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THE TEEERAL AID ROAD FROGRAX

1. keview of Federal ~id Road authorizationsand Appropriations. S

The original Federal 4id Road Act was apnro'ved July 11. 1915'
the second Act was approved Fetrmary 28, 1919, as follows: ) :

) Fiscnl Year'
“acts of Congress 1917 918 1919 1920

“July 11, 1916 :85,000,000: $10,000,000: $15,000,000: $20,000,000: 425,
B stat 3385 1P  $10,000,000; $15,000,000: $20,000,000:

' geb. 28, 1919 ; ; ¢ 50,000, 000: 75.090,000:
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Totals $5 000, ooo $10, 000, ooo $0%, 000, 000 $9%, 000, 000 @100.090 mf‘

Before the plan provided was well under way, ‘oecsmse of the :
delays incident to the war period and conditions immediately following. S
agitation arosc to change the basic principle of Federal aid to the .. .
States and provide for & gystem of national highways built entimly
by the Federal Government. . ,

Extended hearings were held inm 1921, . which rasultad in a
compromise meagure - the Federal Highway Act of I\EOVemher g9, 1921,
This measure preserved the principle of Federal aid to the States,
and laid down a definite plan of procedurc for the administ.ratién of
the dct by the Secretary of Agriculture. , S

An appropriation vag provided as follovat .

' Figcal Year
#ct of Congress 1922

$ 75,000,000

Nov. §, 1921
(42 stat - 216)

ah wa er a8

In 1.922 agnin after extensive hearings, the oongress a.uthor-— '
ized a coni:inuance of the program for three years, as. follows! _

| — ¥ 1 sral Yoar
At of Comgress 1923 1g2h 1985

June 19, 1922 $50 000, 000: $65 000, 000 $75 000 000
(Pub‘lm No. 21&14) : E
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This latter Act marked the change in policy from approyris
to anthorizations. In the consideration of the appropriations {o
fiscal years 1923 and 1924, the appropriations Committee ¢rystall
a policy of carrying ip the appropriation measure for the current
only such sums as it was estimated would be unecessary to insure a
treasury bvalance, that is, an amount vhich, together with balanceg’of
Tormer appropriations, would meet the w;thdravals from the treasury_
during the fiscal year. The amounts carried in the three-year authori-
zation program were fixed vith a knowledge of the existing unexpended”
balances from previous appropriations. It is to be acted that these
amounts 4id not fix the size of the anmial program which it was
possible to carry forward, because of the existing balances.

2. TFunds Avallable and Highvay Work Flaced under COntract by
Fiscal Years.

The Secretary was authorized to apportion the authorizauons
for the fiscal years 1923 and 1924 to the States and to enter into :
contracts with them on the basic of the authorized apportiomments. - 7 .
This same authorization is carried in the I}epa.ftmental Bill for 1925 o
& clearer view, therefore, is given of the progress of Federal aid
participation with the States by the following: :

: available for ¢ Put under constmctien
July 1 : New Construction 3 Durirgg Fiscal Year -
1917 ©§ 4,850,000 . R
1918 14,550, 000 $ 3.11414;3_5-:
1919 74, 456, 000 o 19.31#4- 675‘ <
1920 ih—;,esl,oqo 8,386, c:;zl
2921 162,825,000 7;"51 366 95?].E |
1922 | 154, 58k, 000 56,777, Sm- " i
1923 146,556,000 TaezEE
1924 7132,11&}8,000 .91. ooo 000 (est._}“ o
1925 : 11#,563.:006 | 94, 000, 000 (est')
20, 563.00&

_(*).A reasonable dalance must be preserved against the
construction program 1o cover necescary extengions
of eriginsl estimates.
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3. V¥ew Contracts for Fiscal Years 192k and 1925

The estimate of $91, 000 000 to be put ander contract th
current fiscal year it is believed will be reached,” with the
probability of an increase Tor 1925 to $94,000,000. - This: 1atte :
figure is contingent upcn conditions in fields of other’ construc#’
tion, rail transporta‘tion and tabor. Fublic road work is rot: .
vhen there is a large construction program of a private uharacte’“ 4
and accelerated vhor the cther constrrction work decreases. . The
general teundercy of the Federal 2id road work at this time 18 upwat' -

L. Y¥ew Contracts for Fiscal Year 1926.

If the estimate of $9U, 000,000 to go under constmction Tor’
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 ‘be suffwien. i
to carry any reasodable program fur 1%20. :

There are two distinct phases in the orderly admims‘bratwn nf
&a highway improvement program: :

(n) the planning

(b) the constmction.'

The planning includes surveys, estimates, preparatmn of road apd
bridge plans, negotiations for right-of-way, etc.. 1etting of contract.

The construction includes the phys:.cal perfomance of the sEparate
Jobs. ) : o

Economy demands that these tvo phases shall follow in sequen
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. :
Neither the States or the Federal Bursau can produce the best resul
with ecopomy without sufficient fime interval between the action of: -
Congress and the beginning of operations by the contractors crew. . .=

_ These conditions govern so definitely the States that the
highway counstruction program for 1926 hmges 1argaly on vhat is dane
by the Congrass at th:.s session. . _ B R

-1t actlon is not taken at this session, it is doubﬁfull if tzme
would permit the framing and enact.mg of 2dequate legislation during the
short session beginning December next. Even so, 2 large pumber of the
States would be prevented from plamning and preparing for the efﬁcxent
conduct af the 1926 construction program.



One of the fundamental principlaes of the Fsderal Budgst 3
is elimination of waste and inefficiency in the expenditure of mh].i
funds. There is probably no other field of wublic expendi ture if -
" vhich at this time greater savings are possible through effictient’
administration. Efficient adminisiration and crgonizatson desand
positively, first, a coutiouing program and, second, fo;e—hmcwla&ge ,
of the dimensions of the future aanual progvam. _ .

