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¥r. Commissioner, my aprearsnce rtefore you is in response
to the invitation sddressed to the Secretary of Agriculture by
yoursslf to present tarcugh any of ihe Buresus any seterisl shioch
would have & besring upon the prezest inguiry of the Commiseion.
¥y testimony is unot given for or against any verticular propositien
or any carrier or sgency, tut, rather, is intendsd to pressnt the
latest sclentific data we have bearing upon the subject of the use
of the highways and ths relationship of the motor vehicis %o the
highways. 1 intend to pressat the evidence without statesent of
opinion sxcert as Jjustifisd by the facts.

The design of the stamdard psved bighways, which sre Dow
being largely built on the main thoroughfares of the mation, consiste

either of & rigid conerete base with 2 top of tltumiseus mixture er
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brick or stone block or a concrate slab without other covering. rﬁhl‘
thickness of the concreie elab, wiich determines its strength, whether
it be the bass or the surface itself, must bs sufficient to resist net
only the stotic lord on the wheels of vealcles, but also the impmes tord®
srrlied through the vheels. That is, the design must be based met wupon
the stetic wheel load bat upon the blow wiich the wieel delivers inm
prezing ovar the surfeve.

I havs Lere » chart wiich shows the relation tetween statie
wheel lead and corresponding fmpsct delivered %o & fulr sheet asphslt
surface (taken as = siandard of normal smocthness) wosn the vehlcle
iz overated =t various speeds sod eQuipped wits pnesmatic, cushion
2rd ner and worn solid tires.

The chart shows thet when 2 veahicle, nsving a whesl losd of
3,000 nounds, {s egulopsd with posumatic tires and opervated at 30 miles
ner hour ovar a pavezsnt of smootiness equal to lhat reprssented by the
chart, the rasultisg aormel impact w»ill be zbeut 12,300 pounds.

Tor ths sais of comparison, i the same vaalcle of 9,000 pounds
static wheel load, wer: operuled nver the same pavement mt 20 wmliles an
hour, amuinned with worn zolid tires 1t would dsliver a myrmel lmpact
well above 21,000 pounds, or nractically twice tue impact deliwsered by
the sewme wheel sgulpred with pueumatic tire.

Although these impsets correspond $o 30 and 20 xiles per hour
respactively, our studies indieate Luul there would not be much differsasce
1f the speed were gronter so lomg #s it did met exceed sbout 45 miles
rer tour. I cpn szplalin that ie tois weay. Fhen the sheel of a venicle

strikes sn obstruction or irregularity in the road surfsce it apyliaﬁ‘
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to tae road surface at tne instant of striking the obstructien or
irregularity an imnact faree'whian is known a5 the shock lmpmot.
The wheel 1s tuen sarown either partly or wholly iobo the sair and
wouen it drops sgsin to tus road it delivers another blow which s
Knowsd a8 Coe drop ispsct. The wegnitude of ithese two kinds of
lupact is aifected differvently by variation in speed. Thus, w
fiod teet with bighepressure posumatic birves the drop lupaeat inoreases
witn speed wuz V0 & speed of about 30 miles per hour sad then betomes
practically comstant. Tue soock lmvact, on the otier ssad, lucresses
#iti pracvical wniformity vut wors slewly up o toe polnt vhere ite
wegulbuie overtakes and passes taat of tue drop lmpact at & speed of
shoud 4b miles anm hour. Poue, vetween sboul 30 miles sa bour sad
&5 piles an Dowur, with ppeumebic tlres, theve ils very litile chenge
in tue wagaltude of tae iwpmet for which the rosd musi be designed.
wita balioou tirss tie saximam drop lopsct is resched at avpul 36 miles
G8T Louy aBG stove that speed drops aesy, so tast L you go fsster
it i+ realiy exsier op the road.

It is the impact lovees, aowever, and uet the statlc 1@&&&

on tas sageis for which romds must be designed.
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The design formulm involves, in additiom to the applied
load, (1) the sefe unit stress, waich for concrete psvements we
have taken as 350 pounds per square imeh or about balfl of the
designed modulus of rupture, (Z) a factor expressive of the
support afforded by the subgrsde, and called the modulus of subgrade
raactien; and (3) the ares of contact of the wheel with the surface
of the romd, expressed by the radius of an eguivelent cliroclar area.
Eith these quantities known or sssomed, the formmla mey be solved
for the depth of concrete alsi requirsd to support the load.

