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Mr. Cosraistionar, aty appearance before you is la reapeaee 

ta the invitation addressed to the Secretary of Agriculture by 

yourself to present through aay of the Bureaus aay aaterial ehlch 

would hare a bearing upon tee present inquiry of the Cewaisaiea, 

My testimony is aot given for or against any particular propoeitiea 

or aay carrier or agency, bat, rather, is Intended to preseat tee 

latest scientif ic data wa have bearing upon the subject of taa aaa 

of the highways aad tha relationship of the motor vehicle to th* 

highways. I intend to present the evidence without statement ef 

©pinion except as justified by the facts. 

The design of the standard paved highways, ahica are aa* 

feeing largely built on the a*ln taoroi&gafar** of the aatlea, aaaaiate 

either of a ri^id concrete base with a top of eitaeUaeea aixtwra a* 
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brick or stone block or a concrete slab without other covering, the 

thickness of the concrete slab, which determines i t s strength, *fasta*r 

i t be the base or the surface itself, aust be sufficient to reel** net 

only the static I m d oa. the ehecle of vehicle*-, ha* also the lafa*t fart* 

applied through the rhaels. That U, th© design east be baeed. net tteaa 

th* atettc wheel lead but upon the blow which the aha*I deliver* la 

passing ovar the surface. 

I havs h#re • chart which »hows the relation between static 

wheel lead sad eorrvspondiag lapaet delivered to a fe lr sheet asphalt 

aurface (taXan as a fetaaOerd of aeraal aaootaaee*} aaaa th* vehicle 

i f operated s-.t varies.* speeds aad equipped with pneeaatlc. eaahiaa 

and ner and worn solid tires. 

fhe chart sue* * that *&ei a vehicle, having a wheel lead of 

9,000 Tjeuad*, is etalpped with pasoantic tire* aad operated at 80 alia* 

T5»r hour over a paveaaent of smoothness e<jtaal to that reaveieatad hy taa 

chart, ths rasuiting noraal iapact will ea aoout 13,oOO panada* 

for tha 8%i» of comparison. If Ifc* was® reatoie of 9,000 peuad* 

static wheel load, were operated over tha %m® navemeat at 3© mile* aa 

hoar, equipped with worn solid tire* it aoald deliver a newel Saaaat 

well above 21,000 pounds, or practically twice %m impact delivered ay 

the m-m wheel equipped with paesaatic t i re . 

Although these impacts correspond to SO sad 20 d i e s per hear 

respectively, our etu&isa indicate that there would not he aaah dlffefeaa* 

If the speed ware greet** so loag m i t did aat exceed ahoat 45 all** 

per hoar. I cen explain that in ttiia way* '«h*a th* ahaal ef a vehicle 

strikes an obstruction or irregularity in the road surface It applies 
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to ta« road surface at tae inetaat of striking the obstruction ar 

irregularity aa iasosct force which ia known ss tae shoes impact. 

Tk& wheel is the a turowu eituer partly ar wholly into the air aad 

siiea i t drops stg&ia to tu* road it delivers another &lo« which is 

Known ae the drop impact. T m a*gaitud* of these two kinds of 

impact ia affect *d differently by variation ia speed, fias, ee 

find tuat with high-pressura pneumatic tires the drop impact increase* 

wita speed up to a speed of about 30 alios pit hour aad then h#eea»*s 

practically oonatant. tm snoot impact, oa the @th#r hand* lnereaaee 

with practical uniformity but isore slowly up to the point whete i t* 

uag&iWoe overtakes and peases that of the'drof twpeet at a speed ef 

about 4b miles an hour. ?ia*s, between about 30 alios aa hour and 

45 miles aa hour, wita pneuamtic t i res, thar® ia very l i t t l e change 

ia tue aiagaitude of tae isapact for which the road swat bo dasigaed. 

v.ith hailooa tires the mximm drop Impact is reached at aoout <m sdle* 

per aour aaa aoove that speed drops essay, eo taut i f you go faster 

It 1* really easier on the road. 

