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INTRCDUCTICN

This is the story of a great system of hichways, their
conception, financing, construction, use and present condi=-
tion. This system of highways is known as the "German

Autobahn,"

Since soon after the development of the automoblile and
its more prevalent use by the common people, the German
government had realized the need for a more adequate system
of roads. No one in the government had any definite plans,
however, Certainly no one even imagined the need for a vast
system of expressways =-- until Hitler came to power. His

plans for Germany chanced many vplans and ideas in other

minds.

Perhaps a brief description here of the tvpe of road
the Germans built will aid thke reader in understanding the
scope of the project and the care with wnich such a project
was necessarily undertaken., The German Autobahn was fashioned
somewhat after the Italian Autostrada. These two highways
are very similar, but different from our common highwayse.
These countries had different ideas than we have as to what
1s meant by an expressway. We understand that an expressway
is a wider, straighter road on which we can travel faster and
save time, but they went further. The only road we have wnich
can compare to the Autobahn is the Tennsylvania Turnoike. The
German expressways are hichways that are especially designed

to avold passing through centers of dense population, to be
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absolutely free from grade crossings, to follow a straight
line as nearly &s possible and to exclude all unauthorized
persons and vehicles. The term expressway presunposes an
ideal paving surface, a well-desiened location and sll
technical equipments for the needs of exnress motor traffic.
To this end the cesisners used every bit of knowledce avail-
eble and ccnsiderable imagination,together with high sveci-
fications and good meterials to produce what is considered

one of the greatest roads in the world.



CEAFPTER I

THE AUTCBAEN IS CCNCEIVED

The people of the world as a whole know very little
about the plans Hitler had in his mind when he became
Chancellor of Germeny. Cne thing is certain; he did have very
definite plans, and he wasted no time in putting them into'
action. . It 1s believed that the time Hitler spent in prison
provided him with plentiful oprortunity to think of and
develop his plans. /6ne great part of these plans was the con-
struction of & super-highway system that would link all

sections of Germanyf/ Whether or not his big plan then was to

concuer the world is unknown.

Soon after Hitler was released from prison, he
beran campaigning for the office of Chancellor. He made many
promises which attracted the attention and votes of the common
peoprle. Apparently they were not accustomed to politicians
and their campairn speeches. They put him in office and
anxiously aweited the fulfillment of his promises., Hitlert's
Internetional Labor Day.speech on kay 1, 1933, hinted of a
vest public works program and a plan to induct all German
boys into manual labor. Highways especially would be developed,
he said. At that timein Germany unemvnloved vpersons could be
utilized for road work as "compulsory workers," as "emerscency

' or es "voluntary workers," The law stated they

workers,'
must (if provided with) work for their compensation. They

did not work a 48 hour week, but only 2 1/2 to 3 days. The
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work that they did was work that would not ordirarily be
done, it had to be prodvctive in natvre, temporary, and of
public value., UNitler wanted to meke use of this law cnd

nut a1l the unemployed to work on the new roads.

The unemployment situation wes Germanv's birgest
problem, one-third of her capable workers being on the
unemployed recister, This was the ideal time for FHitler to
introduce and promote his plan. He had two good points to
arcue: the project could serve the double purpose cf

relieving unemployvment and of developing automobile traffic.

Previous to 1933, the highways in Germany were of
such a nature as to not encourace the use of motor traffic
to any great extent, being larsely narrow allowances with
paved or macadam surfaces, and not kept in too good a state
of revalr. DNaturally, the design of any new svstem of roads
had to take into consideraticn the c:nditions that then
existed in Germany and still do exist in most European
countries. These conditions were employed in the German
conception of an express-way systenm. In Germany not only
are roads narrow and crocked, but the custom of driving herds
of livestock over the highways is a cormon one; there is a
large amount of horse-drewn traffic; there are sections
wnere the ox cart is in genersl use, and with the improvement
of surfacing since 1¢30 came a great upturn in the use of
bicycles. Operation of passenger automobiles on such roads

obviously was highly unsatisfactory. Iost towns even had
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ordinances giving the bicycle tne ri ht-of-way over the
automobile, A tourist traveling throuch a town on the main
road was not even allowed to blow his horn at a bicyclist,
no matter what the bicyclist did. A motorist who struck a
pedestrian or a bicyclist was elways at fault. A horn on
an American automobile was a source of curiosity to the
children and even some adults, for it seemed louder to them

than the larcest truck air horn would seem to us.

Even when new roads were bullt to by-vass the
abrupt turns and the congestion of villares and towns,
immediately the new road became a preferred site for industrial
plants and residences, and in a short time it was almost as

conzested as the route throusnh the heart of town.

What is now Germeny formerly was a group of inde-
pendent states that had no connecting system of roadse.
Establishment of the empire in 1871 did not chenge the
situation greatly. Roadbuilding was left slmost entirely
to local authorities., They ccncentrated their efforts upon
meintaining existing roads which for the ost prart followed
the haphazard courses dictated by the needs ofcther centuries,
Thus, prior to World War I little had been done in the 18
German states to fashion roacds fcr automobile use. After
the war rather extensive highway improvements were undertaken
in the areas immediately tributary lo cities. But this was

neither sufficlent nor efficient.
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¥Eitler got to work immediately after making his

Labor Day speech. He convinced the cabinet that an express
swvstem of highways was needed, and on June 23, 1933, the
cablnet passed a law for the construction of a network of
highways to cover all of Germanyf Pl:ns were drawn up for
the new system w.ich was to be built gradual y to supvlement
the present highways by a system of main.thorough-fares
which would carry auto traffic over long distances, the old
roads serving as tributaries., The general manegement of the
construction was appointed to the Reich railroad system, and
work was to be started immediately. However, it was

X September 23, 1233 when Eitler turned the first svsdeful of
dirt to get the project underwav. At first the work was
very slow; there was no coorcdination between the highway
departments. Also, the idea of th= railfoad doing the work
without supervision and inspection by highway and government
officials did not satisfy Hitler nor his cebinet. They
decided to fill two needs at once -- that of control of the
expressways and centralization of all highway departments.
On March 26, 1934, German highway administration, formerly
divided between 26 state and county and 500 independent
township highway departments, was centralized by enactment
of law., Failure largely of these decentralized authorities
to cooverate had prevented any real system capable of

mee ting modern traffic needs, The law provided a chief
engineer for all German roads to whom the state and county

highway departments were subordinated., The new law divided
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all roads into four cl:isses: (1) expresswavs, (2) federal

hishways, (3) state hichways, and (4) secondary roads.

The construction ard meintenance of the express-
highvays was delecated to a special comvany, called
"Reichssutobahnen," which was lecislated by its own law and
financed by <sovernmentbonds. These bonds were to be amortized
bv a toll p=1d for the privilege of uvsines the hichways, and
justified by the savinrsg to the motorist in oll, z2soline,
tires and repalrs. However, after some of the roads were
opened, the idea of the toll was decided against and the road
was free. The cost of the federal highways was financed by

the Reich, and those of the secondary roads by the counties.

The administrative office, which paid for tne roads,
also owned them, which was not the case before the new law,
For the throuch ways in cities and municiovalities occasionally
the feder2l, state or county covernment paid for as rucnh as
18 feet of width of the street if the comrmunity had no great

economic advantace from the thorouchfare.






CHAPTER II

REASCNS FCR EUILDING THE AUTOBAHN

Before going any further into the financing and
orzanization of the system, let us examine the reascns
that were given fcr Germany's embarkment on such a l-rge
orosram., To be sure, a higihray svstem was needed, but vhat
of the Autobahn? Was a hichway of that proportion justifiable?
History bears out how justifiable it proved to be, but at the
time of its conception Germany was weak and small, end no one
thourht her foolish enouch to embark on a "conauer the world"
campairn., So excuses and reasons had to be vrovided for a
curious world. Facts and ficures that could not be disvuted

were necessary,

The British were zmong the first to cuestion the
plan, 1in view of the fect that Germany's roads were much
less extensively used than those in Britain or France. The
German encinesers were quick to reply that they were building
for the future. They realized that the present traffic did
not warrant the program, but they were certain the future
traffic would reculre a verfected rcad svstem. They exnlalned
that the plan was insti~ated at that time in crder to alleviate
the unemployment, that like President Roosevelt, Chancellor
Hitler was determined to lose no time in petting axbublic
works pro~sram uncer way., To be sure, the erployment situation
was serious here too, Reemplovmen:, to both leaders, was a

problem of first importance. bore thnon 5 million Germans

-8-



were out of work in 1933. An estimate of unemnloyment in
the United States (with twice the population) at the same
time exceeded 14 millions. It was expected that 500,G00 to
600,000 people would be encaged directly and indirectly in
the construction of the highways, and in the production and
transportation of materials, doinz away with much of

Germany's unemployment problem.

While Germany was vorompted to undertake tiis
vrogram larcely as a means of oproviding emplovment, that weas
not the only reason actuating the policy. Roads suited for
automobile use were recocnized as essential to thé¥stimulation
of the automobile industry. It was found that that irndustry
would produce more velue per pers-n than eany other large
industry, and what is more, it provided customers for another
great domestic industry -- that of making motor fuel from coal.
All this meant that the express roads made possible much

indirect employment.

In 1937, with one third of the system in use, it
was f-und that the results had exceeded expectations: The
outout of the automobile industrv had d-ubled in less than
two vears and motor car resistrations had increased from
£61,200 in 1¢34 to 945,CCC in 1935, 1In July, 1933, tiere
were 497,000 pnrivate cars, 152,000 lorries and £19,000 motor
bicycles. In July, 1¢37, there were 1,128,000 private cars,

422,000 lorries and 1,327,000 motor bicycles,



But the world's curiousity was still not a-peased.
Traffic was increasins rapidly, but outside of a very few
big cities, wnich were crowded only at nolidav times, :n the
opinion of the British especially, nothing like concestion wss
experienced, They felt that the old main roads, with a total
len:th of 220,0G0 km,.,, could meet any likely traiffic require=-
ments quite easily with only slight improvements. They argued
that even the cheapest car was far out of the reach of the

bulk of waze earners.

Therefore these reasrns were soon found publisned in

British and American marazines: (1) thickly settlsd communities

are close together in Germanv; (2) the strests of the old cities

are narrow; (3) casnline vrices were hirh: and (4) the former

subvention of the German railroad by the Reich.,.

l. The most important of these is *hat Germany is
rmuch more thickly settled than the United States, and the
construction of bypasses, which would be the natural
resort to accommodate express traffic, would create
travel distances at least two or three times greater
than the straight line between two voints. Also, where
the settlements are so close together as in Germany,
the highway would consist almost entirely of a large
number of bypasses., Traveling on such lines is naturally
very costly and slow and destroys the general advantage
of usineg highways,

2. On account of the age of German citi=s the

streets are mostly very narrow; and since most of the



— — e — — — — —— — " —— — —




buildines (that are left now) are of creat historical
value, the strecets could not be widened. I think now
rowever, that a great many streets have been widened
and the buildings moved or removed by bombs «nd shells,
not of course 2t the consent of the German people.
Perhaps another system of hichwayvs planned now would
not have so rmuch cdifficulty. But at the time the Auto-
bahn wes planned, the traffic had a very low sveed
limit; vet, in spite of the lo" speed, there was a
relatively high number of accidents, which was another
argument for larce hi~zhways,

Se Gasoline wes three or four times as exvensive
in Germany as in the United States, and so from the
sterdroint of ecrnomical operation there was a further
need for hishways on which one could maintain a steady
end resscnable spered. The slow-downs and stoovs in the
numerous conzested cities made long travel by car very
expensive. Experiments show that traveling on an exoress-
wav saves 20 to 35 per cent of the costs of r~verations,

4, The German raillroad, which was indirectly
overated by the Reich had alwavs had the advantage in
comoetition with automobile traffic because of an alresady
existing and nhichly ceveloped track system anc beczuse
of the benefits arising from general subvention by the
government., This subvention had its chief oricin in the
fact that the German railrosd had to nay a larce vart of

the war (World iiar I) debts. The success of this traffic
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policy of the Reich was another cause for the starmrnation

of automobile traffic,

The covernment honed to stimulate the public to an
increased use of motor traffic by Cfnsfrucfing this system
of ideel hichwevs,ané to further he!p this c2usz the rovern-
rment crdered the ebolition of all fees and other ciarces in
connection with the purchase of new automobiles. (Such a
law as that would indeesd be velcomed in this country now, too.)
Tre German rovernment felt trat by providing these roads and
removing taxes from motor vehicles the number of motor users
vould be creatlv increased: the Reichshahn would be relieved
of rmuch unremunerative srort-distarce traffic and mrny non-
paving lines ccuvld be closed. Germeny wes bullding roads
25 vears in adverce of traffic reqdirements. At the ssme time
England was 25 yvears behind -- building the Silvertown ilay
25 years after the reed arose. It looks as tiouzh the British
were J~alous and tryving to rationalize their la«sing by
questioning Germeny's ressons. We, here in Americe, will also

do well to take & lesson in pl:nning for the future.
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CEAPTER III

ORGANIZING AND FINANCING THE AUTCRAHN

The British, Canadians and Americans were not
the only people who had their doubts about the new road
svstem., Even some Germans, who did not view the new scheme
throuch svectacles of party enthusiasm had a few doubts
about the project. Germany already possessed the best roads
In Eurove (with the possible excention of Italy). Compared
with American or even Frencii or British standards of road
traffic, they looked deserted. It seemed possible that the
oresent system of roads could carry 10 times the existing
traffic. Cnly when the future was viewed optimisticsally did
it seem possible that sufficient traffic would develop to
liguicdate the cost of the scheme. Therefore this chapter is
devoted to the different met ods that were u ed t» finanée

the Autobahne.

The "Autorahn" law created a new company for thne
construction and maintenance of the express hishways; the
German Federal Railroed Corporation, which was ~overnment
controlled, was authorized to or~vanize a subsidi:ry !'nown
as "Reichszutobshnen Gesellschaft" (Government Auto-iiavs

Company) .

The railroad was chosen to suvervise the construction
beceuse they already nad a hignly trained and ef:icient staff
of specialists for railroad earthworks, bridres, anproaches,

ete, Thrhe exnerience of these men was used for the construction
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of the suborade. Noreover, the close union tetween the rail-
roasd end the hichway wss sunvosed to abolish the old destructive
comoetition of railrocd ¢nd motor venicles whizh was paid for

by the nublic.,

The read ~f the new comnany wes the chief en~ineer
of the Gerran adinistration, who made the final decisions
concernine tire locat:on of the hi~hways and their desi~zn.,
Fitler =npointed Dr. Tedt to this vnosition., Todt vorked with
the German reilroad, which =lso had charve of the counties,
townships and municipalities. Trnus a link between the
exvressways snd the other hichway system was cueranteed, and
the new orranization had only to supervise the technical
execvtion of the cooverative ‘ork of railroad end highway

departments.

The new company civided the Reich into eleven
'istr cts, on the ground tret eac district was better able
to sdiust the construction of 211 local ceonditions than was
a certral rureau at the capital, These eleve districts
were not made on the basis of the o0ld politicel divisiors,
but purely onthe basis of urified traffic resions. These
districts contained fifteen main construction offices =nd
eighty recional district offices, The actvel cesien end
execution, subject to standard reauirements, proceeded from
the fifteen provincial offices with considerable direct
discretion on details and desicn of.bridges end other works

to meet local conditions a2nd needs,
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Befofe the exact plars for the Avtobahn were drawn
up many studies were made. Dr, Todt had been chosen as
reneral inspector of German roads with autrority, to prerare
and complete a neticnal rosd scheme. To this end tire road
svstems of other countries arc¢ the met:.ods of adaptation to
motor transvort, wirich they hed evolved were reviewed, and
this included, emong cthers, sich special subiects as the
Autostrada toll motor roads in Itely, ravid concrete road

congtruction and exoressways in the United States, snd method

of surface ccnstruction end road widenine in Great Rrita'n.