5. The Budget and Annuval Withdrawals from the Treasury. x :

Upon the establishment of the Pudget the concern of bhe m:-ea
. of the Budget pivoted upon the actual withdvarals from the Troasw
by year and the following is the history of the amounts included _
Budget for actual paymeots during each fis:al year. The estimates fo :
the first Budget were thrown out of foscus hy unforeseen conditions

. arising in the comsiruction fisld generally.* La‘.;er estxima‘hes have been,
" more closely approximated. e e

Fadzet 10 -
Eetimated o
Budgst - Estimated
Expenditures Expenditms
1023‘ '. : 1922
Expenditures for Good Reads - = **§ 125 700 000 **$ 105 GOO OOG

(**) The above tadble includes estimates of adﬁitional e:;penditnmej L
during 1923 and 1922 for good rc,ads, authorxzed by the act
of November 9, 1921. _ _ S ,

Buiget 1924

Expendi tu:res R

: Estimat;ed 1 214 _
Cooperative Construction of ‘
rural post roads $ 100 ngo, 000
Expendi tures |

Estimated, 1925 Egtimated, 1qah

Rural Post Roads (good roads, ete.;$ 90,000,000 - - § 55.900,0@9_-_

(These estimates were all made one and two years in advance).

- (*) Rail trapsportatior tie-ups and embargoes, ghortage of labor
and materials. - :
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- Relation of budget Estiwates and Actual w:.thdmmla from :
- Treasury. G

B For the parvoses of a balanced budget, th&t is, ‘hh& balancing '
f receivts axainst withdrarals from the Treasury, the authoriratior
oF ‘apuropriations for Federal aid for aav particular year do not
govern either the siz¢ of the program ¢r the withdrawsls from the: - .
reasury for that year. The estimetes furnished the Director of éhs .
resu of the Budgst are prepared from the detsailed records of the
Pureau of Public Hoads, and are based upon the work under. abutmt. ey
$he progress being made, and the monthly reports from the fleld: tam._. L
The budget provisions fas the current withdrevals for roed puarposes,
6d the relatively close approximation to theee astim&tee are thowa
the folloving table:

¥iscal Year : Budget Estimates ; ACLuAlL wit;hdraml'a_'-_.__
from Treasury =

1922 ;105,000,000 ¢ $ 93,140,574+
193 D G5,000, 000 : 78,1410, 616+
1921* ; 85, 000, 000 H 5“ ??7 Gﬁ?ﬂ"(ﬁor % Jrrs._dtlly, :

(appro...) to Dec.31, 1923}
1625 : a0, 000, 000 I

*Inciudes Fadzral aid s Sy
and Forest Road payments. - .




Comparigon of Funds Available for New Gonatmetiﬁﬁ. Punds
Involved in Work Placed under eonstmctinn. mtl ﬁithdr&m"
from Treasury. .

This teble shovs Federal aid funds caty. nm'a-imt' include @
Pordul 1wul Sl .

Available for ' : Placed under a

‘Fiscal year : new construction : congtruction ; from
: : at beginning of yr. : during year. ' durin G
1917 : $ 4,850,000 : I A
1918 : 2, 250 000 ¢ $ 3,14, 000 .y P
1919 74, 456, 000 T 19,345,000 o+ SR
1920 : 1117 261,000 : 81 36 oz L
1921 : ooo : 66,067 S
1922 : E ; 56 7"[8 Q00 % { C
1923 255 000 i T30 ui o
192 : 132, U3 8,000 P9k, QOG.GOO, 3 P
1525 ' 114,563, 000 34,000,000 . 2 o

withdrawals for 1924 and 1925 are ths muntn carried hy ﬁu
" Ppadget for thia purpose. Withdrawale first half figcal year 192 '
(July 1 to Dec. 31, 192%) are appwximtely sus UDO,GGO
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8. actual Appropriations and Withdravals from the Treasury

Total asvpropriations, June 30, 1323

$375, 000, C’C‘C‘
Total Vithdravals 2k2, 8?9;291
Balauce | : $132,180,7049. |
spprovristion 1924 EB.EOC.GOO -
061,120,709

approprisztion included in Ce o
Department of agriculture bill 13,000,000 -

G174,%20,709

Estimated withdrawal, 1924
3 85, 000, 000

Estimated withdrawal, 1928

$ 90,000,000 _ 175,000, 000

This stetement c].eaariv mdica %;es: that beginnmg with the L
year 1926, there will pecessarily be included in the appropriation
for that year the full amount. of the actual withdrarals from the
Treasury that ‘there may be no deiault of nay‘nents tc the -_,St&t.a

The uuabpropriatea balanct,s; of authmrizatiom,‘ incluﬁi
thet for 1925, are ag follows: _ e

&50 000, 000 authorization Tor. 1923 $25'Q(),0 DOO : .. L
mmm'”“'“mhﬁmmm__
§75,000,000 " % 1925 62,000,000 .

Total - - 5122,700,000
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" 9. 'he Pederal Aid Highway System.

The Pederel Fighvay act approved November 9, 1921 provided for .
the sclection by the State highvay depertments of & syetem of highways
not to exceed 7 per cent of the totel highway mileage of eech State.
Upon this system, zll apportionments of Federal aid arc to be expended.
The system is to be divided into two classes, primary and secondary, -
of which the former are uot to exceed three-sevenths of the total, the -
remdinder to be of the latter class. Tho Secretary of Agricultore wag
given authority to apurove in whole or in part the aystome &s degigoaated
:i thefstate highvay departments or to require modifications or revisions

ereof. o

The total) mileage of existing highways certified by the States
.~ wag 2,860,061 miles. The States designated by wape And route deserips
. tion, systems of main roads totelling in mileage pot more than 7 per .
cent of the certified mileage. The systuvins Tor groups of adjeining - -
< States were reviewed by representatives of the States apd of the Pureauw . -
- of Fublic Roads meeting in & series of conferences for the principe)
purpogse of connecting the systems at State lines. In this way the entire
egystém was coordineted and recomacnded 1o the Seoretary of Agriculture
- by the Buresu of Public Roads. The system ag approved by the Secretary
. of agriculture and represented by the map published November L, 1923 in- -
cludes 168, 881 miles which is 5.9 per cent of the certified milesge.