It ia the Ispaet force*, aswt#r, sad m% tae static loads 

os taa shsela lor which tmiu oust designsd* 



- 4 _ 

The design formula involve*, ia addttiea to th* applUd 

load. (1) tho safe unit stress, which for concrete pavements «e 

have taken aa 350 pounds par souare laeh or about naif ef taa 

designed modulus of rupture, (2) a factor expressive af taa 

support afforded by the subgrade, and called the swdalas ef eabgrade 

reaction, aad (3) ths area of contact of the wheel with the sarfaae 

of the road, expressed by the radius of en eeaxveleat alreelar area. 

Sith these Quantities known or assumed, the fomnia aay be aolved. 

for the depth of concrete slat required to eupoort tha lead. 

Of the assuosotion* we im'm in applying the formula I t t* 

desirable to point out that the unit stress, a**aa*d at 3SG pound* 

per square inch Involve* a factor of **fety of 2, alaaa th* fffthabl* 

breaking stress is 600 to 700 pounds par ufaara lachj aad that the 

E o d u l u a of suograde reaction, takes as 50, r*p.re*eat* a vary lea 

suhgrade support. Consequently, the design based apes these sssaap* 

tleas is oel laved to be safe aad conservative. 

Th* area of contact of the tire with the p&vsmseat m have 

deteradaad experiaaatally for verlou* else* of tire* aster varlea* 

loads, aad I shew you hart reproductions ef lspreesleae aad* ay taa 

tlrea, from which we have dateralnad the are**. 

ftt* actual area is expressed in the design fama&a ay th* 

raiius of the equivalent circular area aad it hue a vary i»per*»»t 

affect upon the stress in the reed slab. taaa. i f tha radlme sjara 

assumed to be tare, a» it would be if th* load war* cenceatratad 



upon s point, tae stress, correspondin* to a load of 10,000 

pounds spplied nt tne of tto slab and n aedalaa of fabgraJ* 

reaction of 50, would b* 833 pounds; whereas, i f the saw long la 

ta® saw* position aad witn tha esse •ubgwtds support war* applied1 

through a circular area of 8-lnsh rsdlea, tha atraae weald a* 

reduced to 453 pounds per square inch. This effect ef ta* area ef tire-

contact is vary important aad it has pr*Tiea*l|r beea entirely •*•*> 

looked in coopering the relative effects of tha aatestoella, the truck, 

sad the bus upon our highways. 

That there is a very considerable difference ia area af tire 

contact between automobiles *ad the larger vehicle* ia indicated ay 

the fact the contact area of a 7§-inch balloon tire oa a seven-pa***ag*r 

car with a nheel load of 1»?&0 peaada is only W square iaajhee* whareaa 

toe gross contact urea of a 6-inch dual. higa~prw*eare paeaamtie tire 

oa a *~ton truck of which the wheel load is 4.400 peaada i* 106 squar* 

inches, K dual lOJ-ineh high ©re***** pneumatic tire aa e f§*te» 

truck with wheel lead of 11,000 pounds would have a grata aeataat 

ar»a of 210 square inches; bat the S«H»« wheel lead i f availed through 

a new solid tire weald fall upem & greet area ef ea&y 1*1 i»ehs*. I 

*iv* these examples alarply to show how greatly the area af t ie* 

contact warlea. 

The actual area* of t ire contact, detewtae* «^MriMMt«alf 

lor each af several eiaes ef vehicle aad fciaae ef tire efatpswat. 
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are given in tke table which I now sabslt; and taa taaa table fires 

tne edge and center thickness of concrete slab required to aaffert 

tae several sises of -ynhlclea. (Sxnibit 494, fitness lacioaaM) 

fans i t will be seen that tha 7-pas»enger ear aaa a rear 

wheel load of 1,750 peuads. Operated at 30 adles aa hour over a 

pavement af smoothness aoual to that described and eeaipped with a 

single ?^-inch balloon tire th® wheel tune loaded woald apply to 

the pava&eat an ittpact force of 6,100 pound*, the area of t ire 

contact ia 35 square inches and this ia considered as applied la 

the form of a aeai-circle at the edge of the. pavetseat and a fall 

circle in the center of the slab, the resulting radii being 4.7 

and 3.3 inches respectively. ftader these coaditloas, the table 

shows that there would be produced la a concrete slab of edge thick-

nees 7 inches ana center thickness 6 laches, stresses of 23d pomade 

at the ed^s and 218 pouada at the center. 

