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1. Review of Federal Aid Bo&d Authorisationsand Appropriations. 

The original Federal Aid Road Act was approved July 11, 19l6; 
the second Act was approved February 28, lglg, as follows; 

f i s c a l Y e a r 
Acts of Congres 3 I9I7 191K 1919 1920 1921; 

July 11 1916 

Feb. 2S, 19ig 

$5 ,000,000 $10,000,000 $15,000,000 

50 ,000,000 

$20,000,000 

75,000,000, 

$25,000,000 

75,000,000 

Totals $5 ,000, oco $ 1 0 , 0 0 0 , 0 0 0 $65,000,000 $95,000,000 $100,000,000 

Before the plan provided was veil under way, because of the 
delays incident to the war period and conditions immediately following, 
agitation arose to change the basic principle of federal aid to the 
States and provide for a system of national highways built entirely 
by the federal Government. 

Extended hearings ?'ere held in 1921, vzhich resulted in a 
compromise measure - the Federal Highway Act of November 9« 1921 \ 
This measure preserved the principle of federal aid to the States, 
and laid down a definite plan of procedure for the administration of 
the Act by the Secretary of Agriculture. 

An appropriation *?as provided as follow 

Fiscal Year 
Act of Congress 1922 

Nov. 9, 1921 ! $ 75,000,000 
(h2 Stat - 2l6) : 

In 1922 again after extensive hearings, the Congress author
ized a continuance of the program for three years, as follows! 

Act of Congress 
F i s c a l Y e a r 

1923 l ^ H 13£1 

June 19, 1922 ; $50,000,000: $65,000,000 
(Public No. 2kk) 

$75,000,000 

1 
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This latter Act marked the change ia policy from appropriations 
to authorizations. In the consideration of the appropriations for the 
fiscal years 1923 and 1924, the Appropriations Committee crystallized 
a policy of carrying in the appropriation measure for the current year 
only such suras as it was estimated rould be necessary to insure a 
treasury balance, that is, an amount rhich, together vith balances of 
former appropriations, 7-ould meet the withdrawals from the treasury 
during the fiscal year. The amounts carried in the three-year authori
zation program rere fixed vith a knowledge of tho existing unexpended 
balances from previous appropriations. It is to be noted that these 
amounts did not fix the size of the annual program ^bich it m s 
possible to carry forward, because of the existing balances. 

2 , Funds Available and Hi^ivay V7ork Placed under Contract by 
Fiscal Years. 

The Secretary was authorized to apportion the authorizations 
for the fiscal years 1923 and 1924 to the States and to enter into 
contracts with them on the basis of the authorized apportionments. 
This same authorization is carried in the Departmental Bill for 19£5» 
A clearer view, therefore, is given of the progress of Federal aid 
participation with the States by tlie following: 

: available for : Put under Construction 
July 1 : Merc Construction ; Dnriag Tiscal Year 

1917 ; $ 4 , 8 5 0 . 0 0 0 = 

1918 : L4,55OT0OQ : % 3,L44,3&7 

1919 74,1*56,000 : 1 9 . 3 ^ , 6 7 5 

1 9 2 0 : 1 ^ 7 , 2 6 1 , 0 0 0 ; 81, ton.Q5Z 

1921 > L62,S25»0O0 * 81 ,366.057 

1922 I 15U,5SU.OOO J 5 6 . 7 7 7 . S 1 0 

1923 J 146,556,000 I • 7 7 , 4 9 2 , 8 7 2 

1924 : 132 ,^38,000 J 9 1 , 0 0 0 , 0 0 0 (est.) 

1925 I 114,563,000 : 9 4 , 0 0 0 , 0 0 0 <est,) 
| * 1 .._ .. . M 1 ... . 1 • 1 1 *• . - - - 1 —1 11. L •- i- tm - — r '—•• 

20,563,000* 

( * ) A reasonable balance must be preserved against the 
construction program to cover necessary extensions 
of original estimates. 



3- Kew Contracts for Fiscal Years l$Bk and 1925-

The estimate of $91,000,000 to be put under contract the 
current fiscal year it is believed vill be reached, with the 
probability of an increase for 1925 to $9^,000,000. This latter 
figure is contingent upon coadit*ons in fields of other construe* 
tion, rail transportation and labor. Public road work is retarded 
when there is a large construction program of a private character, 
and accelerated whan the ether construction work decreases. The 
general tendency of the Federal aid road viork at this time is upward
ly Sew Contracts for Fiscal Year 1926. 

If the estimate of $9^,000,000 to go under construction for 
1925 is not reached, but is reduced by $5,000,000 or even $10,000,000, 
the balance available for new construction will still not he sufficient 
to carry any reasonable program fur 1926. 

There are two distinct phases in the orderly administration of 
a highway improvement program: 

(a) the planning 

(b) the construction. 

The planning includes surveys, estimates, preparation of road and 
bridge plans, negotiations for right-of-way, etc., letting of contract. 

The construction includes the physical performance of-the separate 
jobs. 

Economy demands that these t̂ o phases shall folio* in sequence, 
the initial stages of each being separated from 6 to 12 months. Time 
is an essential element. There must be advance notice of the dimensions 
of the program. There must be time sufficient for the planning. 
Ueither the States or the Federal Bureau can produce the best results 
with economy without sufficient time interval betveen the action of 
Congress and the beginning of operations by the contractor's crew. 

These conditions govern so definitely the States that the 
highway construction program for 1926 hinges largely on what is done 
h-y the Congress at this session. 

if action is not taken at this session, it is doubtfull if time 
•̂ ould permit the framing and enacting of adequate legislation during the 
short session beginning December next- Even so, a large cumber of the 
States would be prevented from planning and preparing for the efficient 
conduct of the 1926 construction program. 
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One of the fundamental principles of the Federal Budget plau 
is elimination of v-aste and inefficiency in the expenditure of public 
funds- There is probably no ocher field of public expenditure in 
rhich at this time greater savings are possible through efficient 
administration. Efficient administration and organisation demand • 
positively, first, a continuing program and, second, f o/e-kn-cwladge 
of the dimensions of the future annual pvogvam. 

