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19*2 A Bwmm Sear in f edera l i i d Eoad Work 

Over ll»QOt> Miles Ooapletoit JMriag She Tear 

By fl.8. Fairbsatr, Senior ffigfcstoy ing!ne«v« Bureau o f S'ohlie Beads* 

?Ofioral-aid rood cons t ruc t ion reached a mm M#h tester saarfc in 1922 

when the MILEAGE of wm road added to the growing system o f Qoverasaent 

elided highways exoeoded e leven thousand roiles* The exact length wag 

11,574,7 ' t i l e s , ^ I E was almost t«rieo as waoh as the stileege oonstruoted 

ia l $ l l » the host previous year whioh added only 5943 miles, &%& I t «aa 

more than seven timea ae great a » the mileage oe^pluted i n the f i r s t four 

years o f 0partition under the Federal Aid Koad Act* 

fhe to ta l oas t of the ROT IDS completed i n 1922 was over £'£16,000,000 

of which tho Peder&l SovoraraenV's eontributioB *»ae more that* I^O.OOOiOGO, 

fftls roeord , both os to t o t a l coa t anrt ^etioral a id payment was near ly twice 

as g ree t m the aeemaalated totule for the s i x proceeding pj&rs o f operation. 

The federa l Aid. toad i e t was passed in 1916* lur ing the f i r s t two 

j e s t s machinery wae so t in motion f o r the hie worlc ahead, but mot a s i n g l e 

a i l e of *QB(1 was completed. By the end of 1916 there were ?0«5 a l i o s under 

t r a f f i e , m& from that t ine the growth of the «or& i e shov® i n the t ab le 

below, 

Federal Aid Beads' Coexisted By Calendar Years . 

tear Miles Federal Aid S»UA Ooa.t 

1918 # 1^?,9S8.68 $ 472.044.S1 

1»£2®,© 6,000,064,03 l4,0S?,4fi? ,S4 
m i 4 l ,£3S.01S.gg 94,901*503,90 



As the tab le shews the mileage completed up to Beeeaiber 31 vrae 

18,649 asl les. fhese ro&os wove en t i r e ly oosapletati and under t r a f f i c * The 

S*g40 milee p r o e t i o a l l y completed a t the end o f the year is s o t included* 

A l a rgo part of this mileage was ac tua l ly completed end i t i e net included 

in the t o t a l o f completed mileage aisaply because the f i n a l payment o f 

Federal a id had not been made. A l l of i t «ae w r a then 96 per cen t 

completed* so that i t i s not far from the f a c t to say that on December 81 
o f . 

l e s t the laileagV completed federa l -a id roads had reached the t o t a l of 

£4*000 miles* 

in addi t ion to this mileage eotspleted or p r a c t i c a l l y eoiqpleted there 

was 13,94? sti les under Gonetruetion a t the en& of the year sad approximately 

60 nor oent c o l l e t s as indicated by the repor t s of the Federal d i s t r i c t 

engineers* 'fee repor ta o f progress are am tie on the bas i s o f p r o j e c t s and 

i t Is impossible to say jus t how auch of this mileage under cons t ruc t ion 

ie a c tua l ly complete . A p r o j e c t whioh i s reported as %0 per cent complete 

nay be e n t i r e l y completed in sense sec t ions and in var ious stages of progress 

l a o the r s} or i t any have been brought to m average stage of 60 per cent 

ooieolstiott without being ac tua l ly complete in any p a r t . We £e no t etts&pt 

te enter into this d i s t i n c t i o n in the gross f igures* But as the percentage^ 

yeperted does ind ica te what gart of the wor& has been f inished I t is f a i r 

to soy that work completed on the roads under cons t ruc t ion i s approximately 

equivalent to the woru necessary to oomplste 60 per oent o f IS ,94? miles 

About 8,370 miles* hiding this a i l e e g e to the M . 0 0 0 miles completed 

er p r a e t i o a l l y completed the work performed on a l l p ro j ec t s to the end o f 

1$32 may bo sa id to be equivalent to the sorfe necessary to bring to ac tua l 

conf la t ion 8£,g?0 a l i o s o f road . 