Although these strsssss are less than the assaaed safe aires* 

of 350 pounds per square inch, we believe the above dimensions te be 

th® practicable atinlaa. ie would not build roede aavsh lets thee 

7 inches thick at the edge aaa 6 laches thick ia tha center So «atter 

what loads they were roeuired to carry. 

For a 2-ton truck with wheel load of 4,400 peuada and Ineeet 

of 7,300 pounds the table shows that a road alab o f th® sane disaea-

slons would havs s stress at tha edge of 280 peuada aad at the center 

23C pounds; aad the ease road would carry a 3-too track with edge 
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stress of 320 pounds aad center street of 333 pounds, soils sai l 

within the working limits of the material, which we haw* taken at 

550 pounds per square inca. 

It is not until we get to the S-ton track that i t is necessary 

to Increase th© thteknea* of th* road and than oaly hy ana-half inch. 

To support a ?|-ton track, the rear wneel load of whloa is 11,600 

pounds, another increase of a half inch in 'sola edge and center 

thicknesses would be required, bringlag the foraer to S Inches and 

tae lattor to 7 inches. 

Thus, i f we express by tha index 1.900 the average thickness 

of road slab required to carry passenger cars aad the lighter track* 

such ass are used by farmers, i f you please, the thickness required 

to support a 5-ton track would have an index ©f only 1.077 and 

t iat required for 7§-toa trucks oaly 1.154. Ia ether words a 

pavement slab caaa&le of supporting 7|-%oa tracks, assnuieg the 

uao of pneusmtie tirss. would awed to be oaly 15,4 per cent tMefcwr 

taan th© slab which ae would build i f thaw .were only ps^senger ear* 

aad light trucks to be accoanaodated. 

1 wish to eiiphasiaa that these eoaolusioas are baaed upon 

the uae of pnanaatic tlrea. hallooa tire* would apply to the read 

alightly lower iapact forcee, but emshioa aad solid tlrea would 

apply greater forces, ttee. the table shows that to support 9-tem 

trucks equipped with aew eushioa tires the paveaoat would rwfuire 

a thlcknass represented by the Index 1.331 aad if solid tires were 



- 8 -

used the mmm sice of vehicle would refuire a paveaaat of 

thickness represented oy the index 1.433. 

In other words, i t i s not until we have to deal with 

7$-ton trucks operated oa solid rubber tires that we have to 

increase by as much as four tenths the thickness ef pavement 

that would be provided i f there were ao traffic other thaa 

passenger automobiles mnd tne lightest trucks, 

ie find, he**ver, that tha laws of the St*tee, tha practice 

of sanufacturers and, apparently, the desires of the fWfetti, are 

a l l turning toward the use of pnawaatic tiree.lt ia W Jadgwea* 

taat within the next two or three years we shall see setid'tire* 

prohibited by State la® end aotor vehicle* peraitted to operate 

on pneumatic tire® only. 

Also, we believe that tne maxisma wheel load should be 

limited to about 9,000 pounds, end the gross load tc that which 

would cause no acre than a 9,0O0~pei*»d wheel lead. If It is 

desired to aav* heavier loads thaa can be carried on fear wheels 

with & aaaJLanat wheel lead of d,000 pounds, thea, a* believe, the 

amber ef wheels should he increased, retaining the f ,0©0-peaa4 

mkximem wheel eeaeentratlaa* 

Oar testa ahov that ao long as adjaceat axles are set 

closer together than 8 feet, the sax Lam, stress in the read 

structure ia ao greater than aaald he eewaed fey the single wheel 

http://tiree.lt
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load*. If, then, it i* aoessaary te carry a lead greater taaa 

can be carried, on & 4~»h#el TCkiele with a avjiisnua reer-axl* lea* 

of IB,000 pounds tae *iagl* rear axle should se replaced by t«0 

separated by at least a feet, JU tuese two axles there could 

then be carried 3o,000 pounds eltaout causing greater stress la 

the roaa surface taaa would be caused by 18,000 pounds oa one 

rear axle. 