With reference to the first of th=se, lussolini
was Fitler's model in this as in meznv other oproiects. OCne
of the first end most efficient o 'he great automobile suver
ni~hwavs in the world (The Autostrada) was built in Italy
soon after [ussolini came into power. The truck hishway
between Milan and Genoa had just been completed in $32, =o
Hitler sent hisl)inister of Labor to Italy to study the Italian

automohile ro=d esvatem,

The result of these studies was a mntorwey which
combined end emhodied innumerable features in desicn and
construction rever aftempted in Caneda or the United Statés.
The foremost and meost lasting imoression created by -
inspection is the comnlete sense cf refety and security and
the total absence of monoteny. Iaximum safety of movement,
maximum traffic flow and low cost of operation, hichest

attainable standards of visibility, and the straightest
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alienrent pos=ible are ad-itional features attained.

Although the design of the roads w.s the most
modern that could be conceived, it rmst be remembered that
the program was insticated primerily to relieve unemployment.
this aim greatly affected the technical methods employed in
the construction of the r~ads. The use of machinery was
discouraged; local stone, which meant local labor, was used,
and nmuch avoldable expense was incurred. The whole construction
procram was carried on with dom stic materials., This meant
thet no precious foreisn exchange was emoloved., The vhole
operation was carried on with marks., %With a menssed currency
there was plenty of domestic money. There was no need for
dollars, francs or prunds. Yo foreisn loans were floated,
The money was suvvlied by domestic borrowing., The German
people readily bouzht thie bonds of their government. Even if
the cost rose as hich as 2 million marks per kilometer
($800,000 per mile) as some prophesied, Germany felt she could
justify the project for the rezsons given in Chapter II,

v
But the people did not suprly all of the money

with bonds. The State Railways, which was in control of the
new company,*put up the first 50 million marks ($20,000,000)
for initial construction. Subsenuently the bulk of the
finance was provided from "he newly established on billion
mark fund provided to carry out the "Hitler Emvlovment Plan,"
Ultimately, the covernment c.ntrolled a German State Traffic

Company, which included a1l rail and motor treffic. This was



characteristic of the cdictatorial policies which German covern-
ments had pursued for the past decade in wrrkins out the diffi-

culties between rail end motor transport.

It was plenned that not only would “he railro=ds
benefit from use of the roads, iut meny of its steff would
become permancnt members of the new system., O0f the new
company's permanent supervisory staff of nearly 5,000 men,
one=fifth were railvav officials furlouched to “he Auto-iavs
for the construction period. Some of those men would not

return to the railroad.

Hitl r's reccvery program got underway; in June
of 1933 more than 200,C0C0 men had recained emplovment; the
first contract was let on the first 3,000 mile unit of the
road system, and incdustry and the retail trade was freed of
their fear of country collapse throurh continued deniression.
By the mid<le of Aucust of 122. two million were back to work,
most of them being employed in jobs created by the road
construction program., Also in August, 1933, the State Raill-
ways announced that they were going to enter the motor truck
transportation field with an initial purchase of 2,000 motor
trucks. The railways allotted a minimum of 10 million merks
for the purchase of truck equipment and establishrment of
trucking service, including motor parks, terminals and other
facilities. This was a service long needed in Germany. Since
the rallroad had alvays had a monopoly on the transportation

end freiecht Husiness, there was no comvetitlion to create a



fast delivery service. Not that a rsilway owned trucking
business would provide competi-ion, but it ¢id show that the

need was realized, ond that an attempt to correct it was mcde.

The character and scale of the niethods of construc-
tion attracted a zood ceal of attention in other countries
where traffic problems were more acute than in Germany. A
party of exverts, pcliticians 2nd interested ve:rsons, visited
the Reich to inspect the rouds and their cecnstruction in
1¢27, The most important cuestion which thoy raised was the
cost of the operations. .ir:at tie c._.mmlete scheme would cost
wvas not stated, but the outlay to date wes known. Up to 1857
the sum paid out on cavital account wes Rm. 1,73¢ millions,
0f trnils emount Rm. 1,407 millions had been pald to the vrivate
contractors who had actually buillt the roads, divided thusly:
some Rm., 520 millions were spent on earth and rock works;
just over Rm., 4COmillions on the road bed, brideces and culverts;
about Rm, “C7millions on surfacc work; and Rm. 113 millions
on tre provisions of workers'! cemvs, othsr so-ial amenities
snd miscellancsous works., The balance of some Rm. 332 millions
of Reich evvencditure was used to vayv for the carriage of
meterials to compecncate land owners, end to meet interest and

amortiration char~es.

Notice that compensation to land ovners is mentioned
as a minor item, It is interestin: to compare the difference
in ccst of that overation there as comwared to this countrye.

It is true that the Autobanhn was desicned to miss all cities
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and therefore rmiach exvense was avoided, but still the expense
was tremendously low. An expresswayv built here usually becins
or rerminaotes in the heart of a larce cilty, or c2rocses the
viole elty,  Sueh a hi~hwevw ia the John Tedce Exvressway in
Detroit. Tand omners there hold out for the hishest possible
dollar and often cet much more for their proverty than it is
worth, Despite Germany's interns-ional importance industrially,
she still remeired opredominantly an agricultural country.

Thus not only were land wlues low, but £1so the pooulation
was more svarsely scattered than, say Grest Britain. Two
great difficulties which would have to be faced were new
arterial roads to he c~nstructed there were of smell importance
in Germany. Routes to be followed by the roads were chosen
with a freedom impossible in a country vhere the lcond 1is

mich built vp and +vh-re villares and towns are closely svaced,
and the sround recuired weas usually obtained at a cheav rate
by normal vurchase., ¥Yhen proprietors refused to sell, the
land was c~xpropriated., Up to the end of July 1558, out of a
total of 10:0 million marks snent on the ‘utobahn, only

58 million marks went to the purchase of lan or rirht of

wave This ficure represents a much larger vercentace then

it 1s however, for by the micfdle of 1936 about 4,000 miles of
route had been purchased and surveved wrereas only about

1,000 miles of rord was completed and open to traffic.

The monev was reised in varions wavs, Capital

exvenditure was, in gemeral, vrovided bv short-term orerations;



with the help of a Reichsbank rediscount credit in 1€34 and
1635; and by loans from other sources, includin~z the Reich
Unemployment Board. Railway Corporation credits were raised
for motor-road cnnstruction, an® were 1: ter funced. On
November 11, 1936, the import and excise duties on gasoline
and benzol were increzsed, and the vrice of motor fuel was
raised accordincly, Further, the traffic tax was extended
tn irclude motor passencer ~nd ~oods services conducted for
cain, There was 2 small overatlne revenue, derived mainly
from gasoline stations. No tolls were collected for the use
of the rcads; and it was believed that the hicgher sasoline
prices were counterbalanced for the motorist by the saving

of time,fuel, and wear and tear, wnicin the new road afforded.

The very success of the scheme aided in tre pro-
duction of the necessary funds, As much as 35 per cent of
the funds expended, it was estimated, w-uld otherwise have
been necessary for unemployvmnent relief, wiile the general
increase of prosperity rnrovided, in the form of increased
returns from taxes, 25 to 30 per cent more toward the coste.

The rest of the cost was financed by loans as already stated,

In the construction of t:z roads, the relations
between motor traffic and older forms had to be taken into
account. In 1936 it was estimated that the railrvavs were
losing some Rme 6C0 millions of traffic annuaily to the
roads, but that to counterbalance this in vnart the motor

industry was brincing new traffic to the rallweys to an



annual value of some Rm., 150 millions, The gross revenue of
the rgilwaws in 19236 was Rm., 3,985 millions, and the net loss
was thus considerable; and in 1235, the Nazl Government,
intent on the development of the motor industry, had refused
to ~cive a monopoly of commercial motor transvort to the Reich
Railway Corporation., In 1€¢37, loc=21l road transvort for asin,
if conducted entirely vithin a radius of 50 miles, was un-
restricted; but outside that radius 1l lone distance carriers
were compulsorily amal-ameted in a Reichskraftwasen-Vertriebs-

verband.,

Such in cutline is the purvose, character and
economics of these roads. Trey vrovided work for the unemployed,
and cost over a million marks per kilometer to construct,

While trey were not needed for German traffic and mayv, in some
cases, have divearted the use of good arricultural land, they
are a source of pride to the Germen veovle., And they are a

pattern and examvle for road engineers in other countries,
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CHAPTER IV

SCOPE AND DESCRIPTION OF T% s :UTORAHEN

The Autobahn was desicned to be the best in the
world and was built to form a net of arterial roads which
covered all of Germany. This chavter is dedicated to the
examinetion of that desisn, end the area and cities which

the roads envelovred.

The ronds were desicned with eicht svecific
recuirements in mind: 1, To*tal exclusion of vedestriean,
cycle and snimal trafficy; 2, Complete seraration of
opposing traffic streams; 3. The elimination of the
"collision points" arisinm from one traffic stream crossing
another; 4., The use of over or vnder bridges to secure
such sevarationy 5. The control of traffic at reoad
junctions by clear and svstematic lavout for each class of
intersection; 6. Frovision of a clear and simple system
of road siepnals;y 7. No right of access from adjoining
frontece lands; 8., All advertisements, pvoles end disturbing
factors on or near the road suvnressed., These shall all be

enlarced upon later in the chapter.

First, let us examine the scope of the system. The
program involved the construction of six princioal highweys,
two of which crossed the country from north to south, three
from east to west and one in the northwest and southeast

directions.



The German motor-road svstem, 8s oricinally plerned,
epvarently contemplated the construction of ap-roximately
5,000 miles of four-lsne divided highvay connecting all of tle
larger cities of the Reich. O©f this total, only about 2,500
miles were completed due to interruption by the war. An
exemination of the map included herein will show many caps

in tne svstem,

Broadly speaking, the scheme comprises a circular
road arouvnd Berlin, from which the main Autobahn rediates,
The rediating roads extend to East Prussia, to Gleiwitz
throursh Rreslau, to I'unich and the Austrian frontier, to
Yarlsrvhe t"rourh Frenl-fort, to Aix-la-Chapelle through
Fenover, Essen sand Cologne, and to the Dznish frontier throuch
Hamburg. These main radiatineg roads are linked up by a

number of crossroads.

The location of the highways follows a somewhat
tortuous course across the country, especially where the
topography is at all rolling, This 1s due to their desire
not to interfere, eny more than necessary, with the natural

features of the country.

A picture of the area served by the German exoress
road prograﬁLay be had by comparison with a similar area in
the United 3tates. A system of through highways serving the
American cities would cover a territory of somewhat similer

extent: Detroit, Toledo, Cincinneti, Richmond, Va., Washington,
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Baltimore, Philadelphia, New York, BRoston, Buffazlo, and
Pittsburg. In Germany the key points are FHamburg, Breren,
Hanover, Essen, Cologne, Frankfort, Karlsruvhe, Stuttcart,
Munich, Nuremburg, Dresden, Rreslau, Reuthen, Berlin,
Stettin and Foenigsberg. Population in the German erea 1is

nearly double that of the American area delineated above.

The plans first made called for the system to be
built in three units., The first was to be about Z,0C0 miles
of road and would require the transportation of 260,000,000
cu., yd. of earth, 54,000,000 bags of portland cement and

550,000 tons of steel for bridses, approaches, etce.

The Autobahn network was intended solely for the
use of motor trafiic; horse-drawn vehicles, cyclists and
pedestrians were not permitted to use it. This restriction
of the roads to the requirements of one class of vehicle
congiderably simplified the desisn as compared to arterial

hichways in this country.

The Autobahn was built to three different standards
which may be roughly defined as suitable for flat or nearly
flat lowlands without any considerable obstacles, for hilly
regions, e&nd for mountainous districts where the higher
standard maintained elsewhere could not be justified on

economic grounds.
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The constants of desizn hased on those three tvves of

country are s follovis:

TYPE CF LAMND LCYW LANDS HILLY NCUNTAINCUS
SPiEED FACTOR: 110 LPH 95 MPH 80 MPH
VAXTILUK GRADI®BNT: 4 per cent 6 ver cent 8 per cent

RADIUS ECRIZCIMNYAL
CURVES: 6000=-€500 ft. 2600=-33C0 ft. 2000 ft.

MINILKUL RADIUS
VERTICAL CURVLS,
SUILIT :55,000 ft. 30,000 ft. 16,0C0 ft.
DEFRE3-ICN :16,500 ft. 10,00C ft. 10,C00 ft.

Obviously the specificetions for low lands could not
be held in mountainous country for economic reasons., Eovever,
it was specified that the transition from a higher to a lower
standard should be osradual, and that the chanre oucht to be
revealed to a driver by alteration of the character of the
landscape. This ccndition by itself set a lower 1imit to the
length of any section maintained at one standard, but the
Inspector-General reserved the right to impose different
lengths 1f he deemed it necessary. The standards were based
principally upcn theoreticael considerations of the require-
ments of a vehicle moving at hich speed, modified to some
extent by practical knowledge., With foresisht for the future,
rather remarkable in a covernment, the roads were made suvit-

able for speeds considerably in excess of those usual at that

daye.

In deriving these standards ccnservative assumptions

-26-



were made ss to the coefficient of friction between the tires
and the road, and allowances included the fact, now ovretty
certainly establisned, that the coefficient fa'ls as the
speed increases, For tihe three classes of design, the
coefficient was taken es 0.4, 0.45, and 0.5 respectively.

By the use of the correct coefficient for the class of road
under consideretion and by makin~ an allowance for the delay
before a driver'!s reaction occurs, the distarce necessary for
a vehicle to stop from any speed cen be calculated. From the
stooning distance figure corresponding to the maximum speed
for wrhich the road 1s to be designed, a minimum ficure for
the radius of curvature over a convex surmit can be deduced
if a suitable assumption is made as to the heisht of the
driver's eye abéve the road. Avplying these principles, the
Germans calculated their sight distances to be 90C ft.,

700 ft., and 500 ft. respectively.

Vlere 1t possible to »nrovide any degree of super-
elevation on horizontal curves, there would be no theoretical
minimum 1limit to the radius of curvature. But 1In practice,
of course, allowance must be macde for vehicles traveling at
low sveeds. It was therefore svecifled that in general the
cross fall was not to exceed & per cent, but where the
gradient was less then 1 per cent, it could increase to
10 per cent, These limits set the minimum racdii of hori-

zontal curves., As it 1is well established that some part of

the centrifu<al force occurring at a curve can be balanced
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by friction between the tires and the rood, the 2ssumontion
was mede that the safe coefticient was 10 per cent, a ficure
which corresponds with the maximum crozs fall allowable. The
minimum cross fall was set at 2 per cent. The cross iall
adopted at any rarticular curve depended upon tie class of
Autorahn of which it formed a part, since the sveed to be
provided for varied btetween the classes., Curves were of

such lerge racdius thst it was not thousht necesssry to
Introduce them by trensition, nor modify them by a widening

of the pavement. In constructing suverelevated curves the
inner edce of the roadway was maintained at the general

level of the line, and the outer edre raised. The full super-
elevation vias maintained throu~hout the curve, and the
transition was formed in the straisht avproaches on a gradient
of 1 in 200, Tnis desi~n set a 1limit to the minimum distance
between reverse curves, for the twc ramps were not permitted
to overlap. Tne lensth of sizght line recuvired for the
desicned speed was msintained on horizontsl curves by the
excavation of the sides of cuts and the setting back of bridse

abutments wherever necesssrv,

Examination of the accompenvin~ drawing will
suroly all the det=1ls of the cross sections of a trpical
Autobehr. Staendard desien frr 2nv class of Autobahn called
for a four-l:ne divided hirhwzy comvosed of two, one-way
roadrevs each 7.5 meters wicde, separated by a rreen strip

5.5 to 2.0 meters wice, All dimensions on the drawing nave
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been converted to feet ard inchnes for converlence of the

American reader.