The t o t a l o f Federal funds appropriated up to th© end o f the year 

l e s s the deduction f o r administrat ion was $388.6215,000.00. Of this amount, 

ae shown above, 1189.327,457*80 hod been paid fo r completed p ro jec t s* An 

addi t iona l aaount of£70,269,119.08 had he on paid i n the form o f progress 

payments on p r o j e c t s under eons t rac t ion as par t payment o f the #149*$68,¬ 

762.92 a l l o t t e d to such p r o j e c t s , a further mm o f #49,984,246,44 had 

been a l l o t t e d to d e f i n i t e p ro jec t s which had not y e t been, p laced under 

cons t ruc t ion and a halance o f #49,749,550.94 , was e n t i r e l y unobligated* 

Including the newly approved pro jec t s* p r o j e c t s for which plsns were under 

way and a l l p ro j eo t s In the pra-const ract ion stages the t o t a l mileage o f 

p ro j ec t s In i t i a t ed and approved fo r Foderal e l d , and in various stages o f 

ooispletion or corapleted was 45,165*7 miles* 

the c l a s s i f i c a t i o n o f the 18,849 miles ac tua l l y completed according 

to typos o f const ruct ion shows that the mileage o f gravel reeds i s greater 

than that o f any other types , A t o t a l o f 7621 miles o f this type o f road 

had been completed, Concrete with SH% miles was second In point o f . 

completed mileage, and the graded earth roads b u i l t i n the* State* whioh 

are in the ea r ly stages o f development reached the t o t a l o f S286 mi l e s . 

She mileage o f a l l typos i s shown in the fo l lowing t ab le . 
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Federal Aid Fre jec ts Ooaiple ted D e o e a W 1922 
By Typee o f Gonatruetloa. 

Mileage Ooiaploted 

aaraded and drained 
Sand~elsy 
Gravel 
Water bound maoadem 
Bitisainous macadam 
Bituminous concre te 
Portland eemeat concre te 
» r i e k 
Bridges 

3286.4 
a236.1 
7621.3 
478.4 
666.4 
681.8 

3648,8 
310.6 

flotal 18,849.2 

Quitt ing the b r i d g e s , I t w i l l be aeon from the above tabulat ion 

that what oay be c a l l e d nigh-type roads, Including br iox* concre te and 

bituminous concre te aggregate miles or about £5 per sent o f the 

total mileage. The intermediate types o f bituminous maoadam and water 

bound macadam to t a l on ly 1140 miles or approximately 6 per sent o f tne 

t o t a l and the balance o f 70 per eont I s aaae up o f g r a v e l , sead-elay 

and earth roads graded and drained* 

I ron th» etandpelnt o f c o s t the &ereentages o f the highest 

and lowest Masse s are near ly reversed* She nigh-type roads which 

cons t i t u t e on ly one quarter o f the mileage Involve per cent o f the 

t o t a l expenditure and the low-type roads involve on ly 86 per oon t . 

She average c o s t o f a l l types per a l i o exc lus ive o f br idges 

f o r the whole per iod o f operat ion i s #16,800, #or the year 1922 the 

Cost was $18,500 as compared with $15,400 In 1916? 

How rauoh o f the increase shown in these f igures i s due to 

higher c o s t s o f mater ia ls , labor and transportat ion and how much i s 

due to the oonst ruot lon o f wider and thicker reads to meet the so re 

severe condi t ions l o o s e d by t r a f f l e aoes not appear i n these f i g u r e s . 
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Probably th* laoreas© i s su« in greater part to th© l a t t e r 

than to the former * 



published in 
Kie Ice Cream Trade Journal 
September 1923,* 

Motor 

The Penny tfisdorc of Orerloading/Truoke f. 