If only pneursatic Urea are permitted to be assd aad If 

the wneel load is restricted to 3,000 pouade the table subadtted 

shows taat tne hoatlest vehicle could bo carried ©a a concrete 

a&rament ont.v about 8 oer seat talckar taaa would be built for 

tae accomodation of the lightest vehicles. 

Considering, tae loads actually applied to roads and the 

kinds of tirsa actually used it le ay judgcent that the heavier 

trucks ana busese. by the higher taxes they are paying - both 

llceass fees and gasoline taxea - are fully sooting a l l canes* cost 

resulting froa the increased thickness required for their support. 

ta the forego lag no distinction .has been smde between 

vehicles as to character of usage, whether as ocssacn carrier*, 

contract haulsrs. or private operation. Oaly physical. sdMfcj^toria-

t ics nave beea considered and particularly the effects of load and 

tire eeulpaMmt oa the road structure. Whether it be need sa a 

coaeton carrier, a coatract hauler, or, let us say, by a farawr far 

hauling bis own produce, a vesicle of glvsn « a s l a » wheal load aad 
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given tire *«,uip«mt will hmm exactly the mm effect apea the 

road. 

T H E secoal part of as? testimony concern* tne relative 

U T I L I S A T I O N of roads by various classes nf O P E R A T O R * : S P E C I F I C A L L Y , 

coasaon C A R R I E R S , contract, haulers, and these operating vehicle* F O R 

T H E I R own private purposes. 

fe have obtained information of tnts character la a traffic 

S U R V E Y C O N D U C T E D to coar.se ration with the State H I G H W A Y D E P A R T A A A T A 

of E L E V E N Western States I A A A D 1*30. A T "kay paints an th* 

F E D E R A L - e l d read A Y S T E M in these States traffic C O O A T I A G static** 

W E R E E S T A H L L E H E D aad F I ^ r * parties operated A T theae atatieaa 

according T O A C A R E F U L L Y pleaned schedule designed to F U R N I S H 

representative D A T A witn respect to the varloue C H A R A C T E R I S T I C * 

of the traffic under study, ^he *urv*Y w»a E O A T I N A E D for A period 

O F e Y E A R ; aad while the counting of T R A F F I C at each of the A T A T I E A A 

was A O T C O A T L N U O U E for iftis period, the S C H E D U L I N G of the E O U A T E A A A 

ao A R R A N G E D a* to O B T * I N fair snd R E P R E S E N T A T I V E aaapl** O F tha traffic 

operetiag ewer the roads during- the entire 'period. 

Hi* State* ic which the S U R R E Y W S T C O N D U C T E D W E R * Arisen*, 

C A L I F o r a i s , Colorado, ISaho, R E B R S E K A , W E V S D A . L E W A E X I C E , C J R A G E A , 

Utah, F A E H I A G T O A , A A D Wyoming. 

Ia the S T U D I E S desigaed pariiealarty ta determine the 

R E L A T I V E P R E P E R T L E N S of EE»Bion-asrrier, C O N T R A C T aad private 

operations, E A S E R V A T I O A * were -as da aM data, O H T A L A A D E A 118,060 

http://coar.se
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se<-'*r-*t* t f , ' . 8 i - » , fhsreter ntces&ary to establish the fast a* 

to tn« cnrracUr nf •as*,,® of rehicies tae vehicle* were stepped 

»nd the drivers "masticand. 

"tertiln ree^lta T f these studies *r* presented in a folder 

wiicn Is s'iw:itt**5 iti «*i$«nc». 