Of the assumptions we make Lo applying the formula it s
deeirable to point put that the unit stress, sssumed ae 380 pounds
per square inch involvez a fector of safety of 2, since the probable
breaking streas is 600 to 700 pounds per square ineh; snd that the
exdulus of suotgrade remection, takes ns 60, reprecente s wery low
subgrade support. Consequently, the desige tesed ppon these sesumpe
tions e telleved to be safe and concervative.

The ares of contset of the tire with the pavement we have
deteruined experimentally for various slzes of tires under varisus
losds, and | show you here reprolductions of impressions sede Ly the
tires, from which wo have dsterzined the areas.

The sctusl srez 1s expressed in the dasign formmls by the
radins of the equivalent circular ares aund it bas & very impertanmd
sffsct upon the stress in the rozd slab. Thue, 4if the radlus were

aazumed S0 be zers, as it wonld be if the losd were concentrated
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upon = polnt, the stress, corrssponding to a load of 10,000
poonds epplied st tns edge of the slab snd a modulus of subgreds
reaction of 50, would be 833 pounds; whereas, if the smame load in
ths same position and witin the same subgrade support wers applied
tarough & circular ares of 8-inch radigs, the strsses would be
reduced to 453 pounds per square inch. This effect of the area of tire
contact is very lmportant and it has previously been extirely over-
looked in comparing the relative effects of the automoblile, the truek,
snd the bus upon ocur nighwsys.

That there i8 & very considerable difference in avea of tire
contact betwsen auntomobiles and the larger webicles is indiceted by
the fact the contact ares of s 7%-inch balloon tlre on & seven-passenger
car with n wheel load of 1,750 poumds iz omly 245 square laches, wheress
tne groes contact area of » G-inmeh dual, high-pressure pmsumatic tirve
on a s-ton truck of wnieh the wheel load is 4,400 pounds iz 106 sgusre
inches. 4 dual 10%-inmch high pressure pneumstic tire on s Ph-ton
truck with wheel lemd of 11,000 pounds would heve & gross conlect
area of 210 syuare inches; but tns same wheel load Lf spplied through
& new solid tire would fall upom = gross ares of omly 131 inches. I
glve these exmmples simply to show how greatly the area of tire
contact varies.

The sctual aress of tire contsct, detsrmined experimentally

for each of ssverasl sizes of venicle and kinds of tire soguivewst,
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sre given in the table which I now submit; and the seme table gives
the edge and center talckness of concrete slab required to suppert
the several sizes of vehiclas. (Sxhiblt 494, Witness MacDonsld)

Thus it will be seen that the 7-passenger car hse s resr
waeel load of 1,750 poumds. Operated &t 30 miles am hour over a
pevement of smootbness equal to that described and squipped with a
single 7i-inch balloon tire the wheel thus losded would spply o
the pavement an impact force of 5,100 pounds. The ares of tire
contact 12 35 square inches mnd this is considered as applied in
the form of » semi-circle st the edge of the pavement and a full
¢lrcle in the cunter of the slab, the resultisg radii belng €.7
and 3.3 incaes respectively. Under these conditions, the table
shows that tasre would be produced ir s conorete slisb of edge thiok-
ness 7 inches and center thickness © inches, stresses of 226 pounde
at the sdge spd 218 pounds st the center,

Although these streeses are lese than the assumed safle zirvess
of 350 pounds par square ioch, we believe the above dimsnsions te be
the practicatle miniwa. ¥e would not bulld rosds much less thas
7 inches thick at the edge and & inches thicek lo the seanter zo metiter
what loads they were reoguirsd o osrry.

Yor a Z-ton truck with wheel load of 4,400 pounds and impact
of 7,300 pounds the tabls shows that z roed slab of the same dimen-
sicne would have & stress at the edge of 280 poands and at the center

290 pouads; snd the same rord would carry & 3-ton truck with edge
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stress of 520 pounds snd cemter sitress of 332 pounds, both well
witoln the working liwmits of the material, which we have taken &t
380 pounds per sqguars inco.

It is not until we get to the 8-ton truck that it Ls negessary
to lncrease the thickmez:z of the road and then only by osme-half inch.
To support a 73-ton truck, the rear whneel load of whieh is 11,000
counds, snother lacrease of 2 half inch in both edge snd cemter
thickneasses would be required, bringing the former to £ imches and
toe latter to 7 laches.