Fach roadvay has a uniform outward cross fall of
1.5 ver cent,and is flanked on each side by shoulders laid
flush with the road surfece., These shoulders, which are
veually 0.4 meters wide on the inside and 1.0 meters wide on
the outside, are surfaced with titumen to contrast stronely
with the whiteness of the concrete of which the rest of the
surface is usually constructed. On some of tre last work
done on the roads, the outside width vas increased to 7 feet
4 inches, apparently with the idea of providinc more adequsately
for emergency varking., The shoulder strins were usually about
10 inches in depth, the lower 7 inches usuzally beine of
concrete end the vpper 3 inches of asvhalt., Tn 2ases where
dark-colored concrete or asphalt was used in the vevement

roper, nlaln concrete was used in the top course of the

'3

vaved shoulder strio,

The cencrete vase for the shoulder strin was con-
structed before ths pavement slab and utilized as a hase unon
which to mount the rails carrying the hesvy construction
e-uipment used in the mixing, placing, and finishine overations.,
The asphalt top was placed to tihe elevation of the finished

roadway after the conpletion of the navement proper.

All pavement slabs were of uniform depth, 8 or 10

inches in thickness, althourh heavier sections were used
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Figure 3
The Munich-Salzburg Road

Figure 4
On the Munich-Salzburg Autobahn
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occasionally, So far 23 the desicn of the slab itself is
concerned, practice appears to have been patterned larcely
after thet followed in this country, excepot that the Germans

N

édid not use the thickened-edse section.,

There is no curb and the ground veyond the shoulder
st}ip is formed flush with the shoulder strip w:erever
possible. 1In cases of emercency therefore, there was available
to a maneuvering vehicle, not cnly the extra width provided
by the snoulder strip, but also the supnort of the oround
bevond, Thus another safety factor was vroviced to insure a
minimim accident occurrsnce on the Autobhehn., This ocuter crass
marsin is about 6 feet in width and is cont nued as a rentle
slope to merge with the normal sround level. ©No drainace
ditcnes, as such, were formed. 1In general, the motor roads
were located so as to take full sadvar tace of scenic possi-
bilities. Cut and fill slopes were rounded and were blended
in with the raturel terrain so as to rive a very pleasinz
anpearance, Careful attention was given to landscape so s
to cause as 1ittle cdisficurement =s possibkle. These,
tozether with aderuate roadsife planting, gave an apoearance
of age and permenence which is quite survrisins when one
realizes that the averase ace is only about 10 wears., Yotice
thisg feature on the typical views shown, Thelr basic prin-
civle was that the ratural beauty of the c-untryside must not
only be maintained but actually te aurmented by the works, so

far as possible, Iandscaping had to recard the following



Figure 5
Typical Autobahn Construction

Figure 6
Branch to Access Road - Berlin-Stettin Route

T



consicerations: All artificial earthworks should corresvond
to the topo~sraphy; rosdside conditions and new planting were
based on the trees, herbs and grasses native to tre district,
and botenical concditions prevailed; fully grown trees and
shrubs were nreserved and used wherever possible and virgin

soil and +nrf were set sside and re-used.

As stated before, the new roads bv-bass all towns
and villeres and pass close to most larce cities, All were
routed in entirely new locations., There is not one level
crossing from end to end of the jAutobarn. All crossings sre
over and under, recuiring thousanés of bridges. Pedestrians
also rust use bridees to cross the highvays., There was no
speed 1limit on the roads until the American Army mecved in,
and then while the war was on, ¥P's vatrolled the -ishvaxrs
and even handed out tickets while German planes straffed
them. Measures were taken to prevent ribbon development and
speculation in the adjoinin~ lands., Advertisement disvlays
both upon the roads and adjoining lands were not rermitted,
and no telecraph vcles or structures were nermitted upon or
in reletion to the line of route. '‘When the roads cut thfouqh
farm lands, no provision was made for the farmer to enter on
the hirhway a2t any point on his vproverty. It is plain to
see that all these features enabled the motorist to travel
from one place to ancther with a minimum of exoénditure on
rasoline and mszintenance, snd at the same time providinc

him witn a maximum factor of safety,



The next vortion of this chznter will be svent in
enlarrsing upon the differant tvpes of brid-cs, creossines,
end juncticns uzed in the construction of the LZutobshn. The
bricges of the Autobahn fall into catecories: those carrying
the Autobshn over natural obstacles, and bridces carrving
minor roads over the Autobann, The stancard of loading to
which the roed bridces were desioned varied witn the class
of road and the traffic anticipated. The maximum loading to
which the bridres were desicned consisted of a 24 ton maximum
load carried on two axles, transmittine 8 and 15 tons
resvectively. Reinforced concrete foot bridges svan the
hichvays at many voints where such safety measures are considered
necesszarv, All crade cros=sinzs havin~" been eliminated meant
an average of two structures per mile of rnishwey., MNozt of
these structures, where the length of svan would permit,
were built of concrete in a variety of designs., Wany
structures, particularly piers and abutments of steel super-
structures are faced with beautiful stone masonry, and all
concrete surfaces are finished in a stucco effect, and in
some ceses blocked off to resemble masonry. All bridges
carrying the new hichwey were built with a totel width of
75 ft. givinc a rcadwey width of over ©0 ft., Where steel
brideces were built almost 811 of the structures were

elertrically welded.

The larcest bridece of all, the Elbe Bridrse which is

1,170 meters lonr, is made of reinforced concrete; but the
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Autobahn Showing Parking Space at Left

Figure 8
Portal Bridge Over Berlin Ring Road

A l*‘ | 11*:11';1,; l‘.\l

Figure 9
Bridge Over Breslau-Kreibau Autobahn



Saale Bridgse at Jena, which is 751 meters lonv, znd the
Tlster Vallev Fridre, whicr s &0 meters leono, are both

built of strne.

In addition to such large bridres es these, there
are naturally verv numerous smaller brideces of which the
greater number carry minor loads over the Autobzhn, The
desiecn of these structures was standardized to a larce extent
and can therefore be clazsed as rocd works, Tvolcal desiens

are shown in the group of drawincs presented.

All bridees which crcss Autobshns are of sufficient
span between abutments not only to renuire no rarrowing of
the Autobzhn, but also to leave an adiitional clearsnce on
each gide of 2 meters to take drains end other service msins,
etc, Where the Avtohshn is crossed at e curve, the abutment
is set back far encurh so that the sirht distance required
for safety is not shortened, just as vreviously mertioned in
erother case. The standard clearance above the road surface
is 4.5 meters (14 ft., 9 in.) end tre deck of the bridce is
usually corstructed with vertical curvature on a redius which
joins the two tancents formed by the gradients of the
avproaches. Too meny bridges in this country have flat decks,
ceusing a distinct bump when the vehicle boards and leaves

the bridce.

In the most commonlr used desion there is a central

supnort under the span riscidly connected to the suverstructure,
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Typlcal pedestrian opérpass.
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vmich is cerried on eliding bearincs at the two sbutments,
leirforced concrete 1s the m=terial most usuazllv emoloved,
but a steel girder structure and com~osite steel and concrete
cdesi~ns were ulso stendardized., The cepth of the sprn was
mace &s small as practicable in order to ~ive an soneararce
of lichtness, and the sliding bearinrss were frecuently con-
cealed in the abutments. When the foundation materisl was
perticularly znod the desisn was sometimes modified. 1In the
modified desisn there were no slidins joints and the bridge
was carried by the line bearincs beneath the abutments,

which were counterweichted. By this means a narticularly
lisht zvppearance wess achieved. In minin~ districts, where
subsidence was a possibilitv and elsevhere when the stability
of fourdations wes not trusted, the central suvcovort was
Aisvense” with and the deck was carried by steel girders
fixed at one end and slidines at the other. PBRrideses without
central supvorts were also built at points cdeemed to have
some special significance. The bridges over the Berlin ring
rosd, for instance, all have the portal form. On curves or
in other situations where it was desirable to cive a more
open view, the abutments were not made solid, and the bridce
conse~uently had four cvenings, But this design offered the
disadventace that if the crossing is an obligue one there 1is
difficulty in findin~ room for =sliding bearinrs on the

narrow sunvorts and an arrangement with flexible concrete
pillars as intermediate supvorts and fixed and sliding bearinzs

at the abutments was sometimes adopted., For deep cuts arch



forms were standardized.

Where tne Autobahn passes over a secondary roead
the bridee was constructed in much the same menner as the
more cimple of the overbridres, but on account of the lesser

width there was no central suovort.

A reference to the map shows that at numerous
places there are junctions between the new roads., 1In
accéition, it is necessary to allow access to the Autobahn
from the ordinary roads of the country. In order, however,
not to interfere with the mainteriance of high-speed traffic
flow the number of access polnts was strictly limited only to
the more important ordinary roads and the distance between
access points is as much as 10 miles to 15 miles. All other

roads are carried under or over an Autobahn without any

connection with it.

In no other country, with the excevtion of the
United States, has the problem of the desisn of road junctions
to suit hign rosd speeds been so carefully considered as it
was in Germany. The road junctions were designed with three
primary thoughts in mind: First, the higchest degree of
safety; second, a lay=-out that will be quickly self-explanatory
to the motorist; and third, the maintenance of a continuous

flow without collision points or traffic intersections.

The types of Jjunctions may be broadly divided into

three types: access from ordinary roads, bifurcations of an
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Figure 12A
The types of crossings and junctions used.

1000

DOUBLE-SIDED ACCESS

Figure 12B
Two types of accesses used..
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Autobahn, and the crossing of twc Autobahns, The first
mentioned may be further subdivided into cases where the
ordinary road ccntinues over and beyond the Autobchn &nd
cases wirere it joins the Autobahn and continuves no further,
All types of brideges and junctions mentioned herein are
illustrated on the drawings included sand should be referred

to by the reader when ever the descriotion is not clear.

The cnief interest lies in the arrangement at the
points where the feeder roads from each side join the Auto-
bahn. It will be observed that the "mouth" of each feeder
road is divided by e triansular island, and that there is a
grass-grown strip, 2 meters wide, separating the Autobahn
from the access road. Vehicles enterineg the Autobahn travel
for 100 meters (228 feet) on a lane berind this strip parallel
with the main roadway and are thereby enabled to cather speed
before intermixing with the traffic upon it. In a similar
way vehicles leaving the Autobahn must be given space in which
to reduce speed; but in order to allow mistakes to be rectifiled
and because a vehicle travelinc fast needs more room, no grass
strip intervenes on this side between the lane and the roadway.
A connecting lane between trose for entrance ard exit allows
a driver who has mistakenly turned out of the main roadway to
recain it without reversal. Use was somztimes made of the
triancular island by sitting a zasoline station on it. It
should be noticed that vehicles leavins the Autobahn are not

required to negotiate curves of less than 50 meters (154 ft,)
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radius, but that entering vehicles, on one side, are civen =
curve of 25 meters (82 ft,) radius. Gradients generally are
no greater than 4 per cent., The one-sided access design

has been called the truvmoet junction on account of a fancied
resemblance to that instrument. ihen roads of lesser
importance joined an Autobahn similar access structures were
used, but tre cuéves are mecre severe and the gfadients
steeper. Occaslionally, where the distance between access
points would otherwise have become unduly long, it was necessary
to allow comperative!y minor rozds to Jjoin the Autobahn. 1In
these cases the structure was mich simplified, and the green
strip and trirneular isl-nd were omitted. Curvature and
gradient are similar to those adopted for the less important

accesses.

W/hen an Autobahn bifurcates, the design adopted
was usually a modified form of the trumnet structure, with
less strep gradients and larcer radii of cvrvature. This
arrangement is rarticularly suitable when traffic to and
from the "stem" of the "Y" predominates, and when there isg
little trafiic between the two arms. But when the traffic
1s more or less e~unl in all direct ons, tre sharo turn at
50 m. radius reoguired to be faken by traffic in one direction
across the arms is a disadvantace. Near liannheim, therefore,
wnere the three branches lead to Frankfurt, Heidelbers, and
tannneim resnectively, the trisancular structure was preferred.

M acecount of a future branch from the Feidelberes road to



Figure 12C
The Mannheim-Frankfurt-Heidelberg Triangle

Figure 12D
An Autobahn grade separation

Figure 12E
An access system to the Butobahn
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Karlsrube, that was contemnlated, the lesser curvatures were
ziven to the Frankfurt-iieidelhers =nd ianrheim-"eidelberg
connections, The disadvantazes of this solution to the
problem of the bifurcztion are the large area required and
the three brid~se crossincsg, all at somewhat acute an~les., It

is therefore exvensive, 2nd only used at this one point.

The four-leaf clover sevaration wes Tenerally
reserved for the crossin~e of one Auvutobahn with arotrer, Tnis
desiecn was used at Schkenditz near leivzic and =t Fermsdorf in
Thuringia. Through traffic is unhindered, but turnine traffic
is recuired to necotiate curves of 50 meters radius, Another
solution to the crossing cf two Autobahns is the Roundabout.
Tnis design was used at Leverkusen, at the crossing of the
Colocne=-Dusseldorf and Dortmund-Aschen hichwevs, The rounda-
bout scheme has the advantaces over the four-lesf clover that
all curves within the area have the same redius, 100 meters,
and that drivers get & clearer idea of the arrangement when
approachinz it, especially if the rins road is elevated above
the twovcrossing hichwavs, It has, ' owever, the disadvantase

that interweaving of the treffic is necessary at four points

on the rine road,

The system of road signals devised for the control
and information of traffic on the Autobahn is simple, clecar
and positive. The dancer sign, as such, is non-existant,
because of the absence of danger features in the desisgn.

Only in certain forest districts is a form of cancer



sign located. These are to warn the driver of the possible

movement of =ame across the road.

The sisns that exist can bte classified as follows:
First, directional with distances; second, casoline stations,
with distances; third, varkineg; and farth, distance to the

next junction.

The cquestion of illumination of the exvresswavs
was one for debate. Two systems were put into effect at
different places and an attempt made to determine which
was best from all standpoints. The first was a direct
lighting system -- that 1s, stationary lamps at various
places alonc the road. Different types of lamps were used,
but no one was employed on the whole road system. The
second was illumination given by the wehicles temselves,
As en aid for tnis type of illumination, reflectors were
placed alongside the road, very similar to those used here
in ¥ichi~an., Furthermore, bushes were vnlanted in grouns,
and only species were used that would readily reflect the
1isht from the autos., Thus at nicht the visibility was
improved and during the day the landscape took on a more
varied sppearance. MNoreover, the bushes made the road a
separate unit that could be entered only at especially
constructed entrances. From the standpoint of the psychology
of the driver, the bushes were not of only one variety, but
were so chosen and arrsnced as to break the monotony of a

long trip. The hedges did not allow snow to pile up and block
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traffic, because they were not planted in a continuous line.

