sand used in the different 
series, it was necessary to vary slightly the water- 
cement ratio from series to series. The maximum dif- 
ference did not exceed 0.02 by weight. The mortar was 
puddled into the molds with the gloved fingers, after 
which the surface was struck off with a single stroke 
of a steel blade. No troweling was done. Immediately 
after molding, the specimens were weighed, these weights 
being taken as the initial weights from which the mois- 
ture losses were computed. 

In all instances where burlap was applied immediately 
after molding (except where it was sealed in as in 
method 1), the specimens were not placed immediately 

in the humidity-controlled curing cabinet, but were 
placed in an oven maintained at 100° F. +2° F. but 
without humidity control. Where burlap was applied 
1 or 3 hours after molding, the specimens were placed 
in the humidity-controlled cabinet until the burlap 
was applied after which they were placed in the oven. 
This was necessary because the procedure for burlap 
curing required that the material be kept saturated for 
the entire time of application. This would have made 
it impossible to maintain a constant humidity in the 
cabinet. 

The burlap cover was kept saturated by immersing 
an overhanging end in a pan of water. It was found 
that in order to insure even and continuous saturation 
over the entire surface of the specimen it was necessary 
to use three layers of burlap. This method of keeping 
the specimens wet was used in order to avoid the neces- 
sity of opening the oven doors frequently for the purpose 
of sprinkling. 

RELATIVE EFFICIENCY OF EACH CURING METHOD DETERMINED 

At the conclusion of the period of burlap curing the 
specimens were removed from the oven, the burlap 
removed and the specimens immediately placed in the 
curing cabinet (where burlap cur ing only was involved) 
or covered with the final curing material and then 
placed in the cabinet. 

In instances where burlap curing was not involved, 
the procedure was to place the specimen in the humidity- 
controlled cabinet immediately after molding. After 
the concrete had set, or after passage of a prescribed 
interval of time, the specimen was removed for the 
purpose of applying the curing material, after which it 
was replaced in the cabinet for the duration of the test. 

At the conclusion of the exposure period the speci- 
mens were removed from the cabinet, the molds re- 
moved and the specimens immersed in water for 2 days 
prior to testing for flexural strength. For series A to D, 
inclusive, the age at test was therefore 9 days whereas 
for series E it was 30 days. To facilitate absorption of 
water, the upper and lower surfaces of each specimen 

TaBLe 3.—WNSeries A; results of tests after 7 days } 

Pro-edure 
Relative effi- 

. ; Water remaining in specimens at age indicated ? ciency, 
Burlap Final curing mate- based on— 

Method Type of curing > rial Flexural 
No. | ae strength 

Applied | Duration) Applied | Duration Wat 
after of appli- after of appli- | 3hours| 1 day | 2 days | 3 days | 4 days | 7 days Rea Strength 

molding | cation | molding | cation eA 

Lb. per 
Hours Days Hours Days | Percent | Percent | Percent | Percent |Percent |Percent | sq. in. 

EW al op bbe by 0s eee ce etn eee ee eee COT ae Say Nis cc ee ape eM 2 ee oh a oe ss ae S| Ra ee 2 102 1,018 100 100 
2 UNE) Gee oe ee ee ee ee ele, Sone oe le a ee ll oe 97 79 tide 76 74 73 561 0 0 
Saal SSUTIAD seen ee ene ee ee ee 0 sh ee: 5 Se PS ae eel Ee ee 101 95 93 92 90 861 59 66 
AQoN Ee Oe See See ae Nee ae 0 Dy |e ee es ee SU LNs eee a ee! SS 102 98 96 94 988 72 93 
5a alee Q0neo= sone anc see eS Ss Se 0 a es es 8 | ee Pot ee BE Tee be 102 99 97 996 83 95 
6aq paper Auwith: burlape:- esse 0 1 24 6) ee 101 101 100 100 100 1, 025 93 102 
7a | Sodium silicate with burlap____-___- 0 1 24 Gia eae ss 101 98 96 95 94 908 (2 76 
8a | Calcium chloride with burlap_-_--_- 0 1 24 (i meee 101 96 95 94 90 1, 022 59 101 
ga | Liquid material A with burlap_--__- 0 1 24 Guta 101 101 100 100 100 1, 055 93 108 

lla | Calcium chloride admixture with 
burlap 0 1 (3) (3) eee 101 97 96 95 92 947 66 84 

12e | Curing blanket 3 3 963 |rc: ses Seon eee 90 89 86 740 45 39 
13¢c | Paper A- 3 a 96 96 96 95 95 95 769 76 46 
14¢e | Paper B- 3 uf 97 96 95 94 94 94 768 72 45 
15¢e | Paper C-- 3 if 97 97 97 96 95 95 808 76 54 
1OGUIBESDOLVODE sen nee ob ae eee 3 7f 96 84 82 80 80 77 571 14 2 
Cate DOL, Bhnt seers oo ee oa open oe ee | ere aie, | ee 3 7 96 84 82 81 80 78 634 17 16 
USGUNR eA DOL. Ly tae Steswes sae e ase ei Some 2 eee ee eee. SS 3 7 95 84 82 80 79 77 610 14 11 
POCcPLAGINIG Material Awe soos ea eee ee |e eee ce oe 3 7 95 96 96 96 95 94 791 72 50 
D0CI UGE MOAtCTIal Bona Fcc ea ee ee fie ee eee 3 it 96 95 95 93 93 92 762 66 44 
DiculmUnguidematerial Clare Soe ee eal el ee 3 rf 96 90 89 88 87 85 673 41 25 
Daal Pagid Aerial Wyse 22.28 Re me See Se ee 3 7 96 94 93 93 92 92 724 66 36 

1 All results average of 5 tests. 2 Based on total water in specimens after molding. 3 Mixing water contained 2 percent calcium chloride. 
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were rubbed with a carborundum stone prior to immer- 
sion. This procedure was followed in an effort to 
place all specimens in a uniform condition, insofar as 
contained moisture was concerned, prior to test. As 
will be discussed in detail later, this apparently was not 
accomplished under all conditions, possibly accounting 
for certain discrepancies in the strength results that 
were observed. 

Flexure tests were made at the conclusion of the 2-day 
resaturation period, the load being applied at the cen- 
ter of a 9-inch span, with the top surface as molded in 
tension. 

The rate at which specimens cured by the different 
methods gave up water at various periods from time 
of molding up to and including 7 days of exposure, the 
flexural strengths at 9 days, and the * ‘relative effi- 
ciency,” from the standpoint of both water retention 
and strength, are shown in tables 3 to 6, inclusive; 
except that table 5 (series C) contains no data on rela- 
tive efficiency because in this series no values were 
obtained on the specimens receiving no curing treatment 

Vol. 20, No. 4 

(method no. 2). Corresponding values for 28-day 
exposure are shown in table 7. 

Relative efficiency as used in this report is a value 
that represents the comparative effectiveness of the 
particular method involved on the basis of 100 for speci- 
mens cured by the ideal method (method 1a) and 0 for 
specimens receiving no curing treatment (method 2). 
Thus, in series A, table 3, the strength of the ideally 
cured specimens averaged 1 ,018 pounds per square inch, 
whereas, the specimens receiving no curing treatment 
averaged 561 pounds per square inch. The difference, 
457 pounds per square inch, may be considered as 
representing the gain in strength that was attained 
through ideal curing. On this basis, method 3a, 24-hour 
burlap curing, with a strength of 861 pounds per square 
inch, had a relative efficiency of 66. Values for relative 
efficiency based on water loss were computed in the same 
manner. 

Thus, from table 3 it will be noted that the specimens 
given no curing treatment (method 2) averaged 27 
percent moisture loss at 7 days, whereas, the specimens 

TABLE 4.—Series B; results of tests after 7 days } 

Procedure Water remaining in specimens at age indicated ? 

BeletiNe efficiency 

Final curing ased on— 
Burlap : 

Method Type of curing material as 

l hour |3hours| 1 day | 2 days | 3 days | 4 days | 7 days 
Applied |Duration| Applied | Duration Water 

after of appli- after of appli- lags Strength 
molding | cation | molding | cation 

Lb. per 
Hours Days Hours Days |Percent |Percent |Percent | Percent |Percent |Percent |Percent | sq. in. 

faa Burlaptscssces esse eee Oey VT Tt aeo See Ne ee ee | Re ee | ee eee a [eer ee 103 924 100 100 
2 69 68 65 574 0 0 

4a 96 94 91 879 68 87 
4b 92 90 87 841 58 76 
4c 95 93 90 827 66 72 

3 4¢c-1 
95 93 90 798 66 66 

4 4c-2 86 85 82 714 45 37 
5a 104 99 95 910 79 96 
5b 99 94 90 907 66 95 
5c 102 96 92 859 71 81 

3 5c-1 
99 94 9] 885 68 92 

4 5c-2 90 89 85 698 53 32 
6a 101 101 100 894 92 91 
6b 99 98 97 956 84. 109 
6¢ 101 101 100 925 92 100 

13b 96 95 94 855 76 80 
13¢ 94 94 93 838 74 75 
19b 88 87 85 773 53 57 
19¢ 94 94 93 849 74 79 
20b 88 87 84 807 50 67 
Dense 93 92 92 919 71 99 
21b 80 79 76 657 29 24 
21¢c 84 83 81 733 42 45 

1 All results average of 5 tests except as noted. 
1 Based on total water in specimens after molding. 

3 Average of 3 tests. 
4 Average of 2 tests. 

Burlap kept constantly in a moist condition. 
Burlap allowed to become practically dry before each sprinkling. 

TABLE 5.—Series C; results of tests after 7 days ! 

Procedure 

Water remaining in specimens at age indicated 2 
Final curing Burlap : 

Method : material Flexural 
No. Type of curing — strength 

Applied |Duration | Applied ;Duration 
after of appli- after of appli- | 3 hours 1 day 2 days 3 days 4 days 7 days 

molding | cation | molding | cation 

Lb. per 
Hours Days Hours Days Percent | Percent | Percent | Percent | Percent | Percent sq. in, 

1a?) WBUTeDseece enacs-2- mes oe se teseten Sancta ees Qa is | Se ee cra ere eee ree See a eek ee | 104 843 
€o)| (Paper ‘Avwath. burlap== 2-2. =. 0 sseee ee 3 1 24 6 96 102 102 102 102 100 810 
9c | Liquid material A with burlap____________- 3 1 24 6 96 104 103 102 102 100 823 

10¢ | Liquid material B with burlap_______-____- 3 1 24 6 95 102 101 101 100 98 826 
13¢c | Paper A-_.--- ee ee eee eee San Ee Sec Se Bee es 3 7 95 94 94 94 93 92 786 
LYGs|P Liquid materiale Ac seis 22-90 eee ne ee een eee ee 3 7 95 95 95 94 94 94 818 
20ca|eLtonid materiql a: Se- 2c ea Se es | eee 5 oe 3 7 95 94 93 92 92 90 786 

1 All results average of 6 tests. 2 Based on total water in specimens after molding. 
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TABLE 6.—WSeries D; results of tests after 7 days! 

a He etnies. 43 FRE ey Relative efficiency 
Procedure Water remaining in specimens at age indicated ? Daccdiones 

Final curing ma- Method a ; Burlap eters Flexural No. Type of curing terial atrerig tll 

; 3hours| 1 day | 2 days | 3 days | 4 days | 7 days W ater Strength 
Applied |Duration | Applied | Duration loss 

after of appli- after of appli- 
molding | cation | molding | cation 

Lb. per 
Hours Days Hours Days |Percent | Per cent| Percent |Percent |Percent |Percent | sq. in. 