[v->ts: f ie foliar g-jbstttad Is attached hereto. II U aat Hied 

*?,vld*nco Presented by *r. Thorns H. 'ascDoaald, Chief. Uurneu ef 

Public D0*»ds, at the Interstate Ooaaerce (taa-atesien Hearings, 

"?srch 5, 1331." fh* folder wis eubmitted and received ia evldeaa*)* 

but the trnaaerl^t does sot clearly Indicate that i t was so reeeifdd 

nod d?*s not clenrly R*>*lgn it *n exhibit awaoarJ 

mh?. first daart of this exht&it chows by the total length 

of the bars for ORCO Stat* the aisount of e l l truck traffic &e a 

•percentage of th* total t r a f f i c By the vnbdivisions of th* bare 

the totnl track nevesteat i« brofeen down into the pcrtien* which 

consist of interstate COSSSOB carriers, intrastate eattsea carrier*, 

coatrrct haulers, and so-called owner-operated weaicles, raspaettwoljr. 

the tew * owner-operated^ as here used swan* a truck operated by i t* 

owner for the transportation of ale e»n foods. 

It will on aeen that the trace traffic at a whole doea net 

ia aay Stat* exceed IS per cent of the total traffic, aad tha entire 

coa»on-es.rri®r truck sseveeeat Mm® not exceed la taeae State* i f per 

cent of the total traffic. Interstate coasaon-carrier aortaeat. 
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snown by th* sal 14 black section at tha tap ®f each eoluwa, ie 

a small part of oa® per cant in every case. 

The information presented graphically la thl* Art* chart 

is also given in the teble whleh fellows taaaedlately after the 

chart in th* folder. 

an th* next sheet, under the heading *Coanoa Carrier freak 

8*«ietratton Compered with COSMOS Carrier Track Traffic*, evidence 

is presented tending to show that ceaacn-carrler track* ar* operated 

mora than 3 | times as intensively as ether track*. This is indicated 

by the faot that, whereas coaveon-carrier truaka aada ap 1.4 par aaat 

of all trucks registered In the States of Aristae, California, I safe*, 

ievada, lew Mexico, Oregon, Utah, aad Washington, the oessa»ea-carrier 

vehicles observed on the roads in these eight States ceaetltated 

4.95 p*r cent of the total truck traff ic dariag 1930. thi* would 

indicate that the gasoline taxes aad ether fees based upon mileage 

ar* correspondingly high far eessaea carrier*. 

fhe next table sheet that of the 180,000 aeter track* 

observed in the eleven States, only 5.5 per cent were caaataa carriers, 

8.7 per cent were contract operated track* aad tha halaaee ef 8 6 . 8 

per cent were operated by their owners for shipaaat ef their ®*a <ge#aa. 

This table also shows that of the total ef 14.53B haseee ***j*r**a 

36.3 per cent were engaged in iatarttate service. 
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The next chart in the folder shave the relation hetseea taxee 

paid by cosffisea carriers and intrastate ooasoa-carrier ueage. Ia 

general where eoaawon-carrier taxes ar® high avmmn ©arrter usage 

ia shown to be lew. In every caae where the fee ie above average, 

usage la below average, fhe table following laaasdlately after this 

chart gives in figures the ea«* lnferaatios plotted la the graph. 

la the aext table contained In the folder coaparlsoa ie nade 

of the taxes that would be paid ia each of the sleven States ay a 

3-ton truck described in detail ia the acts which nceoa>p*aies the 

table, when operated, (1) by the owner for transportation of his 

own goods, (2) as a coatract healer, and (3) as a. coarsen carrier* 

In tale conparisoa the assoaiptioe ia a d $ that the vehicle ia driven 

10.000 miles per year in each class of usage. Oa this aeswaatiea 

i t is shewn that the owner-operated truck wouli pay #10ft.70 per 

year, the contract-operated vehicle $132.98, and the eeanea carrier 

U9b.6d. tt appears froa these figures, which are the averages ef 

taxss paid la the elevea States, that on the baeis aeeueed - 10,000 

miles of operatioa annually by each class of vehicle - th* cessnea 

carrier track pays 80 per cent mm tax tasa tho privately operated 

truck sad the contract operated truck pays aa per cent acre them 

the privately operated truck. 