At various intervals on t ¢ grass strip in the
midéle of the highray, hedces were planted at rignt anrcles
to the direction of the rosd. These hedges were slishtly
higher than tre lichts on the vehicles, so that tiie 1lights
from sutomobiles moving towvard each other did not blind the
drivers. The arrancement of such hedpes is especially
imvortant at curves, where the lishts of the cars that are
trav21ling in- the inner lanes of the curve, shine directly
into the windshield of the cars comine from the other
direction. 1In addition to vreventing the licht from one
side ~f the rosd distracting drivers on the other side, the
hedres served the purvnose of outlining the direction of the
road by reflectins the 1lizsht »~f the individual =2utos. The
main disadvantage of trese hedzes is that where the road
falls and rises perceotibly, the light shines over the hedces

and thus defeats their purpose.

In recions where there is particularly heavy
snowfall, s in East Prussia and the Bavarian lountains, the
bhichways are built on embankments to n»nrevent the snow from
accumulating on them, In the mountains the roads very often
are one-vay roads; that is, those ascending are in a different
locetion from those descendine. This was done from the point
of view that conditions favorable for driving upward differ
from those favorable for driving downward. Furthermore, from
the standpoint of lanrdscavpe beauty, such an arrancement is

very often the best,



If the rsader will permit the injection of a
personal incident at this point, I would like to relate an
experience mv father had while he visited Germany in 1978,

He used the Autobshns extensively durine nis stey, but it was
some time before he became accustomed to the svstems of access,
for very few such structures had been built in this country
before 1958, C(n one occasion an improver turn brourht bim on
the wrone lane heading in the wron~ direction., !xpecting to
find a cross-over a short distance up the rozd, he drove in
search of one. All he found, however, was en occasional sisn
stating that the spaces between the hedces on the prass strips
were not to be used as cross-overs. Also a police vnatrol
station was encountered about every two miles. These police
were not ecuiovved with squad cars, but merelv with telephones.
The vatrol stations were close enouch tocether that a call
revortine a violator to the next station was sufficient to
stop that driver. If a waving policeman failed to stop him,
road blocks were set up at later stations., After my father
rad driven over 10 miles without findino a cross-over, he
decided to take a chance on crossine the rrass strip., He

macde the cros=sine mid-wny between two vnatrol stations, hoping
ne would not be seen. But *he policemen were alert, =nd he
was stopved at the first station. Since he was American, had
an American car with a Wichrigan license, and convinced the
noliceman he could not read German, he was released with a
warnine, Thris cives yvou en idea of how far yvou can travel

on a road of this type before you can turn.



There were manyv services on the roads nfilered to
the anteor~tn trsveler, Trev inrlucded service stations,
caraces, refreshment stands, and tourist corps. Trese were
211l built and administered by the state end all were strictly
modern an® equioned with all modern conveniences.

To summarize the imoressions of 211 those who have
traveled on the Autobehn: Tbe foremost and the most lastine
imnression is the sense of safety and security recardless of
the high speeds at vhich traffic trovels; the absence of
mrnotony, linked up to the aesthetic cueclity of the results
achieved; and the m-rked absence of anv feature arising from
the work which would cause disficvurement or destroy the beauty
of the counftryside. Avart from the speed =nd cuslity of the
construction, the desien méde provision for a traffic growth
well in acdvunce of re~uirements, and the scale of the work and
standards of desicn opened a new era in the conceotion and

engineerinc of public hiechwayvs,



CHAPTER V

CONSTRUCTICN FRCGRESS VADE MDD FATERIALS TSED

Neturelly, the bvilcino of the Autob~hn was known
of throu~hout the world, ond since the mate:ials used were
sunposed to be tre best obteinable, exverts from all over the
world came to investicate. 30 rreat was the interest in the
hichway building prozrem that s.ecial arranvements were
necessary for rendling the =2nrineers end other visitors who
called at the cffice of the Insvector-Ceneral of Roads in
Berlin. The ofiice reccrds showed that practically every
country in the world had sent technical advisors to Germany
to acaquaint tiremselves vith the develovment., There was out=-
standing interest in observin: what canld be ac~nmnliashed
vhen a far-flung hichway procram covld co forward without any
decentrslization of control snd under conditions where
influence on the selecticn of r uvute was disremarded if it

hamvered the attainment of broad objectives,

This cranter will te:l of the procress those
visitors found during their visits throurhout the construction,

and also of the materials trat were used in that construction.

On September 7, 1534, Dr. Todt snnounced that work
on tre new hishweys had becun in fifty-one places and that
52,000 men were employed on c-nstruction work while another
100,000 found jobs producinv the materials used. By October,

1934, some 1,5C0 kilometers (about 900 miles) were alreacdy
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in hand., The fi: st section required cver eight months to
complete, for it was lMay 19, 1935, when it 'as opened in the
presence of Hitler and numerous gcovernment officials. This

first section ran fourteen miles from Frankfort to Darmstadt.

By the end of 1934 there were about 80,000 men
directly employed on the works, and in 1937 men employed
(includinz structures and material suvnply) were stated to be
over 250,000, The work in all ceses was executed by
contractors, but in some cases, owing to the remote nosition
of the work, about 20,000 men lived in workers' camps, and
each camp was under the control of a leader. These camps

will be described in the next chopter.

By September 1, 1936, a total of 750 miles of road
had been comrletcd and 650 were open to traffic. The Reichs-
autobahnen had fulfilled their primary aim of reducing employ-
ment, so that in 1937 when labor and materials were becoming
scarce, the policy was chanred., No loncer were operations
orranized to use a maximum of manual labor. The labor employed
per mile fell off considerably because of the increasing use
of machinery. Althouch the total number of workers, including
auxillary employment in the production cf materiasls, rose as
hish as 250,000, as mentioned before, the number employed
varied seasonally. From the time the roads were becun in
September, 1953, to 3September, 1937, the number of rours
worked was 82 millions. The maximum number were at work on

the project in 1936 when 124,000 earned their vay checks by
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working directly on the roads. In 1934 there were £4,000
so employed and in 1935 over 115,CC0. The use of machinery
mede its mark on the fi~ures in 1937 when the maximum number

employed at esny one time was 101,00C,

Those €2 million hours of work did not show as
many miles of completed road as one misht expect. By
September, 1537, 1505 kilometers (960 miles) of the naw roads
were open to traffic, andé some 1650 kilometers (about 1000
miles) were under construction., In the work up to that date
only 397,000 tones of iron and steel had been used, as compared
with three million tons ~f c=ement, which was about 12, of the
total national output. Vast cuantities of stone, rand,
pebbles and earth had been used, and the carriage of materials
for the motor roads was officially mentioned as one reason
for tre rarid expsnsion of goods traffic on the railwrays which
occurred in 1927, It was probably also one cause of the
shortace of coods wargons in the coal and iron centers of ‘iest
Germany. With l¢ss than three years of work done on the roads

up to May, 1956, over &5C million dollars had been spent.

Frocress continued at the acrroximate rate of 5CO
to 600 miles ver vear after the ho prosrem really got rolling.
Tne first veard did not vield that average for only 1200 miles
were comrlicted at the end of 1¢:Z7. (n September 25, 18506,
Bitler‘dedicated the first 1CCO kilometers (about &0 miles)
of Autobahn with a spe-ch in w-ich he emphasized that Germany

must make herself indevendent of "the o-~od or i1l will of



" The sutomobile roads,

sources lving outside Ger anves.e.
“itler «~id were heinc built for all eternitv for the T=rman
vecple whom he victures as ridin~s in automobiles 25 readily

as the pronle ~f the United 3States,

On Aoril 7, 1938, Chancellor Fitler broke ~round
near the frontier town of .,2ls Tor *the first Austro-German
autoriobile rosi, This recad ¢ nnected t'e two lsrce and
f'amous cities of Vienna and "unich, end made the triov

betwesen onlvy a matter of =« rew hours,

The vorlcd said Germanyv was crazyv wren thev saw
Fermanyt!s motor speedvev birsiness report for 1832, With
5025 kilometers (1900 miles) corvleted by the end of that
vear, the cost had been 1,000,000 marks ver kilomnoter,
Since the roacd was not half finished accerdina to tte
ori~inal plen, manvy thoucht there wes considerable canss
for concern. But they had rot seen anvthine vet}' Gerirany
was preparine for war and wanted =s manv of the roads comvnlrted
23 possible, Thnerefore the exvenditure for 1859 was 152,000,000
maprks more then it wss in 1938. Construction costs prover in
1639 amoun-ed to 921,300,000 marks, with continzent exvenditures

set at 199,500,000 marks, meising a total of 1,120,800,000 marks.

A Very little construction was done after the start of
the war, but enoush of the roads h-d been compol-ted to orovide
an efiicient arterial svstem 3,000 miles long which could
accommocate the transvortation of troovs at.the rate qf 5C0 and
artillerv at the rate of 200 miles n~pr davw,
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The material, esnecially the cement used in the
construction of the Autobahn, was considered by most Americans
to be inferior to materials used -ere, 83 judred by American
st-ndards, Hovever, judsine from the condition the pavement
is in, it may yet be seen that their materiasls were not so
inferior after all. Wr. M. A. Swayze, vho made a trip to
Germany in 1945 svecifically to studyv the cement industry,
reports as follows: "The creat majority of tre plants visited
were making a product which was inferior in vractically every
way to the cem"nts manufactured in the United 3States or in
Great Britzin. Thelr control of raw mix provortions was
rener2l1lly 1lox, and fine crindins of these materials whnich we
believe essential for rocd acuz2lity was novhere ne=r that of
American rrectice., The buring operation i1s much lichter than
ours, even in plants vwith modern kilns, ancd free lime contents

as hirsh as 2.5 percent are not uncormon."

Mr., Swayze's appralsal was, of course, besed on
observations of con“itions in 1945, To just wh t extent
economic donditions, particularly an acute fuel s-ortace, may
have tended to lower vostwar manufacturing stancdards as
compared with those in effect durinz the thirties, cannot be
stated definitely. Furt-ermore, the cem nts used in the
construction of tre motor roads were sunvosed to meet specilal
recuirements for flexural strencth, drvinz shrinkace, and
fineness which were not imnosed in the ~=se of the ordinary

product., &@©ven so, it scems probable t at even these sveclally



selected cements were quite inferior, when judsed by our
standards, to modern American cements. For example, Svayze's
survey indicated that, e~tirely aside from the metter of fuel
economy, the methods for contrclline uniformity of product,
such as facilities for storing and handlinzs clinker, »rozor-
tionins materiels including the gypsum, etc., were very crude
as compared to modern American practice. This conclusion
vould, of course, avnly as well to ths prewar German ce ent

as to tre postwar product,

The Autobahn cem nts were undcubtedly somewizat
coarser then our present-day American cements, The Germans
recuired that between 5 and 25 vercert be retained on a sieve
havins 178 openinas per inch. Compare tais with the modern
American cement, which rarely will have more than 3 or 4
percent retained on the standard No. 200 sieve (200 openings
per inch). Particle-size distribution in the tyoical auto-
bahn cement was also probably cuite different. According to
Swayze, vractically all finish srinding in German cement mills
is by open circuit as compared vith our modern closed-circuit
overatien vsed air sevarastors. In oven-circuit crindinzs, the
final cement procuct contains the various sires just as
oroduced in one cont’ nuous vassace throurh the crinding mills.
In closed-circuit ecrindinz, the various sires are classified
by meéns of air sevarators end the coarser psrticles are

return-d to tre mills for further erincdinz.

It is probable &lso that the (Germ=n cements were not



es hard burned as our modfern ce~ents. Avvarently the only
requirement for soundness was a 2-hour boilins test., The
autoclave t=sst has never been used., Accordine to the best
technical thoucht in this country, en autoclave test is
absnlutely essentizl for the vrover control of souncness.

lany failures in the United states, varticularly in the
southeast, have been attributed to the =bsence of an aunto-
clzve recuirement in specif'ications, and it will be interest-
ing to note when discussing the present condition of the auteo-
bahnen that such a regsuirement has never been used by the

Germans.

Cements for ccncrete road construction were selacted
from the comnercially available oroducts, on the basis of the
following characteristics:

Hieh flexursl strencth.
NModerately hich comoressive strencth.

Toow drvine shrinkase,
oderately coarse ~rind.,

LG AN T
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In a’dition, s mentioned above, all cements were
required to vass a <=hour boilino test for soundrness., This
wag a field control test for uniformitvy durine manufacture,
the other tests bein~® used primarilv as precuvalification

tests to determine the acceptability of a rarticular source.

In afdition to straicht vortland cerent, the Germans
recosnized two tvpes of portland-blast-furnace slac cement:
Eisenvortland, corntainire about 70 nercent vportlend cement

and 50 percent blast-furnace slas, and Fochofen cement,



containin~ :=bcut 15 percent portland cem-nt and €5 »ercent
blast=-furnsce sla~, Because of its slow hardeninc character-
istics, the Fochofen cemwent wes not used to =nv extent in

road work., The Eiserportland, however, was used ~uite exten-
sively, varticularly in northern Germ=nv. The m nufacture of
this tvpe was, of course, liri*ed to troce vlants svfficiently
close to the blast furnaces to meke the utiliration of the
slag ecoromically justifiable. The availability of rlmost
urlimited cuertities of =2la~, toretrer with tre rreat saving
in fuel, made the m-rvfecture of misennortl nd very attrasctive;
end it is understood that in +he reichborhood of one-third of

the entire milea~e of rotor roads crntzins this type of cement,

The instructions roverning the selection, processing,
end control of arcrecates fer concrete psvement construction '
were such as to Insure excellent results from the stendnoint
both of the cuality of the hardened concrete and tre uniform-
i1tv of the consistencv of the mixture as it was placed.
Accrecate cuality was insured throuvch the uce of comopressive
strencth end wear tests in the case of crushed rock and wear
tests in the case of cravel, Fard rocks, svch as crenite,
bsealt, and nvertzite, were vreferred, Mmrability wes
judged avparently on the basis cf exverience, g5 the record
does not irdicate that leboratory tests for soundness were
used. Rlast-furnace slac wes verritted but it wes not used
to any extent., The recuirements for blast-furnace slac were

stated to be about the same as for crushed rock, Considerable
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attention was p2id to the matter ~f impurities, end freedom
from flat 2nd elornrated varticles was insvred bv reanirino
that the breadth of an individusl particle should be rot less
than 65 vercent of its lencth and that its thickness shouvld

be not less than 25 vercent of its lensth,

In the matter of severated sirea, German nrortice
differed merkedly fromthat emploved in this country in that
it was emnparentlv the universal oractice to recuire that the
sand or fine ac~recate be furnished in at least two fractions,
0-0.,12 inch &nd 0.,12-0.26 inch, To insure tetter control of
erading, the material below C.1l2 inch was som=times still
further sevarated into two or three sizes, It is obvious
that with so menv sevarations, very close control of the total

fine soarerate cradirg could be obtained.

For the larcer sizes, the sevarations were usuvally
0.28-0.59 inch end €.59-1.18 inches, These were the size
separations for the top course., In two-course construction,
a somewirat larger (1.,56-1.97 inches) maximum si-e was used

for the bottom course.

Mcst of the pavements on the autobahnen were
constr:cted in two cources, Tris was necessary not only
beceuse of the difficulty of p operly comracting a sinecle
course of very drv concrete 8 to 10 inches in cepth, but
also because this tvoe of construction made it vossible to
use a somewhat inferior tvoe of assre~ate in the lower course =--

a metter of considerable econcomic imnorta ' ce in som= instances.