Ae Burlap 2 ss. nome— boa See ocean a annem 0 Zn ee as 9 | ey a at es FP sg SS le || a ee 104 897 100 100 
2 INOUE Neen eset ae te ae ee eee oe ee. 96 76 us 71 71 67 597 0 0 
BAP Da cerns. Boe ete Bee cat bes. 0 4 1B) agen el Pee es Pe) 103 94 91 90 86 808 51 70 
AS We osee es eee er, ere 0 a NE a aes DE | a ee eae SP ee 104 9&8 96 92 875 68 93 
58 towel! afc are ee eS eee 0 ON 8 ee a eRe ee 2 pal eee a a OE al Rel ae Se 104 99 95 909 76 104 
6a | Paper A with burlap Se a eee ee 0 ct 24 (ot ee: 2 ae 103 102 102 102 100 943 89 115 
7a | Sodium silicate with burlap____--____ 0 1 24 | baie. ee 103 96 94 92 89 865 59 89 
8a | Calcium chloride with burlap_.-_____- 0 1 24 OF eee 100 95 93 91 88 867 57 90 
9a | Liquid material A with burlap_______ 0 j 24 Gil eee 24 102 101 101 101 99 943 86 115 

lla | Calcium chloride admixture with 
burlap ee ee ee ea ee 0 1 () (3)/ aes 103 95 93 91 88 845 57 83 

Oem OUT IN OU DIGI K Ob amee ee sc eee ee taro eee Me ee gee 3 3 OOD ee eee aoe 89 &7 8&4 741 46 48 
LO CMIEISA DODEA © aks = ae tae ne eee eet Ee eee ee ee 3 7 96 95 95 94 4 93 785 70 63 
TENCE || BERTH OS) AS ie Ree Sp pe eee pw] UE aes ee eae 2 ee 3 ‘i 95 95 94 94 94 93 780 70 61 
iki | dae ats ee i le se et NS Ne ee Se ee ea 3 7 96 95 95 95 95 94 805 73 69 
OGM ADOT weese- ee eee gee ce ees A ee eee 6 3 7 96 81 78 76 75 71 623 ll 9 
Ga REA DOL bic eee eee DE See soe ee ee AT ee Wet ee Pee 3 if 95 83 80 78 77 74 621 19 8 
ABSFO Ts LEEW Ot Oa eh Be gC Se a pees Sip epee Re hater re eae eee 3 7 95 83 79 78 76 73 600 16 1 
OGM UNC U1 ALCO At Sree ee eee ee ee ea ee Sa 3 7 96 96 95 95 95 94 822 73 75 
POGe LiGuIC INAtCnial Dee slose as goo e See oe ee | ee oe 3 7 96 94 93 92 92 90 759 62 54 
Pica miouid matenial Cres mame seen ese ee Se ee CLE e 3 < 96 92 89 88 87 84 678 46 27 
PPO bite RKO Le aoky eye UNE Ds SS ee ee oe See ee | eee 3 7 95 93 91 91 90 &9 719 59 41 

1 All results average of 5 tests. 
2 Based on total water in specimens after molding. 
3 Mixing water contained 2 percent calcium chloride. 

TABLE 7.—Series E; results of tests after 28 days ! 

Procedure Water remaining in specimens at age indicated 2 ba or Nit tee 

Final] curing mate- : 
pierce Type of curing Burlap rial pee 

0. 3 1 2 3 4 ij ee |) Sat | or Seats t 
hours} day | days | days | days | days | days | days | days ras st Strength 3 

Applied | Duration} Applied | Duration obs 
after of appli- after of appli- 

molding cation | molding cation 

Per- | Per- | Per- |*Per- | Per- | Per- | Per- | Per- | Per- | Lb. per 
Hours Days Hours Days cent | cent | cent | cent | cent | cent | cent | cent | cent sq. in. 

LAB MENA Die ae eee a teen 0 Poy A Wee pe he Salli So Raat haar ee ob I ep al el he | 102 1, 156 100 100 
PA |o3niltay ep et sal Sele Ek Se ae = ee eae 95 75 72 72 71 68 64 62 59 558 0 0 

EAa eB UTIAD ane cet ees tas oe eee 0 te eee eee a I eS 101 94 92 91 90 84 83 81 756 61 42 
BOGu lees donee ee ns eee 3 A isl |S ai ae gal (Pe eee Ly 96 103 93 92 92 87 84 82 79 TAGS 47 31 
Sho ane CLO Eee ee ee renee ee 0 yi ei Oe ee eee ae eS 103 98 97 95 91 89 86 834 63 56 
ACh eee as 02 Se Sa et PAS 3 in| ene ee At ee OF Roe es 102 97 96 92 89 87 83 822 56 38 
vo ee (5 [oy eee sely ek an peek ae 0 ig eee | ewe (hae |e oe | ee 102 99 97 91 90 88 810 67 52 
SOCsieoes s (9 Valeo ene a 2 SS oy ok 3 Ra i a le ea Oe) he ES 965 |Soaee =| soe ae 103 98 95 91 88 86 841 63 42 
46a | Paper A with burlap---_-__- 0 1 24 PH Ale 102 101 101 100 100 99 97 96 1, 216 86 125 
Si6G nee s (oho) o Scie oye ee Beem eee 3 1 24 27 96 103 102 102 102 100 99 98 96 1, 185 86 96 
47a | Sodium silicate with burlap- 0 1 24 Ot Nce cede 101 97 96 94 93 88 87 85 773 60 46 
7 Chl oerere CON Mag eso eee eee 3 it 24 27 96 104 98 97 96 93 90 88 85 819 60 38 
48a eh Aikeee chloride with bur- 0 1 24 DF Nee 99 97 95 95 93 8&9 87 85 909 60 69 

ap. 
Gyetou eta Glee pe abe Baad eee Cee 3 1 24 27 96 | 103 98 97 95 92 89 85 81 908 51 52 
49a Siguls material A with bur- 0 1 24 Pa fll 101 | 100} 100 99 99 96 96 94 1, 106 81 106 

ap. 
$96) | cee 60s Bs ot Lit ee ee ee 3 1 24 27 96 101 100 98 98 96 94 93 91 953 74 60 

411a | Calcium chloride admixture 0 it (6) (Ce 1} eee 104 98 96 95 93 89 7 84 770 58 46 
with burlap. ; 

(3d Ds Kemi | Sean CG eee ee ee See 3 1 (6) (6) 96 104 96 95 94 90 87 85 83 848 56 44 
HCHO uning: blankets ses 2 = ees | baa See |e Pe ee 3 3 OG js | eens | ee 89 88 85 81 79 76 682 40 21 
T3Gr MEA DOLA Sam ate een ee ee ee ees | See 3 28 97 96 95 94 94 93 92 91 90 799 72 40 
Ta GINS DOT ee oe ote oe eee BEL Ses eal Se 2 28 96 95 93 93 93 92 90 &8 86 780 63 37 
LOG) |W Pa DOr Ck ee oe nee ce ee eee Se ca eee SoS 3 28 96 95 95 95 95 94 93 93 92 866 77 52 
TOCA ANGIE 222) nee eee re eee re ees ogee 3 28 95 82 78 738 76 74 70 67 65 589 14 6 
ANG} Neal Sew rey cel Oy a mahal ae Bes ae Pls ae | eee 3 28 95 83 80 79 78 75 G2 69 66 563 16 2 
TSepipeaper bee ae ees ek ps | er eal a oe Lee 3 28 95 81 78 i 76 74 70 67 65 564 14 e 
19Gule Liguid material As 28 25s se a 3 28 96 94 94 94 93 92 91 90 89 891 70 56 
DOG aiguidhina Loria) bee seen eee eee oes 3 28 95 93 90 91 90 88 85 83 80 692 49 23 
Men Liquid. material Cees Sree ew epee a ee ee 3 28 95 88 84 83 82 79 7 73 71 610 28 10 
DI GM mUICUIGanaberial ae see ee oa eee ee eee |e er 3 28 95 89 88 88 88 86 85 85 82 726 53 29 

1 Results average of 5 tests except as noted. 4 Average of 2 tests. 
} 2 Based on total water in specimens after molding. 5 Average of 3 tests. 

3 The relative efficiency based on strength was computed for each test separately 6 Mixing water contained 2 percent calcium chloride. 
from the strength of the ideally cured specimens and the specimens given no curing 
treatment in that test, and the average of these values is the relative efficiency shown. 
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cured continuously under burlap (method 1a) gained 2 
percent in weight. By giving this value a rating of 100 
and that for specimens given no curing treatment a rating 
of 0, the relative efficiency of, say, “method 3a, with a 
moisture loss of 10 percent, was found to be 59. This 
method of rating the efficiency of the various curing pro- 
cedures is considered more satisfactory than expressing 
the result as a ratio of the value for ideal curing because 
it is a measure based on the difference in result between 
ideal curing and no curing treatment, whereas the latter 
expresses the result in terms of ideal curing only. 

SURFACE SEALING MATERIALS DID NOT COMPLETELY PREVENT 

MOISTURE LOSS 

The relative efficiencies of the several curing proce- 
dures are also shown in tables 8 to 12, inclusive, to 
facilitate comparisons between similar methods as well 
as to provide ready comparison of the results obtained 
for the same procedure in different series. 

TABLE 8.—Effect of time of application and duration of curing 
using wet burlap 

TaBLeE 10.—Comparison of various liquid curing materials and 
effect of time of application 

Relative efficiency based on— 
Type 
liq- 

3 | uid Water loss Strength 
4 | cur- Procedure 
3 | ing 
& | ma- Se- | Se- | Se- | Av-| Se- | Se- | Se- | Av- 
as) te- ries |ries |ries | er- |ries |ries |ries | er- 
= |) tial A |B ID |jage| A | B/D Jage 

19b} A Taquid for. 7 days; applied) 1 hour’ |-2=2|) 63: 2222) 63. {22-357 ee or 
after molding. 

20b Liquid for 7 days; applied 1 hour |_.-.| 50 |_---| 50 |-.__| 67 |---2) 67 
after molding. 

21b Liquid for 7 days; applied 1 hour |____| 29 |____} 29 |_-__]| 24 |____] 24 
after molding. 
Liquid for 7 days; applied 3 hours | 72 | 74 | 73 | 73 | 50 | 79 | 75 68 

after molding. 
Liquid for 7 days; applied 3 hours | 66 | 71 | 62 | 66 | 44 | 99 | 54 66 

after molding. 
Liquid for 7 days; applied 3 hours | 41 | 42 | 46 | 43 | 25 | 45 | 27 32 

after molding. 
Liquid for 7 days; applied 3 hours | 66 |_-__| 59 | 62 | 36 |____| 41 38 

after molding. 

iS) = ro) 

(oy Teh Mesh es eh ies! 

TaBLE 11.—Comparison of paper and liquid curing materials with 
and without preliminary curing with burlap, and effect of time of 
application 

Relative efficiency based on— . A 
Relative efficiency based on— 

: Water loss Strength ; Wy 1 h 
° . 1K = Preeadiire 2 stabil we ater loss Strengt 

z a4i/miAi/gi<ainl1ales 3 
4 Be ees) Caen le a Se- | Se- | Se- | Av-| Se- | Se- | Se-| Av- 
= ee eH arash Te) Sei FB ioe ass ® ries |ries |ries | er- |ries /ries |ries | er- 
= Hoty letest \l eae ell qos Who ak lee = A |B] D jage} A | B | D |Jage 

3a | Burlap for 1 day; applied immediately 6a | Burlap applied immediately, followed | 93 | 92 | 89 | 91 |102 | 91 |115 | 103 
aiverdn Ol din Gees seen eee HB) Yael) Gel | at |) i fe 7@ || Gs! in 24 hours by paper A for 6 days. 

