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FOREWORD 
From the fact that 

- vast 81lJJlS of money have been expended for improving and 
maintaining highway facilities during the past third of a 
et'ntury, 

- all of thia money has been derived from some sort of impost 
on the general public through property taxes and bond issues 
or on motor vehicle owners and users through registration 
fees, gasoline taxes aDd other imposts, 

- all of this money has been spent by some unit of government, 
such as Federal, State, county, road district or municipality, 

- these improved highways and streets have become a roadway 
for a great transportation system, and' 

- they are used by a vast number of automobiles which furnish 
individual transportation for persons, whether on pleasure or 
businesIJ bent, and by a large number of trucks and buses 
engaged in commercial operations in competition with other 
transport agencies, including the railroads, 

arise two important questions. 
It is generally conceded that this competition should be fair. If 

it is to be fair, then, apart from the question of comparable regula
tion, highway transport should directly or indirectly pay fully for 
the eost.l of providing and maintaining its roadway facilities, just 
as railroads must provide and maintain their roadways. 

We have aaked three eminent highway engineers, of long experience 
and training in highway constr~ction, design and cost to study this 
problem and report their conc1usions to us. They have made an 
investigation and written a report. That report is submitted herewith. 

ARE HIGIIWAY USERS FULLY PAYING FOR THE FACILI
TIES PROVIDED FOR THElI AND WHICH THEY USE f They 
answer, No. In the twelve-year period 1921-1932 for which data are 
svailable, they have failed to pay fully for the facilities provided for 
them and y,'hieb they use by $9,756,000,000. For the year 1932 the 
deficiency amounted to $682,000,000. This is subsidy. Subsequent 
figures ahow that the aubsidy was not diminished for the succeeding 
rears up to and including 1937. 

HAVE DIFFERENT TYPES OR CLASSES OF MOTOR VE
DlCLES HAD IliPOSED UPON THEM COSTS COMMENSU
RATE WITH THE FACILITIES THEY REQUIRE AND WITH 
WHICH TIlEY HAVE BEEN PROVIDED f They again answer, 
No. The failure to pay by groups or classes of motor vehicles is shown 
in the study for the year 1932 and fair approximation for the year 
1937. For the year 1932 the deficit or subsidy ranges per vehicle from 
.876 for a three-ton truck to $2,000 for the heaviest permissible truck, 
and for a seven-passenger bus, $75 and a twenty-passenger bus, $876. 

This study demonstrates beyond any doubt that highway transport 
hal been and is being substantially subsidized by government. 

These are the facts. What is to be done about it' 
J. J. PELLEY, 

President, Association of American Railroads. 
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January 26, 1939. 
MR. J. J. PELLEY, 
President, Association of American Railroads, 
Washington, D. C.' . 

Dear Mr. Pelley; 
In complying with your request, we submit herewith a report based 

upon extended investigation covering highway costs for the United 
States and a proper apportionment of these costs to motor vehicle 
owners. 

We present immediately hereafter the findings that we have made 
with respect to highway costs and a proper allocation of these costs 
to motor vehicles. 

Following these findings is a condensed statement of the principles 
and methods which we have employed in the study. 

Then follows the complete and,detailed study of the subject. 

Very truly yours, 
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C.~· :BREED, 
CLIFFORD OLDER, 
W. S . .DOWNS. 



FINDINGS 

1. Total high.ay co.t for twelve-year period 1921-1932: 
(a) Stat. high.ay. _____ . $4,749,071,000 
(b) CouDty and local road. 8,996,345,000 
(c) City Itreeta _. 7,130,730,000 

Total _____ . ____ ._. ____ $20,876,146,000 

2. High.ay eGata properly ehargeable to motor vehicle owners for the twelve
Jear period: 

(a) State highway. __________ ... $4,269,373,000 
(b) County and local road. 8,074,413,000 
(c) City Itreeta _. _____ ._ 3,444,563,000 

Pet" cent of 
Total Cost 

89.90% 
89.75% 
48.31% 

Total _ ._ .. _._._ .... ___ $15,788,349,000 75.63% aver. 

3. Subaidy to motor yehjele. for twelve-year period was: 
Total coata ehargeable to motor vehiclelL-_ $15,788,349,000 
Total paymenta of motor vehiclea 6,031,395,000 

Total subsidy $9,756,954,000 

Co Subaldy to motor vehiclea for the year 1932: 
Coat __ . ___ .. $1,495,218,000 
&10&01' vehlde payment 812,685,000 

Subsidy $682,533,000 

s. III 1~32 typical motor vehiclea failed to pay their proportion of highway and 
Itred e.ta: 

Pauenger ear _-:-:-__ -,-____ _ 
Traek, 1'" ton. and Ie .. (private) ___ _ 
Truek, 1". tou and leu (for hire) ~:----:
Truck, a tona and Ie .. thaD Ii tou (private) 
Truck, 8 tona and le .. than Ii tona (for hire) 
TrueD, Ii tolll (private) ___ . ___ _ 
Truck, Ii ton. (for hire) -:-: _____ _ 
Truck, over Ii toM (private) ____ _ 
Truck, OftI' Ii tona (for hire) _____ _ 
Bua, over 20 puaengen (common earrler)_ 

Amount Amount 
ChM-lIeoble Pa.id 

$42.40 $27.13 
96.40 61.43 

208.71 100.71 
809.90 196.02 

1,145.73 269.01 
1,432.36 270.88 
2,024.46 369.81 
1,705.63 856.40 
2,412.41 491.76 
1,318.48 441.61 

Deficit 
$16.27 
44.t7 

108.00 
613.88 
876.72 

1,161.48 
1,664.64 
1,349.13 
1,920.65 

876.87 

a. After 1~32 and until 1938 partial figure. only are avanable for highway ex
penditurea, but an analy.ia of theae figure. show. that in the year 1937 there 
.u 110 leu nbaidy than in 1932. 
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PRINCIPLES AND METHODS EMPLOYED 

The problem involves a study of the expenditures on all highways 
and streets down to the latest year for which such data are available. 

An analysis of these expenditures requires two important steps: 
1. The determination of the total annual cost of highways and 

streets: the portion of these annual costs actually contribued by motor 
vehicles and by general taxation and the equitable amounts motor 
vel;licles and the public should have paid. From the above the amount 
of subsidy to motor vehicles as a whole, if any, follows. 

2. The determination of the equitable distribution of highway 
costs, chargeable to motor vehicles as a whole, among the different 
classes of vehicles. If a subsidy is found, the amount by which each 
class of motor vehicles has failed to pay its fair share should then be 
determined. 

The period specifically reviewed was 1921-1932. 
The year 1921 was chosen as the beginning of this period because 

the records for previous years were incomplete and in many respects 
unobtainable. The year 1932 was selected as the end of the period 
because that year was the last one for which comprehensive data 
were available. 

The depreciated value of all highways and streets as of the end 
of 1920 was brought forward into the period 1921-1932 by estimating 
its original cost and assuming that one-half of its service life had 
been used up. Rights-of-way values were excluded and therefore left 
as a contribution by the public. 

The data for subsequent years so far as available. have been com
piled ~md analyzed and are included in the study separately. 

A part of the expenditures for the period under review was pro
vided by general taxation and a part by motor vehicle charges. The 
later charges were fixed by legislative action in the various States 
without the benefit of any economic' analysis of highway costs. 

To determine whether or not motor vehicles as a .whole paid their 
fair share during the period- under review there was required an 
analysis of highway costs on some equitable principles that would 
determine the fair share of the annual costs of highways which should 
be borne by the users. This led to the use of public utility princiyles 
as the proper basis of analysis of highway expenditures and financing. 

These principles and the public utility concept as applied to high
ways have been approved by many authorities and have been sus
tained by the courts as applicable to highway finance and to charges 
to users for highway service. 

On this basis all capital expenditures were then converted into 
annual costs by applying a proper service life to the various highway 
elements purchased through capital expenditures. To these were 
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added all other annual ~osts such as maintenan~e and operation in
teresta and taxes on the unamortized portions. The sum of these cost 
itema represented the annual costs year by year for the twelve-year 
period. 

The total of annual ~osts for the twelve-year period amounted 
to about 21 billion dollars. 

Just here arises the problem of determining the equitable amounts 
that motor vehicles on the one hand and the public on the other 
ahould have paid. The year 1904 was chosen as the year just preceding 
any substantial influence of the motor vehicle. For a long period 
before 1905 the public paid through general taxation for all high
ways and street.OJ. The annual rate of such expenditures amounted 
to about $1.00 per capita for rural roads and $4.20 per capita (city 
population) for city streets. Even though it is well known that prior 
to 1905 a large part of highway expenditures was for commercial 
transportation, we have assumed that the amount the public would 
have been willing to continue to pay for highways during the period 
under review would have been the same per capita as it had actually 
pair for several yean prior to the advent of the motor vehicle. 

There was, therefore, charged against the general public each year 
$1.00 per ~apita for rural road expenditures and $4.20 per capita 
(city population) for city streets as equitably dividing the highway 
costa between motor vehicles and the general taxpayers. 

We have determined on the basis set forth above that the motor 
vehicles Ihould have paid during this period about 16 billion dollars. 
They did pay about 6 billions. We have determined that general 
taxpayen should have paid about 5 billions. They did pay about 
15 billioDl. 

TIIIU, 'ltere u'a. a ",ub.idy of about 10 billion dollar. enjoyed by 
mo'or "eAicl" tU II whole for tlte twelve-year period. 

Mo'or velticlu actually paid about 30 per cent of the annual costs 
o/ltigltu:ay. and "red. and the public paid about 70 per cent. Our 
"udy concludu tltot motor "eAiclel tJ.I II whole should have paid 75 
per cr'" and 'he public 25 per cent of the total annual costs. 

The next step required the distribution of the annual costs of high
wayw and Itreets between the different classes of motor vehicles so that 
the lubaidy as a whole might be appraised for each class of vehicle. 

Some of the highway and street elements have been provided 
IOlely for heavier and wider "ehicles, practically all used in commercial 
transport. The capital ~ost of these elements that has been especially 
provid~ for these larger and wider vehicles has been determined. 
For rigid and flexible pavementa this amount was determined by 
application of the increment method proposed by the Joint Committee 
of Railroada and Highway Users according to which each class of 
vl'.hicle ahould pay ita fair ahare of the total annual cost and "the 
total additional cost of ~onstruction, improvementa and maintenance 
to make a road anitable for a type of vehicle requiring such additional 
eOBt ahould be ahared by each vehicle of that type and each vehicle 
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of· greater size. Thus, each should share in the base cost plus all 
increments of cost up to and including cost required by it." 

Twelve per cent of the capital costs for cuts and 1ills for pavements 
and structures on rural roads was determined as fairly chargeable 
solely to the wide vehicle. This 12 per cent was applied only to 
the amounts expended for the roads requiring improved surfaces. 

It is then necessary to charge to each motor vehicle its fair share 
for the use it makes of the highway system as a whole. The motor 
vehicle owner who operates his car 20,000 miles in a year should 
obviously pay more than the owner who operates only 5,000 miles. 
Consequently, the individual motor vehicle is charged the costs allo
cated to its class on the basis. of the numher of times it uses the road, 
that is, on a vehicle mile basis. 

Because some maintenance costs vary with weight .of vehicle and 
others do not, the maintenance costs are charged to each motor 
"vehicle partly on a ton mile basis and party on a vehicle mile basis, 
viz., three-fourths of maintenance costs on rural roads are chargeable 
on a ton mile basis and one-fourth on a vehicle mile basis; on city 
streets, one-half is charged on the ton mile basis and the other half 
is on a vehicle mile basis. 

To illustrate the application of the adopted principles the year 
1932 has been chosen because it was the latest year for which com
plete data were available. The analysis shows for the year 1932 that 
the passenger motor vehicles paid 64 per cent of the amount charged 
to them and the largest and heaviest trucks paid only 25 per cent 
of "the amount charged to them. Intermediate types of' vehicles in 
all instances paid less than their fair proportion. The type which 
came closest to paying its proper share was the farm truck, which 
contributed 83 per cent of the amount we have determined it should 
have paid. 

These percentages are, of course, general and apply only to this 
national study. The application of the principles in this report to a 
study of any individual State may show different percentages of sub
sidy and may in some instances show that for certain types of vehicles 
there is no subsidy. 

The study as a whole indicates clearly that there has been a very 
large subsidy to highway transport. 
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HIGHWAY COSTS AND THEIR ALLOCATION FOR YEAR 1932 

STATE HIGHWAYS ~OUNTY AND LOCAL ROADS CITY STREETS 

Aggregate construction Aggregate construction Aggregate cOD etrucUod 
expenditure 1921-1932 expenditure -1921-1932 expenditure 1921 .. 1932 

$5,631,20),000 $3,243,737.000 $4,831,821,000 

1 ! 1 
! l ! l I QnamoL.ed 

Service life Unamortized Service life Unamort1zed 5ervi c e life cOl'l8truction cost. construction costs construction costs 29 years $4,421,731,000 
33.4 years $2,682,284,000 

29 years t4,OO8,809,OOO 

! t ! ! ! 1 

I I I I 1 I I I I I I I Current years <turrent years Current yeaTS 

amortization Interest 4-1/4% Taxes 1.30:c. Salvage 3-1% amortization Interest 4-l/~ Taxes 1.30% Salvage 3.1~ amortization lnhreet 4-1/4% Tun 1.30;( Salnge 3.1% 
charge $187,924,000 J67,483.oo0 

Cr $5'f8'OCC 
charge $120,103,000 $.34,870~OOO er $6S45.000 charge $110,374,000 $52,115,000 er $5,OU,ooO 

$171,046,000 

! 1 
$94,861,000 

1 1 1 
$161,601,000 

1 1 1 1 ! ! 
I I I 

~ ~ 
Annual fixt coat Annual tixad cost Maintenance equi.pment. 