It was the gsenerel vractice to cdesirsn all psving
mixes in tre laboratory prior to construction, usineg the
same cement and avgre~rates to be furnisned later to the job.
The basis of the desisn was the development of a mix that
would have sufficient workability for placing and finishing
with the e-uivment to be used on the worl, and result in
concrete conformine to the followins reruirements for strenzsth
at 28 deys, usine a cement content of not less than 1.3
barrels per cubic ward end not more than 1.57 barrels per

cubic vard:

Flexurasl Strencth: Ibs. ver sa. in.
N‘inimwn e o e © o <+ o o O o o o o o o 540
Avera ,cz..e * L ] o L J . o ® L] L] L ] L] L] [ ] L J L J 640

Compressive Strength:
Ninimum o o o o « o o o o o o o o o o 4,700
AVETSOE o o o o o o o o o o o o s o o D,700
It was further provided that the strengths at 7 dsys
should not be less than 70 perce~t of the above values., It
was the practice also to check the strencth desien by m-ars of
tests of comvression and flaxure svecimens made during con-
struction and by means of tests on cores made at the age of

avproximately 60 cdavs,

The amount of mixing water was not specified cdirectly
but was indiceted as the minimum required for the chosen method
of placinz. For the zero-slump concrete which seems to have
been used normslly, a water-cement ratio between 0.35 #nd

0.50, by weight, was specified., A somewhat hicher water-cement



ratio was permitted when the concrete contained crushed stone

than “~hen gravel was used.

These sp=cifications on materials should show the
reader that much care was taken to insure that the road would
last, even if their recuirements were not as hiczh nor as ricid

as those in this country.
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nAPTER VI

SPFECIFICATICNS AND CCHSTRUCTICN LZTHCDS

There were many differences between Germany's
desizn and censtruction methods as compared to tinose here and
in Canada, There were several reasons for the variations,
the most important of which was the versoral 1deas end
eccentricities of the German encsineers., Other reasons were
the necessity for chances due to climatic concitions, sub-
soill conditions, etc. The German encineers decided exactly
what they wanted and proceeded to lav plens for securing it,
A1l machinery, etc., was desicned to fit the construction of
the kind of pavement thev reruired. Routes were lald, land
accuired, etc., and the roads built exactly along those lines,
without any cdeviation or compronise. This chapter is dedicated
to the construction methods used and the specifications that

?ad to be followed in that construction.

Vlhen the work wazs bezun a difficulty was encountered
in t-at many of the men enrolled for the constr:ction of the
roeds had, as a resvlt of vears of unemplovment, forzotten
their skill, Ioreover, owine to that lack of political unity
which has alreadv been mentioned, everyv district and town had
wezes fixed by itself without anyv particular reference to
these existing elsewvhere., Verv soon after the work was besun
it was found essential to eliminate such wacre 3ifferenrces,
and a system of standard wages was formulated. The distress

of the unemploved was so creat in 1233, vhen the Autobahren
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Company was formed, that it was decided to be~in work in as
many different loc=lities as possible in order to benefit a
larce number of vorkers, The ~es»1lt wrs, 2s seen from the
rmep in Cherter IV, that mony ~2vs in the svetem exist,

These oaps were rmuch larcer :nd rmore pl=ntiful durinc the
construction. In 1¢37 vith ebcut €C0 miles of road comvleted,
the lonsest route open was from Hanover to the uncompleted

Berlin rinc, a distance of asbout 170 niles.

Contrary to the reneral belief at that time, and
even now, highway construction in Germany weas not carried
on by foreced lsbor, but all was let on ~antrent, To
accomodate the worlers, meny of whom wers 1livins at come
distance from treir homes, carmps were tiilt, The bulldincs
were of timber anc were desi~ned to be rortable. Thev were
usually arranced around a saquare #nd a camo censrally
consisted of twelve ¢ rmitories for eishteen men each, =a
socinrl or livine room, a kitchen ond tathrooms. The 2Amin-
istration of ezch cap was left lar~ely in the hcnds of the
men themselves, The outfittins of the cemps w=s vnder the
control of the Insmnector=-General, NNr. walter L. 3anders,
Aigstrict encineer st Otteawa for the Ontario Department of
Hichvays, visited the construction crmps in 1637, He s2id
that conditions were an eye-ovener to him and the specifi-
cations demcnded were extremely hish, The men livinz in
camps had accorodations #s good as in a hotel. There wére
even bedsoreads on the cots, he snid, The men were well

v~id and married men workine on rosd iobs received extra



pay as sevaration allowance,

Previous failures ir road construction have often
been due to an insufficient stufy of subsoil =nd foundation
conditions. Attention hes alwavs been ~iven ovrimarily to
surfocinc, recardless of the ever-incressine weicht of motor
cars and truclks, The subsoil wrder the road surface is,
however, 28 imnortant as tre fourdation under =2ny other
en~ireering work and the German encineers recocnized this
fact. A thorourh investi~ation of soil «nd sub-crade
conditions formed a major vart of the routine of German
motor road construction. It was emnhasized that such investi-
rpation should take place at a sufficiently early staze to
influence, if necesssary, the choice of a2lirnment, ‘irenever
possible, bad subsoils were bvmassed., Wisre such arsas could
not be avoided, detailed investization was carried out to
determine the ma-nitude of the settlement of soft undersoils
due to loading, the time re~uired for such settlements to
occur, and the most economical height, and slope of embarkments.
When it was necessary to place hich embenkments over yvielding
subhsoils, the completion of the earthwork wes planned so as
to permit the major portion of the settlement to take vplace
before the concrete slab vas vlaced, The c~urse of the
settlement was accelerated throucrh lateral displacement of the

subsoll by overloadins or b¥ blastine,

On each section, the first field work consisted of

testing, dicring and drillinc, and studwving excavation and
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soil from the neichborhood. The field lzboratory test of
subsoil of the nishwey controlled a1l processes from the
becinnins of construction., In acdition to direct testing,
the indirect dynamic testing was also used, Ti:is process
consists of & vibratina mechine =endins out waves to the

soll to be toéted, while a seismocreph indicates the osecilla-
tions at various distances from the center of vibration.

From the speed with whrich the waves pass throuch the soil,

cenclusions csn be drawn as to the nature of the subs~il,

The soils of Germa vy varv from cohesionless sands
to plastic silty clays and clavs., GLinst of the siltv clavs
were of such nature =s to re-uire careful moisture control
for aderrate compvaction., 3uch soils would be subject to
frost heave under adverse drainage conditions, and o»umping
at joints would occur on them if free water entered exransion
joints or cracks and if a sufficient number of neavy loads
passed over the pavement., The practice of placing a 1l:yer of
granular material under the pavement was, no doubt, a
contributing factor in the prevention of pumning in such

casese.

A modern soil techinicue wes emoleved in the first
stare by means of a so0il survey alone the line of tentative
route., The soil scmples were taken and forwsrced to the
central laboratory and =nalvsed for the determination of the
special steps wnich micht be necessary to ensure maximum

consolidation and maximum stability. Onlv after the work
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had passed the stencdards imposed,was actual construction

of the rozdwasy authorized,

Soils were classified as follows: (a) top soil,
(b) non-cohesive soil, (c) cohesive soil, (d) stone
(e) waterlocged soil (peat, ooze, etc.). The cifferent tvoes
of soil were removed sevarately and dreinase facilities were
reruired, The material vsed in the construztion of embank-
ments was placed in successive lavers, the soil bheing tinped
from above and then distributed to the correct level, A
portable avvaratus for measuring the heicht of each laver as
it was constructed was devised. Consoliration was effected
by mechanicel means. The weicht of the tampine machines
used depended uvunon the gauce of the rails used for the trans-
port of material. Lisht models were used on the shoulders,
which were consolicdated first, from t e edmes towrard the
center of the embankment., If any spreading occurred at the
foot the extruded material was used in finishing at the toe
of the embankment., Irresularities in the uvver surface of the
embankment were elimineted by licht rollin-. The soil con-
stitutineg the foundation of lo~ embankments was required to
be homogeneous; intrusive deposits were removed and replaced
by ecvpropriate material. No settlement was suvvosed to take
place on such a foundation provided the embankment was well
consoli“eted. O©On weak foundations the amount of settlement

to hbe exvected was calculated and taken into account.

Lavers of veat vp to 13 ft. were removed and replaced
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by sand., If the water content of the v:at wes not too hirh,
drainace channels were cut in the subsoil #nd filled with
subsoil material, It wes found that if the hei~ht of the
embankment was considerable and thorov~h consolicdation was
effected by machinery very 1little settlement took nl=ace
after c-nstruetion wae finjgshed. Vhere excessive peat was
enconntered it was removed by blastine and revlaced with

stable materisl,

Svecial attention wes 1aid to the uses of fertile
ton soil for encouracin~ material erowth on slooes, and
exietinm veretation was carefully orotected, ihere the
formation consisted of strne, cere was token to make it
smooth and 21l projectin~ materisl was removed, Crecks were
filled with non-capillary soil, '/here tor much rock had been
blasted the formation wss leveled bv a-vlic~tions 6f lean
concrete, Embankments of nard rock were constructed in
successive courses, Soft rock was consolidated with heavy
tamping machinery. iihere other tvpes of soll were plsced
on a fownfation of ston~ en irterm=Aiate filter course wes

provided,

Svecisl cere wes exernised in tre selection of tre
coil n-ed in bhack-fillins ensineerin~ structures and enr<olid-
ation weas effected with tampinc 1nfte weichine vn to 1,1C0
pouncs, Hand torpin~ vag not vermitted. A svitnble draincce
svgtem was re-uired here also., Dreirece cherrels were 1214

under the road bed itself and arnv dltches recessarv for
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dreipase Anripe construction were subseruently filled. Store-
filled drsins were provicded with a filter covrse in order to

orevent entry of emb:nkment rateriel,

The following recom'endstions that were made concern-
ing the foundetions, earthwcrks, and drainece of the road,

were tuslen cirectly from PURILIC WORKS for Necember, 1078:

"(1) Tre chcice of surfacine must devend larrcely
on the nature of the subeorade; surfscin~s of the "flexible"
t—pe shovrl? he constructed cn stable subesredes onlv, Cnrrcrete
surfacinecs have ~iven satisfactory service on unstable sub-
ogrades, but sde~uately dowrelle” Soints »met ke nrovided.

"(2) Concrete founiations are recommended on sub=-
ocrades wnich ere liable to frost ds-ece, Foun‘ations of
stone pitchine recuvire special vrotective messures; surf=ce
rep:-irs effect no permanent improvement w=~en svch founcations
nave beome disvlaced either in the later stases of construction,
under trafiic, or by frost.

"(3) 1In soils where the orovortion of v rticles of
less than C.02 »mm, dismeter does not exceed 3 per cent, frost
damace does not take place, TIf the parhticle sire is very
uniferm, the safe orovortion of such particles mav be s3 hirh

as 10 ver cent,

"(4) Ttessures of mrotection a~cinst frost include
the provision of = 1eve» of norers materisal (sravel, cand,
brushwood), or of a bituminous in<mlatine lever,

"(5) All tvoes of s=o0il, with the exception of soils
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containineg a hirh oroportion of orcrenic matter (e.z., peat),
can be successfully used in the construction of embankments.
The consolicztion of plastic soils, however, must not be
undertaken in wet weatner, as tamoine then increases the
plasticity of the material by incorvorating a further ocuantity
of water,

"(3) Tamping or vibration is »referable to in-
undation mwethocs, thoush these mav be successfully combined
with elther of the formrmer.

"(7) 1In csses vaere a2 considerable provortion of
plastic material must be usecd, creater stability is obtained
by placing end thorousnly consolidatinz alternate luyers of
plastic and porous soil. The stabilization of such a core
is exceedin~rly oracdual, and there is constant liebility to
sovread or subside.

"(8) The mixture of clav or loam with sand or
cravel is not successful in vractice, as a comneratively
amall smount of clav dancerously increases the vlasticity of
the mixture.

"(¢) Ceref 1 an¢ uvniform consolidation is of first
imoortance. The denth of s0il to be pleced and consolidated
at a time should in no case exceed 40 in.; the usuz2l maximum
is 50 in. 1In the case of backfills in the construction of
abutments the soil chould be pluced and consolidated with
ligcht machirery in layers not exceeding 8 in, thick, in order
to avoid damace to the adjacent structures. The provision

of a dry masonryv course benind wine we 'ls of abutments is
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actuallv injurious, as the soil of the fill becomes forced
into the interstices of the stone and thus wmermits subsidence.

"(1C) The generally accepted limitin~o slone for
embankments (1:1%) and excavations (1:2) is too stzep for
plastic soils.

"(11) Drainage courses constructed on the face of
embanked or excavated slopes assist surface drainarce only;
they are without influence on the shear resistance nf the
interior, snd hence cannot prevent soreading,

"(12) Side ditches are usually suverflucus except
where they are re-uired for the dreinage of adjacent land;
in rost cases thev suffice for the removal of surface water
only, and t~is cen be more economically eflfected by m=ans of
channels or percolation courses, The latter, wnich must be
of suf:iicient cdevth, afford the best means of eliminating
ground water or the interior drainame of embanked or excavated
sloves.

"(1%) Thre culverts, etc., should be laid in a
course of porous material which widens considerably towards
the upprer surface; this procedure eliminates the irrecsular
incidence of frost action sbove the culvert, end hence minimizes
vossible injury to the surfacing during frost.

"(14) Blastinz is the most economical metnod of

removing peat strata of considerable depth."

NMotice that in the desicn of the earthwork, dancer

from frost damage was given svecial attention. 3Snils which
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contained more then 3 percent of varticles smaller than 0.02
millimeter were classified as subiect to damsce bv frost
either by heavine or bv softenins, It as recosnized that
water must be sble to resch the frost zone by cepillarity
before frost demace counld occur, and if the eround-water
surface was at a creater distance below tiie frost zeone then
the cepillarv rise in the -~0il, ro frost damesrce would result
oprovided there wvwas no entrance of water from the sroulders
or side sloves., Efforts “ere made to avoid frost Afemacs by
the followina means:

1

DPlnaire the conenetes oloh o auffinient heicrht
ahove crourd water to avoid saturstion by conillaritr, or
lowerinz the ~round-water tohie by druinace,

o

2. Replacem-nt of s ils cuscevtible to fro-t

dema~e with soils not susceptible to such damrere,

W

Se Use of Tawvers of cosrse oranular materi=l or
of imvpervinng ctrata anech as hituminous cencrete =labs, to

vprevert caniliarv rise of cronnd water,

The followine statement, from a »nublication
entitled "Guidine Frincinles far Poadvaw S1ghs" issued for
the vse nf encineers encaced in tre deaion =rd construction
of the Autohrhn, illustrates the imvortance n'aced on investi-
ration of voss’hle frost demare: '"The vrevention of frost
damace miust in every sincle csa= be exhaustively investi-ated

acc~riinc to terrsin and chanre in soil, and mav rot be

handled in & rontine menner,"
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In areas where croind water was found to flow
torrard the ro=4, it wea intercented bv loncitndinal drains,
Drains were also used to lower the crnind-water elevation
under the rosdway when such a procedure was considered

effective and ecornoiiical.

In a great majority of the ~miles~e, the concrete
slab wasg placed on embankment., TIn flat terrain the erade
line wes reised 3 feet or more sbove the natural ground level,
and in cuts the roadwav wes excovated below crace =2nd back-
filled with selected msterial., This procedure oroviced cood

draina~e and in the open rlains simvlified snow removal.,

Cohesionless sand was used in fllls wherever it
wasg available, Sand was hanled lonc distances to avoid the
disturbence of farm lan”As that would result from talring
borrow with a shorter hsul. Yhen sand was not available for
the entirs embsnlment, it we2s used in the ton 8 to 22 inches.
A tbhickness of ¢ inches was most common. The sand as vl-ced

the full width of the rrade in fill sections.