4a | Burlap for 2 days; applied immediately 6b | Burlap applied 1 hour after molding, |-.--| 84 |---| 84 |----}109 |---| 109 
atten oldie 2a ease aes eae 72 | 68 | 68 | 69 | 93 | 87 | 93! 91 Apes in 24 hours by paper A for 

5a | Burlap for 3 days; applied immediately 6 day 
aftermolding 32- =o eee 83 | 79 | 76 | 79 | 95 | 96 \104] 98 6¢ Burley ‘applied 3 hours ALCOCK IMO LAI, meee oon ee es 2 |e | OO eres EL CO) 

4b | Burlap for 2 days; applied 1 hour after followed in 24 hours by paper A for 
INOldiN Fee see eee ee eee rasamesaseso See OS) amen hoa | meena idm eee TO 6 days. : 

5b | Burlap for 3 days; applied 1 hour after 13b | Paper A for 7 days; applied 1 hour after |____| 76 |_-__| 76 |_-__] 80 |___.] 80 
nO] Ging eee ee ee ee pee O65] 222 OG ese O bn eece Ob, molding. ‘ 

4c | Burlap for 2 days; applied 3 hours after 13c | Paper A for 7 days; applied 3 hours | 76 | 74 | 70 | 73 | 46 | 75 | 63 | 61 
Moldings = 22524 hee ee eee EPS) 166) eee OG m esa |r) ere lnc after molding. 

5¢ | Burlap for 3 days; applied 3 hours after ga | Burlap applied immediately followed | 93 |..--| 86 | 90 /108 |.._.|115 | 112 
molding #5. ses soos see ees BATS) ee ape wh eel St een me ST in 24 hours by liquid material A. 

4e-1 | Burlap for 2 days; applied 3 hours after 19b | Liquid material A applied 1 hour after |_.__] 53 |---| 53 |---| 57 |_--_| 57 
molding; sprinkled intermittently; molding. 
kept continuously wet_--.----------- See | OGn| === ae 6Gn ame On| eee eG 19¢ | Liquid material A applied 3 hours after 72 | 74 | 73 } 73 | 60 | 79 | 751 68 

5e-1 | Burlap for 3 days; applied 3 hours after molding. 
molding; sprinkled intermittently; 
kept continuously wet_....---------- ee 685) aaa OSy| eters | Om eee eo 2, 

4ce-2 | Burlap for 2 days; applied 3 hours after : : } : : 

molding; sprinkled intermittently; TABLE 12.—Relative efficiencies of miscellaneous curing materials 
allowed to become dry between wet- 

: ie ee we Tepe TET aie Ey Eerie sae besre Eye eee |e By 
5c-3 urlap for 3 days; applie ours after 4 : 

molding; sprinkled intermittently; Relative efficiency based 
allowed to become dry between wet- Olle 
VIN GSS soca asee seston see Secs cee se ell aise eee OS | ears tay) |e Iie 

Water loss Strength 
S Type of curing Procedure 

TABLE 9.—Comparison of various curing papers and effect of time a “/A};els/Ale 
i of application g elals|alals 

r= = | eo oO |-s al o 
3 EN eo tah) ek || Te 
2 TH!) | ca |) <a | coed 

Relative efficiency based on— aan 

7a | Sodium silicate with ae eppiled s oe 72 | 59 | 66 | 76 | 89 | 82 
B burlap. iately followed in 

Ss a ; Water loss Strength e hours by sodium silicate. 
Zale cs Procedure ga | Calcium chloride | Burlap applied imme- | 59 | 57 | 58 |101 | 90 | 96 
Selo ~/A/Alsistialails with burlap. pitely followed in 24 
Es 2 anlani|u|sS|un|uniun|e ours by a surface ap- 
= a che beciees OU SST testa egee |i ecb 1 bh Ph plication of calcium chlo- 
Ss os 3 & S me cl icy || ka al ride. 

ue aged ach Peek tec 11a | Calcium chloride ad- | Burlap applied imme- | 66 | 57 | 62 | 84 | 83] 84 
—|— |} |__| _ — mixture with bur- diately for 1 day; 2 per- 

13b| A | Paper for 7 days; applied 1 hour lap. cent calcium chloride ad- 
Hiri eraavoy Cokuiya 8 oe Bes ee ee eS eT Bee 760 | eel Sy eee SUT ee added to mixing 

13e | A | Paper for 7 days; applied 3 hours Waver. 
after AOI GIe Scat ee 76 | 74 | 701 73 | 46 | 75 | 631 61 12c | Curing blanket_-.---- Curing blanket for 3 days; | 45 | 46 | 46 | 39 | 48 | 44 

14c | B | Paper for 7 days; applied 3 hours applied 3 hours after 
aiterenoldin ge ae eee eee 72 Seca OM TAN ed Sule WC halmeDS molding. 

15¢ C Paper for 7 days; applied 3 hours 
ALE IDOldIing 2282. ee ee ee TON SESS 73) 74 bd eee COu moe 

16¢ D Paper for 7 days; applied 3 hours 6 c . : after molding.” patOe ees 14 elev | le slieto ha In the following discussion of the results shown in 
17¢ E Paper for 7 days; applied 3 hours 

after molding......___.._..____- 17|....| 19 | 18 | 13|_..-| 8| 12 | tables 3 to 7, inclusive, consideration will be given first 
18¢ F Paper for 7 days; applied 3 hours 

Apion mioldine: ..... ae 14 6 1) aie end 6 to the rate at which specimens cured in various Ways 

lost water during the exposure period. In general, the 



June 1939 PGB Ce Cr Ra Ds 73 

values obtained for the various methods checked very 
closely from series to series. The data also show that 
the different methods varied considerably in their 
ability to retain moisture. As would be expected, burlap 
covering applied immediately and kept saturated 
(methods 3a, 4a, and 5a) not only retained all of the 
mixing water during the entire period of application, 
but also added water in amounts of from 1 to 4 percent. 
However, as soon as the burlap was removed, the speci- 
mens started losing water, the amount retained at the 
end of 7 days depending upon the duration of the burlap 
curing. 

It will also be observed that, where the initial curing 
material was not applied until 3 hours after molding 
(methods in which the letter c follows the numeral), the 
specimens lost from 3 to 5 percent of the mixing water 
before they were covered. Where burlap was used and 
removed at the end of 24 hours (as, in methods 6c and 
9c), all of this water was regained during the first day 
after application. However, where no burlap was 
used (methods 18c¢ to 22c, inclusive), the loss was per- 
manent, the surface sealing materials being unable to 
supply moisture lost during this period. In series B, 
table 4, tests were run with burlap applied 1 hour 
after molding as well as after 3 hours (methods 4b, 
5b, and 6b). For some unknown reason this procedure 
did not result in adding water to the specimens, the 
amount of contained moisture being exactly the same 
at the end of the burlap curing period as when it was 
applied. 

It will be noted that none of the surface sealing mate- 
rials was completely effective in retaining all of the 
mixing water throughout the 7-day exposure period. 
For these materials moisture losses varied from 1 to 3 
percent for the most effective materials to as much as 
25 percent for the poorer materials. Furthermore, for 
a given material, this loss was about the same whether 
the material was used with or without burlap. When 
exposure in the curing cabinet was carried to 28 days 
(table 7), further loss in moisture was observed in 
every instance, the amounts ranging from 2 to 11 
percent, depending upon the maternal. In general, 
papers A, B, and C and liquid curing materials A and 
B were the most efficient of the surface seals in retaining 
water; sodium silicate, the curing blanket, and liquid 
curing materials C and D were intermediate; and 
papers D, E, and F were the least efficient. However, 
as stated above, none of the surface sealing materials 
studied was completely effective in retaining moisture 
during the 7-day exposure period. 

STRENGTH DETERMINATIONS AFFECTED BY NONUNIFORM 

MOISTURE DISTRIBUTION WITHIN SPECIMENS 

The relative efficiencies of the several curing pro- 
cedures based on both water loss and flexural strength 
after 7 days of exposure, as given in tables 3 to 6, 
inclusive, have been regrouped in tables 8 to 12, 
inclusive, in order more readily to compare the effect 
of varying the details of similar methods of application 
as well as to facilitate comparisons of the results of each 
method from series to series. 

In studying these data the reader is cautioned against 
drawing conclusions regarding the comparative values 
of the different methods based on comparisons of 
individual relative efficiencies. This apples particu- 
larly to efficiencies based on flexural strength results. 
As will be noted from the tables, these values for a given 
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method varied considerably from series to series. The 
variations were more pronounced for the surface 
sealing materials such as paper and the liquid curing 
materials, than where methods involving burlap only 
were used. Jfurthermore, they seem to follow a general 
trend in that the efficiencies calculated from the results 
of tests made in series A are, in general, low; those 
obtained from series B, are, in general, high; while the 
results obtained from series D are, as a rule, interme- 
diate. As previously mentioned, these discrepancies 
may possibly be the result of variations in the moisture 
condition of the specimens at the time of test. 

As is well known, the distribution of moisture within 
a flexure specimen at the time of test will appreciably 
affect its strength. In general, if the shell of the speci- 
men contains more moisture than the core (a condition 
usually resulting from incomplete saturation after dry- 
ing), the extreme fibers will be in compression and the 
observed breaking load will be higher than the true 
value. On the other hand, if the shell contains less 
moisture than the core (a condition usually associated 
with incomplete drying) the observed value will be 
lower than the true value. Because of the fact that 
these specimens were tested after an immersion period 
during which they may not have absorbed sufficient 
water to become completely saturated, it is possible 
that the comparatively high relative strengths obtained 
in certain series may have resulted from incomplete 
saturation of the specimens. 

In preparing the specimens for test, every effort was 
made to insure uniform distribution of moisture. This, 
of course, is the only condition under which flexure 
tests of concrete should be made. However, inspection 
of the fractured specimens indicated that in many 
instances complete saturation was not accomplished 
even after 48 bours of immersion. The ideally cured 
specimens (method la) were, of course, thoroughly 
saturated when tested. The specimens that were given 
no curing treatment, as well as those cured with the 
least efficient surface sealing materials, because of their 
lack of density, absorbed water more readily upon im- 
mersion than the specimens cured by the more efficient 
surface sealing materials. Therefore, if the low ratings 
for the various curing materials were obtained because 
of more complete saturation, these ratings may possibly 
be considered to represent more nearly the true curing 
effect than where high ratings for the same method are 
shown. 

In spite of wide variations in strength results in the 
different series, it is felt that the strength data are 
significant in that they indicate definite trends insofar 
as the general effectiveness of the several classes of 
curing materials are concerned. These trends will be 
pointed out in the following discussion of tables 8 to 12, 
inclusive. 

EFFICIENCY OF LIQUID CURING MATERIALS INCREASED BY 

DELAYING APPLICATION FOR 3 HOURS 

In table 8 the results of varying the time of applica- 
tion after molding and the duration of curing with wet 
burlap are given. It will be noted that, regardless of 
the time elapsing before the application of the burlap, 
the efficiency of this method of curing is increased as 
the length of the period of application is increased. 
This is true for both water loss and strength. For 
instance, method 3a, where the burlap was applied 
immediately and remained in place for 1 day, had a 
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relative efficiency based on water loss of 55 and on 
strength of 68. When the same material was allowed 
to remain in place 3 days (method 5a) the efficiency 
based on water loss was raised to 79 and that based on 
strength to 98. The effect of delaying application of 
the burlap was to lower the efficiency as measured by 
strength (methods 4a, 4b, and 4c, for 2-day curing 
compared with methods 5a, 5b, and 5c, for 3-day 
curing). The same trends appear when the efficiency 
is measured by water loss, except that for both 2-day 
and 3-day curing the amount of water remaining at the 
end of the 7-day period was somewhat less when the 
burlap was applied 1 hour after molding than when 
applied 3 hours after molding. This reversal of trend 
has already been commented upon. 