Thus, 1if we express by the index 1.000 the average Lhickness
of rond slab reguired to carry passenger cars uand the lighter tracks
guch as are ussed by fsrmers, if you please, the thickness reguired
to support & D-ton truck would heve an isdex of only 1.077 amd
that required for 7heton trucks only 1.154. In ether words a
pavement slab capacle of supporting 7i-ton trucks, sssumisg the
use of pneusstic tires, would need to be only 1.4 per cent thicksr
tnan the sleb which we would bulld if there were only phassnger osre
and 1ight trucks to be accommodated.

1 wish to emphasize that these conclusions sre based upon
the use of pneumatic tires. Ielloon tires would apply to the rosd
slightly lower impsct forces, but cushion snd solld tires weuld
apply gremter forces. Thus, the taile shows thet to support S-tenm
trucks egquipped with new cushion tires ths pavemsst would require

& thickness repressated by the imdex 1.231 and if solid tires were
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used the same slze of vehicle would require s pavement of
thickness represented oy the index 1.423.

In other words, ii is not until we have to deal with
74-ton trucks operated on solid rubber tires that we bave to
increase by as much as four tenths the thiokmees of revement
that would be provided if there were no traffic othsr than
passenger sutomoblles smud tne llghtest trucks.

%e find, nowever, that the laws of the States, the practios
of manufacturers and, apparently, the desires of the publie, are
ell turning toward the vse of pneuwatic tires.It iz wy Judgrent
that within the mext twe or three years we shall see solid tires
proiiblted by State law and motor veblcles permisied $o operste
on poeusatic tires only.

Alsn, we believe that the msximam wheel load shonld be
limited to sbout 9,000 pounds, snd the gross load ta that wiileh
would cause no more thas s 9,000-pound wheel lesd. If it fe
desired to move heavier loads than can be carrisd on four whesls
with 2 seximum wheel load of 3,000 pounds, then, we believe, the
number of wheels should be inereased, retalning the 9,000-pound
waximgs whesl concentration.

nar tests show that so long as adjecent axles are met
closer together than 3 feet, the maximan stvess in the road

structure is no greater thmn would be caused by the single wheel
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loads. If, then, it ia necessery to carry & losd greaster then
can beg carried on & d-wheel wvenicle with & weximum rear-sxle lozd
of 18,000 pounds the slugle rear axle should be replaced by two
separated by at leest 4 feet. Ju toese two axles there could
then be carried 34,000 pounds witaout causing greater stiesz in
the road surface btusu would be cemused by 18,000 pounds on one
rear axle.

If enly pneumatic tires are permitted to be used and if
the woeel load ls restricted to 3,000 pounds the table submitied
gnows tont toe beaviesst wenicls could bo carriad on & concrats
pavement only aboul & per cent tulcker than would bes ballt for
tne sccommodetion of the lightest wehlcles.

Consldering the lsads actuslly applled to ronds mad the
kinds of tires sgtuslly used it is my Judgeent that (he heavier
trucks ano Lugses, by the nigber tmxes they are payimg ~ both
licenss fees and greollne taxes - are fully seoting all sxcess cost
rasclting from the imcressed thicknes: required for their sappext.

In the foregolng no distinstion heas besen sade between
venicles 22 to character of usage, whether ss common carriers,
contract haulers, or privats operation. Only physical charscteris-
tice nave bean considered and varticularly the effects of load asd
tire squipment on the rosd structure. Waether it be used as &
common carrier, a comtract hsuler, or, let us say, by « farser for

nguling his own produce, = vehicle of given maximem wheel losd and
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glven tire equipment will hmve axactly the same sffect wpon the
road.

The second rart »f my testimony soncerns the relative
utilization of roade by varisus clzsses of opsrators; specifiocslly,
common carriers, comtract sasvlers, sad these omarating vehiclas for
thsir own nrivate nurpnges.

¥e have abtalmed infarmation of tnls character in a traffic
survey condueted in cooneration witu the State highway departmeats
of sleven Jeatern States in 1227 and 1930, 2t ey points on the
Pederal-ald rosd system in these States traffic connting stations
were established and flel” perties oparsted at these stations
according to & carefully plenced acheduls deslgned to furniak
representative deta wits resvect to the various charscteristies
of the traffic under study. Toe survey was continved for s peried
of a ysar:; and while the counting of treffic gt esch of the stations
weg not continucue for tnis period, the scheduling of the coumnts wes
8o arranged as to obtzin fair »nd reprezentative samples of the sraffic
overating over the rosds during tue entire paried.