Where sand for the entire fill was not available,
relatively thin levers of coraruler meteriel were onlaced at

geveral elevations e2nd to the full width of the embankment,

Emhanlment slopes were made steep (usually 1%:1 or
sta~per) to reduce to a minimum anv encroachment on farm land,
and embantmant sloves were vrotected arairst the entrance of

mristure by soding imrmediately after completion. TIn some
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instances a fvll-width layer of granular material vas vlzced
in the bottom of embarkments comprsed of cohesive soil, to

aid in the drcinase,

Cohesionless sands were compacted with a ramner
celled a "jumoins fros." The device was sctuated by
exvlosions of rasolire in a cvlinder 2nd the exvlosions
were controlled by a manuellv onerated srark, The veichts
of the "frocs" for emhorkments varied from % to 1 ton and

for the areas under the naved shhulder a machine wei~hing

800 vounds was used,

Cohesive s0ils (silty clays ¢nd cl=vs) were comnacted
wifh smonth=fece en” sheepsfoot rollers., The thickness of
each layer of soil before rolling vas aroroximately 18 inches.
A field'laboratory wags mainteined on each project where
cohesive soill was used, 9n5 ﬁhé moisture and density of the
soil were carefully controlied. Very little effort was made
to comvect sand or coresive so0il bheelr ~f bridoe abutmants and,
as a result, there are man? csettlements in the savnoroaches to
bridz~s., That such settlements were anticinated is evidenced
by the fact trat stone setts were onlaced adiscent fto mary
brid-es so that fill settlement conld be corrected conveniently.
The setts were arranced in e fanlike pattern similar to that

emoloyed in the case of Durex block in this country.

Cver 95 per c~nt of the roads were constructed of

Portland Cement. Fossibly cre of the m=ain reasons woeyv tne



Figure 12F°
Tamping machinery

Figure 12G
"Jumping Frog" used to compact cohesionless sand.
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Germansg cecided on Portlend Cement concrete for their new
roacds wssg an economic ore, Cerient plents are =scettered a2ll
over the country, and therefore its orocduction was entirely

a cdomestic watter. Howvever, the specifications lor the

9]

cement rere hirch as shown in Chapter V and onlv about ore-
third of the manufscturers could meet the recuirements.

Since ample supplies of materizl were sveilable, the specifi-
cations were maintained. Coarse and fine ac~recates were
carefully selected. For fines, two grades of sand were
usually snecified. There were three, four or five grsdinvs
of coarse ac-recate, Vith tins and wei~hinzg ecuipment for
ezch of the seven sizes, a hetch rcadv for the mixer waos made
vo of a svecified amount ~f each of these sevan acrrercates,
The cost of this careful cradinec was considerable, and there
waes doubt in many minds as to “hether such refinement was
justified by the som what better results., It is true that
consistently hi~h-strenscth was obtained -- around 5,800 1b.
ver sa. in. compressive strencth, but this was dus 1 rrely to
the ¢reat reduction in the water content. In work cdone here
with accurate water control and using a vlastic mix of about
one inch slump, stren~ths of abouwt 5,000 1lbs., at 28 days are
easily obtainable, and the cuality of t-is concrete has been

7004,

We rave covered the soil res=2arch that was done
prior to the laving of the road, and n2lso all other eartrwork

s~ecifications that existed., Now let us follow the lavine of
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the road from the excavation to the final curing, ©xcavated
materizl was devosited in lavers of 1 ft. 6 in, to 3 ft. 6 in.,
and consolidation of filled sround vas carried out either by

a 2% ton droo hammer or bv a ccens-lidatin~T machine in which
four hammers overated side-bv-side., The form=tion of fthe
sub~rade was made with a svreader, or levei in~ beam, and
comoacted bv a tampine bhesm which followed, The beems covered
the full width of the road— ay, The tcmpin~ force used was
eooroximately 3 tons rer scuvere foot, Tre snecificatinns
c2lle” for tre enrthwork to be formed within sn accuracv of

2 ineches, M-e econd cushion base was then vleced, uennlly to

a dernth of ahout 5 inches, and the Iinal levelinc of t*is

founcation was rermired to be accurste within one-=-half inch.

Hhen the consftruction be~rzn, extreme practices
wvere used. The comolete pavement then consisted of 3 to 4
irches of oravel spread on a svherade, 5 ireches of porous
l=2~n concrete, a ¢ irch course of averave crade concrete,
followed by a 3 inch cnurse of excellent rrede concrete, with
a wire mesh between the last two courses, Tater, this
proce"nras wag mocdified, =2nd the navem=nt cnnsisted of a 6
inch s2nd ecuehion on the sub~rrade, a % inch course of svernce
concrete end soain the 3 inch conrze of excellent concrete,
with the »ire mesh between +the +wo courees of conrrete., 'The
steel mesn reinforcement uvsed wei~hed 4 rrunds nor scuore
verd, The rerpson for the two c-urses was ssid to be that the

vibratino mochires in wse c~1174 not pronerly vibrete 8 or ©



inches of concrete In nAne omerstion, “The merufactirera of
thoce mechinres cleired thot thev would do t' e fob, ond nroved
it to the insnectors, ~tereunon the nrocednre wos modified
e72in &nd the whole =1l2» was 12id in one crmrce, In 1838

wvhen steel heran to beccome scerce, tre uce of 'he reirnforcinc
mesh wee Aiecontinved, ard to torrensate tre slab was

thickered from ore *fo two ircres, makinc a total thickness of

9 to 10 jrcres., In all ceses the slab wag of uniform thickness

vith no videnin~ ot the edres,

Immediately followira the s2vnlication of the sand
cushion, ther constructed paresllel T~ the center line on erch
side of the probosed concrete vavement, suhﬁefted fl=t to~r-ed
courses, tret on the outslide are 79 in~ es wicde 2nd on the

.
irside 15 inches, These courses were left 2 inches below the
surface ~f the finished pavement ~»d afterwaris aenrfoced ith
a bhituminous mixture to the level of the concrete. 3everol
tvoes of forms were used, but ore of tre most common was tne
form with # rail set infto tre fo~m braces., All ecuivment
treveled on these reils, so that it wes vossible t~ have tne
subcrede made almost verfect and keot in that condition until
tre concrete w=s moured, These reils were n=snally 70 pound

steel razils end the sleevers thevy were set on rere ahout

8 irehes thick.

Just previous to nlacineo the ~oncrete, "nteroroofed
navaer wos 1714 on the sand cushion, This not onlv nrevented

woter heine absnrhed from tlhe connrete, but also esssists in
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~ivine the slab freer movement for exvsnsion snd nrntrantinn
Ane to rednced friction. Tre uze of this heavy vaver was
extremely importent esvecislly with the no-slump mix that

was used,

Germ-n richwe v enrineers s narently were not
crntent with tre mac-inerv which we are accustomed to here,
Perheps in this resnect, more than eny other, lies the masjior
difference. Z-~uipment ocn a corcrete pavement was several
times s laree es we would see here., Individusl machines
weirted as much as 20 tons. Actual construction was carried
out by means of a construction train containin=s all the
necessary macuinerv. This ecuipment, svannine the entire
25-foot-wide vpsvement slab, was carried on the steel rails
vhich, in turn, were mounted on the concrete shoulder strips
as rreviously mentiocned. Some of ths machines moved under
their own power. The constr ction train contained 36
constructional vnits, incluvding wooden huts for construction
ensineers, tamvers for consolidatin~ the sand cushions,
machines for spreadings th2 underlav navner, concrete mixers
for base coat, concrete soreaders for the first mixer,
concrete tamper for the first mixer, concrete mixer for the
top coet, concrete itamper and spreader for the second mixer,
concrete finisher, and tent covers for the [(inished slabs.
Durince the operetion of laying the vavement sl:b itself,
the concrete was finished to a svecial steel form installed

inside and braced a-=inst the steel rails. EHand finishing
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Figure 13
Construction on the Autobahn South of Stuttgart

A. Mixer discharging a batch of concrete into the
spreading hopper. B. Hopper moves forward under
the sunshade and discharges. D. After spreading -
note the very dry concrete. E. Vogele finisher
starting its second pass. F. The final finish
secured after several passes. C. Watering curing
mats over final finish - note light rail which was
used to carry sunshades.



was rarely usec, Followinec the six crnstruction machires
was the suverinterdent's ofiice, also on whzels, ¢nd¢ benind
that a series of larese screens constructed on steel frames
mounted on wheels., If csucht by rain, these screens were
irmn=diately placed cver the freshly laid v verent to orotect
the surfece, This eliminatecd the daraerjéf ;ééiingjiﬁlé
rain without any orotection., These screens also vrotected
the concrete surface as part of the curing, being of heavy
enouch material to keep out the reat ol the sun., Th-re

were nlso screens cver the too of the fipishing machines for

the vrotectiorn of the overstors,

An extremely dry mix was vsed, but with the very
heavy ecuioment, there was a minimum of finishins recuired,
and as a result t:ere was very little trouble from scaling.
The surface was recuired not to s ow more than a 3/16 inch
variation; the contrector was reruired tc grind the surface
(under the watchful eye of a hard-bniled insvector) to
comply with this resulation., Concrete cvlinders were taken
from the completed paverient at varving ages on every half-mile
of road for testing purvoses. Besides these and tests on all

constitnents of the ccncrete, tests were msde on samples from

the mixers.

Ratcnina was effected bv reicht, usunlly at a
railway siding wrich might be several miles from the
construction site., The arsre—ates were delivered by reil to

sites from w:.ich =kips were charged with the correct 'rix,
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The cerent wes then afded and the skips transvorted to the
mixers on the constriction site. The - ater ratio varied
from 0.4 to C.5 devending on the arcgre~ate, usually with

75 more water in the too ccurse than the lovwer. An examvle
of a bottom-crmirse cnonerete sed on the Mannheim-Farlsriuhe

road is ocuoted as follovis:

Water - Cement ratio - 483

Cement, per cubic meter - 325 Ko,
Cement, per hafch - 300 Kg,.
Provortions of mix - 3CC:1800 kg,
ilater per batch - 12& 1iters

The normal cement content of the concrete was 528 1lbs, ver
cubic vard., Th-t vortion of vavement wr-ich was laid in onre
course, near the end of the crnstruction veriod, was of t.is
uniform cvality throuchout. The surface finish of the road
was checked by an irreculerity detectins machine, which

rives an eutorra-hic diacrem,.

The mixer ~as sometimes mounted sevwaratelv and
sometimes on the same framhas the spreader., Snreaders were
of the vertical-discharce honper type. After receiving a
load of concrete they were discharced by movine the hozver
slowly from one side to the other as the entire machine
moved forward. The extremely drv mixture is entirely unsuited
for use with sn ordinary powver-driven screed, wnich exerts

comparatively little commactive effort but merely smooths

the surface after the concrete ras been ¢'stributed by the
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spreader, German ensineers have develovned several tvoves of
comnaction e~uipment, 1In fact, considerable resszarch ao»ears
to have been conducted on the problem, *he results ~f which
are available in a detailed revort by R, 3chade issued in

19640,

There were two ceneral tvnes ~f finis-ers used on
the motor roads, the Vome=le 2nd the Dinrcler. The Vo ele wes
a three-element macine, the first and third elements beinc
reciorocatin~ screeds of the usu~l tvne, TIounted between
the screads wes 2 heavy vlate which could be onerated either
2as a vibrator or a ftarver, Vibratino fre-vencies were
ori~inally cuite low (150-250 per minute) but were later
increased to as nhich as &#,200 pver rinute. It wes sometirmes
overated alternately as a tawper ond 23 a vibrata» in
successive naccas, ornAd Ffre-neptly several posses were ro nired
fo obtain the deaired finish, The Dinrcler 'mackhine wes a very
much heavier pnlece of eauipment., Tt consisted of a2 series of
tampine hamners, with 4- br 10-inch faces, weirhino 55 to 120
pounds e~ch and monnted in a row inst behind the front scread,
The heicht of fall ves abovt 6 inches =nd theyv were onerated
at 2hout 70 blows per mirute, Trese tampine hamiers were
anrarsntly onlyv nsed for comvactine t e lower conre<e, The
finel finishire was by me=ns of a comhined screed and ta—per
overating at shout 6CO strokes ner minute and several »asses

were vsvally reruired to nrocfuce the regnired finish.

Another unicue feature was the »ractice of conducting



Figure 14
Construction on the Autobahn North
of Kassel using the Dingler machine.

A. Concrete mixer spanning subgrade with industrial
rallway on the right. B. Tamping machine in action
compacting the lower course - note dry mixture.

D. The appearance of the concrete in the surface
course before and after compaction by the tamping
screed. E. The finished surface being given a light
brooming. C. The low sunshades used during the
preliminary curing. F. Woven-reed curing mats shown
in plece. These were left in place for 3 weeks and
were kept continucusly wet during that period.



the placing, finishing, end vreliminary curine overstions
under sunshades, Threse were mornted on lisht wooden frames
spe#nning the entire orvement and carried on licsht steel rails
mounted ~utside =nd naraliel to the concrete s*oulder strivs,
In this vay the concrete wos protected from sun and wind
from the time 1t was nlaced until it had herdened sufficiently
to receive the i1inal curins mats, The frames used for
protectine the concrete durine placing were sufficiently

hish to permit the e~uipment to nass under them and to
accomodate the men workine on tre final finish, The frames
vsed for the »reliminary curin~ were low and were comoletely

enclos=sed,

The shelters onlv covered the fresh concrete until
it had set, vsually one dayv, 2nd then curing mats were placed
over it. The crring was done in different ways., 1In some
cases very heavy cocoanut mattine was iollowed by daip earth
or sand and allowed to stand for three or four we~ks, 1In
other cases, after the shelters nassed forward, the surface
behind them was covered with vlaited straw mats, or sand, and
ept wet for three wee s. Sometimes the zoncrete was watered
every cday for about a week after this »rotection hed been

removed.,

Constrvection, in ceneral, was f1ll width in one
oneration, with a loncitudinal center joint of the weskened
plane tyre. But lanre-at-a-time construection was occasinnally

vsed, the léncitudinal Jjoint between the slabs in thils case
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beins of the butt tyve, Tirht steel tie bars were used
across the loncitudinal joint to vreve t sepmaratinon of the

pavencnt slabs due to settlement or ~ther causes,

The transverse joints sre all exnansion joints
1/2 inch wide at the bottom and 3/4 inch wide at the top.
The spacin<” of transverse jolnts varied wicely, however.
The first 1laid were installed at sn irresular svacinz of
50=48=50 feet and ro duanny joints were used, Tris irrecular
spacine was to overcome the rhythmic effect of the uniform
Joint svacinz. These joints had dovels across them. 1In
most cases the lencth of the slabs wes determined in relation
to rord curvature and subzoll conditions, 23 will bhe shown
1l ter in some hendbonk snecificatiorng, Tater construction
showed uniform svacing of joirts, For nonreirforced sections

the joint svacing was cenerelly 26 fe=st, whereas for reinforced

e

nes varied from 2 minimum oi 39 feet to a maximum

Q
e

sections s»a

of 98 fe=st. An eoverare exp:nsion joint svacineg from 40 to 50

]

feet, Werlered-vlane cortraction joints were fre~uently
installed,varticularly in the cace of the lonser exvansion-
joint snacines, The joints were formed with a wooden batten
sbout 5 in. deep vplaced 2nd left at the bottem of the slot.
Above this a Wieland jointing strip, 23" deep, was laid and
the concrete was then laid continuously without rer~ard to the
joints, so that there is a thickness of about 1" of ccncrete
at the top of the joint about the ‘iieland strip. This latter

1s a2 bollow steel form, 2 1/2 inches deev and /4 inch wide.