The results for methods 4c-1, 5c-1, 4c-2, and 5c-2 
show the effects of continuous and intermittent sprink- 
ling. Comparing 4c with 4c-1 and 5c with 5c-1, it 
will be noted that about the same results were obtained 
when the burlap was kept wet by sprinkling as when 
continuously saturated by keeping an end of the 
covering immersed in water. The effectiveness based 
on both water loss and strength was, however, seriously 
affected when the burlap was allowed to dry between 
the sprinklings (results for method 4¢ compared with 
4c-2 and 5c with 5c-2). These data illustrate the 
importance of maintaining a continuously wet covering 
when burlap is used. 

The results obtained with the six curing papers are 
shown in table 9. Papers A, B, and C, seem to be 
about equally effective as is also true for papers D, E, 
and F, except that the latter three papers show much 
poorer results. Papers D, E, and F, in fact, gave 
strengths little better than those for specimens receiving 
no curing treatment. The effect of period of applica- 
tion for paper A may be noted by comparing methods 
13b and 13c. It will be observed that the efficiency of 
the paper, especially from the standpoint of strength, is 
somewhat less when the time of application is delayed. 

Comparisons of the effectiveness of the various liquid 
curing compounds when used without burlap, that is, as 
recommended by the manufacturers, may be made 
from table 10. It will be observed that liquid materials 
A and B were considerably more effective than materials 
C and D. However, in no instance except one does 
the average efficiency approach that obtained by, say, 
the 3-day burlap curing shown in table 8, method 5a. 
The exception is method 20c, series B. This is an 
instance where an unusually high value may have 
resulted from incomplete saturation of the specimens. 

It will be observed also that in every instance except 
one, the relative efficiency of the liquid curing materials 
is increased by delaying the application until 3 hours 
after molding. This is just the reverse of the trend 
shown for curing with paper A (table 9). This in- 
creased efficiency may possibly be accounted for by the 
fact that when the liquid material was sprayed on at 
the end of 3 hours, surface moisture had disappeared 
to an extent which permitted a more perfect seal than 
when the material was applied at the end of 1 hour. 
The results emphasize the necessity of watching this 
airs carefully when applying such materials in the 
field. 

PRELIMINARY CURING WITH BURLAP BENEFITED SPECIMENS 

LATER CURED WITH OTHER MATERIALS 

‘Table 11 permits a comparison of the results obtained 
with paper A and liquid curing material A when used 

with and without an initial curing of wet burlap. It 
will be observed from the data that for both methods 
the efficiency of the surface sealing material is materially 
increased by the prior use of burlap. Additional data 
along this line are shown in table 5 (series C). The 
results of these tests were not included in table 11 be- 
cause, due to the omission of the method involving no 
curing treatment, no calculations of relative efficiency 
could be made. 

The results indicate that when application of the 
burlap is delayed for 3 hours, the strengths of the 
specimens cured without burlap (18c, 19c, and 20c) are 
very nearly as high as when burlap was used. How- 
ever, because the saturated burlap returned to the 
specimen water lost during the first 3 hours, the total 
water retained at the end of 7 days was somewhat 
higher when burlap was used than when the paper and 
liquid curing materials were used as recommended by 
the manufacturers. In general, the conclusion is that 
for best results such surface sealing materials as paper, 
liquid asphalt, ete., should be used following applica- 
tion of wet burlap for 24 hours. 

In table 12 are shown the results of tests with sodium 
silicate, calcium chloride, and the special curing blanket. 

In testing these materials the general practice as 
used in the field was followed. For sodium silicate 
the results indicate an effectiveness somewhat less, 1n 
general, than for a 3-day application of burlap and 
considerably less than the best waterproof paper or 
liquid curing materials used with burlap. 

The results with caleium chloride are rather con- 
flicting. For instance, the strengths obtained in the 
surface application method are somewhat higher than 
would be expected from the water losses indicated. It 
is apparent that, at the low relative humidity to which 
these specimens were subjected (32 percent) the cal- 
cium chloride withdrew water from the specimen rather 
than from the air. The strengths, however, are quite 
high. The admixture did not seem to provide any 
better water-retaining properties than many of the 
surface seals. Moreover, under these conditions, the 
strengths of the specimens contaiming the admixture 
were quite low. This also may have been due to the 
low humidity and high temperature (100° F.) to which 
the specimens were exposed. 

PROTECTION AGAINST MOISTURE LOSS OF GREATEST 

IMPORTANCE 

The special curmg blanket, which was wet once 
when applied and remained in place 3 days, was quite 
low in efficiency as measured by both strength and 
water loss. Attention is directed to the fact that this 
blanket was of burlap and jute and it should not be 
confused with the cotton mats which, as previously 
stated, have proven highly effective for curing pur- 
poses. Neither should the results obtained with the 
jute blanket be regarded as representative of what 
would have been obtained had the blanket been wet 
at sufficiently frequent intervals to have kept it in a 
continuously moist condition. 

Relative efficiencies of the various curing materials 
based on water retention and strength at the end of 28 
days, are shown in table 7. Attention is called to the 
fact that, for methods 3 to 11, inclusive (methods involv- 
ing the use of burlap), the results are the average of 
only two tests for the ‘‘a’’ methods and three tests for 
the ‘“‘c’? methods, instead of five tests as in all other 
instances. 
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With the above limitation in mind, it may be noted 
that all of the methods involving burlap only, that is 
methods 3a to 5c, inclusive, had low ratings after 28 
days as compared to the corresponding results at 7 days. 
Furthermore, the beneficial effects of burlap curing for 
3 days as compared to curing for 1 day appear to be 
somewhat less pronounced. Specimens cured with 
waterproof paper A following burlap ae (methods 
6a and 6c) developed high strength at 28 days. Atten- 
tion is called to the fact that the paper remained in 
place for the full 28-day period. The same material 
without initial burlap curing (method 13c) showed a 
relative efficiency of only 40 as regards strength. 

Liquid curing material A gave high strengths when 
the burlap was applied immediately (method 9a) but 
showed a comparatively low relative efficiency when 
application of the burlap was delayed 3 hours (metiiod 
9c). Without burlap, liquid material A (method 19c) 
showed a rating of 56, only shghtly lower than the 
combination in which the burlap was applied after 3 
hours. These trends seem to parallel in general the 
indications at 7 days (table 5, series C and table 11). 
With respect to burlap curing as compared with the 
sealing materials, it might be “pointed out that in this 
high-temperature, low-humidity atmosphere, the curing 
with burlap was discontinued at 3 days, whereas, 
curing continued to some extent under the seals that 
were effective. 

The relative efficiencies of the methods employing 
sodium silicate, calcium chloride, and the curing blanket 
(methods 7, gs. 11, and 12) are about the same at 28 
days as at 7 days, when judged from the standpoint of 
water retention, but are much lower when considered 
from the standpoint of strength. However, the small 
number of specimens represented make any compari- 
sons involving these methods of doubtful value. 

The most significant point in connection with the 
28-day test data hes in the fact that in only two in- 
stances did the strength ratings anywhere near approach 
that of method la. These methods, burlap applied 
immediately followed by waterproof paper A (method 
6a), and burlap applied immediately followed by liquid 
bituminous material A (method 9a), provide the most 
nearly perfect continuous seals of any of the methods 
tested, thus emphasizing the conclusion that the great- 
est curing efficiency is provided by those methods that 
protect the concrete against moisture loss to the great- 
est extent. 

The results obtained in this investigation seem to 
warrant the following general conclusions: 

A. As regards burlap used alone: 
The effectiveness of burlap is increased by length- 

ening the duration of application. 
The effectiveness of burlap is decreased by in- 

creasing the time elapsing between the placing of the 
concrete and the application of the burlap. 

3. Burlap is not as effective when sprinkled inter- 
mittently as when kept continuously saturated. 
i As regards surface sealing materials: 

. The effectiveness of such materials as w aterproof 
Ra and liquid curing materials apphed with a spray 
gun is materially increased when preceded by applica- 
hee of wet burlap for 24 hours. 

The effectiveness of such membrane coverings as 
liquid curing materials A and B is materially improved 
by applying the covering 3 hours after molding as com- 
pared to an application made 1 hour after molding. 

TOLL ROADS AND FREE ROADS 

(Continued from page 66) 

cities, for future street developments and also for other 
kinds of public works and developments. 

As one of its most important recommendations, the 
report suggests the creation of a Federal Land Authority 
with adequate capitalization and authority to issue 
obligations, which would be empowered to acquire, 
hold, sell, and lease lands, in connection with all sorts 
of public improvements, in ways designed to accom- 
plish (1) the total or partial self- liquidation of such 
improvements, (2) the coordination of the various 
classes of improvements by the establishment of a 
proper relation in their use of land, and (3) the elimina- 
tion of embarrassing delays in the accomplishment. of 
desirable improvements, and of restriction likely to 
warp the form, and partially to defeat the purpose, of 
the improvements. 

The report, entitled ‘Toll Roads and Free Roads,” 
has been printed as House Document No. 272, Seventy- 
sixth Congress, first Session. Single copies can be 
obtained without charge from the “Bureau of Pubhe 
Roads, United States Department of Agriculture, 
Washington, D.C. 
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TOR-FUEL CONSUMPTION, 1938 MOTOR P’] 
[Compiled for calendar year from reports of State authorities '] 

Net amount taxed 

(ar0ss Amount ex- Gross Amount sub- 
State Tax re ; omnia! empted mee BO Ses sc s) ; At other rates 
= ver gallon payment o sessed for refund o + 