Allnual fixed coat Maintenance equipment, Kaintellance equipment, 
$440.178.000 $407.601.000 $379,079.000 

(Includes $23.213.000 for 
materius, supplies, (Inchdes $163.712,000 for material.&. supplies. (City streets in 

materials. auppliu, 
end miscellaneous end miscellaneous an.1 miscellaneous 

highways in existence $196.027.000 
highways in existence $275,000.000 

existence Dec031.192O $~OtlQ11.,OOO 
December 31. 1920) December 31. 1920) wholly amortized) 

·1 1 1 ! ! ! 
1 r I 

Total annual con Total .,nual colJt Total snnue,l cost 
.636.205,000 $662,601,000 $639,163.000 

! ! 1 
I 

Cbarged to 1.ro.e ... Charged t ",tor 
1 1 1 

Charged to motor Char~:e~ 9~1ertJ pbarged to IIlOtor Cbarged to property 
Yehicles 90.4'/. tun 9.6'/. 'vehicles 90.4% vehiclu 47 ·3% Tax88 52.7% 

.575,332,000 $60,873,000 $617,286,000 $65,315,000 '302'rO,ooO .336.583,QOO 

-! ! -! 
I Total annual 'os" .11 roads and street. 

charged to motor vehicles •••••••• ",495,218,000 J 
Total payments •••••••••• • • 812,685,000 
Total deficiency ••• • ••••••• 682,533,000 

! 
Contract Carrier Busea Common Carrier Buses Private Trucks For Hire Truck. 

It .. 
Passenger 

Taxicabs 
School 1 pas .. 8 to 3) Over 20 7 pus- S to 20 Over 20 r .... OYer Ii 3 tone Over It 3 tons 

cars buses tntcke Ii tons 'lODe I: Combtil .. i le88 Combin- Combin- Over Combin- It tons tons I: Combin .. I: l&ee Combin- CombiJa .. Over Comb:in. engers pass" paes- engera pa •• - .... - I: les. eee tban ation, than atione 
5 tona ations 5 t.one a~ollll It leee leas than stione tb .. etiona S toD8 ation. , 'lou ati.ona iI lee. engers eng.rs iI"lees engera engers 

3 tons 5 tone 3 tons 5 tons 

Annual charges per vehicle $42.40 $169.61 $124.69 $87.47 $263·99 . $373.7' $220.92 $789.19 $1 318.48 $33.00 $96.40 .,87·53 $250·40 $809.90 $>81.41 ., 432036 $1 433.11 $1 705.53 $1 946.,57 $208.71 $361.93 $354.41 $1 145.73 $8,3.16 $2 024.45 .2 026.29 .2 412.41 '2 754.94 
Annual pS)'I'lents per vehicle 21·13 89.11 73·34 ".89 125.18 243.56 146.20 217.75 441.61 27·42 5l.43 97.73 144.89 196.02 219.75 270.88 305·38 356·40 486.30 100.71 166.87 213.26 269.01 320.41 369.81 432.26 491.76 707·69 
Defici ency per veJ-.icle 15·27 80·50 5l.35 31·58 1)6.81 130.18 74·72 4?l.44 876.87 5·>8 44·97 89.80 105·51 613.88 361.66 1 161.48 1 127.7 1 349.13 1 460.27 108.00 195·06 141.15 876·72 502·75 1 65'.6. 1 594.03 1 920.65 2 047.05 
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APPENDIX A 
DISTRIBUTION, BY TYPE OF ROAD, OF- COST OF STATE HIGHWAYS AND LOCAL ROADS, EXCEPT UNIMPROVED 

EARTH ROADS, IN EXISTENCE DECEMBER 31, 1921, ON BASIS OF 1917-1924 COST OF FEDERAL-AID ROADS 

Mileage 1921 " 
Average 
cost of 

Total C08t 

Type of road Federal-aid State highways Local road. 
State Local road. 

highwayo roads 1917-1924b 
Amount (2X4) Percent Amount (3X4) Percent 

or total oltotal 

(1) (2) (3) (4) (5) (6) (7) (B) 

Improved Type: 

1 ~rJ=~~ _(~~~I~~~~ .t~. ~~~. 21,384 • 232,176 17,BOO 1166,795,200 8.99 11,810,972,800 18.20 
2 Sand-c11lY and top-aoil .............. 8,709 64,467 7,400 64,446,600 3.47 403,056,800 4.06 
3 Gravel .................. _ ......... 36,279 163,351 9,900 369,162,100 19.36 1,617,174,900 16.26 
4 Water-bound macadam ..••.....••.•. 16,976 60,333 17,600 297,OBO,OOO 16.00 1,055,B27,600 10.61 

~ ~i::::i~~:~~a~:~t:~:ti: 6,708 3,556 29,100 195,202,800 10.62 103,479,600 1.04 
2,844 3,736 d 33.500 95,274,000 6.13 126,122,600 1.26 

7 Portland cement concrete .•.•.•••••.. 9,860 6,905 38,300 377,638,000 20.34 226,161,600 2.27 
8 Brick and block ............. _ ...... 2,003 1,427 d 44,700 89,634,100 4.82 63,786,900 0.64 
9 MiBCelIaneous ....................... 993 10,3ll d 16,900 16,781,700 0.91 174,266,900 1.76 

U't8'~;;~a;a;rlii;g;,;.j.;J: :::::::::::: 97,159 .2,186,329 • 2,000 194,318,000 10.47 4,372,658,000 43.'93 

Total .......................... 202,916 2,721,690 ... j .... 11,856,232,500 100.00 19,952,496,400 100.00 
Average cost ................... ....... .......... $9,148 ...... 13,667 . ..... 

: ~~ !I:.~'f"'::' f~~.~~:. ~flr.u~~!:'ot ;:C~~ ~!,1~:~ h~~81 road. from M~ (1921). 
c Total earth roads (2,418,505 mil .. ) was here divided on basi. of 1923 proportion. 
d Sheet .. phalt "';gned same cost B9 bituminous concrete and block paving .. me .. cost of brick. 
• Emmated. . 
/ Aesigned average of all types. 

Total cost adjusted. 

State highwaytl Local roads 

Amom>,t Percent Amount Per cent 
ofto~ of total 

(9) (10) (n) (12) 

1125.096.400 8.68 $1,207,303.127 14.92 
48,334,950 3.36 268,701,180 3.32 

269,371,676 18.70 1,078,105,B19 13.32 
222,810,000 16.47 703,877,961 8.70 
146,402,100 10.16 68,985,710 0.85 
71,466,600 4.96 83,414,166 1.03 

283,228,600 19.66 160,772,826 1.86 
67,160,676 4.66 42,624,175 0.63 
12,586,275 0.87 !l6,169,438 1.44 , 

194,318,000 13.49 4,372,668,000 54.03 

11,440,763,876 100.00 18,092,612,402 100.00 
17,100 ...... $2,973 ...... 

.':~~~~':nedi~o~I~8I 5w:'d 'ijfo~t;:~~.3i~ .. 
Nos. 1 to 9. State higbwayo (Column 6) reduced 26 
Per cent and locel roadJ (Column 7) 33.3 + per cent. 
No adjustments were mode in figur81 for type No. 10 
-Unimproved earth, and partly graded. 



APPENDIX B 
.'ERCENTAGE DISTRIBUTION OF COST OF HIGHWAY ELEMENTS IN RURAL ROADS ON DECEMBER 81,1921 

::'":.'i~p~:.r..~ Peftoontacw of J=n:r~~"b':~~:' Pe_ntap dlotribution 
total_ of coat of \ooaI roada 

,.,. .... of..,... 

Oraclln. 

~ 
StruetuN State LoeaJ Oradln. Surfacine Strurtu_ Oradln. SurfaMlI1 strurtu .. 

blcbwayod roed.d (6%2) (6x8) (6X4) (6%2) (6x8) (6,,4) 

(l) (I) (8) (4) (6) (8) (7) (8) (9) (101 (11) (12) 

Imn:"'~'eartb (_bUobod to 
cracI .... d dralnod) ............. TlI 

25 28 •. 88 14.92 8.25 '0:84 
2.4S 10.'" '0:88 4.18 

I S ... d-dQ ... d topoeoil .•••••.••••• 48 29 8.86 8.82 1.54 0.97 1.68 0.98 
8 Gra ............................. 85 47 18 18.70 18.82 8.64 8.79 8.87 4.66 •. 28 2.40 
4 Waterbound maoadam ............ 20 69 11 16.47 8 . .,0 8.09 10.67 1.70 1.14 8.00 0.88 
• Bitumin.,... maoadam by pen .. 

15 10 10.18 0.85 7.62 1.02 0.1~ tratton ........................ 75 1.63 0.6' 0.08 
• Bltumlnou eonente ... d obeet 

~balt ........................ 12 82 (I 4.96 1.0S 0.60 4.07 O.SO 0.12 0.8' 0.08 
,Po and eement eoncrete .......... 15 77 8 19.66 1.86 2.96 16.14 1.57 0.28 1.48 0.15 
• Brlclr and bloclr .................. 10 85 6 4.66 0.68 0.47 8.96 0.28 0.06 0.46 0.08 
• MI8<eUaneoua .................... & 28 /I 69 /I 16 0.87 1." 0.28 0.61 0.18 0.87 0.86 0.22 

Ul~mla':U.ve:..~~ craded .......... .TlI .. .28 18.49 64.08 9.71 ..... 8.78 88.90 . .... 16.18 

Total. ................... ... .. .. 100.00 100.00 82.90 61.60 16.60 68.62 17.80 24.18 

• From Bu_u 01 PubUe Roada. Bulletin No. 914. pap 114. R"tI"" lor cradlnelnclude miaeellaneou COlt; ratio. lor ourfaclnelnclude COlt olobould .... 
• A..;pod .ftrage 01 all typee. 
• A_mod to be th ... me ... for craded and drained roada • .. a .. Appendl& A, Columna 10 ... d 12. 
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Year 

1921 
1922 
1928 
1924 
1925 
1926 
1927 
1928 
1929 
1980 
1981 
1932 

Total 

APPENDIX C 
CONSTRUCTION EXPENDITURES ON STATE HIGHWAY SYSTEMS, 1921-1932 

ADJUSTED TO INCLUDE PRO-RATA SHARE OF ADMINISTRATION AND ENGINEERING EXPENSES FOR 
YEARS 1921 TO 1927 

MI.cellaneoul Total Per cent Administration Construction 
Per cent eXpenBeI incl. E.tlmated conltructlon con.tructlon and expense. 

Conatructlon Mllcellaneoua mllcellaneoua admioiatration Eltlmated admlnl.tratlon expenlel tacl. expanles of engineering adjusted 
expenlel 88 expenlel 811 expenlolof and engineering mllcellaneoua and maintenance construction expense. to laclude 

originally originally conatructioD 
81 -:,xJ~~.:'~y expenlel englne.rlng expenaea f~xc~:r.:~ pro-rata ahare . administration 

reported G reported G espen .. upeoau B8 originally to conltructlon and englneerlnr 
reported a reported G maintenance expensy expenlea 

1 Z 8-2+1 , 6-1XAv.of8 6-4-6 7 8-1+'1 9-6X8 10 -1+9 

$28'.802.460 .......... . .... ,16.417.808 $1.884.926 $14.682.888 $849.186.619 81.480 $11.888.719 1296.186.179 
287.461.018 .......... . .... 19.976.406 1.905.868 18.070.588 862.801.509 79.28' 14.818.011 801.719.029 
279.992.788 .......... ..... 26.407.129 1.856.852 24.550.777 855.821.946 18.800 19.846.012 299.888.800 
882.885.696 .......... . .... 81.166.081 2.684.886 28.680.195 487.142.258 78.485 22,470,409 404.806,105 
889,827.884 .......... . .... 88,618,088 2.681,241 86.081,842 5118,680,944 76.544 27,680,218 416,907.697 
856,174,616 .......... . .... 88.250,111 2,861,488 85,8R8,678 481, '191, 929 '18.927 26,681,419 882,706,085 
404.217.81'1 

i4:0ii:620 0:+46 
48,828.297 2.6'19.961 46,148.886 548,000,675 74.441 84.849.561 488,666.878 

688.048.188 ........... .......... ........... . ........... . ..... ..... " ..... 588,048.188 
657.400.625 6.524.868 0.991 ........... .......... ........... ............ . ..... . ........... 657.400.626 
718.117,045 2.227,459 9.812 ........... .......... ........... ............. . ..... . .......... 718.117.046 
'180,954.882 4.812.668 0.590 ........... .......... ........... ............ . ..... . .......... 780.954.882 
651,446.869 4.416,117 0.801 ........... .......... ........... ............ ...... . .......... 561. 445.869 

$'.474.772.778 .......... Average 0.668 ........... . ......... ........... . .......... . ..... $156.429.844 $5.681,202.122 

.. From annual Tabl .. F·2. Bureau of Public Road •. 
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ANALYSIS OF MISCELLANEOUS REVENUES. STATE HIGHWAY DEPARTMENTS. 1121 TO 1132 
(All amounta In thousand.) 