By H.S.Falrbank, Senior Highway Engineer. U.S. Bureau of Public Roads^ 

Roads era taade to he travelled* A very tr i te statement that»« 

but i t i e se l l to keep i t in Kind just the same. Highway builders are 

eenettaee accused of forgetting i t* I t has been charged that they surround 

the use of their reads with so many restrictions and regulations ae to 

prevent their effective use* 

Ae one who ie fairly familiar with the way the highway off icial 

eete about hie job, t m euro that he never loses eight of the primary 

purpose of the road for a moment* He locks upon the roads he builds as 

merely a neons to an end ~ the end, better highway transportation; the 

roads as improved avenues of highway transport. His f irst question, 

when the i»provera«nt of a particular piece of road la projected, is— 

*Shat about the traff ic?* That question answered, he prooeeds to design 

the road for the traff ie i t must carry* He seeks to ssake I t strong enough 

to carry the traff ic with safety, keeping in mind, the while that there 

if an eeonoBio faotor involved as well ae a physical factor. I f i t were 

not for this economic factor hie task would be easy* H» knows how to 

build a road that will carry an unlimited number of the heaviest vehicles 

Bade, and i f i t were not for the economics of the problem he would build 

that kind of road everywhere* and a l l the time* Bit that wouldn't be good 

highway engineering. 



$»ab reads ere wery expensive. Hot that h» balks at more axpenalveneea -

#opeii»e» ha Is accused of spending tea »aeh noney. What ha has ia mini i s 

that the road, whatever Its cost taay be, nuet pay dividends on the invest-
i s 

jsent. And a read can pay dividends in only one way, and that/by enabling 

those whs use i t to reduce their east ef transportation by an amount greater 

than the east of the read* 

Up in Connecticut the Beaten ?ost Road carries an average traff ic of 

^140 gross -tens ef eomoditiee in nine daylight hour*. This is the aetual 

oheervad traff ic passing four observation stations ssaintalned by the Bureau 

of Public Reads. Adding one~tbird t an a very conservative estimate for the 

fu l l day, we h*ve 1580 gross tone dally commodity movsaent, which ineludee 

the weight of the eoanedity and the carrying vahlole. Hew, from figures 

based en cnperinente conducted by the Iowa Scperiiwmt Station, aceuning 

gasoline to cost 24 cents per gallon, the eoet of fuel alone for moving 

t M s tonnage ever an ordinary dirt read weald be $86,44 per mile per day, 

asemiag the impossible, that sueh traf f ie coulo be carried ever a dirt 

read. The east of fuel for moving the suiae tonnage over a paved road 

would be | 1 1 , 7 0 , a difference of $14*74 per day, On the basis of 300 days 

per year tha actual saving in fuel alone for saving this tonnage weald ba 

$4,4$$, Suppose the paved highway coats #40,000 per mile » I t wi l l 

probably eoet that such. The average interest at S per cent weald then be 

#1000 per year, which, deducted f ran the saving on fuel, would leave a 

balance which weald retire the cost of the road in between 11 and 12 years. 



Xa other words* the swing in fuel consumption alone for the itsraaedity 

t ra f f i c only o» this read Is aaffielont to pay the ©oat of ooi»tn*etion 

of an expensive road surface, and the tremendous passenger traff io i s 

earried, on this basle, free of ooet. That looks l ike an economical 

proposition and i t la* 

Bat suppose the road we have under oonelderatioa carried eaiy 

500 gross tons pep day instead of more than 1£00* I t Is ohvioue that 

the saving in fuel on soeh a road wil l net pay for paving i t with a 

|40,000 surf sow * nor anywhere user i t* I f this road i s t o pay dividends 

i t »u»t he improved with a cheaper type of surface« Of sours* when yea 

cheapen the surface yen rsduoe the feasible saving of fuel* the Iowa 

eaperfeents show, for example, that on * dirt road a gallon of gasoline 

wi l l carry a tea 14 milesj on a oonorete read the same gallon wil l carry 

the sesse ten 31 miles | and a gravel surf SAW wi l l require a eeneuroptien of 

a gallon of gasoline for a 21-stile haul. In other words the gravel eurfaea 

l i e s between the pawed road and the dirt road in point of tractive resistance. 

I t also l i e s between the two in point of construction cost , s# the englneor 

ismedlately thinka of a gravel road for the solution of his SQQ-tott road 

problem. 

Using the test results given above he figures that the annual ooet 

of gasoline for hauling 500 tens one a l l s over a dirt road wil l be $357.0. 