The States ir which the survey was conducted wers irizons,
falifornin, Colovsdo, Idsho, NHebrzsks, Bevads, ¥ew Mexlico, Tregon,
Uteh, Waghington, aad ¥yoring.

In the studier desigred sarticalarly ts determine the
relative proportions of common-carrier, contrect and privats

sverations, observations wera =2de and dats obtained oa 180,000
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gemaTIte trusl-s,  fhavever rnwecessary $o eztablishk the faet as
to ine cnpracter nf ussge ot veanlcles the vehloles were stopped
end the drivers mastionsd,

Tertain reazlts af thees studles are pressated iu a folder
wilea ts subritted {2 avidence.
[ﬁat@: The foldar submitted iz atisched hereto. 1t is entitled
*Tyldenca Preeentad by ¥r. Thomas H. uallonald, GChief, Suresu of
Public Toads, 28 the Interststs Comwerce Comriswlon Hearinmgs,
Ysreh B, 1931.%  The folder wns submitted and raceived in evidesoe;
but the transarist dose not clanriy indloste that i1 ess so ru@iivté
nad dnag not clanrly vesign 1t =n ornibis ma?:zﬂ:t'}

Thae firat chart of this exhivis sunws by thr tolsl length
nf the bars for encn State the amount of all truck treffic ee o
wereentage of the totel traffte. 3y the subdivisicos of the bars
the totn) treck movement Ig broken down ‘mte the povrtions which
zonalist of interetzte common cavriers, intresiate commen cerviers,
ecantreet hrulers, and 2o-cnlled ounner-onersied vesloles, wwspectively.
Thae tarr owner-orerated’ =8 uere used wmesns s truck opevated by its
swner for tae transjortation of ale own goods.

It will be ssen thet the track traffic se & wicle does not
in sy Ttate excsed 15 per cemt of the totsl traffic, sné the entive
compon-carrier trick movemeat doss not ezceed in these Statse 1§ par

zent of the total traffic. “ne imterstetes Commbn-carcrisr morsment,
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snown by the solid black section at the top of sach columa, is -
a smsll part of one per cent in every case.
The information presented graphically in this first ohart
is also given in the table which follows lsewdiately after the
cosrt in the folder.
On the next suest, under the heading *Common Carrier Truck
Registration Compared withi Common Carrier Truck Traffic?, evidence
is pressnted tending to show that common-carrier trucks are sperated
more tiaan 3% times as intansively ms other trucks. %his 1» indiested
by the frct thet, wheress common-carrier trucks mede wp l.4 par seat
of 211 trucks registersd in the States of Arigous, Csliforais, ldake,
Kevada, Hew Vexioco, Dregon, Utan, snd Yeashington, the commen-carrier
vehicles observed on the roads ln thase eight 3tates conetituted
4.95 ver cent of the total truck trafflec durimg 1930. This would
indicate that the gesoline taxes and other fess based wpon milsage
ars correspondlingly high for common carriers.
The mext table shows thsat of the 180,000 moter irucks
observed i{n the eleven Siates, only 5.5 per cent wers common carriers,
B.7 per cent were coniract operated tfrucks snd the balsnce of 85.8
per cent ware operated by thelr owners for eblpment of their own m.'
This tadle slsec shows thet of the total of 16,535 busses obssrved

36.8 per cont wsers engpged in intaretste service,
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The next chart in the folder shows the relation betmesn taxes
pald by common carrisrs and intrastate commox -carrier usage. In
general where common-carrier tavxes are bigh common carrier ushge
is shown to be low. In every case where the fes 13 above Bverags ,
usage 18 below average. The table following lumedistely after this '
chart glves in figures the same information plotted in the graph.