cto reported ? tax 4 taxation entire tax Total Apprévall : 
g rate 

Rate per Amount 
gallon 

Cents 1,000 gallons | 1,000 gallons | 1,000 gallons | 1,000 gallons | 1,000 gallons | 1,000 gallons Cents 1,000 gallons 
AID aITI A pte oe es ae es oe eee 6 226; 808i le cen anndoeeree 226 83 0in| eee eee 226, 838 226, 833) ose ocean || ooo eae es 
ATIZONG fate a Bee Le ean Soe eee 5 102, 711 5, 487 97, 224 12, 690 84, 534 84,534 |. eee 
ATK ANSGS: 220 ee RRS AL Set ee ee 614 166, 200 6, 256 HO. O44 ck eee ober 159, 944 143, 479 (5) 16, 465 
@alifornige: sees. ae eee ee ee eee 3 1, 763, 625 33, 284 1, 730, 341 158, 413 J, 571, 928 1 S71 O28 ils SS eee eee ee 
Colorado rae eo ae a ee eee oe 4 227, 258 10, 445 216, 813 28, 869 187, 944 187,944 | ee | 
Connect Gitte toe ee ee ee ee ee 3 326, 263 7, 377 318, 886 6, 176 312, 710 SUD 7 OW ls 2 ee 
Delawares sos ee ee eae eee 4 56, 638 1, 256 55, 382 2, 892 62, 490 62,490) 2 eS ee 
ETO Cee Ss oe Seek ee eran 2 ee 7 338, 650 11, 812 O25 SoSh ls se ew on eae 326, 838 326,838 Ipoh we oe ee 
(OOreIa Ss lanes eee ee re re ee eee 6 339, 392 10, 471 328, Gabe |e ennt eee 328, 921 328, 921) [eae Soe eee 
Ld shoe seb Ge ee a ee eS 5 95, 077 3, 870 91, 207 9, 130 82, 077 81, 888 214 6 189 
MEIN OFS ee es eto REA LTS Ley St 3 P3005 OS Ola ee mene 1, 358, 680 102, 664 J, 256, 016 15256;016. pees ee 
Indiana 208 sone ee eee eee eens = 4 612, 714 2, 057 610, 657 47,778 562, 879 662,'8700 nesses os ee 
LOWO 2 Sekt = ee ee ee eee 3) O24, (OD 0k ae eee aac ee ae 524, 535 78, 629 445, 906 HA5 906. (as = 2 SS ee 
1Guikb CR OPR ee Ms ee te See aie ea 3 459, 433 121, 906 OOO = ae ee He ee 337, 527 Bal, Olin Lae sleet oe aon eee 
Kn bUCKy 26 foe ee ee eee ee PE 5 2065.0) G a1 ee eee eee ot 2567516 ieee See 256, 516 256 i016; | ae ees ee a ee ae 
omisianeas 6 ete eee eek 7 247, 176 4, 965 242, 211 4 242, 207 234, 941 2 77, 266 
INLGING = eee Meee = eee ae ee ee ee as 4 144, 866 882 143 (OS4ii| See ee See LPR 148, 984 137, 406 1 8 6, 578 
Miaryinn Gl 223-2 soe seen es yee aes aon hE 4 271, 434 4, 226 267, 208 18, 600 248, 608 246, 433 3 92,175 
WEASSS CHUSGUDS ae oe eee Set oe ee eee ee Oe 3 690, 203 2, 702 687, 501 25, 247 662, 254 662) 254 Vie oe |e 
NiICbICanS - see een eee ee eee 3 1, 053, 961 81, 484 972, 477 43, 184 929, 293 928, 920 1% 10 373 
WEIN ES OURS = tase ae See 2 eer ee eee 4 536, 861 24, 749 512, 112 64, 668 447, 444 447, 444 3) eee 
IMEISSISST Dist ee ee ee ae ee ee eee 6 190, 248 9, 147 LSI OL |e eee 181, 101 171, 044 1 11 10, 057 
Missouries 22 2a eee ee ee eee 2 G08: 472) |e se eee 608, 472 27, 386 581, 086 581, 086: seca see se ee 
IMION GANS Se ae ae penne Ae eee ee 5 117, 164 6, 455 110, 709 21, 259 89, 450 89, 450? |2-2 3 Se ee 
Nebraskaucs no). =. eee eS a ee ee 5 232, 817 9, 469 223, 348 39 223, 309 223;/ B09 se a | eee 
INGY ACS: ee ee ee ee eee ee 4 34, 771 2, 886 31, 885 1, 927 29, 958 20,958 tos 2 es a eee 
New -Hampshire: 22 = es: bs Seek ees ores ee es 4 (taal By Ge, ed 85, 157 2, 443 82, 714 82,714: | cee ee 
New, Jerse yens: 2 oe ee ee rae ee 3 812, 804 3, 207 809, 547 67, 112 742, 435 (42, 435 Noe eee 
IN‘Gia MiexIGOMs Seo. teas eee eS 5 96, 450 6, 410 90, 040 8, 390 81, 650 81, 521 714 12 129 
News york. 2 29a eens t Cae ree. Ela es 4 1, 802, 216 64, 987 1, 737, 229 52, 557 1, 684, 672 1684, 6723 ee oe 
North Caroling 2a: = ome seen ee ee ee 6 403, 333 6, 294 397,089 eee eee eee 397, 039 385, 834 1 1111, 205 
Nort he akotea 225 4 oe ee eee ee 3 122, 866 1, 353 121, 513 35, 738 85, 775 80,005. |e 2332-2 2 | eee 
Ohio ts ee ees Be a ee re ae 4 1, 278, 825 63, 190 1, 215, 635 8, 797 i, 206, 838 1, 157, 015 1 8 49, 823 
ORIN OUTACY =n ete ee ae et ee eee ee, 4 403, 795 12,312 391, 484 41, 294 350, 190 350; 190" |b = 
Ovagon 2) 2st esa oe ae ee eee 5 230, 187 4, 927 225, 260 26, 616 198, 644 197, 797 1 14 847 
Pennsylvania-----_- A eee te ee oe 4 1, 403, 587 6, 519 39 7. OG Sal ae 1, 397, 068 15-307, 068: (22 2 eee 
Rhode slande-2 aa eee = eee Pee es 3 120, 886 1, 023 119, 863 2, 989 116, 874 116,874 1 Ee ae ee eee 
South: @aroll nig eee ees eee oe eee ee a 6 192-170 Gliese eee 192, 170 3, 387 188, 783 188;:783)\)|5. 252222 Soe ee 
South Dakota______- £2 Wie «aan Sener een ie] 4 132, 002 Ujopo 124, 649 24, 981 99, 668 99.'668."|22 2-05 sees 2 | a eer 
Mennessee.... 2 Sa es ee 7 280, 862 14, 976 265, 886 1, 723 264, 163 264, 163" ei fee 9s ee eee 
ROSAS Sos ORR 22 ee ee eee SED 4 1, 267, 298 23, 886 1, 248, 412 167, 561 1, 075, 851 L OF 86 L> |e eee Se re 
Utahns eed Fs ee ee ee ae 4 92, 950 5, 100 87; 850 t\aeeeen ee ae 87, 850 877850. 2 8 ee ees eee 
Vernon tees ses seee eS eee eee 4 64, 324 1, 024 63: '3008| eee eee 63, 300 63,:300's| S52 tees 52 ale ee eee 
Mirginigs = fp ee ee een ee eee 5 SOD OOM eee eee 355, 150 20, 823 334, 327 934,320 || 2 esos eel eee 
Wiashine ton= 2-2 oe foe eae oe eee ee fi) 341, 023 6, 044 334, 979 25, 282 309, 697 309)}697 | | er 
Wiest: Varoini ae a2 22 Soe ee ee ee ees 5 190/397, [eee ee 190, 397 1, 482 188, 915 188, O05) Fs ce \ Sollee Ss ee 
WiAiSCOMSINc = = 88 ee ee oe. ee arses 4 542, 883 16, 884 525, 999 41, 187 484, 812 484 812". ees hoot | Se eee 
WiyOmiin gs 20g eRe Say Sees eee ee 4 65, 356 1, 980 63.370 Bee ee aoe ee ee 63, 376 63, 37 6rlese a= eee ol 
District of Columpbige es =e eee ene 2 139, 612 5, 586 134, 026 701 138, 325 yi ih ee 

DO tal oe aes ee ees ee a ee ae 15 3. 96 21, 406, 636 614, 290 20, 792, 346 1, 182, 618 19, 609, 728 19) S04 6210s eee 105, 107 

1 An analysis of motor-fuel usage, similar to that given in the right-hand portion of 7 Represents evaporation or loss allowance under 5-cent tax not allowed under 
table Motor-Fuel Consumption, 1937, previously issued will be published in a sub- 
sequent table. 

2 No changes in tax rates reported during 1938. 
3 Export sales and other amounts not representing consumption in State have been 

eliminated as far as possible. In cases where States failed to report amounts exempted 
from taxation, the gross amount taxed is shown in this column. : 

4 Includes allowances for evaporation and other losses, Federal use, other public use, 
and nonhighway use, where initial exemptions rather than refunds are made. 

5 Within 300 feet of border, tax is reduced to that of adjacent State. Gallons taxed 
at 2 cents, 3,787,000; at 4 cents, 12,678,000. 

6 Motor fuel used in aviation. 

additional 2-cent tax, which is administered under a separate law. 
8 3 cents per gallon refunded on nonhighway uses. 
91 cent per gallon refunded on motor fuel used in vehicles licensed to operate ex- 

clusively in cities. 
10 114 cents per gallon refunded on motor fue! used in interstate aviation. 
11 5 cents per gallon refunded on nonhighway uses. 
12 Diesel oil taxed at 714 cents per gallon. 
13 Amounts given do not include 66,240,000 gallons of liquid fuel (kerosene, fuel oil, 

ete.) taxed at 1 cent per gallon but not subject to the 3-cent tax on motor-vehicle fuel, 
144 cents per gallon refunded on motor fuel used in aviation. 
15 Weighted average rate. 
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Si ViOVOR-FUEL SAX RECEIPTS? 1933 
{Compiled for calendar year from reports of State authorities] 

| 

Receipts from taxation of motor fuel |. Other receipts in connection with motor-fuel tax 

| Tax | Net Less em 
State rate Deduc- Distrib- total re- tax on pipet 

per Gross | tions by | Gross Refunds Net re- utors’ Inspec- Fines Miscel- ceipts | aviation | receipts 
gallon!} tax col- | distribu- | receipts Saha. ceipts and tion and laneous Total gasoline ooo 

lections | tors for | by State pe by State | dealers’ fees 3 penalties | receipts 4 
| expenses ? licenses | 

1,000 1,000 1,000 1,009 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
Cents dollars dollars dollars dollars dollars dollars dollars dollars dollars dollars dollars dollars dollars 