Over a gravel road I t would be only lyXoTa saving ef $860 per year* Hith 

interest at 5 per oent this saving would pay the interest charges an an 



Invoeteent « f |1G»GQQ and retire the see* In 1 6 j ^ r M 9 « * The ten thousand 

dollars wi l l pay far a mile o f gmvi l road and tha eeonemlsa in repairs, 

ispraeiatlen, time and t ires as well as gasoline wi l l make this type ef 

road pay for i teel f ia tnutoa torn* than l6£yeare i f the traff ic 1* a» tauoh 

aa §00 grosa tana of eopunoditiea dal ly . In fcoth theaa illustrations 2 a s 

neglootlng the intangibles of passenger t r a f f i c . 

Had »otr X aome to the point which illustrate* tha penny wisdom of 

the overloaded truck. \f hot her the road he a paved read er a read surfaced 

with gravel i t la designed by the highway snglneer to withstand a certain 

foaximra load, for the paved road that naxisgsi io no doubt tha maxlioua 

legal wheat load •* the heaviest load paralttod ander the laws o f the State. 

So long an that lead la net exceeded the chanoee are that the investment 

wi l l yield dlvldenda Juet av,out as calculated in advanee by the highway 

engineer, hat l e t a f e w true* owners decide t o take A d v a n t a g e of the 

smooth surface and overload their trucks eo that the lead applied to the 

read exoeeds the load for which i t was designed, and the whole calculation 

ia upset* I t doesn*t requira a great taany overloads to ruin a road or ran 

up the maintenance oeat so high as to wipe eat a l l the calculated profits* 

A vary f*« w i n da it* I t i s as thengh yea build year warehouse fleer to 
J O 

aarry * w pounds par square foot and then decide to lead i t at the rate ef 

1 * » pounds, ton won*t get the chance to do it roany times. Just about onee 

Mil ha the finish of the fleer. 
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Xn the ease of too road the results are apparently not so 

disastrous* To» road s^rfaos doeen't give way with a load oraeh mad 

drop i t* load ten feet er store* Dhe overloaded trttOk goto fcy without 

suffering the fate I t me r i te , out i t leave* a t r a i l of trouble behind « 

trouble and expense* The operator of the overloaded truck wi l l have to 

bear his part of the expense, ae a taxpayer. Unfortunately hie part of 

the expense wi l l be very small Indeed In properties! to the burden he 

had la id , by his selfishness, on the shoulders ef others* 

' A • few years age the oonsequencee of overloading were very aueh 

tJUNre apparent than they are now* At that tiate » during and isttedlately 

after the war * we were suffering frost the sudden development of heavy 

truck traff io on roads whioh had been built in the ante*war years) for a 

far lighter traff io , and coupled with this condition the tMlntenanee 

of these reads had been neglected during the war because of the stistaken 

jpolioy which declared road building and taainteaanoe to be non-eesentlal 

to the winning of the war* Sections of utterly destroyed highway were not 

an uncommon sight at that time* gush destruction i s coldest observed now, 

because, in the f irst plaoe the roads are now built to oarry heavier leads, 

and. In the second place, they are taore perfectly maintained. 

But |ust beeauee the weeds do not give way with a loud crash under 

every overloaded truck, but appear to go on giving service in spite of 

b o a t e d violations of the law Is no reason for concluding that the piper 
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i s net being paid*. t4aiea to Ur* Clifford Older on the seat of overloading* 