5* The Budget and Annual Withdrawals from the Treasury * 

Upon the establishment of the Budget the concern of the Director 
of the Budget pivoted upon the actual withdrawals from ths Treasury year 
by year and the following is the history of the amounts included in the 
Budget for actual payments during each fis:al year. The estimates for 
the first Budget were thrown out of focus by unforeseen conditions 
arising in the construction flaid generally. * Later estimates have been 
more closely approximated. 

Estimated 
Expenditures 

: 1923 • 

Expenditures for Good Eoads **$ 125,700 ,000 **$ 105,000,000 

(**) The above table includes estimates of additional expenditures 
during 1923 and 192a for good roads, authorized by the act 
of November 9. 1921. 

Bulget 192k • • 
Expend! tures 

Estimated, l$2k Estimated. 1923 
Cooperative Construction of 
rural post roads $ 100,000,000 $ 95.000,000 

Budget 19S5 
Expendi ture s 

Estimated, 1925 Estimated, 19g*4 

Rural Post Eoada (good roads, etc. j$ 90,000,000 $ 05,000,000 
(These estimates were all made one and two years in advance). 

(*) Bail transportation tie-ups and embargoes, shortage of labor 
and materials. 

Estimated 
Budgst 

Expendi tures 
1211 



- 6 -

, 6. Belation of Budget Estimates <*ad Actual Vithdra^ls from 
Treasury-

For the purtx>see of a balanced budget, that is, the balancing 
of receipts a^ajnst *»ithdw&is from tho Treasury, the authorisations 
or aporoprialiona for Federal aid for aay particular year do not 
govern c i ther the 6i*c* of th* program / ? the vithAravsrts from the; 
treasury for that year. The estimates furnished the Ci roe tor of the 
Bureau of the Budget are prepared from the detailed records of ths 
bureau of Fublic Rood?, end ar«< based upon the rark under contract, 
the progress being made, a ad the monthly reports from tho field force. 
The budget provisions for the current rithdra*nls for road purposes, 
a&d the re la t ive ly close approximation to these estimates are allows 
ia the following table; 

f i s ca l Year ; BudgeTEo ti»uatas : Actual Withdrawals 
, „.„„__ ,frora,,Trsaeury . _ 
1922 ; $105,000,000 ; $. 9},H»0.57U* 

19^3 : 95,000,000 J 78. UlO.oio* 

192U ; 85,000,000 ; $^.777.O00*(5or ± yr. only, 
(SpproK. ) to Dec .31,1923} 

1925 : 90,000.000 

•Includes federal aid 
and forest Ho&d payments* 
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7- Comparison of Funds Available for New Construction, Funds 
Involved in Work Placed under Construction, and Withdrawal* 
from Treasury. 

This table shows Federal aid funds r . v i y . poe« not ta&tfdfr any 

Fiscal year 
Available lor 
new construction 
at beginning of yr. 

Placed under 
construction 

i Withdrawal* 
: from Vraavory 
i during yeAT. 

1917 
1918 
1919 
1920 
1921 
1922 
1923 
192*1 
X925 

$ U, 8 5 0 , 0 0 0 
l l * . 5 5 0 . 0 0 0 
7 U , % 6 , 0 0 0 

1 U 7 , 2 6 1 , 0 0 0 
l 6 2 . S 2 5.OOO 
i 5^ , 5 W.OOO 
l U 6 , 5 5 6 , 0 0 O 
1 3 2 . ^ 3 8 , 0 0 0 
U l t , 5 6 3 > 0 0 0 

$ 3 , l U U , 0 0 0 
1 9 , 3 ^ 5 . 0 0 0 
g l . i 3 6 . 0 3 2 
8 1 , 3 6 6 , 0 5 7 
5 6 , 7 7 6 , 0 0 0 
7 ? . * » . O O 0 
9 1 , 0 0 0 , 0 0 0 
9 ^ , 0 0 0 , 0 0 0 

$ 3 * 0 3 * 
5 7 * . « 6 

5 7 . H 6 2 . 7 6 ? 
8 9 . 7 9 8 . W H 
7 X . W 9 . 2 9 7 
8 3 , 0 0 0 . 0 0 0 ( E f t . ) 
9 0 , 0 0 0 ^ 0 0 0 ^ E » t . 

Withdrawals for 1 9 2 * 4 and 1 9 2 5 ara th* amount* carried hy tha 
Budget for this purpose. Withdrawals first half fiscal year 1 9 2 * * , 
(July 1 to Dec. 3 1 , 1 9 2 3 ) are approximately UO O , 0 0 0 . 

http://l62.S25.OOO
http://gl.i36.032
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8 . A c t u a l Appropriations and T3ithdrfi.ral6 from the Treasury. 

Total A p p r o p r i a t i o n s , June J O , I923. 

$375,000,000 

Total Withdrawals 342.879,291 

Balance $132,120,709 

Appropriation 1924 £9,300.000. 

$161,420,709 

Appropriation included in 
Department o f Agriculture bill 13.000, 

$174,420,709 

Estimated withdrawal, 19^4 

$ 85,000,000 

Estimated vrithdran-al, 1925 

$ 90,000,000 175,000.000 

This statement clearly indicates that beginning with the 
year 1926, there -rill necessarily be included in the appropriations 
for that year the full amount of the actual vitbdrarelt from;the;..v;-
Treasury that there may be no default of payments to the $tatae* 

The unappropriated balances of authorisations, including 
that for 1925, are as follows; 

$50,000,000 authorisation for 1923 $25,000^000 

$65,000,000 » " 192k 35*700,000 

$75,000,000 " " 1925 62, 

Total $122,700,000 
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S- The Federal Aid Highway System. 

The Federal Ki^hvay Act approved November 9, 1921 provided for 
the se lec t ion by the state highway departments of a system of highways 
not to exceed 7 per cent of tho total highway mileage of each Stats. 
Upon this system, a l l apportionments of Federal aid are to be expended* 
The system i s to be divided into two c l a s s e s , primary and secondary, 
of -"hich the former are aot to exceed three-sevenths of the total, the 
reminder to be of the la t t er c l a s s . Tho Secretary of Agriculture was 
given authority to approve in whole or i n part the systems as designated 
hy the s tate highway departments or to require modifications or revisions 
thereof. 