A-DISTRIBUTION IN YEARS FOR WBlCH INFORMATION IS AVAILABLE IN REPORTS OF BUREAU OF PUBLIC ROADS 

Item 1925 1926 1927 1928 1929 1930 1931(1 1932(1 

1. Fines, f-, tolla, permita, .te .......................... $611 $388 $239 $1,732 $181 $1,790 $7,~07 $8,091 
2. Amount. indieated u refunda for work performed and 

other amount. rep'reaentinl a reciuetion of _t of hi,b-
~ web u railroad parti't:Uon, aale of material, 

2,951 8,728 diaeounta, equipment an lance rentala, etc. .... 'I,61~ &,~60 2,550 ~,OO~ '1,193 '1,721 
8. Interest received on deposita ...............•.......... ~71 8M 1,109 264 1,440 2.U6 1,603 1,289 
4. Miacellaneoua receipt, t.ranafera, ete., not identified with 

2,'143 &,808 2,&00 Wlenl or conatr •.................................... 836 1,380 4,&33 1,886 4,681 

Total .••..................................... 9,331 9,446 9,706 7,447 6,729 12,&73 17,989 21,682 
Per eent item 2 of total .................... , ... 80.&2 &7.80 26.27 39.63 65.40 31.84 &9.80 52.12 

::: B-DETERMINATION OF ITEM (2) BY YEARS ON BASIS OF AMOUNTS REPORTED PLUS A PORTION OF AMOUNTS 
.. . NOT SEPARATELY REPORTED, ON BASIS OF PROPORTIONS FOUND IN (A) 

Year Reported Total not 
detailed 

1921 ....... $7,237 . 
1922 ....... 8,236 
1923 ...... 15,498 
1924 

'$7;iii4 
13,350 

1925 6,721 
1926 &,460 3,779 
1927 2,550 2,816 
1928 2,951 6.166 
1929 3,728 4,998 
1930 4,004 4,611 
1931 7,193 3,156 
1932 7,721 4,240 

Total $41,121 I $78,706 

Proportion allocablE! 
to Item 2 

Per eent Amount 

b 45.64 $3,303 
b 45.64 3,759 
b 45.64 7,074 
II 45.64 6,093 

80.52 4,606 
57.80 2,185 
26.27 739 
39.63 2,047 
65.40 2,769 
31.84 1,436 
69.80 1,886 
62.12 2,210 

....... $38,107 

Total 
item 

$3,303 
3,759 
7,074 
6,093 

12,120 
7,645 
3,289 
4,998 
6.497 
5,440 
9,079 
9,931 

$79,228 

a Tolls received by the State ot New Jersey in 1931 
($5,961,348 and 1932 ($6,868,140) trom the Pon ot 
New York Authority and the Delaware River Joint 
Commission are disregarded In the apportionment 
of amounts not separately reported. 

b Item (2) as adjusted, 1925 to 1932 ..... __ ..... __ $58,999 
Total miscellaneous income, 1925 to 1932 ...... 129,286 
Per cent item (2) to total miscellaneous 

income . __ .... _ ..... __ .. _._ ............. _ ... _ ............. _ ..... __ 45.64 



Gross receipts 
-Year less refunds 

(all states) 

1 2 

1921 $5,382,111 
1922 12,703,078 
1923 38,566,338 
1924 80,442,295 
1925 148,358,087 
1926 187,603,231 
1927 258,838,813 
1928 804,871,766 
1929 431,311,519 
1930 493,865,117 
1931 536,397,458 
1932 513,047,239 

Total $3,011,387,052 

APPENDIX E 
STATE MOTOR-FUEL TAX RECEIPTS, 1921-1932 
Source: Annual reports G-l, of Bureau of Public Roads 

For states not reporting 
For states reporting complete data collection and adminis-

tration cost 

Collection and 
administration costs Gross Collection 

Gross receipts receipts and adminis-
less refunds Per cent less tration cost 

Amount of gross refunds estimated 
receipts 

3 4 5-4+3 6=2-3 7 ... 6X5 

.............. . ......... a .272248 $5,382,111 $14,653 .............. . ......... a .272248 12,703,078 34,584 ....... -....... . .... , ..... a .272248 38,566,338 104,996 

···$79;S5i;is6 . ·$2i7;S9S a .272248 80,442,295 219,003 
.272248 68,506,901 186,509 

104,323,120 294,066 .281880 83,280,111 234,750· 
168,245,481 573,693 .340986 90,593,332 308,911 
212,245,600 744,134 .350600 92,626,166 824,747 
330,868,880 .857,703 .259227 100,442,639 ~60,374 
396,102,731 1,316,199 .332287 97,762,386 324,852 
492,403,493 2,331,669 .473528 43,993,965 208,324 
460,802,294 3,028,153 .657148 52,244,945 343,327 

$2,244,842,785 $9,363,010 ....... $766,544,267 $2,565,030 

-

Total Net receipts 
collection (gross rece:fsts-

and adminis- less refun s, 
tration cost and collection 

and adminis-(all states) tration costs) 

8 ... 4+7 9=2-8 
0 

$14,653 $5,367,458 
34,584 12,668,494 

104,996 38,461,342 
219,003 80,223,292 
403,902 147,954,185 
528,816 187,074,415 
882,604 257,956,209 

1,068,881 303,802,885 
1,118,077 430,193,442 
1,641,051 492,224,066 
2,539,993 533,857,465 
3,371,480 509,675,759 

$11,928,040 $2,999,459,012 

a No collection Bnd administration costs being reported for the years 1921 to 1924 inclusive, the average for 1925 was here used. 



.. .. 
• 

O .... -'plll ReI .... _ 
y- (aII_' 

I • • 
1821 '121.47'.8" ...... 
1921 nS.04T.824 ...... 
1928 188.'70.991 ...... 
1924 126.492.251 

",ii:e" 1926 260.819.621 
19211 288.181.851 46.801 
1927 801.061.181 188.4" 
1928 821.880.025 61.188 
1929 847.848."8 148.181 
1980 856.704.860 185.587 
1981 844.887.654 107.470 
1881 824.178.610 118.851 

Total •• 188.741.41' ,1.'08.07' 

APPENDIX F 
STATE MOTOR VEHICLE RECEIPTS. 1921·1932 

Source: Annual reporta MV·2, of Bureau of Public Roads 

.... lltat. NpOIIIII, ___ dl" "or .... lIot .......,uq ...... 
IMUOII ud admIIIIanlHa ... 

O==.r.- ColIM'tloll a114 
(alilltat., 

admlnlRratio. _ 0 ... Collf'C!tIDII 

O==.r.- -'pili aIId admlnl .. 
1- tratlOll_ 

AIDOIIII' P ..... "t Nundl _tlm.tId 
01_ 
-'pta 

'-1-1 I 1 '-1+1 1-'-11 1-8a7 

,121.478.8" ...... . ..... " •. 827810 ,121.478.1164 '7.760.268 
162.047.824 ...... ...... " 11.827850 152.047.824 •• 621.858 
188.170.992 ...... ...... " 6.827810 188.970.992 11.967.801 
126.491.252 

'28': ioi.9T8 ,14:!ii:S711 
" 8.827850 126.492.262 14.268.811 

260.206.9211 11.827850 26.100.952 1.651.628 
288.186.651 240.888. "8 16.882.675 7.024678 47.902.752 8.866.014 
800.821 •• 78 158.674.618 14.876.410 1.866681 47.848.160 1.777.766 
821.577 .441 177.5811. Tl7 16.178.999 1.469188 46.040.715 1.468.860 
847.695.411 814.902.890 17.402."8 11.626410 82.698.021 1.806.760 
856.5U1.278 821.084."1 19.196.926 5.978778 84.484.781 11.058.775 
84'.280. lit 818.181.889 11.616.119 6.762218 26.048.796 1.761.476 
824.056.158 808.176.221 11.690.116 1."'6811 110.878.988 1.856.075 

".181.888.846 ~1l.a62.89'.668 ,189.667.'18 ...... 1869.488.782 160.889.081 

" No eoIJectlon a114 admlnlotratiOll _ bolo. reported for the F11U111921 to 1924 Inolllll ... tIut ........ lor 1925 wu hero UIId. 

Total Net-'plll 
...uoetlOll (C" .. =~~ h" adlllln" 

tratlon .- .nd ..... loetIon 
.nd admlnl .. ( .. II"t., 'ration"" 

10-8+1 11-'-10 

,7.760.288 1114.728.888 
1.821.858 141.426.468 

11.957 .801 177.018.191 
14.268.811 111.128.441 
16.465.504 148.741.421 
10.147.688 267.888.861 
17 .654.17. 188.268.502 
17.841.858 804.885.088 
19.209.548 828.885.864 
111.256.701 884.268.672 
18.277.595 820.952.589 
111.046.191 808.008.967 

'ZOO.896.891 ".081.986.846 



APPENDIX G 

,A. DISCUSSION OF FORMULAS FOR DESIGN OF RIGm· PAVEMENTS 

In this report the ,corner formula is used to establish the relation 
between whee~ load and thickness of concrete pavement required. This 
formula as given on p. 60 has the following form: 

t=~3~ 
where t = thickness of pavement . 

W = wheel load 
f = allowable fiber stress in tension. 

This formula assumes (a) that the slab receives no support from 
the subgrade for some distance back from the corner and (b) that 
the wheel load is applied at the extreme corner of the pavement 'slab. 
The distance of non-support is of no significance under the above 
assumptions, because this distance does not appear in the formula. 
Under these conditions the load-supporting capacity of the slab may 
be obtained by assuming it to act as a simple cantilever, and then 
applying the accepted laws of mechanics. As, in any such formula, 
the accuracy of the results depends upon the accuracy of the assump
tions made in its derivation, (a) and (b) will be further discussed. 

Two conditions that apply in the case of actual pavements confirm 
the correctness of the first assumption which presumes that immedi
ately under the load the slab may frequently receive no support from 
the subgrade. The first of these conditions is due to ,the fact that 
pavements warp or curl, due to unequal temperatures in the top and 
bottom surfaces. Thus when the top surface cools at night the edges 
and corners curl upward to such an extent as to be entirely out of 
contact with the subgrade.1 Exactly the same effect occurs when the 
exposed top of the slab dries out more rapidly thll:n the bottom, the 
bottom being more protected as regards the evaporation of contained 
moisture. 

The second condition is due to the fact that while a subgrade may 
poss.ess distinct elastic properties, the elastic limit may be so low as 
to be greatly exceeded by the pressures imposed upon it where the 
deflection of the slab under load is greatest. If the pressure at and 
surrounding this point exceeds the elastic limit of the sub grade a 
permanent depression of the subgrade is inevitable and there is a 
separation between slab and subgrade when the load is released or 
passes on. This condition obviously applied in the case of the Spangler 
tests described in the Proceedings of the 15th Annual Meeting of 

. • See Bulletin Numbers 18 and 21, State of Illinois, Department of Public 
Works and Buildings. 
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the Highway Research Board.' When the separation due to warping 
i. ·added to the pennanent depression caused by load, even the max
imum load may not produce contact between the slab and the subgrade 
at a point or area under the load.' It then becomes obvious that 
aasumption (a) of the corner formula actually applies for the pave
ment alaba in aerviee. 

Assumption (b) that the load is applied to the mathematical corner 
is not strictIy true, since when wheels are equipped with pneumatic 
tires the center of the area of load application may be near but never 
exactly at the comer when the full load is on one slab. When a 
load is applied at a distance from the corner, the stress is less than 
that indicated by the corner formula by an amount depending upon 
the relative distances of the load and the actual line of support from 
the mathematical corner. For example, if the center of the load is 4· 
from the corner and the line of support is 24· from the same point, 
the error is about 17 per cent. If the load is in the same position 
and the line of support is 36· from the corner, the error is only about 
11 per cent. 

A. corner breaks almost always appear at distances of from two 
to three and one-half feet from the corner, the error may normally be 
aasumed to be substantially less than 17 per cent and, in any case, 
it .. alway. 01& the .af. lid.. In other words, it theoretically intro
duces a small factor of safety. 

In the application of the Westergaard and Spangler formulas, the 
actual position of the load is used, but it is assumed that the subgrade 
support at any point is in proportion to the slab deflection at that 
point. Or, expressed differently, that at the mathematical corner (in 
the case of corner loading) the subgrade support is greater than any
where else. It baa been shown, that for the critical condition caused 
by freqnent warping, this cannot possibly be true and the condition 
is made worse in any case where the elastic limit of the subgrade has 
at any time been exceeded. The error due to this cause is always 01& 

the daflgerOUl .iM. This is confirmed by the Spapgler tests in which 
the observed maximum stresses were about 42 per cent and 55 per 
cent in excess of the maximum computed in accordance with 'Vester
gurd.' Similarly in a later study of· a slab in which warping was 
prevented,' Spangler found that the comer formula gave a stress 46 

• Spangler conducted testa on 10' X 12' alaba 6· thick on an artificial 
c:la, foundation. The experiments were conducted in the baaementof a 
building under ideal condition.. Static: loads w.ere applied through c:ircular 
loading blocka and &tresses computed from ~ram me.B8Urements at dijfer~nt 
points near the comer of the slab. From hiS experimental data and usmg 
th. Westergaard approach, Spangler developed formulas for maximum 
probable &trees due to comer loadinga. 

• See Figur. 8 of Bulletin Number 18. State of Illinois, Department of 
Public: Worka and Buildinga. . 