But the best Available iafometien indicates that the average 

annual travel by vehicles of th® three elaaaea le act the ***»» a* 

®ss«a*d ia the foregoiag analysis. Instead i t is eetiamted that 
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the average annual travel by coettoa-carrier trecks i s 20,000 alias, 

by contract operated trucks 15,000 mile a, «*d by privately epereted 

trucks 5,000 miles. On this basis - all other assumption* reamiaiag*. 

th® same as in the foregoing analysis - tne taxes that tealt be paid 

by 3-ton vehicles of each class in each of the eleven States ere 

shown in the next table in the folder. 

this table indicate* that the average tax paid by the owaerw 

operated truck on the asauacd bacle would %efS3.§S, a* caaparad with. 

$l?3.3l by the coatract-operated truck aad 1308.96 fey the eeasiaa-

carrier truck. In otter words, the 3-ton coaaon-carrier track pay*, 

on this basis over 3£ times as men in motor vehicle taxes as tha 

privately-operated truck aad the contract-operator pay* acre thaa 

double the tax paid by the private operator. 

The lest two charte in the folder <iad the associated Ubiee 

show the distribution by capacity of tha truck* observed is the 

survey and their classification according to trip alieega* Ova* 

two-thirds of all trucka ob**rv*d war* uader i-tons capacity, which 

ia in line with the observstiens snde ia •erv*ys la eastern State* 

since 1922. All our observations ever this period have pointed to 

s tendency toward the use of lighter sad faster truck* rather than 

toward th* heavier units, although there new appeare te he a teadeaey 

toward the use ef trailers with the lighter truck®, ee that tha greee 

load ia much larger. 
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The average dally trip mileage of al l trucks observed aaa 

approximately 100 aillea. 

1 think i t ia a fair conclusion to say that, so far as taa 

main State roads are concerned, tae relatively small eaount Of 

coamon-carrlar truck uaage or evsn tn* oparatloa of susses aakes 

very little difference in the buildlag ef tae roada. fe^weuld be 

building th* roads just aa aide aad just aa thick aa ae now are If 

there »ere no cowaos-carrier trucks at all - so saull relatively 

ia the usage of the roads by such vehicles la eoaparlsoa with the 

usage by privat# vehicles. 

I would not confine that observation te aay sectlea of the 

country. Aharever tne re ia ». heavy utilisation of the roads by 

coau&oo-carrier vehicles there is a oeaeeatratten of populatlea 

which causa* s immy traffic of private vehicles which wtthcut the 

o-arat ion of a single ceexuon carrier would rsculre the ooastractiea 

of tne sane type of road that the ceasios-carrier operatisa requires. 

My ooeervatios is that enter transport of all kinds, bath 

passenger and freight, fits late a very definite field that aaa aet 

he f i l l ed by the railroads or waterways, or alrpluaee, aad that i t 

is so flexible taut say uneconomical regulation only succeeds in 

denting It at one point aaa bulging It at another. I say uneconomical 

regulation; it ia tout that I believe will be ineffective, t would 

aay that thews should bo the closest possible regulation to secure 
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th* rights of tho public aad particularly to prelect tea) paella 

la i t s use of the highways. 

there Is cue further exhibit (sxhibit 496, fitaees siac Donald] 

I think should go in the record. It is a stateareat af read revenue*, 

divided between State and local revenues by fsereeatage*. fh* State 

highways, for which the funds shown in this table are need, constitute 

all of th* main roads of the nation and comprise ia the a*igaberheed 

of 300,000 al ias. The table show* that the pereeatag* ef highway 

income froa roed us«rt - motor vehicle fees aad gaeelia* taxes «* he* 

been growing very rapidly froa 1921 to 1929. Ia the latter year, 

of the total income collected for State highway purpose* aeter vehicle 

fees were 31.3 per cent and gasoline taxes 32.4 per ceat. to additional 

18.2 per ceat was froa bond issuaa which wer* aiaaet wholly supported 

on tha Income froa gas aad motor vehicle taxes. These three eevreee 

together total 81.9 per cent, practically all of which was sapperted 

by road use re. In addition, aotor vehicle fees constituted 6*8 p*r 

cent and gasoline taxea 9.3 per cent of the income for local road** 