" 10. Progrese in Improvement of Systenm.

Up to March 1 the Pederal-ald highwayg which had been completed =
. since the paesage of the Federal Aid Road Act im 1916 totalled 33,036
‘miles, and 13,800 miles were under construction end reported g 69 - -
. per cent complete. The total of roads completed and under construce
" tion amounted thercfore to 46,536 miles. Of the mileage reported. =
as completed on Februnry 29, 6307 miles had been completed during the
“ current figcal year. All but & very emell percentage of thie mileage
18 op the Federal-aid highwey system 8s now establighed. - - o

- In addition to the reoads of the system improved with Federal~

~aid parts of it have been improved without Federal assistance, A '

careful study is being made of the improvement status of the gyetem
‘#nd an approximate estimate based upon these incomplete studies ie
_that at the end of the year there vere gbout 60,000 miles of surfaced

- roads and 8700 miles graded, vhich leavee nearly 110,000 miles yet

~ ko be sarfaced.

To bring this sysiem up to serviceable standards, therefore,
“within the full decade ahead, would mean a surfacing program of
_about 11,000 wiles for each of the ten years,- thig in addition to
Ahe additions to the system, the geparation of grade crossings,
Cpeconstroction, and much other vork necessary.



The mileage completed has incressad year by year sisce the
beginning of Federal aid road construction, that for 1918 being -
but 12.5 milss vhile the mileages completed during the followu\g ;
years were: 1919, 177: 1920, 1,483; 1921, 5,787; 1922, 10, 2hyg
192ﬁ 8,820, and for the first eight months of the fiaca}, year
192 6 500 miles. :

In addition to the work cumpleted, on March 1, 19214 thare :
were 14,136 miles under construction, The total estima.t_ed cost of -
both the completed work and the vork under construntion amounted
to $8LkL, U89, 300, of vhich §372,721,900 represented the Federal
participation. The miles completed, the average cost per mile
and the percsntages of each by types, are as follows:

Averngﬁ e

Types : Miles = . gotal Coet Per Mile -
;_ Wumber ; Percent ;  Amount ; Pereent . - . .
Graded and Drained..... vea: b,67TT: 202 1 4 7,658 ;. Eg_. S
Sand Claye cocecnenreraaeat 3,507 ¢ 10.6 71,847
Gravel.... oo v 13,009 391& : 9.81&2; o8, 6
Faterbound Macadam........ : &85 2.7 & 18,2u8 .
Bituminous hacadam...-....: 1,546 b7 30,083 -y
Bituminous Goncrete.......: 939 : 2.8 ; 33,812 1
Portlapd Cement Copcrete..: 5,908 :  17.9 ?‘f B2
Brick...... e voel 505 : 15 2192' '
ridges. .. ... feeereien 49 ¢ 0.2 3
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11. Eighrvay Research in Material and Lesign.

4. Stabilized Scbgrades.

Subgrades vary from solid rock to e}.ceedlugly plastlc a,y
vith all combigations of materialebetween these extremes. . The
finely divided clays +ill absorh consideratle water by co.plllarity
and become incapatle of supporiing heawy losds. Koreover, they:
swell and shrink with changes in moisture content producmg heaving'

and cracking of road surfaces.

Hesearch has showm a vay to improve nad subgrade materials-
sdmixtures of grapular materizls such as sand, cinders or stone:
screenings materially cut dorn the capillary moisture content, _
greatly decrease the shrinkage apnd svelling, and materially 1ncmaae___..-.
the bearing value of the subgrade under the worst conditions.
Similarkly, mixtures of hydrated lime and Portland cement in amountrs
equivalent to only five per cent of the reight of the soil will
accomplish the same end. (Curves ! and 2.) The effect of a five =
per cent admixture of Portland cement to 2 depth of one foot seems '~
to have increased the supporting strergth of concrete pavements
by almost fifty per cent.

The idea of stebilized subgrades is recognirzed and carried
out in & practical way by so-called stage construction in which
a surfacing of sand clay or pit run gravel is used onginally and
until traffic warrants a better surfacing. In exceedingly bad - - =
s0ils, such as adobe of Cslifornia, a4 layer of gramular aﬂt.er:.ai is ;
of value under any type of surfacing. : :

B. Purtlapd Cement_ Concrete Roadwais. _

(1) Cross-section design. The most strzkmg change in hzgh« :
way design brought bout through research is the adoption of the :
thickened edge for concrete highvay construction. Hitherto conc.zfgte_.{
roads bave been built thick in the middle and thlnner at the e&gss. S

Several years ago the standard design of the Illlno:.s ngh— R
vay Department was an BY uniform cross-section whereas now the = -
cross-section is b"thick at the center and 9" thick at the edges.

The resulting saving of geveral thousand dollars per mile with o
a thousand mile program has already resulited in a savipg of several
millions of dollars to the State oi Illinois, znd moreover, the
roads dbuilt under the pew design should last 1onger than thoge _
built several years &go.  The State of Pernsylvania has recently -
changed their stendard designs f{rom a thin edge to a thick edge in
both concrete roads and for bases under other types of surfacirgs.
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() Joints., Several years ago it was the prac,tica w :emim.
pavenents very heavily tranaversely with the jdeas of prevenun; -
longitudinal cracks from forming. Research has ghown that it u
economical to build the longitudinal crack into the pavement 'by :
providing a joint down the center of the road. Such & joint permits
the two sides of the pavement to move vertically, the joint serving
8s & hinge. In this woy the bonding of the elab is px‘arucal}.y all
confined to the joint,

Kotwithstanding very heavy reinforcement under the old sxstam
many longitudinal cracks developed which the cepter joint has: Ql.imi:ab-tsd
without weakening the surfacing. Longitudinal eracks were dansﬂ*m :
Lecauge of their tendency toward forked cracking and becavse they
assume a diegonal dircction thus producing cornerg which feil uoder -
heavy loads. It has been shown that a center Joint muat be- o dasigw&
that it vill be capable of permitting the slebe on both gides to. CAYTY
& wheel load even though the logd is placed direetly on cnly one at’
these elabs. S

(3) EReinforcswent. Idess on road reinforcenent have changecl
rapidly and are etill changing and furnigh & frultful field for
further 'regearch. Some Stites use no reinforcement and others use
steel up to the amount of 100 pounds or more, per 100 square faet. :
copting as much as $10,000 per nile.