• See figures 1'7 to 19 in Spangler's paper (Proc. 15th Annual Meeting 
Highwa)' Reaearch Board) from which relationships of the corner, Wester
gaard and Spangler formulas with reepect to teet results, rna)' be derived. 

• Proceedings 17th Annual Meeting Highwa)' Research Board, 1936, p. 222. 

111; 



per cent higher than the highest stress found experimentally, and 
that Westergaard method gave a stress 10 per cent lower. 

From the above, we conclude that the simple corner formula should 
be used in preference to the Westergaard formula because it is the 
one that has exerted the greatest influence upon actual design and it 
is also decidedly more representative of the conditions that apply in 
the actual road slab. 
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APPENDIX H 

TUB FACTOR OJ' IMPACT IN HIGUWAY DESIGN 

If there is no BOurce of impact inherent within the vehicle itself 
there ean be no impact effect providing the road surface presents 
no irregularities. Some years ago the Illinois Highway Department 
started an elaborate experimental investigation, flot of impact forces 
but of the Itrell effect of impact forces upon the pavement slab itself. 
The distinction is very important. This series of tests resulted in the 
conclusion "that no allowance for impact need be made in the design 
of a pavement, the nature of which makes practicable the construction 
and maintenance of a reasonably smooth surface." 1 During the years 
1924 and 1925, another series of investigations of the same nature 
wu undertaken by the Illinois Highway Department which. were 
reported in 1931 in "Illinois Division of Highways," "Reports of 
Investigations" Volume I by V. L. Glover, Engineer of materials. 
The results of this later investigation may be summed up in the words 
of a paragraph heading on page 30 which reads as follows: "Impact 
on Illinois Pavements a Negligible Quantity." It is of particular 
interest to note that all of the Illinois tests were made with solid 
rubber tire equipment and it is well known that pneumatic tires cause 
leu impact than solid tires under otherwise equal circumstances. If 
no impact allowance be required for solid tires surely none is needed 
for pneumatic tires. 

Jamel A. Buchanan, Associate Engineer of Tests, U. S. Bureau of 
Public Roads, in an article entitled "Impact Reactions Developed by 
a Modern }[otor Bus"· states: "So far as these tests have indicated, 
the impact forces developed by balloon and high pressure tires 
do not reach dangerous proportions as long as the surface is reason
ably smooth and designed for the wheel loads involved." The words 
"designed for the wheel loads involved" as used in this connection 
can only mean the static wheel loads. It is of partiCUlar interest to 
note that this statement includcs high pressure tires. 

In more recent testa' Buchanan found that impacts of 1.1 to 1.2 
times the Ita tic wheel load might be expected occasionally (from 0 
to 140 timea per mile) with balloon tires on smooth pavements of 
cement concrete or bituminoUII materials. In these tests, however, the 
impact was obtained indirectly from accelerations measured on the 
vehicle. The actual stresses induced in the pavements were not 
mcasurcd. 

Due to the fleeting character of highway loads and the inertia of 

• Highwa,. Re~arcb in Illinoia, b,. Clifl'ord Older, Transactions American 
~iet,. of Civil Engineers, Volume LXXXVII, page 1222. . 

• "Public Roads," April 1931. 
• Road Impact Produced by a Heavy Motor BUB, "Public Roads," Novem

ber 1932. 
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the pavement and foundation, the stresses developed under moving 
loads are probably less than those induced by an equivalent static 
load. Westergaard recognized this possibility and included it amona 

the limitations to his formulas for design.~· » 

A clear ~istinction should be made between the term" impact" and 
the effect of a suddenly applied load. Impa~t may be described as 
the blow which is experienced when a moving body expends some of 
its energy by suddenly striking an object. A load may be suddenly 
applied without impact when a body moving in the same plane with 
its weight supported on a smooth surface passes quickly from· one 
place to another, as from one pavement slab to another. It is a recog
nized principle of mechanics that a load suddenly applied may double 
the stresses setup within the supporting member; but here again in 
the case of pavements the fleeting character of the wheel load (like a 
person skating on ice) develops stresses which are probably less than 
those induced by an equivalent static load. 

On flexible pavements the time of duration of the load will have 
an even greater effect on the stresses imposed than for rigid types. A 
static load of a given amount standing on a flexible pavement might 
cause deformation of the surface, whereas the same load, passing 
rapidly over the surface, would be gone before deformation had time 
to occur. In such a case the static load would be more severe than 
the moving load. The relative effect of dynamic and static loads on 
flexible pavements is now being studied by European and American 
engineers.5 Due to their flexible nature, these surfaces are able to 
absorb a considerable impact force due to irregularities without per
manent injury.· 

In actual practice some engineers have advocated a percentage 
allowance for impact (frequently 50 per cent) and others have made 
no allowance for impact in design. There are excellent reasons why 
a factor of 1.5 should be applied to the wheel load for design purposes. 
In concrete pavements, for example, there are always transverse joints 
or cracks over which wheel loads pass suddenly from one slab to the 
ne:x;t.Loads suddenly applied and then left upon any elastic support 
momentarily cause twice the effect of the static load. Glover found 
by experience that this effect for, rolrmghighway loads was about 1.5 
instead of 2. The existence of this effect probably accounts for the 
fact that many concrete pavements hllve failed, although the Wester
gaard and even the Corner formula indicate that they should not 
have failed under the wheel loads permitted by them. 

In establishing ratios of thickness for the allocation of costs, the 
result w~1Z be the same whether or not a percentage is added to the 
static wheel load for a suddenly applied load. 

• Stresses in Concrete Pavements Computed by Theoretical Analysis, 
"Public Roads," April 1926, p. 35. 

• Present Knowledge of the Design of Flexible Pavements, "Public 
Roads," January 1938. 

• Effect of Pavement Type on Impact Reaction, "Public Roads," August 
1928. . 

118 



APPENDIX I 

DISCUSSION or FORMULA I'OR DESIGN OP FLEXIBLE PAVEMENTS-

EXTB.lCl FROM AsPHAL'l' POCKEr REFEaENCE FOB 

HIGHWAY ENGINEERS 

The formula t= I W - e for the design of the thickness of 
wB -

flexible type pavements is given in Fig. 2 of the body of this report 
together with a graphical representation of -the assumptions upon 
which it is based. The terms have the following meaning: 

t = thickness of pavement in inches 
W = wheel load in pounds 
• = bearing power of the subgrade iu _pounds 

per square inch 
e = radius (in inches) of the circle over which 

the wheel load is assumed to be distributed 

This formula does not mathematically demonstrate that the thick
ness of a pavement varies directly as the square root of the wheel 
load, because there are two terms in the right-hand side of the equa
tion; the first term obviously does vary as the square root of the 
wheel load (since w and , are constants for a given subgrade) but 
the second term (-e) is not under the square root sign. Actually, 
, which increases as the wheel load also varies approximately as the 
square root of the wheel load. For example, a wheel load of 2,000 
pounda often has a tire with a contact area of about 34 sq. in., which 
is equivalent to a circle of radius 3.3 inches. A wheel load of 7,500 
pounda often has an area of contact of about 79 sq. in. which is 
equivalent. to a circle of radius 5.0 inches. In other words, when the 
wheel load is increased about four times the value of-, does not quite 
double. The above discussion is based upon single tires for both 2,000 
and 7,500 pound whcelloads, which is consistent with the assumption 
in the formula that the load is distributed over a circle. If dual tires 
are used the 88Dle relationship will apply. 

Since, also varies substantially as the square root of the wheel load, 
then both terms on the right-hand side of the formula vary as the 
square root of the well load, and the application of the formula over 
the normal range of wheel loada will result in a thickness propor
tional to the square root of the wheel load 

This is demonstrated below where the formula is applied to bitumi
nous types with appropriate values substituted for, in Fig. 23 repro
dueed from .. Asphalt Pocket Reference for Highway Engineers." 
(See below.) This diagram shows that for any given subgrade support 
a wheel load of 8,000 pounds requires twice the thickness of pavement 
required for a 2,OOO·pound wheel load For example, Fig. 23 shows 



· that if the sub grade support is 10 lbs. per square inch, the thickness 
required for a 2,000-lb. wheel load is about 5" and for a 8,000-lb. 
wheel load it is about 11"; similarly, for sub grade of 30 lbs. per square 
inch. the relative thicknesses of pavement are about 2" and 4". This 
supports the square root relation, because when the load is quadrupled 
the thickness requirement is approximately doubled. The square 
root of the wheel load relation is therefore substantiated and recom
mended for design by one of the leading authorities in the bituminous 
pavement field. 

The complete Chapter vII on "Design of Asphalt Pavements" from 
the Asphalt Institute's "Pocket Reference for Highway Engineers" 
is reproduced below. 

"VII. DESIGN OF ASPHALT PAVEMENTS 

"129. FLEXIBILITY AND RIGIDITY.-Bituminous pavements 
are classified generally as 'flexible surfaces.' Actually it is possible 
to build asphaltic concrete and similar types so as to behave like rigid 
pavem.ents, but this is not desirable because a slight yielding to meet 
the changing conditions of temperature and traffic is a distinct ad
vantage in providing for greater durability and lower maintenance. 

"There are two approaches to the rational design of pavements. 
In the rigid type it has been assumed that by constructing a slab 
having high tensile strength, all weak areas in the subgrade would 
be bridged and the load thus transferred to stronger adjacent Sllpport. 
Cracking occurs when this support is not provided, and in a sense it 
is like designing a bridge without information as to location of the 
piers and abutments. In the flexible type it is assumed that the 
pavement will be always in continuous intimate contact with the 
subgrade and that the load will be transmitted to it in a substantially 
uniform manner without the concentration which occurs under bridg
ing action. 

"There has been some misunderstanding in regard to the manner 
in which loads are transmitted through flexible pavements to the sub
grade. When a load is applied to such surfaces through a bearing 
area, there are two fundamental resistances developed; one, perimeter
shear which is a function of the length of perimeter of the bearing 
area, and second, internal compressive resistance which is a function 
of the area involved. As the load is applied and for surface deflections 
of minor character (.00 to .05 inches), resistance to perimeter-shear 
develops rapidly. This rate of increase in shear resistance with small 
deflections may be so great that there will be a negative moment under 
the center of the bearing area. A.$ loading increases, resistance due 
to compression becomes a factor and further deflection is opposed 
by the combined effect of both perimeter-shear and the pressure re
sistance developed in the body of the pavement. In turn, lesser 
intensity loads are distributed to the base and subgrade; lesser because 
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applied over a greater area, and because of an irregular area of load
ing aa contrasted with the area of tire contact. 

"It is evident that the ability to transmit loads most efficiently 
(through high shear values) will thus depend:-upon the density of 
surface and base, upon a high degree of intcrnal friction between 
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FlO. 21. DlsTRmUTloN 01' SURI'ACE LOADS THROUGH 
FLEXIBLE PAVEMENTS 

particlcs or a combination of the two. The duration of load applica
tion is of great importance, as the shorter the period the more nearly 
does any surface bchave like a completely elastic substance. This 
means that dynamic resistance usually outweighs any actual impact 
forces, and that a design which contemplates static .load conditions 
will be entircly adequate for these same loads in motion. This has 
great bearing in highway and airport design where loads are tleeting 
in character. 

I I From these premises it is thus possiblie to proceed to a mathe
matical determination of thickness requirements." 

"130. DISTRIBUTION OF LOADS.-A static load applied to 
the surface of a stable, tlexible pavement is distributed downward in 
a conoidal fashion. The boundary of this pressure cone is a surface 
which in cross-section is defined by the limiting angle of pressure 
distribution. This angle varies with the depth and with the applied 
load, but in regions of low stress <at bottom of pavement) approaches 
a slope of 2 to 1 (horizontal to vertical). For all practical purposes 
it is sufficient to IlMUme this angle as 45°, and the area over which 
pressure is applied as a circle having a radius equal to the pavement 
depth. (See Fig. 21.) Pressure distribution over the base or subgrade 
while not absolutely uniform, may be so assumed for purposes of 
calculation and an adequate margin of safety to care for this variation 
will be provided by increasing the subgradc support 50% above that 
theoretically required. 

"It is evident therefore that the pavement thickness must be suffi
cient to provide distribution of load over a large enough area of sub-
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grade so that its total resistance shall not be exceeded. To havf! 
equilibrium the following equation is obvious. 

W= .".r2 S 
In the 45· triangle r = t 

.'. W=.".t2 S 

and t=.564 ~ :
Where 

t = thickeness of pavement in inches. 
W = wheel load in pounds. 

r = radius of circle of load distribution (inches) . 
.". r 2 = area of circle of load distribution. 