The total mileage of ex i s t ing highways cer t i f i ed by the States 
was 2 . 8 6 6 , 0 6 1 miles . The s t a t e s designated by maps and route descrip
tion, systems of main roads to ta l l ing in mileage not more than 7 per 
cent of the cer t i f i ed mileage. Th$ syattics for groups of adjoining 
States were reviewed by representatives of the States aad of the Bureau 
of Public Roads meeting in a s er i e s of conferences for the principal 
purpose of connecting tho systems at s ta te l i n e s . In this *ey the entire 
system was coordinated and rocorrmendec to the Secretary of Agriculture 
hy the Bureau of Public Roads. The system as approved by the Secretary 
of .agriculture and represented by the map published November 1, I9&3 in
cludes L68,SB1 miles which is 5,9 per cent of the certified mileage. 

10. Progress in Improvement of System. 

Up to March 1 the Federal-aid h igh^ys rhich had been completed 
since the passage of the Federal Aid Eoad Act in 1916 totalled 33.036 
miles , and 13,SCO mi les were under construction and reported as 5 9 

per cent complete. The total of roads completed and under construc
t ion amounted therefore to U6,S3^ miles- Of the mileage reported 
as completed on Tebru&ry 29, 6307 miles had been completed during the 
current f i s c a l year. All but a very small percentage of this mileage 
is on the Federal-aid high-ray system as now establ ished. 

In addition to the roads of the system improved with Federal-
aid parts of i t have been improved without Federal ass i s tance . A 
careful study i s being made of the improvement status of the system 
and an approximate estimate based upon these incomplete studies is 
that a t the end of the year there ^ere about 6 0 , 0 0 0 mi les of surfaced 
roads and 8700 miles graded, fhlcfa leaves nearly 1 1 0 , 0 0 0 miles yet 
to be surfaced. 

To bring this system up to serviceable standards, therefore, 
r i thin the f u l l decade ahead, rould mean a surfacing program of 
about 1 1 , 0 0 0 miles for each of the ten y e a r s , - th is i n addition to 
the additions to the system, the separation of grade cross ings , 
reconstruction, and much other rork necessary. 
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The mileage completed has increased year by year since the 
beginning of Federal a id road construction, that for 1 9 1 8 being 
but 1 2 - 5 mi les v^hile the mileages completed during the following 
years were; 1 9 1 9 , 1 7 7 ; 1920, 1,1*93; 1 9 2 1 , 5 ,7^7 ; 1922, 10,2^7; 
1923, 8,820, and for the f i r s t eight months of the f i s c a l year 
192H, 6,500 miles . 

In addition to the work completed, on March 1 , 1 9 2 ^ , there 
were lU,136 miles under construction. The total estimated cost of 
both the completed rork and the rork under construction amounted 
to $Sl*U,US9,300, of rhich $372,721,900 represented the Federal 
part ic ipat ion. The miles completed, the average cost per mile 
and the percentages of each by types, are as follows: 

Average 
Types : : Total Cost Per Mile 

: Kumber , Percent : Amount ; Faroest 

Graded and Drained ; 6,677 : 20.2 : $ 7,658 ; 9-0 
Sand Clay. 3 . 5 0 ? ; 10 .6 ; 7 .2*7 > M 
Gravel : 1 3 . 0 1 9 : : 9 .#& : 22.6 
T7aterbound. Macadam ; S85 ; 2-7 : 1S.2U8 : 2.9 
Bituminous hacadam ; 1,5^6: k. j : 30,083 j 6.2 
Bituminous Concrete 939 ; 2.8 1 33.872 ; : 5.6 
Portland Cement Concrete..: 5,909 ; 17 '9 J 38,8*42 j **0.U 
Brick 505 * 1*5 * W t $ & • 1 . 3-9 
Bridges : **9 : 0.2 ; : 2-9 

Total 33.036 



11. Highway Research in Material and Design. 

A. Stabilized Sub^rades. 

Subgrades vary from solid rock to exceedingly plastic clay 
with all combinations of material?between these extremes. The 
finely divided clays •-"ill absorb considerable rater by capillarity 
and become incapable of siipporting heavy loads. Moreovert they 
svell and shrink :vith changes in moisture content producing heaving 
and cracking cf road surfaces-

Research has shovn a ray to improve bad gubgrade materials-
admixtures of granular materials such as sand, cinders or stone : 

screenings materially cut dorn the capillary moisture content, 
greatly decrease the shrinkage and spelling, and materially increase 
the bearing value of the subgrade under the worst conditions. 
Similarly, mixtures of hydrated lime and Portland cement in amounts 
equivalent to only five per cent of the weight of the soil Td.ll 
accomplish the same end. (Curves 1 and Z, ) The effect of a. five 
per cent admixture of Portland cement to a depth of one foot seems : 

to have increased the supporting strength of concrete pavements 
by almost fifty per cent. 

The idea of stabilized subgrades is recognized and carried 
out in a practical way by so-called stage construction in «nich 
a surfacing of sand clay or pit run gravel is used originally and 
until traffic warrants a better surfacing. In exceedingly bad 
soils, such as adobe of California, a layer of granular material is 
of value under any type of surfacing. 

B. Portland Cement Concrete Roadways. 

(1) Cross-section design. The most striking change in high
way design brought about through research is the adoption of the 
thickened edge for concrete highway construction. Hitherto concrete 
roads have been built thick in the middle and thinner at the edges. 

Several years ago the standard design of the Illinois High
way Department was an S" uniform cross-section whereas now the 
cross-section is 6"thick at the center and 9" thick at the edges. 
The resulting saving of several thousand dollars per mile with 
a thousand mile program has already resulted in a saving of several 
millions of dollars to the State of Illinois, and moreover, the 
roads built under the ne^ design should last longer than those 
built several years ago. The State of Pennsylvania has recently 
changed their standard designs from a thin edge to a thick edge in 
both concrete roads and for bases under other types of surfacings. 

http://Td.ll
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(2) joints, several years ago it was the practice to reinforce 
pavements very heavily transversely with the idea of preventing 
longitudinal cracks fro^ forming. Research has shown that it is mors 
economical to build the lon&itudiaal crack iato the paveroect hy 
providing a joint down the center of the road. Such a joint penpalts 
the two sides of the pavement to move vertically, the joint serving 
as e hinge, in this way the bonding of the elan is practically all 
confined to the joint. 