The functions of steel in concrete roads consiet 6f: (1) Im=
creasing the load bearing capacity of the slab, (2) Preventing cracks
from ssparating, thus, (a) reducing meintenance cost (b) probadly e
prolonging the life of the road. Rosearch is needed to show what ig
the proper amount of stesl to use in concrete roade for the grsatest
economy. 'Thus far research methods have cooclusively shown the ef - -
ficiency of longitudinal steel placed at the edge of the pavement for - 70
stengthening the edge ang verving in carrying loads across the Jo&nta.._ SRR

‘I‘here is no question of the pussibility of sa.v_ang several
thousand dollars per mile in new construction when rescarch facts
on the proper weight, pogition apd distribution of reinforcing stael
are made available. o

C. Hacadam Roaduby Design.

Hotwithstanding the wvastly diffcrent traffic on our present IR
day roads from that of 20 yeArs 2go the practice in macadem road -
building has changed dbut little. Ordinsrily it is comwon to place’

a layer of large stone of comparatively uniform size up to, say _
3% inches in diameter, directly on the subgrade spnd compact this
oy rolling after ﬁ lling the voids with screemngs

The eff‘ect of heavy loads, however, is to cause a plestic
sutgrade material to vork its way up through macadam built in this
manner unless vreccvtion is taken to guard sgainst such action. IToth
field snd lzboratory rescarch have demongtrated the possibility of
shtting off the pepetration of plactic material by the introductionof
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a blanket layer of fipe gramlar material bemen t&e G
subgrade. It has likerise been shovn by fisld research th

8 well gradad stone including stone dust for the bottom 1;@:-—__1:;.'7 :
efficient for this purpose. el

D. Road Drainase.

Moisture in the subgrode of the road playa & mogt mpar 15
part 4n its load carrying and in its service value, Some eoils in
the presence of moisture are incapadble of supporting loads, tharsfoy
investigations of the Lest methods of drainage have been congldered .
very important. Soch investigatione have been carried out and one
outstanding fact developed is that 0o system of draivage can remove
the moisture held in the soil by capillarity, and in some types of
s0ils even capillary moisture makes the soil very aoft and plastic.
Drainage systems, however, are very effective in removing free w&tar
from the solls and for cutting off sources of free water so th&?.
they will not reach the subgrade of the rc&d

E. Local Materials.

There have been many roads constmted 121 the - pﬁst ﬁith
materials hauled from great distances becavse it wag thcmést
local and more avellable meterials were not suitable. "Heaeareh hn
done much to chow how local materfals might bo uded to glve very = =
satiofactory service in roeds. A research just completed at. &rnngton
on a large number of aggregates bas given facts which rezgeure us of
the practicability of ueing much softer azgregatee in concrets road
copgtruction than were thought suiteble before thig regearch was:
undertaken. It wag shown, for instapce, that sggregates havings -
French coefficient of wear sbove 6 are perfectly suitadle for prosent
day concrete roads and that many gravels previously thonght mwxmu
- way be used. It has algo shown how to take advantage of the use of
blast furnsce slag to obtain eatisfactory Fesults., Many ssnds now
rejectcd by specifications will likewise be made available for road - s
building. The great cost of hsuling expensive road materials h tlms el
eliminated from the cost of road bullding by research mthods. :

Similarly, 10:&1 investigatione have shom tha w&y tu usa snft '
limestone and marl such 8s oceour in Florida and North {:aralim. ' Sk
Such materials make excellent bazsos under more Gurable Foad suﬁwings...
Tests have also shown that Florida limestone rock ¢an be used advan~
tageously on penetration macadam construction within & radiue of
economic haul. The use of local materials for non-rigid tasee hag :
been largely developed ip the Pacific states and other 10@&1&’:«1%.
In certain localities such as ¥assachusetts, North Caroling and
marida, the only material at hand for road building is fige, c.lean_
sand, In euch localities a sand-asphali surfacing shich is satis~
factory for local traffic, contains 93 per cent of sand, the local
material available, requiring the importing of omly 7 per ceat- the
asphalt in the mixturs.
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Zinc mime tailings, the refuse from the mining of zim, hava,
likewige been developed for local use in concrete; and rock &Ssphal
occurring in Kentucky, Texas, Oklahoma and elsewhere, have been ex:
tensively developed. Specifications have been accepted for Icentucky;
rock aephalt developed with the cooperation of the producers, apd '’
attempts are now being mede to develop suitabdble specifications for-
controlling the charscter of the roclr aspholt produced in Oklshoma
80 as to make it wmore suitabls foo road donstruction. Invcstiﬁatigngﬁ;
on local materials conducted dboth in the laboratory and in the field. "
will unguestionably lead to the saving of millions of dollars in the
cost of future road construction and have already resulied in aub— f~
stential savings.

F. Bitwminous foncreie.

The heavier loads of the present day have caused cansidﬁr&ble i
waving in a number of roads of the bituminous typs. One of the pr&ctn'“
ical results brought about through observation and through laboratery. - .
data is the use of & harder grade of asrhalt for the various types of =
bituminous comstruction. Ancther change to overcome this defect &g 1
the use of more dust in the mi.ture. Al one time one-sized stone
bituminous concrete ves used os one of the standard mizbures bud this g
has given way to & much better graded, denser and more stable o
bituminous concrete. Lack of stability leads to unevenpess of the .- 0
road surface with resulting rough riding qualities, higher maintenancs o
cogt, end reductiontof the life of the road, . b

Research hag shown that a limited numher of graaes “111 provzési
epough variation to teke care of different conditions of weather, type
of copstruction and intensity of traffic just &g well &g a large = -
number of grades. The number of grades has recently been reduced from:
100 or morc %o approximately 15. 4ll of thie hag been made possidble
through research aod there ghould be a large saving in the cost of
manufacture which should result in decreaswd cost of road ccﬂstructio