S = subgrade resistance in pounds per sq. in. 
t'This equation assumes application of load at a point, whereas 

actually it is applied over an area, this area depending upon the 
number and kind of tires, . and their contact area when under load. 
The effect is to develop a higher resistance to shear and to distribute 
the load over a greater area of subgrade. This increased shear value 
and greater distribution of load exists up to a certain critical area, 
which is approximately 100 square inches. However, as this is about 
the maximum area of the tire contact under" the heaViest truck loads, 
it is to lie noted that the usual highway traffic is of a kind most favor
a,ble for development of the maximum bearing value in soils. (See 
Fig. 22.) " 

"The minimum required thickness is thus redu.ced as shown in the 
following equation: " 

W=.".r2 S 
In the large 45· triangle r = t + e 

.'. W = .". (t + e)2 S 

or t=.564~ ~ -e 

where e = radius of tire area contact 
"Fig. 23 shows the required thickness of pavement with relation 

to subgrade support .. 
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FIG. 22. EFFECT OF TIRE CONTACT ON LOAD DISTRmuTIoN 

122 



"Subgrade resistance varies according to changes in moisture, and 
pavement thickness should be designed therefore for the most adverse 
condition, which is usually during early spring. Any soil at its 
optimum moisture content has a resistance sufficient to carry the high
way load, and as reduced support comes usually from too much mois
ture, the tirst item in subgradc design is to provide adequate drainage. 
No matter what it costs to drain a roadbed properly, it is the cheapest 
method for insuring maximum sub grade support. Corrugated iron 
pipe or clay tile for culverts and seepage drains are both inexpensive, 
efficient and highly durable, while proper side ditches and an elevated 
roadbed should be obtained wherever possible, so as to lower the 
ground water level." 
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FlO. 23. THICKNESS OP PAVEMENT WITH Rm.ATlON TO 

SUBOJUDE SUPPORT 

"131. RELATIO~ OF SUBGRADE TO DESIGN.-The design 
of ftexible pavements thus includes two elements-the pavement itself 
and the Bubgrade upon which it rests. Economy in design can be 
obtained either by varying the pavement thickness according to the 
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natural subgrade 'support or by increasing the subgrade resistance 
through admixture of low cost aggregrate, chemicals, bituminous 
products· or combination thereof. Selected cheap local materials 
may be used to construct a course between subgrade and base. Such 
materials as sand-clay, disintegrated granite, tuff and pit-run gravel 
are employed. Ail a practical matter it is best practice to bring the 
subgrade to a uniform condition over the entire road length, so that 
pavement thickness will be uniform throughout and construction pro
cedure simplified. The admixture of as little as2 inches of stone 
screenings or sand to a subgrade will often change its support value 
from 10 lbs. to 20 lbs. or more per sq. in. thereby markedly reducing 
the required pavement thickness. Such possibilities are all too fre
quently overlooked, largely because evaluation of subgrade often is 
made by guess instead of by measurement. For example, from Fig. 
23 it will be noted that for a 25 lb. subgrade, and a 10,000 lb. wheel 
load, a pavement thickness of a little over 5 inches is required, while 
for a 10 lb. subgrade and a 50 lb. subgrade and the, same load, 12 
inches and 2 inches respectively are required. 

"For various types of asphalt pavements, there is usually a given 
thickness which is most economical to construct, by reason of either 
the aggregate particle size available from commercial production, or 
the limitations of equipment manipulation. Thus in penetration 
macadam, 2~ inches to 3 inches depth is best because stone can be 
prepared most efficiently in these sizes and asphalt can be forced into 
the voids in a satisfactory manner. Ailphaltic concrete can be thor
oughly consolidated in layers up to 4 inches depth for coarse mixes 
and 3 and 2 respectively for fine:r: mixtures. Road~mix surfaces can 
be mixed thoroughly and spread and rolled efficiently in depths up 
to 3 inches, while surface treatments can be handled in amounts up 
to one inch depth. _ 

"An asphalt pavement is thus designed from the surface down
ward, first selecting the wearing course, next the base, and finally, 
bringing the subgrade up to the required support. The base thickness 
should be determined by balancing the cost of its increased depth 
against the cost of raisingsubgrade support. Usually the base thick
ness is determined by the minimum thickness to which it is prac
ticable to build it, as it is, alniost invariably true that it is cheaper 
to increase the subgrade support. For example, 4~ inch waterbound 
macadam base is an economical depth to construct in one layer, and 
would be generally employed. It is deep enough to use commercially 
available stone to advantage, and to be closely keyed together so that 
no weak area can develop. In combination with a 2lh inch pene
tration wearing course, it then becomes a simple matter to determiue 
the amount of subgrade stabilization required. Ail a factor of safety, 
this subgrade support should be made approximately 50% above that 
shown in the table. Thus for the 7 inch pavement depth, under a 

• See Public Roads, May, 1936. 
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10,000 lb. wheel load, a subgrade support of 20 lbs. is indicated. It 
should be brought up to 30 lbs. 

"The design of cross section for flexible pavements is also dilferent 
from rigid pavements and, while a thickened edge is desirable for 
certain types. of cold-laid mixtures and surface treatments, this is 
to prevent the entry of water between base and wearing course, rather 
than to give added support. The pavement thickness should be uni
fonn and, if there is more danger of loss of subgrade support at the 
outside of • pavement, the remedy is to increase it at such points, 
rather than to thicken the pavement. It is necessary, however, that 
the base be of sufficient width 80 that a load applied at the edge 
of the surfaee course may be transmitted to the subgrade. This in
creased base width on each side should be .at least equal to its depth, 
and as a matter of practice seldom should be less than 12 inches. 
The shoulder material' should be brought over this widened base, so 
that traffic will be confined to the surface only." 

"132. BASES AND SURFACE COURSES.-The pavement 
proper is usually constructed in two layers, the lower layer called 
the base and the upper layer the surface course. This is done largely 
for the purpose of economy as, while the surface of a road must resist 
abrasion and the entry of water, the lower portion only needs to 
supply stability under distribution of traffic load. The relative thick
ness of base and surface course should be determined according to 
available aggregate, climate and traffic condition. As a rule the 
principal differences are the use in the base of larger size aggregate, 
a le88er volume of asphalt or both. For example, sand-asphalt uses 
the same aggregate but a leaner mixture for the base course, while 
asphaltic concrete bll!l('s contain both larger aggregate and less asphalt. 

"Sometimes the base course is composed entirely of non-bituminous 
materials, such as waterbound macadam, portland cement concrete 
or sand-clay mixture!!. (See Chapter x.) Macadam bases are em
ployed under all types of surface but particularly penetration 
macadam an.d cold-laid mixtures. Sand-clay, lilllerock and similar 
bases arc usually covered with heavy surface treatments." 

"133. TYPICAL CROSS SECTIONS.-A base thickness greater 
than 6 inches is rarely required, .as it is usually possible to increase 
the subgrade resistance even under most adverse conditions to at 
least 25 lbs., for which value a total pavement thickness of 5 inches 
is sufficienl The surface course thickness is controlled largely by 
construction requirements, which include size of aggregate employed, 
and character of spreading and finishing operations. Mixed surface 
courses are usually I1h to 2 inches thick when using sand and 2 to 
2IAa inches when using coarser aggregates, while for penetration 
macadam 21h to 3 inches is required. As a general rule the base 
should be thicker than the surface eourse as more eomplete balance 
is then·by obtained. Some typical cross sections for different types, 
&I shown in Fig. 24, will indicate these relationships." 
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"134. RELATION OF TRAFFIC TO TYPE AND DESIGN.
The several sections in Fig. 24 are not interchangeable for all con
ditiQns of traffic and climate, and there is thus brought in the selec
tion of type for a given situation as the final item in design. In such 
selection, probable traffic changes within the expected pavement life 
should be appraised, after careful traffic surveys, and plans provided 
for additional pavement thickness as required. This latter procedure 
is termed stage construction, and often makes for great economy 
because of the very large difference in the traffic load upon the several 
classes of highways. The 10,000 lb. wheel loads are confined largely 
to city streets and trunk lines, and pavements thereon should be 
designed accordingly. Secondary and third class roads seldom have 
wheel loads exceeding 4,000 Ibs. (a five ton truck) and, whereas for 
a 25 lb. subgrade a pavement thickness of 6 inches or more is required 
for the heaviest loading, one-half that amount is sufficient on the 
secondary roads. 

r hot surface treatment on 
e" limerock base 

2" macadam road-mix top on 
6" gr;avel bose 

2~H penetration macoda m top 
4Yi waterbound macadam base 

2" asphaltiC concrete top on 
3" asphaltic concrete base 

r!MMi\#ftd\MM!&:'~\t§lMJ.~fti 
',Y:i' sheet asphaft top 
I~" asphalt bInder course 
6" p.c concrete bose 

I~N sheet aspha It top 
3X."Qsphaltic concrete base 

FIG. 24. TYPICAL SlllCTIONS 
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"Thua IUrface treatments and road-mixes would be used for the 
lighter traffic situations, with asphaltic concrete, sheet asphalt and 
penetration macadam for heavy traffie. The selection of type within 
each group is largely a matter of aggregate availability rather than 
dUference in durability. In the BOuth where sand-clay and limerock 
are available, very strong bases may be constructed cheaply, and the 
hot asphalt IUrfaee treatment is all that is required to take abrasion 
and distribute the traffic load. Where excellent trap rock abounds, 
penetration macadam is the logical choice and similarly for coastal 
areu and sand mixes would be most economical, with stone or gravel 
typM in more inland locations. 

"In BOme eaaea purely local aggregates are not strong enough in 
themselves for a given type but are the only ones available. It has 
been learned that often a very small amount of imported aggregate 
1Iill correct the deficiency and permit the use of local aggregates in 
mixtures, after first determining proportions as a result of a series 
of tests with the stability machine. (See 86.) Often soft stone or 
gravel will be aubstantially toughened after coating with asphalt and 
make aatisfactory bases, while in an untreated condition they would 
not be suitable. Such potentialities may be developed through proper 
laboratory studies, which are all too often overlooked." 

"135. SURFACE TEXTURE.-In recent years much attention 
has been given to the non-skid character of pavement surfaces, with a 
marked tendency toward the construction of quite open coarse tex
tures. This trend was emphasized until many wearing courses were 
being laid which were extremely porous. Recent exhaustive studies 
at Iowa State College have conclusively shown that the sand-paper 
finish uaually present on sheet asphalt or asphaltic concrete has the 
highest coemcient of friction of all pavements. The action of balloon 
tires now produces a tearing action in place of the kneading action 
of the old hard tires, and there is now little tendency to close a pave
ment IUrface for which allowance need be made. In view of the fact 
that a denae aurface is the most waterproof and durable, all open 
or porous texture aurface courses should be finis'hed with a thin but 
rich seal coat covered with fine aggregate. One-tenth to one-quarter 
gallon asphalt per square yard covered with a slight surplus of sand 
cover will uaually be sufficient. Hot-mix surfaces and penetration 
macadam are exceptions &8 they carry such a beavy asphalt content 
as to be completely waterproof without sand asphalt seal coats. (See 
Chapter VIII.) 

"One current practice in finishing sheet asphalt is definitely 
harmful; that of applying a dust cover to the finished surface. Thill 
cover se"es no useful purpose, filla the voids between the sand grains 
of the aurface and often covers defective construction procedure. Its 
requirement in specifications is a carry-over from the past when plant 
eontrol was less efficient and, under no circumstances, ahould it be 
now permitted. .. 
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"136. EDGE PROTECTION.-The practice of building portland 
cement concrete edging for rural asphalt pavements is not only a 
wasteful extravagance but also is detrimental to the pavement itself. 
This does not apply to urban and suburban curb and gutter construc
tion which is an entirely different matter-where the curb is required 
for drainage control and sidewalk support. Except for curb and 
gutter construction portland cement concrete edging should be 
omitted. It adds nothing to the strength of the pavement and is 
certain to separate from it, th~s permitting entry of surface water 
as well as retaining ground water which would otherwise drain off 
at the sides. Its cost is so high that either the asphalt pavement proper 
may be widened several feet or the entire shoulders may be of low 
cost asphalt construction such as surface treatment, road-mix or plant
mix for less than the cost of the edging." 
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APPENDIX I 

TIDORE'l'JCAL Ax~TSIS or Ri!:LATlON BETWEEN WHEEL LOADS AND 
TmeJ0a88 or FLEXIBLE PA VEHENT REQUIRED 1 

In approaehing the problem of the relation between wheel loads 
aDd the required thiclmesa of flexible pavements, from a purely theo
retical view point, one naturally turns to the classical theory of load 
tranamiaion developed by Boussinesq in 1885. According to this 
theory, if a load P is applied at a point on the surface of a supporting 
material, it will produce stresses within the material according to thc 
MlowinC equation: 

3 P 
q= ---- cos l e 2 .. Zl 

~'herein q is the vertical stresa at any point within the material whose 
position is determined by its depth Z, and the angle, 0, between the 
vertical aDd a line conneeting the given point with the point of load 
application. See Fig. 1. 

The ideal material which Boussinesq had in mind when developing 
this theory would be best represented by a large block of steel. Row
ever, its application to other solids and to soils has given results 
which in general show at least a rough check with actual measure
ments i frequent WIC is made of the above formula for approximate 
determinationa of pressures in soils. 

Application of this equation is extremely simple. Assume a load 
of 1,000 11& on the .urface of a pavement 8- thick. The stress on the 
sub,rade directly nnder the load would be 

3 1000· 
2 .. X 82 X 1 = 7.46 lba. per sq. in. The stresa 6" out from 

.. be 3 1000 (4)' 2 44 lb . th18 pomt would 2.. X 82 x "5 =.' s. per sq. ID. 

Proceedinc in this fashion to other points, a completc picture of 
the atre .. on the aubgrade can be obtained, as shown in Fig. 2. 
Now auppose that the load ia increased to 4000 Ibs. A glance at 
the equation ahowa that the stress at every point on the subgrade 
would be quadrupled, the maximum becoming 29.8! Ibs. per square 
inch. Or, in general, the intensity of stress increases directly with 
load. 