PASTS ees ee al 6 ES SUSP US fa eee eee 16;.020|0 es oe 13;:025')| Soe OO lsooe eee Oe bese oe 56 1307 Ou See ee Sea 13, 579 
JMS VAG ae a oe ee 5 5 OLG pee eee 5, 016 773 4.24.5 *|) Ree ee ee el eee He, ee ee Ie Be AZAD. | ence ele 4, 243 
PARK ANSAG = a8 So 52 oo ato 616 LOROU a} Re eee 10004: eee aes = 10,004 || Choi (epee bs tere Weer ea Se 88 1009242 =e 10, 092 
(SRIMOTOIA eo on = see oe 3 Gansta) | pe tee Bs 51, 853 4,752 47,101 a Sa (Sixes os eee hee 2d Ses 2 16 Ave dili7e | eee see 47,117 
@oloradots =) 222 8efse 5 SS 4 8 6207 tees 8, 623 1, 158 1G 465. || See ce eee, ee eee 2 Sl eee ce a Se OD IeLes aes 7, 465 
WOHRHECHCU Ta. 5- + a2--se 3 9,471 94 9, 377 185 9, 192 SOY Lege ee Se ISS cae et se 50° ON 282" eee eee 9, 242 
IDSA WATO So 2.cSSo55- 5 2ae 4 By 21s | See = = 2, 211 142 2, 059 Bee cee d|| Lae ee 4 Ose eee 2,073 
AN GTidaee oes se 2. re 22 Sls pease ORS OL ih | Lae = 22, 801 28 POS SO [ae ow | Me 431 Pay Sy ea gh ee 23, 232 
Wigoretg-sa2 oe ene 6 19, 831 198 1936500 mene e: 10; 633 ;:| camera eee eae eae i ee ee ee Lee oe 19) .633;, |[o=eeeeeee 19, 633 
Ufo EN aYe sc baa ed Cae Sean pee 5 ASB4St leo 13 4, 543 455 4: O88’ |e es a Ee eS 2 2 4,090 | | 5 4, 085 
ATOMS See oe oe oe coe oc 3 40, 325 806 39, 519 3, 038 36; 401 || Seer oes 405 PAE re nie 407 Ble hteratey| Seen See ee 36, 888 
Nmdintnse asst hess Ses 4 D4 SUT OR meee ee 24,170 1,911 22; 259: | see eae OL See eee onl nc eee ee 511 22 C00 || eee ae aaa 22,770 
Tia eee a a 3 15,504 | eee 15, 504 2, 271 13, 233 IUpel bap ap lg pe IO ae eel [EE ae a 1 138204" || Seee ee me o 13, 234 
CATISGN oe wees eee 3 LO OLS sees LOSOL 7 eee 10, 017 13 TOGR |e ceen se 33 151 JORIGS eee reee ss 10, 168 
KAnGICK Yee seeeeo ee as 5 12, 655 127 12kb2 8s See een 12),528"\|| eee mee |e Si |beeesres 3 12, bods | 222 nee =e 12, 531 
Bonisiang se. ees! 7 16.543: |e 16/5435 |seee ee 16543) eee a 77 Efe | Se 5 84 LOSO2 7s hoes 16, 627 
UE Gee ee eee 3 4 lve davay || Shee oes 5, 755 197 5; 568: | Seen Ae Bo eee eee ee oe ea Gane ees boe aeons oe Bx5D8, |Sae eee 5, 558 
Nar viand seeaeeeenn == 4 (04695 1 eee ae 10, 695 766 909201 aie eeneese |e ert ow 5 Pata ks S| eee eee 07,929) (Se aee bes 9, 929 
Massachusetts----------- 3 20951 je ee 20, 951 757 20; 194" | eae are 2 Ee | ane es ee | ee eR 8. ZOR19 AS ae OS ee 20, 194 
ilChI Sanaa ee eee let 3 SOTO 25s eee eee 29, 025 1, 301 27, 724 7 Ni NES a aT 5 a Bale Sa 4 27, 728 45 27, 683 
iW Db ebatsCsoy fz nage eee 4 22: 048 eee sare 22, 048 2, 668 19, 380 1 18 70| oe 2 190 1OPG70) |Geeeeaee oe 19, 570 
INGSSISsIp pices See oe 6 TOG 9Gs | eee ees 10, 696 515 SCO BS al en Se ell a I a ai eet LOLISIG | Soe eee 10, 181 
IMiISSOUP econ ee ee eo 2 12 O50" Beene 12, 059 657 Ll 502) eae oe 125 Que} 2eceke as 134 W630) eae ee 11, 636 
VMiontand ees secs. eee 5 eA eee eae ee 5, 491 1, 039 AAD O)} eee eee eet | eee ee ee een Sree ee ee ge Ny a 4, 452 
Nebraska 22280 2 2s <5. 5 11, 365 86 11, 279 253 11, 026 7 LOW eee eee 30 144 11, 170 31 11,139 
INGE See ee 4 1, 304 26 1, 278 77 LOO 15 | Rees eee eee id eee oe 1 S202) | eee oa 1, 202 
New Hampshire-_-------- 4 Br 305i es wee aaa 3, 395 98 BOO To (eee > ae | eee eas iG (aoe eB 1 S200) ee ae eee 3, 298 
IN@WeJ6ISCYs--2-css25255- 3 2453490 | ee eee 24, 348 2, 054 22, 294 GSR Roe eee se eects | So yeet ee 68 225 5021| seen eee 22, 362 
ING WlOxicoue et seo 5 445 0h nee ers 4, 486 420 4, 066 244 ate wets yee are aes | ee ee 24 45090.) See coe 4, 090 
ING Wie OLK Some Seeds S 4 68, 917 689 68, 228 2,096 66, 132 Ci nee ares tea, ee mer ie ere cas 63 66; 19bi beta eeese 66, 195 
Norio Carolinas: = 22--- 6 23. 860i Roan eaeee 23, 860 560 23: 300)|eee ees 00 27 Wee one 6 1, 008 24 S08 Es See = 2 24, 308 
North Dakota_--_-.------ 3 3, 632 55 3,577 1, 323 D054, | Dae eaee Gil) |e eee 64 2818) eee 2,318 
(Oat ee ee cea 4 ICARS) Se) ees ee 48, 031 2,049 45. O82" | ener One oe es eee eee 2 ela) eee ee AB 982s ee 45, 982 
Okla homd seensose sees ce 4 15, 855 317 15, 538 1, 633 13,900) Meee ees || Meecseeee = Daleseetesses 5 13,010) eee a= 13, 910 
OTBEOM See ceeh ee ese ons 5 246m eee en 11, 246 1, 400 95946 5| Seer ke eee Se eee ee ee. |S eee 9, 846 8 9, 838 
Pennsylvania_.......---- 4 52, 574 653 51, 921 51,914 SOu ee Ve ee 87 52001) | 2oe-eene 5 52, 001 
mihodeilslands2o2 22s -- 3 307 54a eee ee 3, 754 262 3, 492 Sih eae Se eee Set See 3 ON405 IE eee eee 3, 495 
South Carolina_-_..------ 6 1S 451 eee ee 11, 451 197 145 2540 |S ee 240i see ee 240 11, 494 32 11, 462 
BoupnDakotgossses--—== 4 4, 986 100 4, 886 838 AAS eee ne 6452222282. 5. \eee ease =e 64 4,112 10 4,102 
pLONNESSOC SU =a s = eae 7 TRoS TD lene eae 18, 375 99 18; 276nite sen ee POSE Cede eee a SLCC oe 1, 044 19, 320 89 19, 231 
OXAS eens Se cee ee ose 4 50, 041 500 49, 541 6, 821 AD! TDN eee tee rama a eee eee 27 27 EOIN ens 42, 747 
Wily eee 4 3, 576 54 35522) Meee = 3, 522 i ABS ee 1 | ay pea 2 3, 524 46 3, 478 
Wenitonbaee sen eee 4 24530) | sae O53 0 eee ee 2153 Or || sees Oe eee eee ne eee |) Seem gent Bae ee 2ylahY) ones 2, 530 
Wren in see een ee 2 5 iG | [ees ee 17, 661 1, 041 1676207] enews a sea 1 Pie Be 1 LG 6219 | enews eee 16, 621 
Wiashingtones- ces sss—a- 5 TON6S4 1 se ee ee 16, 684 1, 263 15, 421 1S eens |e 9 10 LOSS eee 1p, 431 
West Virginia-_-_----.--- 5 fe biel eal he 9, 470 84 9, 386 IG Eee 2: eu Seren | Renee ee 11 DSO Tn | Memes 9, 397 
Wisconsin Sem oe see toe 4 20) 002) | eeeee oan 20, 902 1, 649 10. 250) nema = 1945 | Pe eweee setae 194 1044 (2 | See eae 19, 447 
Wyoming as ts ete 4 DN 50balaeeee eee DS 50 beeen ee 2, 505 i oes ee eae ee ee a a eee 3 2, 508 30 2, 478 
District of Columbia__-__- 2 Pe (area eee 2, 523 14 2, 509 iT oe ae cae | a eR el (EB Baha 11 PY) | eet a= a 2, 520 

Mo taliges2= ss acess 8 3.96 817, 281 3, 705 813, 576 46, 723 766, 853 386 4, 672 38 111 5, 207 772, 060 296 771, 764 

1 No changes in tax rates reported during 1938. 5 Receipts from tax on lubricating oil, $784,000, not included in this table. 
2 The indicated States make allowances to distributors for expense of collecting the 6 Special county taxes of 3 cents per gallon in Hancock County and 2 cents per 

tax. In Kentucky, South Dakota, and Utah allowances of 214, 4, and 8 percent, re- gallon in Harrison County, amounting to $163,000 in 1938, are imposed for sea-wall 
spectively, of the tax otherwise due are made in consideration of both expense of protection and are not included in this table. ah 
collection and gallonage losses in handling. In these States the allowances for ex- 7 Ohio imposes a 3-cent tax on motor-vehicle fuel and a 1-cent tax on all liquid 
penses only have been estimated as 1, 2, and 134 percent, respectively. fuels. The receipts from the 1-cent tax applicable to nonmotor-vehicle fuels (kero- 

3 Fees for inspection of motor-vehicle fuel. Wherever possible, fees for inspection sene, fuel oil, etc.) were $633,000. These receipts have been eliminated from the total 
of kerosene and other nonmotor-vehicle fuels have been eliminated. given, which represents a 4-cent tax on motor-vehicle fuel. 

4 Includes fees for motor-fuel carrier permits, refund or exemption permits, and 3 Weighted average rate. 
miscellaneous unclassified receipts. 
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STATE MOTOR-VEHICLE REGISTRATIONS, 
1938 

{Compiled for calendar year from reports of State authorities +] 

Vol. 20, No. 4 

Registered motor vehicles, private and com- : : , rercine . Publicly owned vehicles Decceurie, Year’s change 

Other regis- -| istrations and in motor- 

tered vehicles : % plates ? vehicle regis- 

Passenger motor vehicles Federal § ea tapenn ipa 1937 total pratlons 
A registered 

State oe oe es motor 
Tota TUCKS, : ; vehicles 
motor . tractor | meaijors Trail- Trail- Regu-| pxtr Par 

vehicles pies mee Motor} tucks, Cae Motor-| Motorjers and/ay top| Motorjersand/yyoto7.| lar zatae Increase ae 
Total A me 3| ete. ; al vehi- | semi- 1 vehi- | semi- “All Tegis- f r 

cluding |busses semi- | cycles) Gos | trail- |CYeS| cles | trail- |CY*S| tra- (a) decrease |_,28° 
taxicabs) trailers 4 i ers ers Hons plates change 