Notwithstanding very heavy reinforcement under the old systosa 
many longitudinal crocks developed which the center joint has eliminated 
without weakening the surfacing. Longitudinal cracks were dangerous 
because of their tendency toward forked cracking and because they 
assume a diagonal direction thus producing corners which fsi 1 under 
heavy loads. It has been sho*n that a center joint mist be so do signed 
that it rill be capable of permitting the slabs on both eides to carry 
a wheel load even though the load is placed directly on only one of 
these slabs. 

(3) Reinforcement. loess on road reinforcement have changed 
rapidly and are still changing aad furnish a fruitful field for 
further *research. Some States \iee no reinforcement and others use 
steel -up to the amount of 1 0 0 pounds or more, per 1 0 0 square feet, 
costing as much as $ 1 0 , 0 0 0 per mile. 

Ths functions of steel in concrete roads consist of: (1) In
creasing the load bearing capacity of the slab* (2) Preventing cracks 
from separating, thus, (a) reducing maintenance cost (b) probably 
prolonging the life of the road. Kcsearch is needed to show what is 
the proper amount of steel to use in concrete roads for the greatest 
economy. Thus far research methods have conclusively shown the ef
ficiency of longitudinal steel placed at the edge of the pavement for 
stengthening the edge and serving in carrying loads across the joints* 

There is no question of the possibility of saving several 
thousand dollars per mile in n©# construction when research facts 
on the proper weight, position and distribution of reinforcing steel 
are made available. 

g. Uacadaai Roadway Design. 

notwithstanding the vastly different traffic on our present 
day roads from that of £0 years ago the practice ia macadam road 
building has changed but little. Ordinarily it is common to place 
a layer of large stone of comparatively uniform size up to, say 
3j inches in diameter, directly on the sub grade and compact this 
by rolling after filling the voids with screenings. 

The effect of heavy loads, however, is to cause a plastic 
eubgrade material to rorfc its ray up through macadam built in this 
uianner unless orec^ution is taken to guard against such action. Both 
field end laboratory research have demonstrated the T>os£ibility of 
shutting off the penetration of olastic material by the introductionof 
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a blanket layer of fine granular material between the macadam and the 
subgrade, it has likewise been shorn by field research that the use of 
a well graded stone including stone dust for the bottom layer is 
efficient for this purpose. 

j). Road Drainage. 

Moisture in the subgrade of the road plays a most important 
part in its load carrying and in its service value. Some soils in 
the presence of moisture are incapable of supporting loads, therefore 
investigations of the best methods of drainage have been considered 
very important. Such investigations have been carried out and one 
outstanding fact developed is that no system of drainage can remove 
the moisture held in the soil by capillarity! and in some types of 
eoils even capillary moisture makes the soil very soft and plastic 
Drainage systems, however, are very effective in removing frse water 
from the soils and for cutting off sources of free water to that 
they will not reach the subgrade of the road. 

£, Local Materials. 
There have been many roads constructed in the past with 

materials hauled from great distances because it was thought the 
local and more available materials ware sot suitable. Heaeaxcb has 
done much to show how local materials might he xutad to give very 
satisfactory service in roads. A research juat completed at Arlington 
on a large number of aggregates has given facts which reassure us of 
the practicability of using much softer aggregatee In concrete road 
construction than were thought suitable before this re search was 
undertaken. It was shown, for instance, that aggregates having a 
French coefficient of wear above 6 are perfectly suitable for present 
day concrete roads and that many gravels previously thought unsuitable 
may he used, it has also shown how to take advantage of the use of 
blast furnace slag to obtain satisfactory results* Many sands now 
rejected by specifications will likewise be made available for road 
building. The great cost of hauling expensive road materials is thus 
eliminated from the cost of road building by research methods* 

Similarly, local investigations have shown the way to use soft 
limestone and marl such as occur in Florida ahd Sorth Carolina. 
Such materials make excellent basos under more durable road surfacing*. 
Tests have also show: that florlda limestone rock can he used advan
tageously on penetration macadam construction within a radius of 
economic haul. The use of local materials for non-rigid baees baa 
been largely developed in the pacific states and other localities. 
In .certain localities such as Massachusetts, Borth Carolina and 
florida, the only material at hand for road building is fine, clean 
sand, Xn such localities a sand-asphalt surfacing which is satis
factory for local traffic, contains 93 per cent of sand, the local 
material available, requiring the importing of only 7 per cent, the 
asphalt in the mixture. 



Sice mine t a i l i n g s , the refuse from the mining of slno, have • 
l ikewise heen developed for local use in concrete; and rock asphalte 
occurring in Kentucky. Texas, Oklahoma and elsewhere, have been ex
tens ive ly developed. Specif ications have been accepted for Kentucky 
rock asphalt developed v i th the cooperation OF the producers, and 
attempts are nor being made to develop suitable spec i f icat ions for 
control l ing the character of the rock asphalt produced in Oklahoma 
so as to make i t more suitable fo.' road construction. Investigations 
on local materials conducted both in the laboratory and ia the f i e l d 
w i l l unquestionably load to the saving of mi l l ions OF dol lars in the 
cost of future road construction and have already resulted in sub
s tant ia l savings. 

F« Bituminous CONCRT- te . 

The heavier loads of the present day have caused considerable 
waving in a number of roads of the bituminous type. One of the pract
i c a l r e s u l t s brought about through observation and through laboratory 
data i s the use OF a harder grade OF asphalt for the various types of 
bituminous construction. Another change to overcome t h i s defect is 
the use of more dust in the mixture. At one time one-sized stone 
bituminous concrete v:as used as one of the standard mixtures but thia 
has given way to a much better graded, denser and more stable 
bituminous concrete. Lack of s t a b i l i t y leads to unevenness Of the -
road surface with resu l t ing rough riding qualities, higher maintenance 
cos t , and reductionlof the l i f e OF the road. 