Mr. Older le the ehlef highway engineer of I l l ino i s . Be la A clone student 

of road problems. Under hie direction the State of I l l ino ie has recently 

conducted experiments ef the f i rs t lffipertanoe on tha Bates Bond near 

Springfield, I l l i n o i s . The Bates Road van buiXt to be destroyed In order 

to determine the ultiaate lend carrying ability of a number ef types ef 

psvenent with which i t was surfaced, that is einply by way ef introducing 

Ur, Older to ice erean manufaetarere and to asks I t elear that he speaks 

with authority. 1 quote new from hie remarks at the recent eonferenow 

ef highway officials called by Gov. Finehet ef Penneylvnnle Just after 

he aeeujaed off ice , and he i s referring not to any sxperiaeatel road built 

to be destroyed, but to one of the meet important reads of the State, 

built te give economical highway eerviee. this i s hie testimony? "We have 

a certain piece ef highway en which, two years age, legislation authorised 

ue to enpley a highway police farce, primarily te control loading. I t 

happens that en that section, about five miles long, heavy hauling hae 

come to stay. Previous to the enforcement of our isaxlaium lead limit oar 

steiatananee expense on that section was about |1S,000 per year, linst year 

we did enforce our saxiEuaa lend l i a l t on thia one section and the maintenance 

expense was reduced $10,000 for the year* IRs did not improve er strengthen 

the road in order to accomplish this result* I t i s practically in the cans 

condition as i t was before* The difference ie due to the enforcement of 

the law against overloading•* 



Ten thousand dollars ef avoidable expense en five miles of road 

i s $2,000 per wile per year* Zf we have that expense on the |40,000 paved 

road In 0onneotiout that saving of ^3423 we oounted on to retire the ooet 

of the road would he reduced to $1422, and Instead of paying for the read 

in 11 or IS years we need the fool savings of 23 years to retire the debt* 

That Is what overloading means in dollars, and cents* However penny wiee 

i t may appear to be from the standpoint of the individual truck operator, 

i t Is certainly pound foolish frojr. the standpoint of the State - and that 

means the taxpayers* 

What, exactly, constitutes an overload? I t i s not so simple a natter 

to answer that question fully* Legally, i t consists of a load in violation 

of the traff io regulations as to maxima* grose weight of trust; and carried 

load, raaxifauia axle or wheel load or maximum lead per inch of t ire width* 

Actually the maximum gross weight doesn't aeon much* Because of the way 

in whioh trucks are built and loaded anywhere frost 50 $e 50 per sent of the 

total weight of the vohicle and i t s load may be transmitted to the road 

surface by the two rear wheels, go a vehicle which with i t s load may 

selgh well within the Eiaximum load regulations may s t i l l be an overloaded 

vehicle because l i e rear axle or rear wheel load may be greater than the 

3ft»? permits* Moreover a truck whioh violates neither the maximua gross 

''sad regulation nor the wheel or axlo-load provisions may e t i l l have » 

•sight per inch width of t i re that i s greater than the law allows. For 

•xawple, l# t us assume that the legal weight rest riot ions are as follows t 
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maximum gross weight 34,000 pounds; maximum wheel lead 3,000 pounde; 

maximum load per inch width ef t i re 800 pounds. The lew la thie ease 

would he violated by a three-ton truck (tare, approximately 3 tome) 

carrying * fiva»to» load on 8-inoh t i r e s , If 4S por cent of the load were 

dletributed to each rear wheel,* f be groae load of Id ,000 pounds would be 

well within the law} the wheel lead of 7£0Q pounde would alee oonfor» to 

the law; but the weight per inch of t ire width would be 900 pound* • a 

violation of the law* 

There are two kinds of overloading recognised by highway engineer* 

ami both practioe* are apt to be destructive to the highway** The more 

obvioue kind ie overloading beyond the maximum weight limitation* I t is 

comparatively easy to single out such trucks aa they pees en the highway* 

They are the biggest trucks with the heaviest loads* The other kind is 

represented by the truck that Is "overloaded per capacity*} that i s , the 

truck that carries more than the load for whioh I t was designed. Truck 

and lead seldom exceed the maximum weight l imits , bat frequently they 

violate the wheel-load and tire-weight limits* on account of the fast that 

the carried load is not distributed as is the weight of the vehicle, but 

is concentrated very largely on the rear axle, and that the t ire equipment 

is based upon the rated capacity of the truck and net upon an overload* 

Springs and brakes are also designed on the basis of the rated capacity 

and an overload means abnormal deflection of springs and a heavy strain 

*» the brakes, the f irs t condition imposing higher stresses in the road 

Sad vehicle and the second a constant menace to l i f e* But to go late the 

Statter from these angles wil l be to dig too deeply late the msohanloe 
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of the p rob lets. Let us stick to the simple question ef weights* 