AA DAI A seen ee 301, 990 250, 074 243, 745} 6,329 51, 916 3, 890 816) 1,992 55 Piped eae = 2 313, 359] —11, 369] —3.6 
AYIZOng sesso 128, 791 105, 793 105, 354 439 22, 998 4, 567 452) 2,374 97 LOA eee ee 129, 210 —419 —.3 
ATKaAnsastasss = 220, 391 167, 045 166, 687 358 53, 346 10, 162 517| 2,067 25 480 aes 229,867, —9,476| —4.1 
California.__---- 2, 510, 867| 2,213, 152) 2,213,152) (8) 297, 715) 142,268) 11,802) 7, 539 276 A ee a 2, 484, 653} 26, 214 leah 
Coloradons 2-2" 332,774| 277,860] 276,767] 1,093] 54,914 LAI 1, 27 Lie ore4s, 23 Bi00|2e eee 337,217; —4,443) —1.3 
Connecticut___-- 440, 335| 369,693} 368,664] 1,029) 70,642 5,356] 1, 883 655 6 2,848) 7,731} 436, 564 Sadek 9 
Delaware. - ----- 64, 078 53, 559 53, 559} (8) 10, 519 2, 772 231 312 4 (20 | seine 63, 599 479 8 
Hloriddzees= == 423, 021 352, 978 351, 209} 1, 769 70, 043 17,324; 1,496] 1,787 25 27 638|aaeeeee 418, 145 4, 876 22 
Georgia se 222.2. 432, 360 359, 204 356,609} 2, 595 73, 156 12, 684| 1,233) 2,665 45 25164 |e2oers 441,847; —9,487} —2.1 
Tdaghoeeses- 137, 851 109, 716} 109, 595 121) 28,135) 18,172 548} 1, 541 80 410 [Eee 142,110] —4,259} —3.0 
Tiinoiss! sess 1, 780, 865] 1, 565, 202} 1, 565, 202) (8) 215, 663 23,073) 6,194) 3,317 98 4.1199 | eee l, 768, 946 11, 919} rif 
Ln Gisne sane 922, 788} 795,118} 793,969) 1,149} 127,670} 62,914) 4,543} 1,631 86 25467 eee 956, 016] —33, 228} —3.5 
Lowatess-ssses25 740,021} 650,534) 650, 534)___--_- 89, 487] 987,447) 2,558) 1, 412 22 1887 pees 745, 602| —5, 581 —.7 
Kiqnsasseseenae== 573,985| 476,587) 476, 241 346| 97,398 6, 728] 1,.084| 1, 504 61 2045/2, See es 586, 685} —12, 700) —2.2 
Kentucky-..---- 414,207} 350,531] 349, 940 591] 63,676] (10) 1,116] 1,571 11 S50 |p 404, 455 9, 752 2.4 
Louisiana. -.---- 326, 199 248, 754 248, 287 467 77, 445 14, 586] 1,020] 1,827 Pat BP ee 323, 498 2, 701 8 
Maines ss22--2 196, 690 154, 027 153, 861 166 42, 663} 11 10, 144 834 552 10 TOO eee 200,907} —4,217| —2.1 
Maryland_._---- 395, 347 339, 896 338, 885} 1,011 55, 451 4,208} 1,460} 2,366 61 S462 cess = 387, 410 7, 937 2.0 
Massachusetts - - 843, 789 739, 323 734, 585| 4,738} 104, 466 13) 122 765| 2,717 31 2,981) 20, 315 846, 556) —2, 767 —.3 
Michigan. __-_- 1, 408, 835] 1, 269, 894/13 1,269,894] (8) 138,941] 141,647} 4,294] 2, 542 81 1657|enee 1, 505, 111} —96, 276) —6.4 
Minnesota. ----- 821, 241| 705,271} 705,019 252; 115,970) 31,033) 2,226) 2,509 66) ew BLO 4 OO) see se oe Oe ee ees | eee 822, 598] —1,357| —.2 
Mississippi '4__._{ 215,195] 163,709) 161,015) 2,694] 51, 486 1, 771 318} 1,475 57 25380 |S 226, 286] —11,091| —4.9 
Missouri---.---- 837,118] 703,457} 702,941 516} 133,661) 33,368) 1,792) 2,085 27 25) 14 ee 835, 895 1, 223 ra 
Montana-_-..---- 171,326] 130,188) 130,188) (8) 41, 138 2, 953 456] 2,090 27 986| 28S se2 173, 892) —2,566) —1.5 
Nebraska. -_---- 407, 330 342, 275 342, 047 228 65, 055 41,294; 1,125) 1,199 14 i A92 | see 412,726) —5,396| —1.3 
ING@Vadasses-.e 38, 424 30, 899 30, 695 204 7, 625 1, 218 109 696 21 81 336 40, 655| —2,231| —5.5 
New Hampshire 124, 379 97, 635 97,635) (8) 26, 744 4, 767 896 655 19 500 | aes 125,939] —1,560) —1.2 
New Jersey-.--- 1,000, 684} 868,734; 863,665; 5,069) 131,950 7,276| 4,767) 2,763 26 24038 | see 994, 497 6,187) eee 
New Mexico---- 116, 537 89, 592 89, 123 469] 26, 945 2, 575 357| 2,178 67 405| 22 2 118, 106} 1,569} —1.3 
New York-_-...-- 2, 584, 123] 2,259, 468] 2, 259, 468)______- 324,655} 40,771) 10,391) 5,629 49 se8L| eae 2, 561, 703} 22, 420 9 
North Carolina 537,242} 461,141) 460, 298 843} 76,101; 42,317} 1,705) 2,181 42 Se 520 eee 525,350] 11, 892 2.3 
North Dakota-- 174, 256 141, 195 141, 111 84 33, 061 849 296 788 12 585 522 173, 188 1, 068 .6 
Ohipraes 1, 870, 249} 1, 686, 555) 1, 686, 555 (8) 183, 694| 105,249] 9,073) 2,476 85 4,054] 18, 445) 1,876,132} —5, 883 —.3 
Oklahoma.._-___-_ 535, 399 441, 184 438,979) 2,205 94, 215 36,498} 1,090} 2,435 42 3h (ool serene 547, 263} —11,864| —2,.2 
Oregons 357, 321 297, 492 296, 837 655 59, 829 (8 1, 531) 2,821 33 653 838 360, 348} —3, 027 —-.8 
Pennsylvania__.} 1, 976, 466] 1,730, 893) 1, 725,674} 5,219) 245,573 26, 225) 10, 561} 3, 983 123 20; 614|ceseee 1, 984,821] —8, 355 —.4 
Rhode Island_-_- 168, 888 149, 634 149, 223 411 19, 254 631 704 460 16 308] sees 167, 586 1, 302 .8 
South Carolina_- 287, 913 246, 585 245,117) 1,468 41, 328 5, 396} 1,011) 1,570 14 792) 1,586 296, 224) —8,311] —2.8 
South Dakota_-- 180,632} 152,138) 152,040 98} 28,494] 19,080 436) 1,241 17 709 | se == ae 184, 743} —4,111) —2.2 
Tennessee_-__-_--- 398,624| 337,584) 336,900 684; 61,040 (8) 1,502| 2,168 45 582 |-seee 400,384] —1,760} —.4 
Texas ser es 1, 548, 343] 1, 231, 424/ 1, 230, 548 876| 316,919] 50,944) 3,980] 5,368 148 3.807 ee eer 1,552, 114| —3, 771 — 2 
Utaheiee ters 127,004} 107,038) 106, 373 665) 19, 966 569 428] 1,758 56 O85 les aeaee 126, 692 312 .2 
Wermontye.-- 87, 402 78, 360 78, 265 95} 159, 042 1, 853 450 648 14 (602 aeaeeee 88,958} —1,556) —1.7 
Virginia. sae 441,462;  373,896'  373,896)-..---- 67, 566 9,350} 1,743] 3, 231 217 3208) See 440, 713 749 2 
Washington__._- 523,328] 440,128) 439,328 800} 83,200} 17,826) 2,025) 3,215 77 1,503} 3,291) 535,483} —12, 155} —2.3 
West Virginia___| 275,691) 230,637} 230, 024 613} 45,054 3,058} 1,212] 1,188 6 10, 209]--_---- 290, 837) —15, 146) —5.2 
Wisconsin _-___- 840,291) 703,807) 703, 227 580} 136, 484 5,047] 3,346] 2,300 39 2.428 |eaeeeee 854,374 —14,083} —1.6 
Wyoming-__-__-__ 80, 765 63, 176 63317 6| zene 17,589} 10,209 272) 1,300 26 363|eaeeee= 81,837, —1,072) —1.3 
District of Co- 
lumbiaqueeccee 162,863} 148,614) 147,495) 1,119] 14, 249 809 622} 1, 262 20 2) 308s zeese= 184, 119] —21, 256] —11.5 

At lar gerseres |S. ase meade 2 ot SES | SSN Ee Sal ene ac eee eae | eee ed 5, 371 45t  V10) sos oe 258 os [Leet oe | eee | eee ee ee | eee 

Motalessse 29, 485, 680) 25, 261, 649/25, 213, 601! 48, Neate 224, 0311/1, 085, 422/108, 541)109, 716} 2, 564 799/257, 469} 8,610) 8, 081/139, 681) 53, 064/29, 705, 220) —219, a —.7 

1 Registration periods ending not earlier than Nov. 30 and not later than Jan. 31 
are considered calendar-year periods. In those States where the registration period 
is definitely removed from the calendar year, registration figures were obtained 
for the calendar-year period. 

3 Wherever possible publicly owned vehicles and vehicles not for highway use have 
been eliminated from these columns. 
1A complete segregation of motor busses from other vehicles is not available. The 

figures given represent common-carrier busses in most cases, although in some States 
contract busses and contract school busses are included. In some cases city busses 
arenotincluded. Whereno busess are tabulated, they areincluded with automobiles, 
unless otherwise noted. 

4 Figures for trailers and semitrailers are as reported. Apparent inconsistencies 
are due to the fact that some States require the registration of tourist trailers, light 
work trailers, and similar vehicles, whereas other States register only freight-carrying 
trailers and semitrailers. 

’ Data on Federal vehicles obtained through agency of Procurement Division, 
Department of the Treasury. 

6 State, county, and municipal vehicles are included with private and commercial 
registrations in Colorado, Kansas, Maryland, Michigan, Mississippi, New Hamp- 
shire, and Vermont. An unknown number of Federal vehicles are included in the 
figures for Indiana, Iowa, Kentucky, Louisiana, Montana, New York, a¥ OVirginia. 

Some States give State-owned vehicles only; others exclude certain classes from 
registration, such as fire apparatus and police vehicles. 

’ Figures include new-car, used-car, and motorcycle dealer registrations and some 
wrecker and repairer registrations. Data on dealers’ extra plates are incomplete, 
although they are apparently included with dealer registrations in some States. 

§ Included with motor trucks. 
® Includes 63,000 light trailers registered without charge. 
10 Trailers of 1,000 pounds capacity or more prohibited on highways, although 

permitted in cities under city licenses. Tractor-semitrailers registered as motor 
trucks. Light trailers permitted but not registered. 

1i Includes light trailers and commercial semitrailers. 
included with motor trucks. 

12 Of these vehicles approximately 1,700 are also included with private and com- 
mercial registrations. 

18 Taxicabs included with motor trucks. 
14 License year changed to Nov. 1 during 1938. Registrations recorded on this table 

are for 10-month period through Oct. 1938. Registrations for 1989 in Noy. and Dec. 
1938 were: Automobiles, 150,822; motor busses, 1,367; motor trucks, 41,012; total 
motor vehicles, 193,201. 

15 Trucks under 1,500 pounds capacity included with passenger cars. 
16 Includes 405 automobiles of the diplomatic corps. 

Commercial full trailers 



June 1939 FOUR inl CORRAL S 19 

STATE MOTOR-VEHICLE RECEIPTS, 1938 
{Compiled for calendar year from reports of State authorities 

P ; : Registration 
Motor-vehicle registration fees fees, other Miscellaneous receipts 

vehicles 

Total Passenger motor ve- Total 
receipts, hicles regis- 
regis- tra- Oner Esti- 

State tration Motor | Trail- tion Deal- e , Trans- Un- | mated 
and Auto- trucks,| ers fees, ers’ ap Certi- | Spe- | Fines | fer or Other | classi- | Service 
other Total? mo- trac- | and |Motor-| all ve- Total licen- asain: ficates | cial and | rereg- ee fied char- 
fees biles tor | semi- | cycles | hicles ses fetieue of | titling | penal-| istra- Se; rakewee ges, 

Total (in- |Motor |trucks,| trail- and He title |taxes‘| ties tion as farids local 
clud- |busses?| ete. ers plates | Pet fees collec- 
ing mits tors § 
taxi- 

H cabs) 

1,000 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 
dollars jdollars |\dollars |dollars |\dollars |dollars |dollars |dollars \dollars \dollars \dollars \dollars |\dollars \dollars \dollars |dollars |\dollars |dollars | dollars 

J MIDN of re eS ae Aol Sc po WS0os| Geeseos een. (eens oe |e eee ee We es 3, 858 456 Digi SoS eed oe ee 1987 |Es esse OF Eeweace loses 
Lvabsba¥. ieee Sah See 1, 076 809 398 371 27 411 62 2 873 203 4 25 Se See Se | eae es oe ee ee oe 
Arr KATISHS se ec awe ee 2,908 | 2,495 | 1,575 | 1,499 76 920 220 3 | 2,718 190 57 nA Boe eo [ae 2 el eee eee, ae SS Sele 
Walifornia 62s.2222.-=-.. 23, 930 |21, 049 |16, 996 |16, 996 (7) 4, 058 989 60 (22,098 | 1, 832 74 LEO geen | A eee 130 | 1, 263 26 | 2e2o~ oe | Swe 
(Oa) Veh g%0 Kae oe ee 2,644} 2,049) 1, 571 | 1,571 |.--- 2. 8 478 30 2 | 2,081 463 27 113 1599/23. 27 66 80 =u OM aoe es 
Connecticut: 2=2--.---=- 6,611 | 4,249 | 2,822 | 2,698 124 | 1,427 20 6 | 4,275 | 2,336 LOGY (G1, 66Sulezoeenalose. ae 169 104 300 == (in| eee ae 