Next aaaume that the character of the Bubgrade is such that the 
atresses produced by the thousand-pound load are about as much 
as the .ubgrade can stand. The quadrupled stresses under the 

'Prepared with the advice of Dr. Glennon Gilboy, Aasociate Professor, 
and Mr. D. W. Taylor, Aasiatant Professor of Soil Mechanics, Massachusetts 
Institute of Teclmol0l1. 
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4OO0-1b. load would, therefore, be expected to produce failure. The 
next question is: How much thicker should the pavement be to 
support the 4000·lb. load' The eqnation shows that if P is quad
rupled, • must be doubled to obtain the same stresses. The pave
ment, therefore, should be 16 inches thick. Or, in general, the 
required thickness increases with the square root of the load. 

The foregoing analysis has been based on a load applied at a 
mathematical point, which is, of course, a practical impossibility. 
A wheel load applied to a pavement is distributed over an area 
dependent on the characteristics of the tire. The next step is to 
investigate the effect of this distribution upon subgrade stresses. 
In particular, if tires were so designed and inflated that the lOOO-lb. 
and the 4000-lb. loads of the previous example produced equal 
pressurel per unit of area on the pavement, would not this equaliza
tion of surface pressure automatically produce equal stresses in 
the sub grade , 

The answer to this question is not as easy to obtain as was the 
case with the point loads. However, a useful' approximate solution 
can be developed by a method widely employed in the design of 
building foundations. This method consists of assuming the load 
to spread at a certain angle outward from the area of application, 
thUi obtaining an average load intensity on any lower level. An 
illustration will make the method clearer than a mere detailed 
explanation. 

Consider that the 1000-1b. load of the previous example is spread 
over a circular area such that the average pressure is 35 lb. per 
square inch. The area would then have a radius of about 3.02 
inchel. Assume a spread coefficient of th. Then at the bottom of 
an 8" pavement the radius would be 4" greater, or a total of 7.02 
inches. The area of a circle of this radius is 154.8 sq. in. Dividing 
the load, 1000 lbs., by this area gives an average intensity on the 
sub grade of 6.46 Ibs. per sq. in. as indicated in Fig. 3. 

Now assume that this stress is about all the sub grade can stand, 
and work backward to find the thickness of pavement required 
for the 4000-1b. load. This load, at a pressure of 35 Ibs. per sq. in., 
would be spread over an area of radius 6.04 inches. The radius 
of the subgrade area required to maintain an intensity of 6.46 Ibs. 
per Iq. inch would be 14.04 inches. Subtracting the two, the incre
ment of radiUl produced by the spread would have to be 8 inches, 
corresponding to a pavement thickness of 16". Here again, quad
rupling the total load requires doubling the thickness of pavement. 

This result can be generalized by developing a simple formula. 
Let the average surface pressure be p, spread over a circle of 
radiUl r, and let the average subgrade pressure be q, over an area 
of radiUl r + kd, where d is 'the pavement thickness and k is the 
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co-efficient of spread. See Fig. 4. Since the total load is the same, 
the following relation must hold. 

p 1T r 2 = q 1T (r + kd)2 

This can readily be transformed into 

I: _l=k: 
In this form, the equation is most instructive. If the surface 

pressure, p, is to be kept constant, an increase of total load merely 
means an increase in r; quadrupling the load doubles r. Further
more, if the sub grade pressure q, is to be held constant, the whole 
left-hand side of the equation is cOl!stant. Hence an increase in r 
must be exactly matched by an increase in d, irrespective of any -
assumption made as to the value of k. Thus the conclusion is again 
reached that, for equal surface and subgrade pressures, the thick
ness of pavement increases with the square root of the load. 

It might be argued, that the simple spread assumption' just out 
lined gives results so far from the real distribution that no valid 
conclusions can be drawn. In fact, however, solutions more nearly 
correct mathematically lead to the same general relation. For 
example, S. D. Carothers in "Elastic Equivalence of Statistically 
Equipollent Loads," Proceedings of the International Mathematical 
Congress in Toronto (1924), Vol. II, p. 518, gives for the maximum 
stress intensity beneath a circular loaded area the expression: 

q = -?;(OJ-z~:) 
where OJ is the solid angle slibtended by the loaded circle at the point 

and is equal to 21T ( 1- vz~z+ r z), and·where'r is the radius of the 

loaded circle, which, differentiated, becomes 

il OJ _ 2 1T (l __ z_I_) 
az yz"+rJ zl+r l ' 

Calling co~pression positive and substituting the above values in 
the original formula, the expression becomes: 

the 'notation being as shown in Fig. 5. 

Since the relation between. rand z is a simple ratio, it is evident 
that for equar surface and subgrade pressures-i. e., p and q con
stants-any change in r produced by a change in fotal load must 

132 



be matched by an equal change in .; and, since r increases with the 
aquare root of the load, ., or the depth of pavement, must also 
mcreue with the .quare root of the load. 

A. a meuure of the degree to which the strength of the subsoil 
ia tased, a more fundamental quantity than the direct stress q 
which haa been used above ia the maximum shearing stress, 8. The 
formula from the theory of Elasticity for thia stress caused by a 
point load P when Poisson'. ratio ia 0.5 ia 

3 P 
8=:;- .C081 8 . ..... . 

A comparison of this formula with that given for q (page 129) 
will ahow that the conclusion based on that formula also holds 
for a. Thus, if P ia quadruplcd, the depth at which a given value 
of maximum shearing IItreSs oeeurs is doubled, or, z varies as "P. 
It can also be demonstrated that this same relationship holds under 
loads which are diatributed over finite areas, also for any given 
nlue of Poisson'a ratio and in addition, 'when the soil is not iso
tropic. However, the formulas for these more complex conditions 
are too involved to be presented here. 

The distnbutioD of dirc.ct stress q and maximum shearing stress s 
below a circular area haa been investigated by Dr. Leo Jiirgenson I 
and ia shown graphically in Fig. 6. Curves connecting points having 
equal maximum ahear a are Bhown in the right-hand- side of the 
diagram. Similar curves connecting points of equal direct stress q 
are shown in the left-hand Bide of the diagram. Note that values 
of a and q are expressed as fractions of p, the pressure intensity 
on the loaded area, and the depth to any given stress is expressed 
in terma of d, the diamete~ of the loaded area. That is, the depth 
to any eiven induced atreu is proportional to the diameter of the 
loaded areL For a constant intensity of pressure p, the total 

load P = ... d l 
p, from which it will be seen that for different 

total loadings, P ia proportional to d I or conversely d is propor

tional to "P. Then aince the depth to a given stress inteDSity is 
proportional to the diameter, it must likewise be proportional to 
the .quare root of the total applied load. . 

For example, if a load of 1000 Ibs. is applied over a circle of 
diameter 8 inches, a direct stress of, Bay q = .20 p will be induced 
at a depth of 1.22 d = 9.76" (See Fig. 6). If the load fs increased 
to 4000 lhe. and p remains the same, the area of distribution will 
have to be increased 4 times. This is accomplished by doubling 
the diameter. For the same nIne of q = .20 p the depth now 
becomes 1.22 X 16 = 19.52", l e .. 'twice what it was before. That 

• -The ApplicatiOll of Theone. of Elasticity and Plasticity to Foundation 
Problema," Joumal. Boston Societ,. of Civil Engineers, Vol. XXI, No.3, 
.1111,., 1934. 
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is, the depth to a point of equal stress has increased in proportion 
to the square root of the aJ?plied load. 

A few words on the subject of bearing capacity are now in order~ 
It has been assumed in this discussion that the subgrade could with
stand a certain amount of stress, and that an excess beyond this 
amount would produce failure, irrepective of the area' over which 
the stress might be applied. In other words, the sub grade stress q 
of Fig. 4, which has been described as the stress just causing 
failure, has been assumed to be a constant for any given soil and 
not dependent on the radius (r + kd) of the loaded area. This 
assumption is reasonable for subgrades deriving the major portion 
of their strength from cohesion. However, it will not hold for co
hesionless soils such.as sand and gravel. The criterion is whether 
the soil is of approximately constant strength within the zone. of 
stress, or whether it becomes stronger with depth. In isolated 
building foundations the zone below any footing within which 
appreciable stresses are caused extends down one or two times the 
footing diameter. Within this depth the strength of a highly 
cohesive soil is essentially constant. For a cohesionless soil, the 
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Itrength at any point is roughly proportional to the depth of the 
point. .The average strength below footings on cohesionless soils 
therefore varies approximately as the size of loaded area. Thus, if a 
load of 3 tons on an area 1 foot square applied to a bed of gravel pro
duces failure, an intensity of 9 tons per square foot, or a total of 
81 tona, would be required to produce failure of an area 3 feet 
square. The reason is that under the larger area the stresses go 
correspondingly deeper, where the material is stronger. 

Thia ia of much importance in the design of building foundations, 
however, there are two reasons why this increase of strength of co
hesionlesa BOil does not sensibly vitiate the conclusions previously 
reached for highway BUbgrades. First, the weight of a pavement 
produces considerable surface strength in a sand or gravel subgrade, 
.hence the increase in strength within the stressed zone is not as im
portant 81 might at first be assumed. Second, experience proves that 
pavemenll laid on good sand or gravel subgrades seldom give trouble; 
the poorer clay Bubgrade types, which are by far the more numerous, 
are the ones requiring careful design; and these are the types of 
material to which the preceding analysis is most likely to be applied. 

Up to thia point of the discussion the limiting stresses considered 
have been stresses corresponding to complete failure. As a practical 
matter no road should be 80 designed. Rather than allow on the 
subgrade, the stress q which just causes failure, the allowable stress 
should be q divided by a reasonable factor of safety, which may be 
denoted by q'. Using q' as the permissible direct stress in the soil, 
the reasoning in the above derivations is in no way invalidated. 
Similarly I' may be nsed to denote an allowable value of maximum 
shearing atreas and it may be concluded that with a given factor of 
lafety, the required depth is proportional to the square root of the 
wheel load. 

A thorough investigation into the problem should include a study 
of relative aettlemenll which would occur in subgrades under various 
loads. To illustrate this, consider two pavements, the first carrying 
a load which is four times as large as that on ~he second, while the 
thicknesa is twice as much for the first as for the second, the two 
pavemenll being on similar subgrades. Since the square root of load 
is proportional to the thickness for the two cases the two are equally 
we on the basis of the above discussion. However, under the larger 
load there is • deeper zone within which stresses, compressions and 
distortions occur and thus there will be greater settlement. From 
this viewpoint, if a given value of allowable settlement is adopted as 
• criterion, the law of thickness proportional to square root of load is 
unsafe and in the above example the second pavement would have 
to be more than twice as thick as the first. 

Thus it appears that the best theoretical analyses now available 
support the conclusion derived from engineering experience that 
heavier vehicles require thicker pavements, even though the intensity 
of load on the pavement may be the lame. For this case, increasing 
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the pavement thickness in proportion to the square root of the load 
seems to be a reasonable criterion. For the case of heavy trucks using 
inflation pressures twice to three times those of passenger vehicles, 
the situation is correspondingly aggravated, and pavements definitely 
thicker than those indicated by the square root relation appear 
necessary. 
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APPENDIX It 

HIGIIWAY USE AS AFFECTING ALLOCATION 
OF CAPITAL COSTS 

VIEWS o. CLuToaD OLDER 

Thc principle adopted by the Joint Committee of Railroads and 
Highway Usen, quoted on page 57, and adopted as basic in this 
report, states an equitable method of cost allocation, becaUS&-

1. It is obvious that all vehicles, without exception, require and 
use every facility necessary for the accommodation of the basic vehicle 
(ordinary automobile). 

2. Each and every one should, therefore, share in the cost of pro
viding the basic facility (basic road) in proportion to ib use of the 
faC11ity. 

It is further obvious that if the cost assigned to the basic facility 
is fully adequate to provide the facilities necessary to serve every 
need of the basic vehicle, as we believe it to be, sueb vehicle should 
not be charged with any part of the costs of the added facilities made 
neeetlll8ry wholly by the other classes of vehicles. 

Likewise the added facilities made necessary by the second class 
of vehicles are required and used by all the succeeding classes as well 
and their costs should, therefore, be borne by the succeeding classes 
in proportion to their u~ of them. In turn, the second class should 
not be charged with any of the costs peculiar to the succeeding classes. 
This principle, of course, extends in the same way, step by step, up 
through all the succeeding classes. 

naving determined as fairly as possible the cost of the facilities 
required by the varioW! vehicles, the determination of the fair pro
portion of the annual capital costs that should be borne by eaeb class 
of vehicle and each individual vehicle may easiJy be found, as in the 
report, by simple calculations, providing the USII by elasses of vehicles 
and by individual vehicles can be determined and expressed in terms 
of a fair common unit. 

In the report the unit of use adopted is the vehicle mile. The ade
quacy of this unit may well be questioned. To illustrate the signi
ficance of a proper choice of the unit of use, a short section of high
way will be chosen and the effect of use be analyzed. A toll bridge 
is selected because the relation between use and the revenue necessary 
to meet costs is readily visualized in such case. 

In the ease of the :p,[cKinlcy Bridge constructed over the Missis
lippi River at St. Louis about 25 yean ago, the space between the 
trusses was designed and reserved for the sole use of interurban traina. 
On brackets outside of the trusses was built a narrow roadway on 
each aide of the apans, thus providing for a lingle lane of highway 
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traffic in each direlltion which taken together correspond to a two
lane highway. There could be no passing of vehicles traveling in the 
same direction, which is also true in the case of a two-lane highway 
when -the traffic in <both lanes reaches a certain density. Toll was 
charged to compensate '.for the cost of adding these roadway lanes. 