Research has shown that a l imited cumber of grades ••ill provide 
enough variation to take care OF different conditions of weather, type 
OF construction and in tens i ty of traf f ic jus t as v e i l as a large 
number OF grades. The number OF grades has recently been reduced from 
I C O or more to approximately 1 5 . All OF t h i s has bc«n made possible 
through research and there should be a large saving in the 00*t of 
manufacture which should result in decreased cos t of road construction. 

ft. Brick Roadp, 

The brick road has gone through several stages of development 
in the past ten Y E A R 3 . For years the standard type of brick road 
consisted OF a grouted brick surfacing on a sand cushion laid on 
a concrete base. REST-arch shoved thfc advantage of a bituminous 
f i l l e r instead of a grout f i l l e r . Observation and research also 
showed the di sadvantage OF the so-cal led monolithic construction. 
In th i s type the brick are laid d irec t ly on the green concrete 
base and grouted with a Portland cement grout, thus making a moao-
l i t h . In this type OF road many blor—ups resulted from temperature 
expansion during hot weather and i t has been pract ica l ly abandoned 
in favor of bituminous f i l l e d brick either ON a concrete base or 
on a ro l led stone or slag base. Eesearches have been conducted 
in an effort to es tabl ish the load carrying capacity of different 
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type*? of brick pawn* utaac ©«up»red ri tfc othw* typo* of peve»ent« 
and fiuld rersf-arclw.; n'<ve done 'inch to •ho* under **hat condition! 
the various duni2:nc of he see for brie'" ruvi jwr.te can aafuly be used* 

cf theru iavi.-attgj.tione arc conducted vith tho Ida* of 
economy in vi»-:r. j.;vt: s u c t i o n * ar. invariably cordite tad at a 
tnall f recti or. of Uw &>xiug •. hlch thay ultimately bring about* 
The mum? bpla- s \i.t ar« so •'-normoua and tbc plleegc of construc
tion GO ia?yo t'vu'v the k'li^hu&L chang* in dc*i«n, the openlut? up 
of n«,r fields of m;.-ly of suite rials, tfcw Cevtlopneut of BSOre 
economical meU'oa^ of* c f»;ia true t ion or of ^ i at ©nance, accuimlatad 
over e tromt.ndous ror*: i i U v l l l result in on annual saving of 
millions of do! lam. 
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1 2 . Stage Construction. 

All highway building is a development process. It lias alTrays 
been so and it is not evident that we have on main, traffic arteries 
reached even a relatively stabilised condition. The conditions 
There roads have been built are comparable to the first main line^ : 

single track railways. There is alvays more to be done - strengthening 
of road bed, widening of roadway, safety devices, eliminationof grade 
crossings, and other improvements, made necessary by a constantly 
increasing traffic. 

The principle became apparent in the States where the larger 
mileages of surfaced roads had been built as soon as motor vehicle 
traffic developed to major importance. This principle is fundamental. 
It is important that it be veil understood not only by the highway 
engineers but by those ̂ ho make the lavs and by the general public. 

It is written into a definite statement of policy by this 
Bureau and is the basis of many project agreements with the States. 
This principle has been termed in this statement of policy, stage 
construction. It is termed also progressive construction. Under 
this policy the Bureau approves projects for the building of roads 
up to a certain stage vdth a definite agreement with the State 
to carry the construction further when funds are available or 
traffic warrants. 

This method is followed -

a. Because of insufficient funds to go 
further at the time. 

b. To allow subgra.de s to become stabilized 
thru settlement and compaction. 

c* To improve subgrades particularly of the 
heavy clay or gumbo types. 

On such structures, the drainage structures, widths, grades, 
and alignment are designed and built suitable for the future probable 
development. Economy and efficient engineering require that stage 
construction shall conserve the original investment and lend itself 
without material loss to the progressive steps. • • 

Charts show progressive steps employed in moving from lower 
to higher types of traffic surfaces. 

http://subgra.de
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Year : United States : Bast South Central : Hew England 

1919 ' £ .9 3-1 j 2 .8 
1920 : 2.U : 1-9 
1921 j 2.6 : 2.? : 2 . 1 
1922 i 3.3 : 3*3 : 2 .3 
1923 s 3-0 £ .9 : 2 .2 

13^ Materials and Labor Prices . 

The volume of highway production i s considerably influenced hy 
changes in material and labor pr ices . This varies not only in the 
United s ta tes as a v?hole but bets*en sections of the country* The 
price of co.-unon labor, for instance, rose from £0 cents per hour in 
1915 to 36 cents in 191s, and U9 cents in 1920. It then dropped to 
36 cents in 1921 and }2 cents in 1922. It then began to rise a littl* 
and for 1923 was Uo cents. 

To show the variation between sections it may be noted that la 
the East South Central s ta te s in 1915 labor m& 12 cents per hour, 
while in Mev England i t v.as 20 cents and in the Pacific and Mountain 
States i t was 26 cents. In a l l of these States the price rose until . 
in 1920 i t r&s 32 cents in the East South Central States, U9 cents in 
Ker England, and from 55 to 60 cents in the pacif ic and Mountain States. 
I t dropped again in 1922 in the East South Central States to 20 cents, 
in Ner England to 39 cents and ks cents in the Pacific States, rising 
again s l i gh t ly in 1923 to 22 cents in the Diet South Central, 51 cent* 
in the New England States and 5U cents in the pacific States* 

There was a similar range for prices of road-building materials 
which gradually rose u n t i l in 1920 i t about 150 per cent above the 
1915 figures for lumber, a l i t t l e over 100 per cent for steel, and 
about 100 per cent for cement. Irom th is h i$ i point all materials 
dropped unt i l 192c. 

The resul ts in road construction fere that the price of common 
excavation rose steadily to 1920, f e l l back again until 1922, and then 
began to r ise again. Similar movements took place in structural concrete 
and in the pavements. These f luctuations may be shown graphically, and 
taken together produce variations in the total cost per mile from year 
to year, for example, i f we assume a road with 8,000 cubic yard* of 
excavation, 10,560 square yards of pavement and 75 cubic yards of 
structural concrete, and use the prevailing labor and material price* 
for aa expenditure of $100,000, the mileages we would have been able 
to build are; 
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XU. Recommended Modi f i cat ions sad A d d i t i o n s t o Federal Highway act*. 

A . Increased p a r t i c i p a t i o n in c e r t a i n S t a t e s , 

Eleven western S t a t e s a s a group are known a s "the p u b l i c 
Land S ta te s" because of the l a r g e area of land wi th in t h e i r borders 
the t i t l e to v .hich r e s t s in the Federal Government. Nine of these 
S t a t e s are c u i t e sparse ly populated . The lowest percentage of such 
land in any of these nine S t a t e s i s 6 per c e n t . This is Montana. 
The h i g h e s t i s 7^-01 per c e n t . This i s Nevada. 