894 607 607 (7) 287 32 1 927 289 it 135 83) | See 80 13 7H fe ee el WS gee 
5, 815 | 4,044 | 3, 853 LOM ely te 259 8 | 6,082 350 22 10 206) See ee oe |e ee 1 22 —20 109 
1, 465 985 875 110 480 148 2| 1,615 359 12 3199 | ee eee eee alee en 7 De eres a | eee 
2, 269 | 1,638 | 1,614 24 631 33 8 | 2,305 75 25 tot beatae ea eee Aa ee Be |e ee a a ee 
19,925 |14,022 |14, 022 (7) 5, 903 175 16 |20,116 | 1,475 91 400 429 | oeeeSe 16 425 132 al ful] Pepe ee 
7,599 | 5,905 | 5,822 83 | 1,694 316 8 | 7,923 | 1,712 50 694 274) | ee 36 277 264 | —112 229 
LUSISS 08; 4150.8, 41.5) jeans ee 2ite 93 9 11, 220 507 49 162) Seen ee so ee 2 120 LOS eeeass=|Snansecs 
3, 463 | 2,543 | 2, 543 (7) 920 109 4 | 3,576 247 21 46 Sato. eee ee 35 gD eek ere ek 

Ken UCK Yieetereescaseee 4,599 | 2,971 | 1,745 | 1,666 79 | 1, 226 (%) 2 | 2,973 | 1,626 25 B22 eee ee 865 3 196 1D) |\Steves lac aeeees 
POUIsinnAerees.— sas eoes 4,892 | 4,215 | 2,936 | 2, 868 68 | 1,279 587 4 | 4,806 86 12 1037 arom Soaltess secs. iCal es ee 1 =28( \eocoeeas 

aineseeewes meek set 3, 582 | 2,725 | 1,898 | 1,882 16 827 | 1066 4 | 2,795 787 44 6505) Reese ae eee 30 119 Clos! eee | Pe eee 
iViervianteones- = seaos= 5,069 | 3,584 | 2,963 | 2,810 153 621 119 TaltanelOn tel, og 45 348 171 390 329 97 31 ey Jel eee 
Massachusetts__.-----.- 6,759 | 4,121 | 2,740 | 2,609 131) | Skt 28 1 | 4,150 | 2, 609 70 
WMichiganive sess. 29 2uo = 20, 856 {17,801 |12, 609 |1112,609} (7) 5,192 | 1,002 16 {18,819 | 2, 037 91 
Minnesota 9,377 | 8,832 | 6,889 | 6, 734 155 | 1, 943 259 7 | 9,098 279 58 
Mississippi 13 ANOOURI RS D4 a aeeee ene ne cele wre eho |e ee ae ee 3, 947 54 5 

issouri 9,439 | 8,273 | 6,936 | 6, 936 (7) 1, 337 140 9 | 8,422 | 1,017 78 
Montana 18 1, 546 | 1, 169 852 852 (7) 317 13 1 | 1,183 863 22 
Nebraska 2,442 | 2,135 | 1,242 | 1, 220 22 893 58 2 e2e195 247 30 
Nevada 265 245 155 154 1 90 ‘Sg|penuee 26 15 Wy 
New Hampshire.-.__-.- Dat Lie |e cole onsets len Pan ae te ee 5 | 2, 267 444 23 
ING wii CLSeyoeeas-- ee 20, 204 |138, 806 | 9,804 | 9, 509 295 | 4,002 284 10 |14, 100 | 6, 104 62 
New Mexico-....------.- 1, 643 | 1, 505 955 929 26 550 34 1 | 1,540 103 11 
INGWey OL nee seem ee 47,124 |43, 418 |31,675 |31, 675 |.-_.._- 11, 743 573 46 |44, 037 | 3, 087 208 
North Carolina_...__--- 7,211 |(6,871 | 4,113 | 4,056 57 | 2,758 (7) 7 | 6,878 333 32 
North Dakota. -..---_- 1, 523 | 1,404 | 1,073 | 1,062 11 331 3 2 | 1,409 114 17 
ON 0M ears cates 27, 204 |22,370 |14,610 |14, 610 (7) 7,760 | 1,148 | (14) |23, 518 | 3, 686 235 
OKianonid seen seee 5,779 | 4,401 | 2,643 | 2,544 99 | 1,758 218 5 | 4,624 | 1.155 48 
OiGT 0 es See ae ee 2,922 | 2,598 | 1,523 | 1,484 39 | 1,075 (7) 4 | 2,602 320 25 
Pennsylvania.-..--.2.2- 34, 513 |27,710 |19, 145 |18, 612 5383 | 8, 565 320 29 |28,129 | 6, 384 377 
Rhode Island_---------- 2,778 | 2,217 | 1,782 | 1,692 40 485 2 il yay 556 17 
South Carolina........- 1, 633 | 1,316 732 (on (oe 584 7] 1 | 1,388 245 19 
South Dakota-.--.-.---_- 1,983 | 1,588 | 1,359 | 1,355 4 224 30 1 | 1,614 369 ily 
PRENNESSCOs sees esas acee SES alts 00 (ag eee eee ere ee ee (plea) Pe bets 3, 907 266 | (18) 
POXS Steen yee ae 20, 263 |18, 716 |12,015 |11, 865 150 | 6,701 520 17 |19, 253 | 1,010 41 
UNA) Se 1, 097 921 510 510 (7) 411 34 1 956 141 14 
Wermontsecsssccec ens 2, 365 | 1,994 | 1,420 |161,407 13 | 1 ‘574 25 Bi || BE? 343 26 
Warpinig esse o. Jee 6, 134 | 5,449 | 4,092 | 4,092 |_______ 1, 357 134 6 | 5,589 545 59 
Wrashingtonas-2s.225. 2) S2OZM a4 ial Oso MiosOnieee ane. 1, 098 207 6 | 2, 700 562 14 
West Virginia®.2- 22-5. 5,498 | 4,524 | 3,478 | 3, 458 20 | 1,046 57 5 | 4, 586 912 43 
Wasconsin weas22. sect 13,001 |12, 377 | 9,375 | 9, 168 207 | 3,002 322 16 12,715 286 23 
Wivoming! = 26s 6 22s 601 552 360 300m |aeeeeee 192 34 1 587 14 8 
District of Columbia- -- PD AM MoS Po Dees eR So MO oe Dl ag ll gel gO a ht) (eee 1, 333 812 1 

PRATtIaULOLS)S tase | seen eee 224,489 | 221,785) 2,754] 91,070} 8,849 346 seers eee wares [emery ee a eee See re Se eae Ae ee eos 

Full totals........ BSS, Sa D MSOs SOON eee [meee See ee || ee eee | ee | 340,061 |48, 764 | 2,350 |21, 555 | 6,597 | 2,123 | 2,724 | 7,360 | 4,222 | —588 2, 421 

1 Receipts for registration periods ending not earlier than Nov. 30 and not later than 
Jan. 31 are considered calendar-year receipts. In those States where the registration 
period is definitely removed from the calendar year, registration receipts were ob- 
tained for the calendar-year period. 

2 Segregation of registration fees by type of vehicle was not available for Alabama, 
Mississippi, New Hampshire, Tennessee, and the District of Columbia. Total 
motor-vehicle registration fees in those States include trailer and motorcycle fees, 
except in New Hampshire, for which motorcycle fees were reported separately. 
Dealers’ license fees in Tennessee are also included in this column. 

2 The motor-bus registration fees are incomplete (see footnote 3 of preceding table). 
Where no fees are tabulated, the fees of busses are included with those of automo- 
biles, unless otherwise noted. 

4 Proceeds of special excise and privilege taxes on new-car sales have been segre- 
gated and entered inthis column, Receipts from a 2-percent motor-vehicle excise 
tax in Oklahoma, imposed as part of a general sales tax, are not included in this 
table. Proceeds of this tax were $1,104,000 in 1938. 

5 Jn many States county or local officers are allowed service charges for issuing 
registrations, operators’ licenses, etc. In the majority of cases these charges are in- 
cluded in registration and other fees. The amounts shown in this column are esti- 
mates of service charges collected and retained by local officials and not reported else- 
wherein the table. 

6 Registration fees include proceeds of State ‘‘vehicle license fees’’, $10,854,000, im 
posed in addition to the regular registration fees of $11,244,000. 

7 Included with motor-truck fees. 
8 Fees of 23,978 light trucks included with those of passenger vehicles. 
§ Trailers of 1,000 pounds capacity or more prohibited on highways, although per- 

mitted in cities under city licenses. Tractor-semitrailers registered as motor trucks. 
Light trailers permitted but not registered. 

10 Fees of light trailers and commercial semitrailers only. Fees of commercialzfull 
trailers included with those of motor trucks. 

11 Fees of taxicabs included with those of motor trucks. 
12 License year changed to Nov. 1 during 1938. Receipts recorded in this table are 

108 calendar year and include fees for 1939 registrations received from Oct. 1 through 
ec. 31. 
13 Registration fees are collected by counties and State does not maintain complete 

record. Figures given are estimates supplied by State. 
14 Included with fees of automobiles. 
15 Included with motor-vehicle registration fees. 
16 Fees of trucks under 1,500 pounds capacity included with those of passenger cars. 
17 Totals of columns for which full classified data were not available for all States 
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STATE MOTOR-CARRIER TAX RRC ITS: O36 
[Compiled for calendar year from reports of State authorities] 

State 

Kentucky 
Louisiana 
Maine 

Nevada 
New Hampshire 
INGWiJ OFSOY 20 5 ees aa a et re ene 
New Mexico 
New York: 

Oregon’ ios: 3. 8 eR ite ant eS 
POTTS yy ATA eee eee eae ee ae me eal 
Rhode Island__________ 2 

Texas Leryn Jak ae Ale fel Me eer enn 
Utahi ees eae 

Virginia 2-8 i 2 2 oreen oie maemernas oat ar nan 
Washington a2 <a Ses ae ae el ea okie A eee 
West Virginia 
Wisconsin 

Proceeds of State imposts on motor vehicles operated for hire and other motor carriers ! 

Gross-receipts 
taxes ? 

1,090 dollars 

Mileage, ton- 
mile, and 
passenger- 
mile taxes 

1,090 dollars 
195 

Special license fees and 
franchise taxes 3 

On weight or 
capacity 

basis 

1,000 dollars 

On flat rate 
basis 

1,000 dollars 

6, 781 

eae Complete classification of motor-carrier tax receipts is not available in all States. 
The classified receipts, in some cases, include miscellaneous small receipts not class- 
ified. 
? Numerous States impose taxes on the gross receipts of motor carriers in connection 

with general State sales taxes or taxes on all transportation companies or public utili- 
ties. 
States as special taxes on motor carriers. 

This column includes only the proceeds of gross-receipts taxes reported by the 

‘It is often difficult to make a distinction between the 3 classes of receipts listed in 
the third, fourth, and fifth columns of figures. In general, the proceeds of special 

Certificate 
or permit 

fees 3 

1,000 dollars 
6 

Caravan 
taxes 

1,000 dollars 

Miscellaneous 
receipts 

1,000 dollars 

Total 

1,000 dollars 
201 
166 

1 
2, 735 

594 

weight or capacity taxes and taxes imposed at a flat rate per vehicle are included 
under special license fees and franchise taxes, application or filing fees required for 
the issuance of certificates of convenience and necessity to common carriers and cor- 
responding permits to contract and other motor carriers are included under certificate 
or permit fees 

4 No special taxes on motor carriers reported. 
5 Motor-carrier drivers’ licenses. 
6 Ton-mile and passenger-mile taxes paid by motor carriers in lieu of registration 

fees included in table, State Motor-Vehicle Receipts, 1938. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D. C. As his office is not connected with the 
Department and as the Department does not sell publications, 

please send no remittance to the United States Department of 

Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2... . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5. . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6. . . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191MP. . Roadside Improvement. 10 cents. 

No. 272MP.. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

Federal Legislation and Rules and Regulations Relating to 
Highway Construction. 15 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges, 
35 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 

No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

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). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 

Act I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III.—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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