It is obvious that the bridge company might have designed the 
floor beam brackets and floor system for basic vehicles only and added 
only enough steel to tp.e trusses to support the added weight of a 
continuous line of basic vehicles. In this case, use would be restricted 
to the basic vehicles. This would have. involved a very definite and 
easily determinable annual capital cost chargeable through tolls to 
the basic vehicles that used the roadways. Regardless of all the in
tricacies of the six million dollar bridge structure, all the induce
ment that was offered to vehicle owners in return for the toll charge 
was the use of two roadway channels, strips or lanes of usable space, 
each of a definite width and height, and about one mile long. 

The details of providing for such roadways suitable for any design 
and weight of vehicle follow the pattern well understood by all struc
tural engineers. It is roughly lls follows: If planned for automobiles 
only, the design (and cost) of the structural support immediately 
under the wheels would be a function of the wheel load of the basic 
vehicle while that of the trusses would depend upon the gross load of 
one basic vehicle multiplied by the number that could come upon 
each roadway at one time. Likewise for heavier vehicles the added 
cost of providing for them might easily be determined. 

If the roadways were designed merely for the basic vehicle, to come 
out even the bridge company would then have to make the toll charge 
against each automobile such that the collections during the year from 
the users would equal the annual cost of. the facilities provided for 
them. Suppose the traffic in each of the two roadway channels was 
10,000 ordinary automobiles per day and that this included all the 
cars of normal length that could pass over the bridge in one day when 
traveling at the normal speed of such vehicles. In other words, the 
capacity of the roadways was equivalent to 10,000 round trips of an 
automobile per day and this amount of traffic used them. Then to 
gain the daily cost (annual cost divided by 365) the toll per car (each 
way) would have to be the daily cost divided by 20,000. 

Numbers. It will be recognized at once that if in this case a certain 
1,000 automobiles should each make ten round trips per day (20,000 
total passages over the river) instead of 10,000 cars one round trip 
each per day, the 1,000 cars would consume the whole bridge capacity 
and the bridge company would be in the red 90 per cent of the cost 
unless each car was charged for each trip. This clearly illustrates 
the fact that the number of different vehicles alone is no reasonable 
measure of use. 

Vehicle M~1es. Clearly in the above case the proper charge against 
each vehicle of the same length that travels at the normal speed for 
vehicles of its class would have to be based upon the number of trips 
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and not upon the number of diJ'ferent ears registered or licensed The 
same toll per ear and per daY' would obtain if the charge for vehicles· 
of the same class is based on a vehicle mile as the unit of use. This 
illustrates the vehicle mile basis of use adopted in the report. It is 
perhaps not altogether a satisfactor7 measure of use because all 
vehiclea are not of the same length and theY' do.not travel at the same 
speed. This introduces the element of road occupancY'. 

LeflfJtA-Number of AzZe •• The length of the vehicle has an important 
in1luence upon fair charges. A commercial vehicle maY' have the 
same width and· wheel load as the basic automobile and, while its 
grosa weight might be much greater, its load per foot of length might 
be made the same bY' merelY' increasing length and adding axles in 
proportion. Such vehicle would then add nothing at all to the east 
of providing the roadwaY'S for the basic vehicle and unless restricted 
bY'law (or bY' companY' regulation in the case of the bridge illustra
tion) the vehicle in the form of a tractor-trailer combination might 
be of "ny length depending only upon the power plant that could be 
provided within the axle load limit. Now, suppOse half of the vehicles 
using the bridge are of this type and although they might travel at 
the same speed as the normal vehicle, they are of such length that each 
uses up three times as much of the length of the roadway lane as 
the basic passenger automobile. In this case the total capacitY' of the 
bridge would again be cut to a gross of 5,000 vehicle round trips per 
daY'. Of these there would be 2,500 normal passenger automobiles 
and the same number of long vehicles. To compensate for loss of 
revenue, the bridge company would again either have to double the 
toll for all vehicles, which would obviously be unfair to the passenger 
automobile, or fnplB the charge for the long vehicle, which would 
obviouslY' be the fair thing to do. This illustrates the fairness of 
multiplying vehicle miles bY' the number of axles supporting the 
vehicle. 

uflfJtA-Time Relation. Speed determines the time of occupancy 
and is, therefore, an exceedinglY' important factor. Suppose that 
ball of the vehicles (all of the same lengtp and wheel load) 
should be 10 under-powered that they could maintain only 50 per 
cent the normal speed of the other half and that theY' were moving 
as mixed traffic. Then, in the case of the bridge illustration, onlY' 
5,000 round trips per day would consume the total capacity and the 
bridge companY' would again be in the red, this time to the' tune of 
50 per eent, unlesa it either doubled the toll on all vehicles, which 
would obviously be unfair, or tripled the toll charged the slow vehicles, 
which caused the 1088 of capacitY', which would seem fair. Further
more, if normallY' onlY' 10 per cent of the half-speed vehicles should 
be on the bridge at the same time, a mixture of this 10 per cent would 
reduce the capacitY' and revenue bY' 50 per cent and the proper charge 
against the slow 10 per eent should then be 11 times that of the normal 
vehicle in order to place the burden squarelY' where it belongs and 
provide the necessal7 revenue. 
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It thus appears that the inverse effect of speed might properly be 
chargeable at a much greater rate than in direct proportion to speed 
reduction. 

The highway utility has nothing whatever to sell except space chan
nels or lanes and both time and space are the essence of their value 
to the user. Therefore, it might be argued that fair charges (stated 
mathematically) .should increase directly with length and inversely 
with some power of the normal speeds of different vehicles or classes 
of vehicles. In other words, if a commercial or other vehicle should 
be both longer and slower than the normal passenger automobile, it is 
obvious that, in the case of the bridge illustration, the bridge com
pany would of necessity apply a factor of speed and a factor of length 
in order to be fair to all users and at the same time recover the 
necessary costs. 

The principle is believed to be rigidly correct for the conditions 
assumed, that is, whenever and wherever the traffic flow on a two-lane 
road is. great enough to prevent or seriously hinder the passing of 
vehicles moving in the same direction. . It may also be argued that 
it is correct, although the traffic volume on the greater part of the 
highway system is relatively small. For example, it is universally 
recognized that in the case of an office building, warehouse or rental 
factory it is fair to charge rent on a basis of the time and space 
rt',served, although often they may not be enough to absorb the space 
available. There is no reason why the same principle should be differ
ent for highway time and space. 

It then seems worth while to consider whether or not it is possible 
to determine a fair measure of the unit of use when both time and 
lengt~ (number of axles) are taken into consideration. 

The length of a vehicle bears a somewhat definite relationship to 
its gross weight when the axle load is fixed. For example, to double 
the weight, the. number of axles must be doubled and hence the length 
increased. To double the number of axles does not necessarily double 
the length, but practically it must very nearly be doubled if the axle 
load is constant. Furthermore, as the gross load is increased, the 
normal speed is usually decreased. Certainly this is true on hills. 
The double factor (speed and length), in terms of consumption of the 
usable space channel, varies directly with length and inversely with 
speed. 

The ton mile suggests itself as possibly being approximately in pro
portion to this double factor and it is a common conception that ton 
miles measure use. As a test of this measure, assume that the gross 
weight of a passenger automobile is two tons and that of the maximum 
truck combination 20 tons. On the basis of ton miles as a measure 
of "units of use" the ratio would be as 1 is to 10, which should then 
be applied to the mileage as a measure of lengthtime occupancy. 
Comparison might be made as follows: The passenger automobile 
occupation of lanes as compared with that of the truck would be about 
as 13 feet is to 40 feet or as 1 is to 3. Now, assume that the inverse 
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relation of apeed iI u 1 to 2 (25 and 50 miles per hoor). This would 
apparently make the total factor 6, but we have shown that an invel'8e 
speed factor of 1 to 2 should triple the fair charges for speed, even if 
there were u many of these truclca as automobiles. This would result 
in a proper unit of use as measured by length-speed responsibility iu 
the proportion of 1 to 9, which is reasonably close to the 1 to 10 ratio 
found on the basis of ton miles. As a matter of fact, however, truck 
traffic iI only about 13 per cent of the total, and this would greatly 
increase the ratio. 

The Bpomor of this Appendix believes that the ton mile as a meas
ure of use iI conservative and that it should be used instead of vehicle 
miles. 

BI18C8 usually operate at speeds comparable to those of passenger 
automobile.; hence, the speed factor does not apply. They are, how
ever, naua1ly from one to three times longer; hence, a factor for width 
should be applied. 

In thiJ Appendix, width is not considered as a factor of occupancy 
beeanee, in the body of the report, the added costs due to width are 
allocated separately. 

GrGdi1lfl ClAd Stnu;turea. It is clear that the physical elements of 
grading and structures make available nothing more or less than the 
same usable space channels or lanes provided by the pavement. In 
fact, these elementl are nothing more or less than a part of the basic 
road. When the available lanes in which the pavement ou roadway 
surface iI divided are occupied or partly occupied by traffic, the earth
work or grading and structures is correspondingly occupied. Hence, 
it iI clear that the use made of the grading and structures by traffic 
iI in exactly the same proportion as the use made of the pavement. 
The annual cost, therefore, of these items should be charged to the 
varioUi vehicles on the lame basil as the pavement-in other wordli, 
in proportion to whate"cr "unit of use" basis is selected for thE' 
pavement. 
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APPENDIX L 

STUDY OF MOTOR VEHICLE SPEED IN MAssACHUSETTS 

In 1934 the Massachusetts Accident Survey made an extensive 
study of motor vehicle speeds, distinguishing between passenger cars, 
light trucks, heavy trucks, and buses. FigUre 7 shows typical results 
of this investigation for three different road conditions; straight
a-ways, hillcrests, and sharp .curves. On straight roads light trucks 
travel on the average 2.4 miles per hour slower than passenger cars 
and heavy trucks 6.3 miles per hour slower. Buses, on the other hand, 
travel about 1 mile per hour faster than passenger cars. At hill·
crests the light trucks run 2.5 miles per hour slower and the heavy 
trucks 7.9 miles per hour slower than passenger cars. 

The speed distribution curve for hillcrests shows that about 12 per 
cent of the heavy trucks travel at from 10-15 miles per hour which is 
slower than the slowest passenger car recorded. Buses are also slowed 
down by hills and average 5.4 miles· per hour slower than passenger 
cars. The retarding effect of hills on the different types of vehicles 
was as follows: passenger cars slowed down 14%, light trucks 15%, 
heavy trucks 22%, and buses 30%. On curves the different types of 
vehicles have about the same speed difference between them as on 
straight-a-ways, but the general speed of all traffic is slowed down 
about 8 miles per hour. The buses show a lesser tendecy to slacken 
speed on curves than do the other types. 

Necessity for Multiple Lane Roads. Because of the difference in 
speed of vehicles and particularly because-of the slow speed of heavily 
loaded trucks extra lanes are required to prevent repeated delays 
and congestion resulting from the difficulty which the faster more 
mobile passenger cars have in readily passing the· slower vehicles. 
Dean A; N. Johnson of the University of Maryland determined the 
working or free moving capacity of a 2-lane road as 1,000 vehicles 
per hour. His investigations were carried on largely during peaks 
in passenger car traffic and do not reflect the influence of trucks. 
Highways with a high percentage of trtlcks are now commonly built 
with 4 lanes ev~n when the hourly flow seldom reaches 1,000 vehicles 
per hour. 

A study of truck delays made by Professor C. B. Breed, showed 
considerable inconvenience and delay caused by trucks on a 2-lane 
road when the hourly flow was only about 250 vehicles. The effect of 
the slower trucks is to collect a line of cars waiting for opportunity 
to pass. This occurs especially where the alignment is crooked and 
the profile hilly. There may be long stretches of unoccupied road 
between these groups of vehicles, so that an observer standing by the 
road side would not get the impression that the road was congested, 
but the actual effect on vehicles trailing behind the trucks on this 
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road is the same as though general congestion was present. This con
gested condition often lasts several minutes and covers a number of 
miles until conditions favorable to passing are encountered. ' 

This condition is particularly acute on grades where over-loaded 
trucks often cannot travel more than 5 to 10 miles per hour. These 
locations are usually marked with restricting center lines so that it is 
a violation of. the traffic law to pass even if no opposing traffic is 
present. For safety 3~lane roads are commonly restricted to 2-lanes 
at summits by painting a white line along the middle of the middle 
lane so that the center lane which is usually available for passing 
slower vehicles cannot be used. 

To relieve this situation, Massachusetts has in certain instances 
, widened some of its3-lane roads to 4 lanes at summits. The policy 

of widening 2- and 3-lane road~ to 4 lanes at summits is being seri
ously considered by many States on roads where 2 or 3 lanes are 
ample for passenger car traffic alone. Obviously, the motor truck 
and the bus have a special responsibility for widening at hill tops and 
for the early adoption of multiple lane roads in general on commercial 
highways. These widenings are often very expensive. 

Delays and Inconveniences Caused by Motor Trucks. In the fore
going discussion the delays and inconveniences caused by trucks on 
grades abd curves have been pointed out. In order to obtain some 
quantitative data on this subject, a series of tests was run on 2-lane 
roads in Massachusetts. These tests were run on 18- and 20-foot roads 
typical of the period 1921-1932 with frequent curves and grades but 
not excessively hilly or crooked. The tests were made by attempting 
to drive at the normal speed for passenger cars on these roads and 
noting the delays caused by speed reduction on account of overtaking 
trucks or passenger cars or any other condition causing delay. The 
runs were made on a Monday in December, 1935, when traffic was 
light, amounting to only about 200 vehicles per hour. (Figure 6.) 