It is made in lengths of abont 12 feet and hefore being
vlaced in vosition is painted on the sides with bitumen, It
fits over the wooder batten and lies above it, as already
explained, Irmediately after the finishin~- machine had left
the surface of the concrete, a shelter on whe=1ls, running on
rails, with a platform a few inches clesr of tie concrete was
run into vosition. len workine in this shelter reroved the
concrete on top of the iVieland strip and finished off the
arrises by hand. The iieland strip wes ‘eft in the concrete
for three or four we=ks, steam then beinz blown into it
throuch a hole =t one end end passing out throush a hole at
the other end. This procedure melted the bitumen and tne strip
was then withdrawn. The svace, 5 inches dee» between the
concrete slabs, above the worden batten was then filled with

bitumen ~nd asktestos., The wooden batten remained in vlace.

In a handbook isswved in 1957, describing methods of
concrete hirshway construction on *he German motor roacs, it 1is
stated, "Joints shell be snaced 7% to 50 feet apart, The
lenmths of successive slabs ne=sd not be varied., 1In mild
equable climates, on stretches, in flat country or in exca-
vations (if founcdation conditions nermit), and in cold weather
construction, wide svacirg is —ermissable, a narrower snacing
being re~visite if the annual temverature rarce is considerable.
Cn hish embankments, lower emharltments of recent construction,
on subzrades which are unstable or ~here the ceolosical

character varies considerably, in hot-weatker construction or
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on curves ol less than 3250 feet radius, the sracine may be
further reduced to a minimum of 20 feet where conditicons are
esnecially unfavorable, such a2s anovroocires to larre encinsering
structures. OCn bridre shutments the ioints should be of the
expansion tvne £#nd should not be dowel ed., The former

nractice of vervinec the lencth oI rosd slabs has bheen abrndoned
becsnze (a) the Asnwer of resrcrance effects is neclicible;

(b) increccrd etahilitv can now be ensured hy n<e of Aowelled
joints., All joints ere to be formed at risht ar~les to the
rrrd axis, *“he bos=zible ntilitw of oblirue joints becorming
ne~li~ihle 2% hirh cveeds. Joints are to be ~ontinved ncross
the full width of the vn~vem rt, since it was found that

sta~cered joints may cause the formation of erecks,

As re~erds dowellinz of joints, dowels sha1ll be
provided in all cases »rere frost heavine or subsidence is
likely to occur., The dowels must permit lorcitudinal

5

movement of the slabsg &¢nd transmit stresses s2cross the joints

CJe

without irjury to the concrete, “They must t-erefore be nleceAd
accurately in relation to the cradient and direction of thre
pavement, ~nd midwrv throu~h the thickness of the «labh,

Round Aewel hera in savnencion

jOintS chall bhe a2t least O,.8-
inch in diameter and 2% ineres lor~; averacre sracing ig 12

incres, =2 closer svacine beinc adante? ne~» the corrers,

Dowels shall he comrected bw steel flrts with
blunted edres or sumnorted h roncrete hlorl s, The rouncd end

of esch bhar is left evrosed, the tanered end reins nainted



with a thin insvlating coatin® of bitumen en? protected by
a cap vrich permits 0.8 inch expsnsion of the bar, vacked
with cork, shavircsg, ete, The holes in the joinrt inlays fit

the cdowelled bars very accurately,

Trensverse curmmy Jjoints are dowvelled in the some

n Adismeter

e

vevy as evneansion joints but the bhars ere 0,7 ineh
and are not cansed., Cn curves of less than 2,000 feet rsfius
°nd on stretches where subrrode conditions are rown to be
uneatisfactory, anchor bars 5 feet lons ~rd 0.56 to 0.4

irch in dlameter must be provided across loncitudinal or
trensverse expersion jointsg, in tre middle trird ~f the slahs,
in order to permit lon~ituvdinel movement at both ends. The
nrescribed spacing in 30 inches, Similar bhars should be
provided acroas tne full width of exvansion jioints on stretches
where irresular subsidence or frost heavinc 2re likely to
oceur; also in loncitudinal dwmy joints slone the full lensth

of slabs at intervels of 5 feet,

Zmphasis is placed on the necessity of »rovidin

—

3

proner su~port for dowel btars ond for completing the whole

joint assembly before it is vlaced in vpocition."

Germany's hishway procgram was mich different and
on a very much larcer scale than anvthinc that country had
ever attemonted before, The crnckrirtion of rew n-tional
motor hichways alon~ very modern lires 2nd the improverment

of abhout 25,000 miles of existing roads, meant many new
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e~rulpment re-nirem-nts. Pecause of economic conditions

very little machirery could be i~vorted, which meant trat

they had to develop new ecviovnment and that this be done in

a rather short time. ‘lhile in gom= wavs their e~uipment
development nhad followed 2lonc lines very similar to that

with us hrere, there are many czses “nere, bhecauvse of certain
different influences, it hes bsen vervy much different. Cne

of the trhinrs which seemed to nave had the zsreatest effect

in ~menernl desi~n end rethod of operation was hauling eculo-
ment, Baclt of this, possibly the lack of vetroleun for motor
fuel and rubber for pneumatic tiresmade it necessary for them
to use the industriel reilwey all the way throuch corstruction
from the start of excavation to the comvletion of the slab,
instead of motor owerated pneumatic tired, or crawler eculo-
ment wnich is oenersl prsctice rere. Also, Gerrmany did not
have an automotive industry with its mess production, making
available a wicde rance of allovs andé special features of
desi~n as we heve, These have had a verv definite influence
on our construction ecuipment. Tris, coupled with the zeneral
tendency of the German engineer to bvild lerce heavy machinery
for the same type of work was brourht out by several different
compnanies at the same time. This naturslly made many detailled
differences, which, alona with not too rreat a2 tendency for
stenfardization, made two rmachines which were exsctly alile
somewrat of an excention., As bkas been indicated, most of the

haulire all the way throuch the construction of a hirhway was

D



done by the industrial railway. In sore cases, on crade
construction, the cars were loaded by hand, end if the rrade
was not ton sfteev, moved by and, but gererally they were
either loaded by power shovels or lons convevors fed by
hand and moved by <m: 11 locomotives, either steam or diesel.
Fundamentally the vower shovel used for excavation in grade
construction was similar to that wsed here., 3Steam was the
most common, but with a tendency toward diesel in the newer
models, vhich were mounted on crawlers, very similar to those
cormon with us. There were many deteiled differences and a
general one of interest is the diovper door attached by two
large arms, one on either side and near the top. To cump
the loszd the door was swung on an arc across the hottom of
the dinper, slidinc from under the load. This saves reicht
but takes considerable pull throuch a long distarce to dump
the complete load. Another metod was to vuse a svstem of
rears and a brake drum attsched directly to the baclt side of
the dinver. A spring loacded brake holds the door in closed
vosition and to cdump the load tris brale is released, instead
of usinr the latch as was common vractice here., They used
some larce shovels, but most of those on hishway work wvere

about one-half cubic wvard in size.

While very heavy machinery vas used in building
the exoress ronds, werls =ag procecding also on tie old hich-
weys of various tynes, That system comprised 212,CCO km.

There was 2 stronc demard for =211 s~rts of rmechanical



eruipment. As it wass more vractical to overnass the narrover
local roads, the express roads run mostly throu~h cuts,

Heavy excavating machinerv was emploved. TKNarrow-cace track
varalleled the worlz. Industriasl locomotlves and dump cars

were used.

All of this ~reatly stimulated the hichwsy machinery

industry. The industry hod pretentious ex ibits at the 1937
soring foir in Ielpzig. Diesel encines were used a2lmost
entirely in a wide rance cf =izes., Pneumatic tires were
employed on a surprisin~ly larse v»rovortion of the enruipment.
Tire treads of crtificial rubher were used, hile swvntretic
rubber cecsts more than the naturel »roduct, its resistence

to abresion mekes its use orectical on tires to be nut to

narticular nard use.

4

The exhibits srowed a strong tendency trhard
weldine in the menufecture of machin<ry. Frovision for
minimizing oiline was'm:de bv enclosins cears and by use
of ¢rti-friction bearincs., Portable crushing and screening
plants were mrcde ir 2 rultitude ~f sizes. Demnonstrations
of rock drills and vaverent hreslers constitnted orne of the
featnres of the feir, Ierv dmnroverents in this tyne of
ernioment were claimed, creotiv reduvcinc the nesd for

hlasting, Improvement was cliimed on tre vibratorv motors,

=l

Jibraters vermit *»e use of conracer ac-rerate,

Trector tracls eatd to rove a »un loncer 1ife than



that previously used was on exhibit. Improvements in trans-
mission pprmitted greater speed on some of the motorized
equipment. Dirtmoving machinery, small and large, was much
in evidence, as were compressors and pumps in wide variety.
As Germany was particularly proud of its chemical products,
considerable space was devoted to wood preservations and a
variety of tars. Much was claimed for chemicals that

accelerated the setting of concrete.

These scattered additional facts are of interest:
The rate of progress on the Autobahn varied slightly but the
average was about 240 yards of 24 foot 6 inch roadway in an
eight-hour day, and about 440 yards for a double shift. The
record was 580 yards per day. The surface finish obtained on
the work is of the fine grain or sandpaper characteristic.
A coarse aggregate or broom effect was carefully avoided.
Such grinding as was necessary to bring the level of the
pavement within the required accuracy was done in a number
of places on the Berlin-Brunswick road, but grinding was
almost unknown on later work, Owing to the severity of the
winter climate the work was carried out for the most part

only in the summer and autumn months,

About 5 per cent of the roads had bituminous
surfaces, These surfaces were retained for those cases whers
resilience of construction was required, either because of

doubtful properties in the subsoil or where slight crust
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movements were anticipated. The foundation was of hand-picked
Telford stone with a macadam subcrust. The total thickness

of these two was about 1l inches. The bituminous-concrete
surface was usually laid in two courses, a base coat of 2 1/2
inches and a surface course of 3/4 inch, giving a total con-

solidated thickness of about 3 1/4 inches.

In concluding this chapter it mizht be of interest
to give a brief summary of a typical section of highway built
in Germany in the vicinity of Berlin, as part of the so-called

"Berliner-Ring."

The figures quoted cover the construction of
approximately 22 miles of highway constituting only a small
part of the entire "Ring" which circles the city at an

average distance of about 20 to 25 miles from its center,

The excavation, or grading work was started in the
fall of 1934, and finished in the summer of 1936, At two
places 1t was necessary to dynamite swamps and replace them
with fresh material., At another point it required the
raising of a railway X feet in order to pass under it., With
the grading finished in the summer of 1936, the section was

paved and open to traffic on June 5th, 1937,

In the construction of this highway the following

organization was recguired:

Five large grading contractors; two contractors
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applying the sand cushion, six steel companies erecting
bridges; twelve paving and concrete structure contractors,

and about forty medium and smaller firms.

The average number of men employed during grading

was 1,500 end an additional 800 for the levelling.

For the bridge construction there were about 2,000
men working daily in 3 shifts for several months. It was
noticeable that very rapvid progress was msde in all bridge
work. Altogether there were about 1.3 million working days
utilized,

Equipment used included the following: 35 miles
of railway tracks; 1,100 dump'cars; 50 locomotives; 15

large shovels and 20 large concrete mixers.

More than 3,000,000 cu. yd. of excavation was

necessary, and 625,000 sq. yd. of concrete pavement.

In this pavement there was 35,000 metric tons of
cement; 180,000 metric tons of gravel and 100,000 tons of

sand.

In the approaches and junctions with the main high-
way there was 95,680 sq. yd. of granite vaving blocks used

and 60,000 sq. yd. of gravel and sand.

In the elimination of grade crossings it wsas
necessary to erect 38 structures as follows: 13 overhead
bridges of which 2 were steel; 2 steel structures over
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rallways; 11 subways; 4 tunnels; 5 archway crossings; 1 large

bridge crossing another main highway and a double valley.

This structure required 45,C00 cu. yd. concrete;
1,432 tons structural steel; 3,750 tons steel for other uses;

and 915 cu. yd. masonry work and 80,00C bricks,

The biggest bridge on the section 1s the one crossing
the Hudersdoff Valley. In the first viaduct, 2,968 ft. long,
1s an embankment 2,400 ft. in length with an average height
of 30 ft., and enother viaduct 787 ft. long.

In the construction of the bridges wliose piers were
concrete encased with stone masonry, it was necessary in the
case of 5 piers to put them down 50 ft. below the surface by
means of compressed air caissons. All steel construction was
by electric welding. Additional materials used in the other
structures were: 7,500 tons of structural steel; 65,400 cu. yd.

of concrete; 520,000 bricks and 410 cu., yd. of natural stone.



CHAPTER VII
CONDITION OF THE AUTOBAHN TODAY

We have covered the entire history of the Autobahn
up to the war, but what of its use during the war and its

condition now? This chapter is devoted to that subject.

APrior to the war the Autobahn was used to good
advantace by buses and trucks, as well as automobiles.
During the war all forms of transport were completely taken
over by the Reich. Motor fuel was conserved for the armed
forces and little use was made of the Autobahn except by
the troops and supporting industries. As motor fuel became

scarce, motor cars were transformed to wood burners.

Comparatively speaking therefore, the roads were
carrying very little traffic, either prior to the war or
during it. In 1939, rough counts on the road between Berlin
and Brunswick and on the road between Heidelberg and Mannheim
showed, in each case about 150 vehicles per hour, or roughly
nine vehicles per yard width per hour. The traffic on the
Autobahn observed during the summer of 1947 was very light
both as to the number of vehicles anc the axle loads. Harold
Allen and F. H. Jackson of the Public Roads Administration
made the survey just mentioned and noted that in traveling
during a Sunday afternoon from Helmstedt to the outer Berlin
circle, a distance of 70 miles, no vehicles were seen in a

period of 45 minutes. Six light trucks were counted in the



70 miles. In many places in this area and other sections of
the Autobashn, the pavement had not been discolored by the oil
streak parallel to the center line which usually results

from the passage of a large number of heavy motor vehicles.
The appearance of the pavement indicated that the greatest
volume of traffic on the system was from Frankfurt to Kassel,
south of Frankfurt toward Heidelberg, and from Frankfurt to
Hannover via the Ruhr Valley. Due to the very light traffic
on the system, now and in the past, it is difficult to make
any comparison of the pavements with those in the United
States lald under similar climatic conditions and on similar
solls. It is likely that the volume of traffic on most of the
primary roads in the United States 1s considerably greater

than was observed at any location on the Autobahn,

Since the present condition of the Autobahn 1is
largely dependent on the climate that exists in Germeny, it
is in order to examine that climate here. Western Germany
has a milder climate than would be expected from its latitude
because it is exposed to mild westerly winds. There is little
difference between the north and south sections since in the
latter the higher elevations counterbalance the southern
location. The mean annual temperature of Hamburg is 48°F.,
of leipzig, 47°F., and of Munchen, 45°F, The average annual
rainfall varlies from 16 inches in the plains to 47 inches on
the southeast uplands. July is normally the rainiest month

and January or February, the driest. The snowfall occurs
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during the months of January, February, and March, and in
that period snowfall occurs about 30 days in the northern

lowlands and 30 to 50 days in the southeastern highlands.