In the next table conteinsd in the folder somparison is made
nf the taxes that would be puld in esch of the eleven States by a
3-ton truck described in detell in the note which nccompanies the
table, when operated, (1) by the owner for transportation of nis
own goods, (2) as s contract nsuler, and {3} ms » common currier.
In tals comparison the sssuaption is smde that tiw veblcle {z drivem
10,000 miles per year in esch clsss of usags. On this aesumption
it {8 shown that the owner operated trucik would psy $108.70 per
year, the contrsct-operatsd vehicle J132.98, snd the cosmon carrier
$195.66. 1% appesrs from thesa figures, which are the sversges of
taxse pald in the eleven States, that on the basis assused - 10,000
miles of operation samually by esch class of venicle - the cemmon
carrier truck pays 80 per cest move tax itnsn the privately sperated
truck snd the contract operated truck pays 22 per cent more tham
the urivately operatsd truck, |

But the best awsilebls informetion indicates ithat the sverage
snnual travel by vehicles of the three classes is not the ssms, a8

assumed in the foregoing snalysis. Imstead 1t is eetimmted thst
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the aversage anmual travel by common-carrier trucks iz 20,000 miles,
by contract opersted trucks 15,000 miles, and by privately eperated
trucks 5,000 miles. On this drsls - 211 other sssumptions rewalning
the same as in the foregoing anslysic - the texes that would ?a paid
by d-ton vehicles of each class In esch of the sleven 3tatss are
shown in the next tabla in ths folder.

This table indicates that the aversge tax paid by the ownere
operated truck on the assumsd basls would be83.99, as commared with
$173.31 by the comtract-operated track and $30B.95 by the commone
carrier truck. Im other words, the Z~ton compon~ceyrisr tyuck pays,
on this basis over 3% times ne wuch in motor vehicle tazes as the
privately-~opersted truck sad the comtract-operaior gmyn pore then
double the tax paid by the private operator.

The last two charts in the folder and the associsted tables
show the distribution by cspacity of the trucks cbserved iz the
survey snd thelr classification according to trip milosge. Over
two-thirds of all trucks observed were under 2-tons cspscity, which
is in line with the observstions msde in sarveys iz eastern States
since 1922. 411 our observations over this peried have polinted %o
5 tendency tosard the use of lighter znd faster trueks rather than
towsrd the beavier units, slthough there now appsars to be & tendsney
toward the use of trailers with the lighter trucks, so that the grose

ioad is moch larger.
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The averasge daily trip mileage of all trucks observed ﬂ%ﬁ
epproximntely 100 miles.

i tolnk it is & fair conglusion to say that, o far as the
main State roads are concernsd, the relatively small wmount of
Comuon~carriar truck usage or even the operation of busser mekes
vary litile difference iv the building of the roads. Se would be
bullding the rosds Jjust 2s wide sand just ae thick ss we now are if
there were no common-garrier trucks at all - so small relstively
is the usnge of the roads by such vehicles im comparison with the
usgge by private vehlcles.

I would not confine that obaervation $o any sectiom of the
country. inerever there ie & hasvy utilizstion of the rueds by
comron- carrier veicles thers is a concentration of population
waleh causes s heavy traffic of private vehicles which without the '
oneration of & single common csrrier would require the mtmm
of the smme type of road thet the cemson-carrier opération reguires.

My observation is that motor traasport of all kinds, beth
pagsenger snd freight, fite into & very definite fisld that m not
ve filled by the railrosds or seterways, or sirplanes, and that it
is so flexible that any uneconomical regulation only sucoeeds im
denting it at ons point snd bulglng it at snother. I asy usecosomieal
regulstion; it is toat that I believe will be ineffective. I would

say that thers should be the closest possible regalation to securs
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the rights of the public and particularly to pretect the publie
in its use of the highwaye.

There is ome further exhibit [Exhibit 495, Witness MacDomald
I think should go i{n the record. It is 5 statemsat of road revenwes,
divided bdetween State and local revenues by percentsges. The State
highways, for shich the funds shown in thiz table mre ussd, constitute
all of the main roads of the nation and comprise in the seighborhood
of 300,000 wiles. The table shows that the percentage of highway
income from road users ~ motor vehicls fess and gasoline taxes - has
been growing very rapidly from 1921 to 1929. In the latter year,
of the total income collected for State highway purposes wmotor wvehicle.
fess were 31.3 per cent and gaeoline taxes 32.4 per cent. 4An additionsl
18.2 per cent was from bond issues which were almost wholly supported
on the incoms from gas and wotor vehicls taxes. These three sources
together total 81.9 per cent, practically all of which was Wm
by roed users. In sdditlion, motor vehicle fees constituted 6.8 per

cent and gasoline taxes 9.3 per ocent of the income for local rosds.