G. Brick Reads,

The brick road has gone through several stéges of development:
in the past ten years. For years the standard type of brick road
consisted of a grouted bdrick surfacing on 2 sand cushion laid om
2 concrete base, Rescarch shmed the advantage of a bituminous: .
filler instead of a grout filler. Opservation apd resesrch alsp
showed the disagvantage of the so-called monolithic constructinn.
In this type the brick are laid directly on the green concrete
base and grouted with a Fortland cement grout, thus meking & mbnn- ,
lith. In this type of road many blov-ups resulted from temperature
expansion during hot veather and it has been practically abanﬁaa&dlwa
in favor of bitumimous filled bdrick either on & concrete base of ..
on & rolled stone or glag base. Resgearches have been conducted
in an effort to establish the lodd carrying capacity of different



typee of brisk paven ntens emzmmd vith athur types of p&vmﬁ#&
and field resrarchos nowe Gone meh 10 shov under what condition
the various desi;mo of bawes for trick ;avmertq san aﬂfaly be-

a1l of theru inveotigations &tv conducted wtt‘h tha iﬁu ‘
cconomy in viwr. Iuvesties ticus ere invariebly cordected at &
small fraction of the ssving shich they ultimately bring adoa
The puame belo s so0nt are so cuoruousg and the milesge of congtruc:
tion go laryv -a;:", “he glighlesl ehange {n deslgn, the oponing
of nuy "ic':tw 0" saoely of miteriels, the Goveloyment of woare o
economical methads of" cepstruction or of raintonnnos, eccusulated’
avir trt,;;.!.:mm.s rotd ilvage will result in on woounl saving of
williiang of dolluars. '
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12. Stage Construction.

All highray btuilding is & development process. It ha.s always
been so and it is not evident that we have on main traffic artm*iea
reached even & relatively stabilized condition. The conditiong
rhere roads have been built are comparable to the first main’ Iina.
single track railways. There is alvays more to be done ~ strengthening
of road bed, widening of roadway, safety devices, elimipation of grade >
crossings, and other improvements made necessary by & constantly
increasing traffic, L

Tne principle became apparent in the Statas where the larger
mileages of surfaced roads had been built as soon eg motor vehicle -
traffic developed to major importance. This principle is fundamental..
It is important that it be well understood not only by the highway
engineers but by those who meke the laws and by the general pub?_lic.,_{

It is written into a definite statement of policy by this
Bureau &nd 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 alsc progressive construction. Under -
this policy the Bureau approves projects for the building of roads
up to a certain stage vith & definite agreement with the State -
to carry the construction further when funds are available or
traffic warrants.

this method is followed -

a. Because of ingufficient fundes to go
further at the time.

b, To allow subgraﬁes 1o becone stabilized
thru setilement and compaction.

¢. To improve subgrades partzcularlv of the '
heavy clay or gumboe types. .

On such structures, the drainzge stmcturas. widths, grades’ -
and ahgnment are designed and built suitadle for the future prcfba’ble
development. Economy aod efficient engineering recruire that stage
congtruction shall conserve the original investment and Iend it&elf
without material loss to the progressive steps. - ‘ .

Charts show progressive steps emplcyed 4in mov:.ng from lmmr L
to higher types of traffic surfaces. _ -
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13. Materials and Labor Prices,

The volume of Lighway production is considarably infl en
changes in méterial and labor prices. This varies not only m
United States as a viole but betreen sections. of the cauntrx; '
price of conmon lavor, for inustance, rose from 20 cents per hour: 1
1915 to 36 cents in 1518, and 49 cents in 1920. It then dropped
30 cents in 1821 and 32 cents in 1922, It then hegaz;' to :::_‘}.'a'__ega
and for 192% was 40 cents. BT

To show the variation betreen sections it may be noted thaf.
the East South Central States in 1915 labor was 12 cents per hour;”
*hile in Nev England it vas 20 cents and in the Pacific and Mountai
States it was 20 cents. In all of these States the price rose unti
in 1920 it vas 32 cents in the Fagt South Central States, 9 centa:
Ner England, and from 55 to 60 cents in the Pacific apd’ Mmt&in St&fa;
It dropped again in 1922 in the East South Central States ta 20 cent:
in New England to 39 cents and 48 cente in the Pacific States, rising
again slightly in 1923 to 22 cents in the Fmpt South Central, 51 conﬁn
in the New England States and 54 cente in the Pacific States. - -

'I‘here vag a similer range for prices of roadu'huildms mtnria:r.if:'_
which gradually rose until in 1920 it was about 150 per cent abpve tha,-.‘xi*”'
1915 figures for lumber, a livtle over 100 per cent for steel, snt
about 100 per cent for cement. From this high poiat all mtarsalﬂ L
dropped until l92c. _ I

The results in road congtruction were that the price of common’
excavation rose steadily to 1920, fell back agein until 1922, apd them . .
began to rise again., Similar movemente took place ip structursl i:om ets :
apd in the pavements. . Thege fluctuations may be shown graphically, and' -
teken together produce variatione in the total cost per mile from year
to year. For exsmple, if we sssume & road with 8,000 cuble yards o
excavation, 10,560 equare yards of pavement and 75 cubic yards of
structural concrete, and use the preveiling lsbor and material pri
for an expenditure of 5100 OOO the mzlaages ve wulé. have Tbaan 1)
to 'build HYS: . : REER

Year : United gtateg : Fast South Ceptral ; . New Engli
1919 2.9 : 31
1920 2.k : 2.5 :
1921 2.6 : 2.7 3
1922 3.3 3.3
1923 . 3.0 e.9 3
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14,  Recommended Modificatione and Additions o Federal &ighxa& ac"‘
4. Increased participation ip certsin States.