The area and populat ion of these nine S t a t e s is shown as 
f o l l o w s : 

S t a t e 
Area popu la t ion Popula t ion t percent S t a t e . Sq. Mi. 1920 - Census Per Sq- til. 1 f t tb l i c Land 

Arizona 113 .956 
103, sm 

33M62 18.6U 
Colorado 

113 .956 
103, sm ?39 .o^9 9-X 11,95 

Idaho 53 , s s s fft 1 ,866 16.28 
Montana 1U6.997 548,889 3-* 6. OS 
Nevada , 110,690 

122,631* 
77.^07 0 .7 71*. 01 

Hew Mexico 
110,690 
122,631* 3603$0 2.9 £1.01 

Oregon 96,699 783.3*? 22.15 
Utah etj.990 

97 .91^ 
1*9. 26 

fyotning 
etj.990 
97 .91^ 19M02 ; 2.0 26-90 

The average populat ion of a l l the S t a t e s i s 35*5 per square 
aile. 

Large a r e a s i a t h i s r e g i o n have p r a c t i c a l l y no population. 
Large areas have a high a l t i t u d e , r e s t r i c t e d rainfall, and a short 
growing season. 

These nine States with their civil sub-divisions* the Bureau 
of the Census r e p o r t s , have increased t h e i r average indebtedness 
s ince 1912 by 226 per cent compared with an i n c r e a s e of 12*+ per cent 
for the retraining S t a t e s . The average per capita tax paid in these 
S t a t e s for 1922 was as compared r i t h $27 f or all the other States. 

Twelve per cent of the Federal Aid Highway System lies within 
these S t a t e s and they have U.i per c e n t of the population and 6.9 P®r 

cent of the a s s e s s e d v a l u a t i o n . 

As a matter of comparison on the b a s i s of & $100,000,000 Jederal 
a i d apportionsjent, these S t a t e s would r a i s e $2.00 per capita as compared 
with eighty-three c e n t s per c a p i t a , the average f o r the retraining States 
a s a s i n g l e group. 



In th i s area, particularly in the inter-mountain States, it la 
of gruat national concern that certain spec i f ic roads or links in trans
continental routes shall bo expedited, These specific roads may not be 
of f i r s t concern to the States in *hich they l i e . The rocd rest of Salt 
Lfiku City across the Great Salt Lake Desert is an outstanding example* 
The precedent for construction of such roads ?ith greater participation 
than the present established scales for general application has been 
fi-ed in th*. Act of 1921 providing for payment of such part of the cost 
as the Secretory of Agriculture shall approve iu roods across Indian 
reservations. There ari- some such -nrojecte in rhich the full cost is 
to bo paid from the State ' s apportionment of federal aid funds. 

Such increased participation should apply only to sections of 
the primary road and should be granted only in those cacos rhore the 
economic advantages to the State rould sot be so fu l ly served as by 
the expenditure of the same funds at tho time on some other part of 
the systom. 

On the bas is of these condit ions, i t i s recommendoa that rith 
careful ly guarded res tr i c t ions thu rucretory be givsn authority to 
approve increased participation up to the f u l l cost from tho Federal 
allotments to the State on application by the State on sections of 
the primary roads of the Federal Aid Highway System shore conditions 
jus t i fy . Such action should bt based upon the national service to 
be rendered by any road so improved ft no* upon the desirability of con
necting the Paci f ic Coast v*ith the Mississippi Valley and the eastern 
Status by serviceable routes-

B. Hemoval of Limitations par Mile. 

•There are numerous l imi tat ions -

(a) Federal funds may bo used for labor and 
material only - no right-of~t«ay payments 
for laud or damages or other incidentals. 

£b) Preliminary engineering p&ld by State. 

(c) Contingencies and engineering siay not 
exceed 1 0 per cent of cost of construction. 

(d) Federal payments may not exceed 50 per cent 
of actual cos t . 

There are numerous specif ic requirements * 

{a} All funds must be e;ponded on federal aid 
System. 

(b) There must be ample right-of-vray-
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(c) Surfacing in prireary roads must be adequate 
to carry present and future traf f ic and not 
l e s . than IS f e e t in width. 

(d> secretary requires highstandftrds in doeign 
and construction. 

( u ) Secretary i s required to ^ive preference to 
project that ^ i l l complete an adequate system 
of inter-s tate roads. 

In v i e - of these spec i f ic l imi ta t ions and roouirumeots, the 
further l imitat ion of f i f teen thousaad dol lars per tailo i s aa 
embarrassment in the proper administration of the M.ct. It hat? the 
e f fec t of denying yederal aid whore most needad and lo se s to the 
Federal government and tho Bumau of Public Boade the weight of 
moral authority necescary in the coo^rat ive relat ions r i t h the 
Status. 

Federal aid serves very dii L'orent purposes i n the several 
States , depending upon thu stage to which they have each carried 
their development progriusi -

Speci f ica l ly -

Beconotruction of heavy arter ia l roads ~ 

Kc«- Yorlc - Massachusetts - Connecticut 

Construction of at** e r t e r i e s to serve special 
conditions * 

licv>' Jersey 

Building grades in rugged topo&raphy -

Ohio - stern States 

£-"amp road construction on .links of ir-ain roads -

Louisiana. 
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C. Increase in Percentage for Administration. 