These tests showed the following results: 
1. Motor trucks were frequently trailed by one to three vehicles 

waiting for a chance to pass even when the density of traffic was not 
over 200 vehicles per hour including both directions of traffic. 

2. Difficulty in passing motor trucks was the largest source of delay. 
On the average, these delays amounted to about twice those caused 
by overtaking and passing passenger cars. 

3. Delays on account of railroad crossings, villages or intersection 
were less than those incurred in overtaking and passing either passen
ger cars or trucks. 

4. On account of the difference in speed, a minute spent in trailing 
a truck on the average resulted in three times as much delay as a 
minute spent following a passenger car. 

5. Passenger cars were frequently forced to travel on the unpaved 
shoulder in passing trucks on an 18-foot surface. When two trucks 
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pused each other they had to use both shoulders to get their desired 
elearanee. The IS-foot surface was definitely inadequate for motor 
truck tratlic. 

6. Passenger ear drivers were observed to take chances rather than 
wait behind trucks for a safe opportunity to pass. 

7. Motor trucks were observed to obtsruct the view of hazardous 
conditiona along the road, such as railroad crossings, curves and inter
aectiona, thereby cutting off warning of these conditions from the 
trailing vehicles. 
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APPENDIX M 
FEDERAL APPROPRIATIONS FOR HIGHWAY PURPOSES

YEARS 1917 TO 1937 

(Source: United States Government Reports) 

Fiscal year 
in which 

appropriation 
became 

available 

1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 

Total, 1917--87 

Regular 
Federal-aid 

fonda ' 

$5,000,000 
10,000.000 
65,000.000 
95,000.000 

100.000,000 
75.000,000 
60.000,000 
65,000,000 
75.000,000 
75,000,000 
75,000.000 
75.000.000 
75.000.000 
75.000.000 

125.000.0uO 
125.000,000 
125,000.000 

n 
a 

125.000,000 
125.000.000 

$1,540,000.000 

Federal-aid highway 

Emergency 
and 

reli.f fund. 

b'" iSj97:294 
b 3.654.000 

83.051,936 

; .. i20:000:000 
d 400.000.000 
• 143.143.175 
I 600.000.000 

$1.255.046.405 

Value of surplus 
war materials 

distributed 

iioo:ooo:ooo' 
17.110.751 
22.663,235 
58.111.836 
8.978.412 
8.160,801 
9,574,965 

$224. 60n. 000 

Amount deducted from regular Federal-aid fund in 1938, account of emerg-

Total 

$5.000.000 
10.000.000 
65.000.000 
95.000.000 

200.000.000 
92.110.751 
72.663.235 

123.111.886 
88.978.412 
83.160,801 

159.674.965 
'80,197.294 
78.654.000 

208.051.n6 
125.000.000 
245.000.000 
400.GuO.000 
143.143.175 
625.000.000 
125.000.000 

$3.019.646.405 

ency loan of $80,000,0011 in 1983 ................... , ...... , .. ,......... 16.000.000 

Total appropriationa-Federal-aid highways .....•.. , ........•......... 1-$-3-.0-0-3-,-64-6-,-"-0-5-1 
Federal appropriations for highways other than Federal-aid: 

Highways in National parks, forests, publiclanda and Federal reservations 244.038.800 
Mt. Vernon Memorial Highway... ................. .......... ....... 7.200.000 
Arlington Memorial Bridge ...... ,.,."., ............... , ... ,.,..... 12.000.000 

~~~!ti:~"":h~~~~,;at~;.gmi:.::::::::::::::::::::: :'::::::::::::: 1.1~~:~gg 
1-----1 

Total .•...•.... , ........•.•.•........ , . , . , ... , , .. , .. , , . , " ..... $264.418.800 

Total Federal appropriations for all highways .. , .... ,.,."., .. , ... , .. ". '3.268.065.205 

• No regular Federal-aid appropriations made for 1934 and 1935. 
b For emergency flood relief ~ to highwaye. 
• Includes $3,051,936 appropriated for flood relief. It also includell an emergency appropria

tion of $80,000,000 approved December 20, 1930, allocated as a loan to the States for match
ing Federal-aid and to be repaid over a period of five years beginning in 1938 by dedu.uons 
from future Federal-aid allotments. The $120,OOO,O~0 in 1983 was also allotted as a loan 
to match Federal-aid funds and was to be repaid over a period of ten years beginning in 1938 
by deductions from future Federal-aid allotments. In 1988, about $16,OOU,OOO was deducted 

t':f'.!d~ ~"H!e:e~-:~::'l':: ~il:e .:;:~~~~rtb: :::":?;~°U!~~~~o 
and of the entire $120,000,000 were rescinded. 

d Authoriaed by the National Industrial Reeovery Act. 1933. 
• Includes $10,000,000 for emergency f1ood-nilief for highways, and $100,000,000 appropriated 

($200,000,000 authorized) for highway constru.uon under the terms of the Hayden-Cart
wright Act. 1934, and $33,143,175 Loan-and-Gran, flWda made by the Public Workll Ad
ministration in 1934 and 1935. 

f Amount actually allocated according to provisions of Emergency Relief Appropriation Act of 
1935. Of this amount $200,OOU,uOO was allocated for highway purposes, $200,OuO,OOO for 
grade croesing work and $100,000,000 was provided as unappropriated balance of the 
$200,000,000 authorized by the Hayden-Cartwright Act, 1934 (eee note .). The Emergency 
Relief Appropriation Act authorized the allocation of an amount not to ezceed $800,000,000 
for highways, roada, etreets, and grade croeaing elimination. 

NOTe: Table 8 does not include the sum of $500,000 appropriated by Congi'ees in 1912, 
prior to the enactment of the Good Roada Act of 1916, for the purpose of aiding the stat... 
in improvinlf rural post roads. The appropriation of 1912 provided "That the State or 
local subdiVISion thereof in which such imJ.>rovement is made under this provisioD shall 
furnish double the amoUDt of money for the Improvement of the road or roada ao aeleeted .... 
(Publie--No. 836-62d Congress, Post Office AppropriatioD A_Approved August, 24 
1912). 
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APPENDIX N 
HIGHWAY BONDS OUTSTANDING-YEARS 1904 TO 1932 

State highway Coun?, highway City 
Year and bridge an bridge street 

bonda • bonda ,. bonds c 

19M ",,626,000 ............... $256,267,042 
1905 4,825,000 .............. 266,493,219 
1906 6,701,000 .............. 308,204,813 
1907 7,073,000 .............. 334,823,179 
1908 18,036,000 .............. 310,975,948 

1909 20,007,600 ............... 424,612,232 
lUO 26,467,600 .............. 462,175,265 
1911 88,747,000 

"$202:007:776 
479,616,623 

I1H2 63,819,000 495,974,447 
1918 82,644,000 229,403,366 .............. 
1914 93,264,000 229,438,682 .. ' 562:823;268 1916 111,958,600 .............. 
1916 123,678,000 .............. 618,279.057 
1917 139,916,000 ............... 657,008,598 
1918 147,101,600 .............. 711,993,298 

1919 176,645,000 .............. 706,962,058 
1920 212,147,900 ... 876;738;200 .............. 
1921 272,205,100 .......... -... 
1922 410,702,600 ............... .............. 
1923 472,868,300 .............. 747,031,699 

1924 649,684,760 .............. 874,068,767 
1926 700,675,850 .............. 1,055,048,135 
1926 765,677,960 .............. 1,186,687,201 
1927 857,814,960 ............... 1,318,003,889 
1928 892,639,160 .............. 1,389,964,174 

1929 1,008,856,160 1.826,924,000 1,638,216,258 
1930 1,151,671,820 1,809,032,034 1,711,350,325 
1931 1,226,934,601 1,764,985,210 1,736,098,708 
1932 1,277,204,775 .............. 1,699,258,151 

• State highway and bridge bonda from recorda of U. S. Dept. of Agri
culture, Bureau of Public Road&. 

• County hi&hway and bridge bonds from foUowing lOurees: Years 1912 and 
1913 from Bulletin No. 136, U. S. Dept. of Agriculture; years 1914 and 
1921 from Bulletin No. 1279, U. S. Dept. of Agriculture; year 1929 from 
ItatemeJlt by Bureau of Publie Roads entitled "Loea1 Road Bonda Out
Iltandinr-192t and Interest Rates"; years 1930 and 1931 were deyploped 
from data pubJiahed by Bureau of Publie Roads mowing bond receiPts 
and bond payments. 

, City street bonda from reportll of U. S. Dept. of Commerce, Bureau of 
the Cenaua. coveriDr eitiel! having population of over 30,000. Bonds for 
eitiee bavinL between 2,600 and 80,000 population estimated by Bureau 
of Railway Economica. (For method of estimatinr, _ "An Economic 
SlU'WJ'of Motor Vehicle Tr&llBportation ill the United Statee," Appendix 
N, Table IV, p. 206-Bureau of Railway Economic:a, Special Series No. 60). 

14., 



APPENDIX 0 
STATE MOTOR-VEHICLE RECEIPTS AND MOTOR-FUEL TAXES-

YEARS 1901 TO 1935 . 
Source: United States Department of Agriculture, Bureau of Public Roads) 

Registration Motor-fuel 
fees tax 

Year (Registration receipts 
and other fees (Gross receipts 

combined) less refunds) 

1901 $954* · ............. 
1902 1,082 ....... , ...... 
1903 26,865 ., ............ 
1904 33,411 .. , , .......... 
1905 62,509 ............... 
1906 ]92,706 .............. 
1907 335,624 · , ... " ........ 
1908 486,380 · .......... , .. 
1909 942,675 · ............. 
1910 2,234,913 · ........ " ,-, 

1911 3,967,475 · ,. , ....... '" 
1912 5,661,043 · ,.,' " " ,- , .. 
1913 8,192,253 · " .... " ,- , .. 
1914 12,382,031 .•...•••. o. ". 
1915 18,245,711 · ,.,' .. " , .... 
1916 25,865,369 •• 0" ••••••••• 

191·7 37,501,233 · ............. 
1918 51,477,419 ", '$i;022:si4 1919 64,697,255 
1920 102,546,212 1,363,902 

1921 122,478,654 5,382,111 
1922 152,047,824 12,703,088 
1923 188,970,992 38,566,338 
1924 225,492,252 80,442,295 

- 1925 260,619,621 148,358,087 

:1926 288,282,352 187,603,231 ... " 1927 : 301,061,132 258,838,813 
, '. 1928 322,630,025 304,871,766 

1929 347,843,543 431,311,519 
1930 . ~~5,704,860 493,865,117 

1931 ';J~4,337,654 536,397,458 
1932 . '. "'~24,273,510 513,047,239 
1933 ! ,to' 302,694,065 518,195,712 
1934 "; .. ". 304,928,000 565,027,000 
1935 322,776,536 616,851,671 
1936 359,783,000 686,631,000 
1937 399,613,000 756,930,000 

Total to end of 1937 $5,258,390,140 $6,157,408,861 

• New York State, only. 
NOTE: Latest revised figures used throughout this table, 
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APPENDIX P 
STATE OF INDIANA 

AMOUNTS LEVIED FOR RURAL HIGHWAYS IN THE AGGREGATE 
AND ON A PER CAPITA BASIS. 1900 TO 1920 

Amount Amount 
Year Population levied for per . 

rural highwaya capita 

-
1900 2.616,463 $3,662,667.82 $1.46 
1901 2,634,903 3,885,076.35 1.63 
1902 2,663,345 2,182,748.76 85 
1903 2,671,786 3,742,683.64 1.46 
1904 2.690,227 2,318,127.22 .89 
1905 2,608,669 3,666,661.89 1.41 
1906 2.627,110 4,741.299.41 1.80 
1907 2,645,661 6.131,793.63 1.94 
1908 2,663,993 6,666,107.64 2.12 
1909 2,682,434 6,157,992.00 2.30 
19JO 2,700,876 7,239,111.28 2.68 
1911 2,723,827 7,700,248.04 2.83 
1912 2,746,779 8,419,759.74 3.07 
1913 2,769,730 9,608,646.80 3.43 
11114 2,792,681 11,236,416.28 4.02 
1916 2,816,633 9,621,379.25 3.42 
19J6 2,838,684 12,157,680.46 4.28 
1917 2,861,636 12,170,493.66 4.25 
1918 2,884,487 13,798,739.33 4.78 
19J9 2,907,438 14,270,777.71 4.91 
1920 2,930,390 16,476,721.42 0.62 
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APPENDIX Q 

Road Oc.c.upanc.y with Mileoge Factor 
equals Wid+l, X Height)l. Leng+h It Time to travel Leng+h x Mileage Factor 

Il.5)( 3600 4010 • 
For PClssenget" Car 5.7 x 5.7 x \').5 x m~o M x 1.00 = .!iiI ; Annua\ MlleClge = 7,1100, FQc+or= 1.00 
fOI"Truck(3-STonsCop.) 8.0lCI0.5)(15.0X 'l~s~;;::.:' lC 3.58= 11.~OO.;.. .. =25,0011, " =3.58 
For Maximum Combination 8.0 lCl"l..S )(45.0 X 450"00 J( 5 00- ,'0000 ." ,,= 35,000, " .:: 5.00 
. permiHed in many Stales . 51.60 M • - M • 

(A.A.S.H.O.tode Iimas) M: Speed in Miles per Hour 
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