Eleven western States &s & group sre knuoen &s “the ?ahlic ;
Land States" because of the large ares of land within ‘their border
the title to vhich rests in the Federal Government. Nine of thess
States are cuite sparsely populated. Ths lowest percentage of guch:
land iu any of these nine States is © per cent, This is. !&antam; E
The highest is 7U.01 per cent. This ig Nevada. R

The area and population of these nine States ie ahom as e
followsg:

Area  : Fopulation : Popuiation 1. Fercent

: 8g. Mi. : 1920 ~Census: Per Sg. Ni.r Public Lamd -~ o
Arizona T 113,956 o 334,162 2.9 : 18,64
Colorade ;103,548 39,029 9.1 i 11.95
7 Idabo ;83,888 51,806 5.2 3 16.28
" Montana r 146,997 548,889 3.8 i h.OZ.
Nevada ;110,690 77.407 0.7 ¢ TWOL
_ New Mexico : 122,634 560.}50 : 2.9 21.00
' Oregon 46,699 ¢+ 3 38 : 8.2 22.15
Utah :  BY,990 a ; hs . kg6
Yyoming ¢ 97,91k 93 o2 2.0 : 26.90
The average population of all the States ia 35.5-3)&: a_guar-e- RSN
mile. S

iarge areus in this regiom have pmctic:ally o populatiam N
Large areas have 2 high altitude, restricted rainfall and & vhoﬁ; S
. growing season. i

3 Thesc nine States with thair civtl mb-diviaions, tha Bm‘e&u
of the Census reports, have increased thelr average indebtednfess
since 1612 by 226 per cent compared with an increags of 123 per csai:
for the remaining States. The average per capita tax paid in thege
States for 1922 was $43 as compared vith $27 fer &1l the othver St&tﬁa.

Twelve per cent of the Federal Atd Eighway System Iies !ti.thin
these States and they have U.1 per cent of the populatian aaﬂ ﬁ 9 )
cent of the assessed valuation. e

: As & matteyr of comparidon on the baeis of & smo,m:a Oﬁﬁ Me?al
aid apportionment, these States would raise $2.00 psr capita &84 eampaxﬁd
rith eighty-three cents per cepita, the avernge for the rmining Statas

- as 8 sfmgle ETOoup.
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In this arca, particulasrly in the :Lnter—mbain,_s tas.
of gruat natiomel cencern that cortuin rpecific roads or Lin
coutinental routes shall be expedited. These apecii‘ic rea may
of first concern to the States in ehich they lie. The pood vrest of '8
Lake City meross the Great Salt Lake Desert is 2n outetending exaniple
The precedent for construction of such roads vith greater partit‘si
tnan the prisent esteblishea sceles for general spplication hes been:
fixed in the Act of 1921 woroviding Jor payment of such pirt of the co
a5 the Sueretury of agriculture shall spprove in rotds scross Indd
reservatione.  There are some guch mrojecte in vhich the full acet is
to be paid from the Statels angortionmum o1 Federal a.id M‘St -_.;;;

Such incressed participation should apply only to sectiaus of" i
the primary roud and ghould be graoted only in those cages vhere ﬂw )
economic advantages to the Stute vould not be so fully gerved am by
the cxpeonditure of the same fupde 2t the timw on some other part a;t' ,
the systom. . T T

On the baeis of these conditions, it isg recomended' that;_lﬂ-ﬂ;-“‘;- e
carefully goardud restrictions the mcrmtary be given authority to- -
approve increesed participation uy %o the full cost from- tha""FeﬁtsraI:
allotments to the State om spplicetion by the State on sections of - .
the primary rosde of the Federal id Higheay System whore conditions
Justify. Such action should b¢ bagsed npon the national s.yvice to. . . 70
be rerndered by any roxd go imvraved and upen the desfrability of con- o
neeting the Pacilic Coact vith the dscissipni V&llay and. ‘the aastern
States by serviceable routes. .

B. Pemoval of Limitations pur Mile.
There are nuwercus limitations -
{a) Federsl funds moy bo ueed for labor and.
' weterial only - no right-of-vay paynents
for leud or domiges or other incidentala. EEh
(b} Preliminary enginee: ing paid by state

{c) Contingeucies and snginesring nay mt RS
exceed 10 per cent of cant of canstmction

“{d} Federal payments mey not e.x@ed 50 per cent-__
of amctual cost. . e AT

There are WBerous spef:ific requirements -

{a} &ll funds must be s:ponded on rﬁderai ziid
System. X :

(b) There must be ample rig,‘nt-oféwgy:.



{c) Surfacing in primary roads mus£ be aﬁﬁquaﬁé""h
to carry present and future traific sud no%
log: than 18 fect 1n width.

(4, secretary requires higbstandar&s in deaign
ard conetrection.

(e} Secretary is required to Flﬁe mrefefenee'to‘ -
nrownct that will campletﬁ an adequate aystem
of inter-state roads.

In vig= of these specific limitations and requiremants‘tha
further limitation of fiitewn thousand dollars poer wile is an - -
embarrasement in the proper adminlstration of the act. It has the
effect of denying Pederal aid whore most peedel and loses 16 the. "
Federal govermment cnd ithe Fureauw of Fublic Roads the weight of - - &
moral authority necestary in the coovermtive relations with the o o750
Status. : T 2

Faderal aid gorves vary dlitorent vurposes 4n the BEVETEL
Statesn, depending uwpon the stage te =hich they have esach carrie& i
their development vrogram - .

Specifically -

Reconstruction of heavy arterial roads -

Nes Yorle - Massschugelts - Qoﬁnédticutf

Gongtruction of nev crteries to aarv& apecial At
carditions - . o i

Rew Jersey
Fuilding grades in rugget topography a-_ i

Ohia - %eatern statea

S-amp road congtruction ou,lidks_afimgin ?ﬂgdé

Lowisglane.
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€. Inercas: in Percentage for Administration.