The federal Kirhvay « c t s of 1916 end 1919 provided that three 
per cunt of tho Jetferfl aid apportionment could be used for ADMINISTRA-
tion of tho J-CU. This percenta^o res changed in the Act of 1921 to 
c-k t-cr cent. In the uieaatirce, items heretofore carried for HIGHWAY 
research in tho AGRICULTURAL JDupartm^otal h i l l have been drooped, 
and most of- tho research, physical ana economic, conducted fey tho 
Surcau, roust bo carried on tram tut owniuintrotlve fund, Xurther, 
there vas pl&c^e1 upon tho Bureau the dis tr ibut ion of rar surplus 
without any appropriation for the necessary overhead. In foot , the 
only v;._y that th i s distr ibution hac bee*, carried on has BEEN through 
tho oavanconunt of the necessary cost fron th»* administrative fund 
of tho Bureau, a part of "hich i s reimbursable from the Statue. 
Tiit, coot of Federal uurvrvioion up to the present time i s 2.3& P©r -
cent of the i'cJc.r.l lYndr-. This, on a f i f t y - f i f t y d iv is ion of cos t , 
rould he 1 . 1 P ncr cent of the total federal and State funds crponded* 
Since the divis ion of coot has been about ky Sudoral .and 37 State, 
ludiral supervision has actually avei:\^o about 1.1J> per cent of the 
total funds supervised. It i s csti-rcKc t i u t the coet of Federal 
supervision wi l l increase :-.boyt ivx. fctuti. m r cent tier annum on 
accou..t of the constantly ^ro ir.g a.ilea > of completed roads rhich 
tnust bv regularly inspected oud r«--ported uoou as to condition of 
n\*Ui;tt:i.''.jiCO. 

The *ed*-rul appropriation in cooperation r i t h the States i s 
li::;itud to ei.ps;i.diturea for lebor end oa tcr ia l s only. Only th i s 
ad::iniatretive percentage i s available for research. It i s very 
di-^inble to «j--.tciid the f i e ld of research into ©very State because 
of the larru nvurber of local problems and the POSSIBILITY of develop
ing better ar.d cheeper methods and materials for HIGHWAY CONSTRUCTION. 
That there may be larger funds for ue*3 for research -purpose e i& -
the principal ruason for requesting tho increase in the adr îur. s t ra t i ve 
percentage. I t i s not contcCplated that the regular force employed 
on tin. r-^ular f i e l d and fetctjecrir.*, vofk r i l l 00 material ly changed. 

D. Provision should be nadi: by vhich the Secretary of .AGRICULTURE 
oay enter into conferences v ' i tk other countries concerning road 
building practices, procedures, progress and particularly those 
countries touching tho borders of the TJci ted State8 RHERE THE 
necessi ty for international connections i n the highways i s already 
r-ikiniu i t s e l f f e l t . 
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1 5 - Highway Income, state and Local. 

In I 9 0 U the total incorre of all rural road purposes amounted 
to about $79,500,000. This included an estimated valuo of shout 
0 2 0 , 0 0 0 , 0 0 0 in statute labor. In 1 9 1 k the total had risen to 
$ 2 * 1 0 , 2 5 0 , 0 0 0 , 0 f which the statute labor *a* negligible* This was an 
increase of 2 0 2 per cent. The incotra continued to"rise in the years 
that followed until it reached $1,150,000,000 in 1 9 2 1 . 

Total Income for all H u r a l Highway purposes. 1 9 2 1 

Bonds. / . , , 
Taxes. . . 
I.'.otor fees 
Gas r . 
federal aid and forest funds 
All others . . 

$ 1*36\ 1 0 9 , 2 7 3 
l U 5 , 6 S 0 . 0 1 0 
1 1 8 , 3 ^ 2 , 7 0 6 

3 , b S 3 . U 6 0 
' 7 9 . 3 3 3 . 2 2 6 

3),Mtm. 

Local Bonds $ 3 2 ^ , 8 0 5 , 0 7 1 
Taxes 3 2 9 . 3 5 3 , ^ 0 
kotor vehicle feet . . . . . . . . 1 7 , 6 5 s , 2 2 7 
Gasoline Taxes . U 0 9 . U 7 2 

All other sources, transfers, etc. . . . . . . 71,67^^)07 
Total Income to Local Highway Funds $ 7 ^ 3 , 8 9 9 . ^ 9 7 

Income to State Htffiway Funds^ 1921 

State Bonds * . . $ 1 1 3 , 3 0 ^ , 2 C e 
Assessment Certificates (Iowa) . . . . . . . . 1 . 5 2 1 , 1 * 3 5 
State Taxes, Direct. U 6 , 2 0 6 , 5 8 3 
State appropriations from general funds. . . . 2 0 , 8 1 7 , 3 5 ^ 
Funds received from counties, to*™, e t c . . 2 9 , 3 0 2 , 6 5 3 
Kotor vehicle fees - 1 0 1,2814 , ^ 7 9 
Gasoline Taj. . . . . . . . 3 . 2 7 3 , 9 8 3 
Federal aid and forest fund payments credited 

to road funds . . 7 9 , 3 3 3 , 2 2 o 
Miscellaneous sources. • • • ... 1 0 . ^ 9 ^ ^ 7 9 
Total Income to State Righvay Funds. 

. 3 6 . 2 » 
. 1 0 . 3 " 
. 0 . 3 n 

. 6 . 9 H 

. 8 . 2 » 

Grand Total $1 ,149, U 3 7 , 8 9 6 . . 1 0 0 . 0 « 

* - From state reports. 

Income to Local H i g h w a y Funds. 1 9 2 1 

» * 3 . 6 £ 

m.) «-
2.1+ » 
0.1 « 
9 . 6 " 

6 U . 7 « 

27-9 J6 0.4 " 
U - b * 

5 . 1 r 
7 . 2 H 

2 5 . 0 H 

0.6 " 
1 9 . 6 " 

2 . 6 » 

$ ^ 0 5 , 5 3 8 , 3 9 9 . . 3 5 . 3 i 

Subsequent tc 19^1 no close estimates of the income for rural 
road rork have been made. It is believed they rill not vary greatly 
from those for 1 9 2 1 . 
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1 $ . £xpenditur«}sa SUtn and local. 