With legal lisaite fie described above, l e t us consider the ease of 

the 5-ton trunk (tare, approximately 5 tons) running on 12-inch t ires and 

leaded with 1 tone of cowodity. Here we have an overload per oapaeity 

without an overload as to Raxloum weight, the maxisaaa weight ie exactly 

34,000 pounds, the legal limit* But as about 90 per cent of the total >• 

weight i s apt to f a l l upon the rear axle, the load en that axle would be 

something l ike 31,600 pounds or 10,800 pounds per rear wheel; and the Weight 

per inch width ef t ire would be 100 pounds instead of 800 pounds* 

Now le t as ese i f we can form any idea o f the effect of this overload 

en a road surface, the Bureau of Public Bonds baa been conducting far 

sometime past a series of experiments t c determine the effect of truck 

leads of various weights on road pavements of different kinds when theae 

weights are applied t c the roads with impact, as they are when the trucks 

"are in notion* Pavenent slabs ef various materials were tested under wheel 

leads e f different amounts dropped upon the ©labs from various helgnte in 

order te simulate the istpaet of trucks In motion* Xn this way i t has been 

learned what thicknesses o f concrete pavements and par entente ef ether types 

are required to withstand truck wheel loads of various amounts taking the 

concrete road as on example, the staple diagram reproduced en page 

suBwarises a great deal of experimental work, and shows, with a reasonable 

degree o f accuracy, what thloknese of concrete road surface is required te 

oarry wheel loads ef various amounts. Using curve Ho* 1 the diagram shows 

that the center thickness o f the road te carry a jftaxteuta legal wheel lead 



of 8000 pound* should bo at least 5-1/2 inohto. Suoh a road would 

barely be able t e stand the load, I t would probably break up under 

repeated applications of the siaxiswia load after a brief period. Add 

another inch, no that the thickness beoonee 6-l/it Inohee and you have 

a read whleh wi l l carry the legal &aximu» wheel lead of 8000 pounds with 

safety. Suea a road would f a i l structurally under the 10,800 pound wheel 

lead of the joverloaded truck described above* to safely carry this 

overload would require a pevsstent at least 7-1/2 inches thick* 

Overloads which are nanlfeeted only in exeeeeive weight per Inch 

of t i re width are not particularly destructive t e paved road suoh as the 

concrete and brick types which derive thair strength from the concrete 

slab which serves either as the surface or the bstsa* On such reads the 

application ef the load over a width of 6 inohee Instead of 4 inchee, or 

12 inches instead of 3 inches makes veiy l i t t l e difference* In either 

ease, ma far as/the concrete read is concerned, the load i s a concent rated 

lead to be carried by the "beam strength* of the slab which acts as a 

nonolith to resist the load. But in the case of gravel and naoadsa roade, 

which instead of being monolithic in construction are made up of partisans 

ef atone, store or lees loosely bound together and free to nova with 

reepsct to each ether when a lead i s applied, the application of the load 

ever a greater or lesser width is a natter of eone concern, the lead which, 

on a 12-inflh t i r e , nay be eafely carried by a read of this character, may 

sink into the surface and break the bond of the road if i t i s carried on 

an 8-inoh t i r e . 
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Taere i » another kind of overloading whioh la not prohibited by 

the lave of a l l States* I refer to seasonal overloading, As nearly everyoae 

knows* roads are not eapablo of carrying the heavy loads in the spring that 

they earry throughout the rest of the year with safety* this i s duo to the 

wet condition of the underlying s o i l l a the spring, ft ie a condition whioh 

cannot be entirely eliminated by any of the means of drainage yet known to 

the highway engineer* I t ie a condition whioh should be recognised in a l l 

regulatory laws, and the highway authority should be empowered t o make 

special regulations to protest the roads when they are in this condition, 

tut in the absence of such regulations public-spirited truck operators wil l 

fee guided by their knowledge of this well recognised condition and reduce 

their loads accordingly* The amount of reduction desirable can always be 

ascertained by applying to the State highway department* 