The Tedceral Rigbray acts of 1916 and 1919 provi&cd that three L
rer cent of the Federsl aid apportioment could be usged for u&ministra-
tion of the scte. This vercentage ras chapged iu the act of 1921 to
¢k per cent.  In the weantime, iteme beretofore carried for 'nlg;‘h\ray
rescarch in the asriculturnl Dupartmental bill have been drowoed,
and most of the resecorch, physical an economic, conducted by tha e
Dureaa, meet be carried on from the sdninlaetrative fund, zurthar, o
there vas placed upon the Puresu the distribution of war surplus = .
rithout eny epprooriation for the necessery overhead., In feet, the
only viy that this distridution hae bees, cirried on has boen throwgh
tae advancement of the nccessary cost from the admintetrative fund
of the Bureau, & part of rhich is reimburesble from the Stztes. - - o
Tae cost of Wederal puvervision un to the present time ie 2.36 peyr
cent of the ¥Fodersl frnde, This, op & Fifty~fifty division of coet, < ..
vould be 117 ver cont of the votnl Tedornl and State funds c&penda&‘-
Sinco the division of cost Les been cbout 43 Tedoral and 857 Stute,
Tediral supervision hos actually averseud shout 1.1% per cent of the
totul funds supcrviecd. It i3 estinctec thed the coet of Federal
sunrvigion will inervase sbhont one boutl Der cond per ahnum op -
accou.t of the coustontly gro deg milex w of comnleted roads shich
vust boe regularly lnspectod snd reportud unon os $0 condition of
roirboranee. ' .

The ¥oderal eppropriction in cooporetion vith the Stetesg is
limited to crpoiditurce for lobor and matordals only.  Only this
edoinigtrative parecntage i uvellable for rescurch. It ds very _
desiridle to exteud the fiuwld of regearch into overy State bocanse
of the large marber of lotul problume wnd the possibdility of develop- -
ing better ard cheeper metheds ond muteriels for highway constmetian. o
Tiant there mey be larger fauds for use for regcarch vurpesee i -
tic wrincipal rovason for rogesting the incroage 14 the a@i@shrativ&
pereentage. It is not contermlated that the regular force employed .
on tuo ropular ficld ond capi. meriu work will de materiaily changad.

D.  Trovigion shouwld be made by vhieh the _Scnrct::ry nf_.%t_-‘iculmrﬁ
pay onter into confercnces vith other countrics concerding ¥yoad
builling practices, procudurcs, prosress and perticularly vith hhcsa
covntrics touchiny the borders of the United States vhere the L
recessity for internstional connectious in tne aignvaya is alreaﬁ.y
raddng 2teeli felt. .



. 15. Highway Iocome, State and Loeal.

In 1904 the total incowe of &ll rural read purposes amaunte&
to about $75,50C,000. This included an estimated value of ahaut S
- £20,000,000 in etatute labor. In 1814 the total had risen to - T
- $240, 250, 000, of which the statute labor wes negligible. This wam an .
increase of 202 per cent. The iacome continved to rise in the yeurﬁ

that followed until it reached 1,150,000, OOQ in 1921,

Total Income for all Dural Highway Furpoges, 1421

Bonds. s - . . . o. oL L., $ 438,109,273 . . 3B1 4 ¢
Taxes....,.............. 415,680,010 . . 36.2 ¥
Yotor fees . . . . . . . . .. L. L. 118,942 705 e 10,3
G&S LI ) . . e ks +  a v 3 6‘0.» t__Q:iz'“..
Federal aid and ;ereat fuude e e e e e %79,333, 226 RN - T
All others . . . . . . . . .. .0 .. g3, 68glagi Al
Grand Total . . . . . . $1,149 437,896 . .300.0" -

* - From state reports.

Ingcome to Local Eigheav Pundeg, 1921

Local Fonds. .....,..k......._.$32&805071 .
Taxes. . . ..._.........329353&20..
motor vehicle fEﬁb e e e e e D & 58 221 .+
Gegoline Taxes . . . . e e e Log, ke,
411 other sources, trane£3rs. etc, s e e e 21,61§,§ 07 « oyt

Tetal Income to Local Eighway Funds. . . . . . ¢7kg.899 397

Income %o State EHighway Fun g, gg

State Bonds. . . - . $11}3@42€2

ALssessment certlflcates (Iowa) R . 521.&35 - -

State Taxes, Divéct. « » +« « o o o o0 v 4 o haess

State appropriations from genmerael funds. . . « 20,817, 3

Tunds received from counties, tovms, ete.. . . 29,}02 5}

Motor vehicle fees . . . . - « +« « « 4+« .+ . 101,284 ERTRS

Gasoline Tar . . . e 3,273, 988 .4,_¢_g

Federal aid and forcst fund pawments cre&lted ERITE
to road funds . . 33 220 P

Miscellaneous eources. . « .« « .« . o0 e g 13 =

Total Income to State High"ay Fands, . . $h05 538, 399 . 35 3 ﬁ"#

Subsequent to 19:1 1o close estimetes of the intome far rutal o
roed work have been made. It is bel:evea they rill not vary graatly

:from'those'ior 1gel.
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16. Exponditures, State and Luéal;

The total disburcerments during 1981 by all States, countis
~o townehips And districts for all highwey purposes, insluding intorost
. and payment on higheay bopds ascunted to & total of §1,0%6, 585.000. ;
~ of rhich §5626,965,000 or 60,5 per cent was for work clossed as ! Yoot
Cetruction®, whilv ohoper cert vam for Ymaintenance®, and 8.6 per oeny
o far paymest of princtpal sng interegt on Mighway bonds. Thie Xyt
ture vas made avproximately YO per cent by er under the supervision
= of the Stute highray departmeatys and 60 per gont by locsl compani tles. .
L owithout guporviel . Thepe oxpendltures were divided as foilov‘u

Frpepdityres - 102)

By or undur Contrul of State Highvay Departwente

State spd State-nid constroction, .. $ 291,973,813 ... TO.7
State and Stebe.oaid meisuensnse. ... ?h,ﬁﬁé,?hﬁ voen LBQS
Engincoring and adaiuwiatye ior.o. .. L& E8L,85%) ... 7“.5'
A1l othwr Ltemas (a) ..., .. 27;359,2 T SR T AL