Tho tots! dtrturaccKatg during 1$21 "fey all State** ©ou»ti#a, townships and districts for all highway purpose*, including iatereat and payaent OG hifh-ay bowls «*ott»tad to a total of $1,036̂88,000, of «hich $626,9$>.O00 or 60.$ prr cent va© for writ elAtaud as "coa-•traction", whUo Ji per c<?rt r*e for »m»int*»*nceH. and 8.6 per cent for payment of principal sod Ut«rnt on highway beads, ffhia eapecdi ture raa mftdo nr̂roximately UQ pur ceat by or undftr tha •uperriaioa of the SULU? h.;,:"hr;.y departments 2»«d 60 per cent by ioc,"l comuaitlea without trupcrvioi *n. Thee* expenditure a wie divided aa foUôei 

*y or undur Control of Stata Eight-ay Ber̂rtooato 
Stato aod r>t»t«-aid eonotivcl-lou,. .$ 291 ,973.813 70.? $ State and Statv-aid m»* M,tman*<>... . 7̂ 3̂ h.7̂  —- 18-0 • Ensiofcerin̂  and udnnui t ; i 1*' i 01 iff ,801.855 .... U.$ * All other it̂ma (n) .............. 27.$$9,2&S 6.7 • 

T o t a l , state* Ul3.2Ul.q62 . . . . 39*9 j6 
(«) Iucludt»b paywoot* of iatt'rest and principal of highway 

bonds, purchfw-if of #rav«2 pits, quarri«§. etc. 

Conotruction. all clmt&& . *$ 33**.9$1, J>60 ... W*7 £ 
t*aint*aaace . >.. ...... 17!t,Oe6Blti$ ... 2?*$ • 
Eagineerlae and Admiijietratioiu.... 17, 1^9,1*96 ... S.g;* 
All other 1 teste (a)... 97,i36.6?S lj.6 » 

Total, Local $ ^ 3 , 3 ^ 6 , 1 1 0 . . . 60.1 it 
, l92i.....$lfC36,5*7,772 -100.0 p 

(&3 Includes payments of iuterest and-principal of hi£fc**y 
bonds, purchase of gr&val pits, ̂larrica, etc. 

During 19^2 complete data in r*;$*rd to all iteae of highway .: 
.expeaditures it cot available. Hoover, for th® item* of construe* tioc, maintenance, engineering and aOnijiiatration data i« available. 
Aaauioinf that the payment of interest o» hi#n»*y boad#, loans, and; 
other miscellaneous i tenia bore the astae relation to tho total in 192& aa its 1921, we have the follcviâ: 
By or uadtr the control of stau- H*$hray dfeparttmntg... $ U£g,000T000 .toeal expendituree. — .. 3bj*Q0Q..vQQ<) 

for 1922. .$1,011,000,000 

http://Ul3.2Ul.q62


These estimates shot? 
by the State highway deoamnonts, while local 
about $70,350,000, 

,000,000 ever 1921 
oxpeocU ture« decreased 

Definite data ae to tho I923 expenditure* eill not b« available 
until about the f i r s t of July. However, a t the beginning of the year 
the various States reported $9^3,3^0,000 as being then available for 
highway expenditure during the year 1923. Taking into consideration 
the fact that tho year 1923 wna an Active construction yrer in most 
P&rts of the United States, i t seems coaaurw-tiv© to at sumo that the 
to ta l rural highway expenditures e during 19^3 was at luast equal to 
those of 1921. 

Total Expcndi turen for All Highway Purpo»oc 
Consolidated Date for States and Countioe, ?o*uehips and Districts 

Year Kndad December 31, 1921. 

1 

Item 

i 2 
• Counties 
: Townships 
1 D i s tr i c t s . 

3 
Per 

51 

Fy or under 
•?'Krvi<*i0Ji 
S'.&ir.Dupt. 

5 

Per 
„0ypt_.. 

6 ; 

Total 

7 

Per 
Cen£ 

Obstruction Hoads and 
r i d g e s 

Per Cent 
i$316,225,^70 

51 

3 
Per 

51 ^96,665,335 

% 
72 $ 6i2.e9O.8O5 

100 
59 

aintets&nco Hoads and 
ri d*;t- s 

Per Cent 
: 17^.066,^3 

: n 
69.835.2^ 

IS 
17 ^3,901,61.7 

100 
23 

segregated Construe -
Ion and Maintenance 

Per Cent 
! 18,766,090 
j ICS) 

3 - is,766.090 
100 

z 

datinl s t r a t i on ai*d 
ttgine c r i m 

per Cent 
: 1 7 , 1 ^ 9 . 
* **7 

3 la\ 6*1,855 
53 

k 36,031,353 
100 

k 

riacipal end l a t e r t u t 
JavsaentB 

Per Oent 
i 71.739,^57 
1 $0 

11 17,5Ul,Ug9 
ao 

k 89.2S0.9U6 
100 

z 

urchase & Bepair of 
mux n«ry , Equipment & 
•sncral Mi ecullanooua 

Per Cent 
i 25.399.172 10,317.759 

29 
3 35,7i6.931 

. -100-' 
k 

T o t a l 
Per Cent 

! $623.3^ . n o 
J 60 

100 ; $ ^ 1 3 , ^ 1 , 6 6 2 
i*0 

100 
—.„.- „•» 100 

IOC 

•Adjustments madfe in tabulated figures for construction "sad saint cnacee items 
it columns k aad 6 on baeis of 75 per cent construction and £5 per cent 
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ropulatiou 1921 107.833.28U 

H'-r capita rural and city highrcy expenditure $13.20 

" — — . - . • . . — . » — • * * • » 

'Total r»as&«n^r car and motor truck registrat ion 1$21 ' 10»**63»̂ 9§ 

Kuml .mi city highway »*pi.«uditure pur motor vehicle $136.00 

Total i»xo«* for all teal Road purposes 
Contolidated Data for all states, Countioe, Townships and d i s t r i c t s 

Tear Ended December 31. 192l» 

Amount Per cent 

Sonde $U3S, 103,273 38.1 

Federal and Forest Bead *id 79,333,226 

Motor vehicles - Fees $118,9*42,706 
$esolin«! UXJ 3 ,683.^60 122,626,166 10.6 

general Property Taxes U15.6so.010 36,2 

All other sources 0-5.6S9.221 : 'eV2" ' 

Total 100.0; y 

Total Expenditures for All Rural Highways 
iiud for a l l Placet *Hh a Population of 2|>00 and over. 

Includes a l l street and al ley surface construe* 
t ion, repair, maintcaance, s treet cleaning and 

etre&t l ighting. 

Totol expenditures on Rural Roads $1,036*587,772 

Total expenditures on c i ty s treets * $3)2,2^3t$k& 
Strc-t cleaning & l ighting 50»675.73% 382.919.081 

Total $1,1*19,506, $53 

• 67 c i t i e s reported out of a total of 2?S8. 
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