T’:‘téﬁ}. $t@£t£§ﬁ, ak ey & hl}gghl 66&0«6 ¢' }Sma % w &

(1) Includer poymonts of interest am priocipal of m@hw
tonds, purchage of gravel ﬁitu. uarriva, etc,

Locnl kxmanditures - 1623

Sonpivuction, all clentks. . ...l }}h qsl. cee 5347
Bl nbenhits, » o oo vnrvn o cnsnsnanar T4, 0BG, g\ g% w0 27
Bugiveering and admim sbtratios..... = 17, lkg;,b% ver B
ALY other Lteme (B) icriererianrans 97,136, 623 ves 156

- ® -

Total, rocul $ &5} }lw 110 L 6%}*1’:
Grand Total Expenditures, 1921.....81, 03& nE&7, 7?2 ,”H}G‘ﬁ) 4

{8] Includeg phyments of ioteregt apd primiml of MM
hords, parchase of gravel plits, @mrrma. am. T

: During 1422 coaplete date in rogard o &3,1 H-ama of mg,hwng
_ammii turee is not availahle. Borever, for the itemg of construc-
‘tiot, maiutonance, enzinesripyg ant sdmiunistration duta ie amiiaﬁe.
Assuming that the payment of interest ou higheay bonds, loane,. aad ’
other migcellsneous items bore the wime relationw to the tou’i in 192¢
&g in 1921, »e have the following: _ -

By or under the control of State high*aj d@p&rtmntﬁn.@ 1#55 G@G,QOO'_
',I;;ma}, EXPEDALTUTEB . vt v emn v iarar i san s e e 5;“*30‘9 (4,5,0 085

Total f@:‘ l9?c:’-.$}, 01}; m@*m
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Theso estimetes shovr increase in expondd tures, $¥5.m0,ﬂw W@r }aﬁij‘
by the State highray devartments, vhile locsl ommtwu decmw&
about $70,350, 000,

Definite data as to the 1623 ewapcnd:. tures w11l Bot by amm'ale I
until about the first of July. Howover, at the beg;imung of the yoar .
the various States roported $943,340,000 as being then available for
highvay expenditure during the year 1923,  Taking into cousmuratuton
the Tact that the year 1823 was an active construction’ yoer in moet. .0
rarts of the Unitcd States, 3t soems consvevative to agsume that ﬁhﬁ
totnal rural highway oxponditures during 139¢3 was at luast &@m to
thoge of 1921. _

Total Exwenditures for All Highway Purpocact : S
Consolidated Pate for Statee and Countles, Tornghips and ﬁiﬂrieta o A
: Yoar Ended December 31, 1421,

1 : ] S L 5 N "H.f."l.”

ideoe

ridues

on axd Maintepsnce *13,?66,690; 3 H E 15;;-7;_6‘6*%9 ‘
' Por Cent 100 : - t ! ‘ 300 ¢
ind stration and : :
neering . s 17,049, g8 3 ;18,831,855 : 4 36,081,353 1
Per Cent 47 : : B R R © ;- 3
: B : v 1
ﬁéﬂpﬂl ond Intercet : 3 : Y s
#ymente ;71,739,457 i1 '1?,5'1&1,?;&59 T A
Per Csut &0 . H 20 . o

Kte€nance Roads and

nescgrogated Construc- :

chese & Repair of
inery ., Eguipmont &

0 ]
B +

¢ Countivg cFy or uwnder S A

' : Towrnghirs (Fer sepervision Per o tPexr:
_ Item c pistricts Qoo lavvy.Dupt. sGent Toted . ....itesk
gtraction Roads arnd : : : o
:$316,285,470: 51 ::és,%é,é%ﬁs,ass ;72 $ 612.890‘&55 159

Per Cent 51 : : 9 ? -

s hw Ar #

- ke .C

174,066,423 28 ¢ 69,835,224 ;17 : 2“5‘901.5k77:'23
Per Cunt 1€ : : 18 - BRNRRE £ 0 SR

L P L

LN T

Ar am am Ay ew
oy e
*

10,317,759 ¢ 3
29

n. A . mn Ew e ke

mrral Hiscellaneons : 25,399, 172; 3*
Per Cent @ : i : i datl
Total @3 146,110 100 &su,m 662 é-m 131, 936 5%3?3 :m?
Feor Qont 60 : Yo e z

*Ad g justmente made in ta*buiatad figureg for canstmtian and mmnteme item
i columne Y and & on basis of 15 poer cent ¢onetruction and E‘j -per cent
meintenance. o
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Total Expenditures for All Rural Kighulya_ *
and for all Places <«kth a Populstion.of ‘2500 &m&-awr..‘
Includes all street and alley surfsce const
tion, ropuir, waintenance, street. claaning &n&
sireet Ilghting.

Totol vaipenditurve oo Rural Roads . . | $1 Gﬁﬁ

Total expenditurcs on city streete * $332, Eh3¢3h8

Strect cleaning & lighting 59,6]5.255 }ﬁlglgigg
Totul L *1 &19,,5‘35, 353

* 2007 cities reported out of a total of 2788,

- - - - - - - - - - -

Forulation 1921 107,833,884

Per capite rural and city highesy expenddture $:13.?Q_':_

' ~ - - - ke - - - L -

Totnl phssenser chr end moter Lruck r&gﬂstf&tiﬁn.1921:¥; ;16;§63;$9§: §5_

hurel ond elly higwey vapeoditure per motor wehicle $1§6§ o0

Totl Incone for all Rura) anﬂ Furpwes L T
Concelidnted Date for all Statgs, Counties, Townships and biatria%o '
Yeur Euded Ducember 31 IQEL R

amnunt
Federsl ond Foreet Eio#d adid ¢ | ?9,35},226 _ :
Motor vehicley ~ Foes ’3118,%142,?05 ; SRR 3 .: i
Gazoline tay 3,683,460 & 122,686,186 .
Goneral Troperty Texes , ..ﬁl‘j,_ﬁﬁqf'ﬁig ;
411 otner pources ‘ 93L684§_,22‘.{'. ~;

Total 152,149, 437,896
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