It would be difficult to select an area in the
United States having an extensive mileage of concrete pavement
in which the soil and climatic conditions are exactly the same
as those found in Germany. The area including southern
Michigan, Ohio, Indiana, Kentucky, western Pennsylvania, and
West Virginia has similar geologicec formations, soil conditions,
‘and a fairly comparable climate. The temperature and rainfall
data for s8ix cities in the selected area of the United States
and for four cities in Germany, as supplied by the United
States Weather Bureau, are shown in the following table:

COMPARISON OF CLIMATOLOGICAL DATA FOR
GERMANY AND MIDWESTERN UNITED STATES

Temperature
Annual
Average Variation# average
City rainfall
Jan, | July | Max. Min. |Range

Germany: °F. | °F. | °F. oF. oF. Inches
Berlin_______________ 30 64 99 -15 114 23
Hamburg __ __________. 32 63 92 -6 98 29
Frankfurt__________[ 32 66 100 -7 107 24
Munchen_____________| 28 64 97 -14 111 36
Average__________| 30,5 | 64.2 | 97 -10,5| 107.5| 28

United States:
Indianapolis, Ind.. | 28 75 107 -22 129 38

Columbus, Ohio_____| 31 75 106 -20 126 34
Pittsburgh, Pa.___| 32 74 103 -20 123 35
Charleston, W. Va.. | 38 77 108 «17 125 46
Frankfort, Ky.____| 36 78 111 =17 128 43
Lansing, Mich.____| 23 71 102 -26 128 31
Average___ ______| 31.3| 75 106.2| -20.3| 126.5| 37.8

# Over a period of 35 to 75 years.



A comparison of these data shows that the average temperatures
for January are approximately the same in both areas, that

the average July temperatures in the United States cities are
approximately 10 degrees higher, and that the range from
maximum to minimum is greater in the United States. The
rainfall in Indianapolis, Columbus, or Pittsburgh is comparable
to that of kunchen, but for the rest of Germany it is lower
than that of the middlewestern area of the United States.

Data as to the penetration of frost in Germany were not avail-

able from the weather records.

The use of the paved shoulder strips, described in
detail previously, has been effective in keeping the traffic
on the pavement. As a result, there has been no rutting or
destruction of the sodded area of the shoulders. The sod 1s
very thick and tough and even though there has been very little
mowing or other care given to the shoulders or embankment
slopes, they are in good condition and look reasonably neat.
The asphaltic surfaces of the shoulder strips are generally
in good condition. Occasional local failures may be noted.
Typical views of the shoulder strips can be seen on the

pictures in Chapter 1IV.

’ Reports made as a result of inspections of the road,
in 1939, within 70 miles of Berlin, made the following remarks:
The concrete constructed in 1934 and 1935 had ﬁot cracked as
much as that constructed before 1934. This was attributed to

the fact that machine finishing was ftfroduced in 1934, 1t



was noted that unreinforced concrete laid on a cambered road
without a longitudinal joint had cracked at the center of
the roadway where the width was 15 ft. or more, and that
unreinforced slabs more than 30 ft. long had some transverse
cracking. Several of the roads which had a considerable

number of cracks carried very little traffic.

All of the structural defects that usually develop
in concrete pavements in the United States are to be found
but, aside from frequent transverse cracking, defects such as
Joint spalling and faulting, settlement, etc., are not serious

except in the Frankfurt area.

Transverse cracking is common and is not confined
to any particular part of the system. There seems to be no
relation between transverse cracking and terrain or soil
conditions. In most instances the cracks are closed and are
not discernible at speeds normally traveled by automobiles.
In some cases the cracks are open and the expansion joints
have closed. This condition was noted cn a section just north
of Gottingen, near Kassel. Transverse cracking seems to be
most pronounced on the route from Hannover to Frankfurt
through the Ruhr Valley, from Frankfurt to Kassel, and from
Frankfurt toward Heidelberg. The cracking shown in the

figure 15 is typical.

Spalling at transverse and longitudinal joints

was found principally in the area around Frankfurt. At the
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Figure 15
Transverse cracking is common throughout the system.

Figure 17

A. Faulting in the outside lane
in Ruhr-Frankfurt area. The
photograph was taken with the
camera facing in the direction
of the traffic and it should be
noticed that the expansion
joints in the left lane, which
had not faulted, are visible
while those in the right lane
have had faulted sufficiently

to be obscured. B. Warping
resulted in high joints on the
Ruhr-Frankfurt rocad. C. Surface
scale was seen only on the
Munchen Salzburg route.
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transverse joints this appeared to be due in most instances
to the inflltration of sand and other incompressible debris
into the Jjoint and the subsequent overstress of the concrete
upon expansion of the pavement., Figure 16 illustrates the

spelling at joints in the vicinity of Frankfurt.

The following are exerpts from Jackson and Allen's
report: Faulting at joints and at transverse cracks, in
most instances less than 1/4 inch, was observed in areas
where there was evidence of a considerable amount of traffic.
At a location approximastely 50 miles west of Kamen faulting
of joints in the outside lanes of the pavement was found to
be 1/2 to 3/4 inch. In the Munchen-Salzburg section there
were a few small corner breaks, With few exceptions, these

were the only corner breaks found,

Some faulting and some spalling were observed at
the longitudinal center joints. In many instances the

longitudinal center joint was crooked.

The riding surface of the pavement over a consider-
able portion of the mileage inspected was poor as compared
with standards in the United States. For example, in the
section from Berlin to Braunschweig the pavement was rough
and there were many small areas vhere there was evidence
that bush hammering had been resorted to in an effort to
produce a better riding surface. On the other hand, there

were many long stretches of smooth-riding vavement. Here
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Figure 16

Spalling at joints occurred principally
in the vicinity of Frankfurt.

- 103 -



again, there appeared to be no relation between the degree

of smoothness and soil conditions, terrain, or other factors.

Evidence of mud ﬁumping at joints in the concrete
pavement is not found on the Autobahn. The absence of pump-
ing over the areas where fine-grain soil subgrades predominate
may be attributed to the passage of relatively few heavy loads
and to the use of a layer of granular material such as sand
or sand-gravel under the pavement. The sealing of the
expansion joints and cracks to prevent the entrance of surface

water was inadequate.

Warping was observed in a short section 31 miles
south of Koln. The soil in this area is a silty clay and
would be susceptible to sufficient volume change with an
increase in moisture content from a dry compact state to
cause warping. The layer of cohesionless granular material
usually used under the pavement on the Autobahn would not be
effective in preventing warping. Observation of this section
was made during a light rainstorm and the water falling on
the pavement was running away from the joints, indicating
that they were high. This condition is illustrated in figure
17B.

So far as could be determined from an examination
of the surface of the pavements and from chip samples taken
from the corners or edges of the slabs, the quality of the

concrete, with few exceptions, appeared to be excellent. The
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concrete had a good ring under the hammer and the difficulty
encountered in breaking off the chip samples revealed, in
general, a high degree of strength and toughness. As a
further check on quality, a number of the chip samples were
examined under the microscope in an effort to determine some-
thing of the character of the matrix, the presence and

nature of voids, etc. Thin-section examinations were also
made of many of the igneous aggregate types found in the
samples. The examination of the chip samples revealed the
concrete generally to be of excellent quality. There was no
evidence of excess water. On the contrary, with the exception
of a sample of bridge concrete, such voids as were noted were
cuite large and evidently of air origin, indicating that
mixtures of very dry consistency had been used. This is
borne out by the construction record. The bond between
matrix and aggregate particles was in practically all cases
sufficiently strong to fracture the aggregate particles
themselves, agaln revealing good strength and probably a

high Jdegree of durability.

In the microscopic examination a magnification
of 20 diameters was used, with a change to 50 diameters when
some special detail seemed to indicate the desirability of
the increased power. In none of the specimens was there
any evidence of water galn beneath the lower surfaces of the

aggregate particles.
A characteristic feature of the pavement surface is
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the general absence of the rather heavy mortar top which we
frecuently leave on our roads and which so often scales off,
leaving the surface rough and unsightly. An examination of
the surface indicated, in most instances, the use of a mix
that contained just enough paste to fill the voids in the
aggregate and leave a small excess for finishing. Surfaces
were dense and compact, with the coarse aggregate either just
below the top or actually exposed in some degree. Typical
illustrations of variations in the surface texture are shown
in figure 18. Figure 18A is a view of a surface on which

the screed marks are still showing. The corrugations are
quite shallow and are about 1 inch apart. This particular
photograph was taken just east of the Bad Oeynhausen inter-
change on the road to Hannover. Other sections showed the
same condition, particularly on the inner lanes which, of
course, carry less traffic. Note in the lower right 1lllustra-
tion that coarse aggregate up to 1 inch in size, which is
close to maximum size used in the top course, is exposed.
Many of the exposed aggregate surfaces are smooth, with a
terrazzolike texture, probably the result of slight surface
wear. In many places this type of surface was noted in the
center of the traffic lanes (particularly the outside lane)
with the original thin mortar surface showing at the extreme
edges. In other sections where the coarse aggregate was
exposed, particles of the hard igneous rock protruded slightly
above the mortar, producing a slightly rough surface. This

condition may have resulted from the scaling off of the light
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Figure 18

A. In some places screed marks still appear as
shallow corrugations. B. A fine-grained sand
finish. C. Black colored concrete. D-F,.
Typical appearance of varying degrees of coarse
aggregate exposure.
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surface mortar or it may have been the result of wear -- it
i1s difficult to determine the exact cause. However, it
should be emphasized that the slightly rough surface is not
ob jectionable from the standpoint of riding quality. Neither
should the exposure of the aggregate have any detrimental
effect on the ultimate durability of the concrete, since the

quality of both aggregate and concrete was excellent.

There was evidence of surface grinding in several
places., This was undertaken, evidently, to correct irregu-
larities resulting from the difficulty of finishing the very

dry concrete generally used.

With the exception of one section in southern
Germany, the entire 1,000 miles of pavement covered by this
inspection were found to be practically free from scale,
either of the surface or of the progressive type. Only on
certaln stretches of the Munchen-Salzburg section in Bavaria
was surface scaling noted in any apprecliable amount. Figure
17C 1s a general view of the pavement showing about the worst
condition observed. This picture was taken about 20 miles
west of the Austrian border at Salzburg. Figures 19A and C
are detalls showing the type of scaling that has developed
on tkis section. It is apparently of the surface type only;
that 1s, the concrete below the scaled areas appeared to be
sound., Figures 19A and C indicate a rather heavy layer of
surface mortar at this point and this fact, coupled with the

possibility that the winters in this region, due to its high
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elevation, may be somewhat more severe than elsewhere in
western Germany, may account for fhe scaling. However, in
this connection it should be noted that, according to

weather records as shown previously, the average January
temperature at Munchen was only slightly lower and the annual
rainfall only slightly higher than for the more northern

citiese.

It has been stated that the scaling which developed
on the Munchen-Salzburg section at a relatively early period
was due to the use of inferior aggregate. A chip sample
taken at the approximate location shown in figure 19A did not,
however, reveal the presence of an appreciable amount of
inferior material, although the petrographer did indicate
that the coarse aggregate in this sample was an "altered
granite," Just how much the generally poor subgrade conditions
in this area, or other factors, may have contributed to the

scaling is not known,

Only isolated scaled areas, all of the surface
tyre, were noted elsewhere on the system. Figure 19D is a
detail of a local scaled area on the Frankfurt-Stuttgart
section, a few miles shuth of Frankfurt. From the standpoint
of general condition this is one of the poorest sections on
the Autobahn. As previously noted, considerable spalling at
joints has also developed on this section. Figure 19B is a
detail showing a thin surface scale on the Hannover-Ruhr

section, about 30 miles east of the Bad Oeynhausen interchange.
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Figure 19

A-D, Surface scale occurred commonly on the
Munchen-Salzburg route but only isolated cases
elsewhere. E,F. Incipient disintegration,
revealed by D lines, was found only at one
place on the system.
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This pavement, as well as many other portions of the system,
had evidently been sprayed with bituminous material at some
time, probably for camouflage purposes. The scale here 1is

not deep enough to affect the riding quality of the surface.

Incipient disintegration of the concrete, as
tevealed by the formation of so-called D lines along the
edges of the pavement and along joints, was found at only
one place on the system; a point on the Munchen-Salzburg
section where the worst scaling was found. The D lines in
this case were found along the outside (north) lane and
were very fine. The condition is shown in figures E and F.
In the United States, cracks of this type have come to be
associated with the beginning of disintegration due to

accelerated weathering,

The general freedom of the motor roads from scaling
and other troubles associated with severe weathering may be
attributed to the following factors, the listing not necessar-
ily being in order of importance:

l. The general excellent quality of the aggregates.

2. The low water-cement ratio (usually 0.45 or less,
by weight).

3. The practice of designing mixtures and compacting
concrete in such a manner as to avoid the form-
ation of a heavy surface layer of mortar.

4, The comparatively mild winters,.

5. The fact that chloride salts were not used for
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ice removal.

6. Thorough curing.

The possible influence of all of these factors is
fairly obvious. The role of the cement is not so apparent.
According to Swayze's report, mentioned in Chapter V, the
cements used in the Autobahn were distinctly inferior to
those manufactured in this country. However, the concrete
is good and from this fact we can conclude at least that it
1s possible to make good concrete with the German cements
provided the other conditions are right. Whether these
cements would perform any better than the American cements
under cond;tions that prevail in the Northern part of the

United States is another matter. An intensive research

program would be necessary to answer this question.

The Autobahn was damagedllittle during the war
aside from its bridge structures. The Germans demonstrated
stupidity in destroying the fine bridges of the network in
their retreat. Whereas destruction of one span would have
rendered a bridge completely useless to the Allies, the
Germans demolished the entire structure in most cases. The
roads themselves were not damaged to any extent;  however,
railway lines were almost completely destroyed. 'Reconstruction
of these bridges has been in progress since shortly after the
end of the war, Some have been completed but others are
still in the process. Transportation as a whole was ruilned
and decades will probably elapse before it equals the once

efficient system which existed.
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CHAPTER VIII
CONCLUSIONS AND RECOMKENDATIONS

As mentioned in the body of this report, the com-
paratively light traffic on the German motor roads, particu-
larly as regards the movement of heavily loaded vehicles,
as well as the comparatively mild climate, make comparisons
with the performance of concrete pavements in this country
difficult. This is especially true if we attempt to compare
the Germany primary roads with the heavy-duty concrete pave-
ments of the industrial States of the north and middle west.
Many of these roads undoubtedly carry a far heavier volume
of truck traffic than any of the motor roads in Germany.

The question therefore is: How would the German roads perform
under similar climatic and traffic conditions? It is, of
course, impossible to say definitely. However, these two
factors «- the low volume of heavy truck traffic and the
relatively mild climate -- probably account for the compara-
tive freedom of the German motor roads from structural
defects and that, under comparable climatic and traffic
conditions, the structural performance of the German roads
would be about the same as the average concrete pavement in
this country. This opinion is borne out by the fact that
structural fallures such as joint spalling, faulting, etc.,
were found to be more numerous and, in general, more serious
on sections of the system where the indications pointed to

the hesaviest traffiec,
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We must also recognize the beneficial effect of
using a layer of granular material under the pavement,
particularly with respect to the control of mud pumping at
joints, a condition which was not found anywhere on the

system.

The quality of the German concrete was excellent.
Although the design strengths were not unusually high as
compared to standards in use in the United States, the
indications were that a high degree of uniformity was
obtained, This may possibly be due to the care used in pro-
portioning mixes, as, for example, the use of several sizes
of aggregate and the practice of limiting the maximum size
in the top course to about 1 inch. Reference was also made
to the general absence of the relatively heavy mortar top
which we see so often on our roads, and to the fact that
this might have reduced the tendency to scale. 1t is
believed that the principle of consolidating the pavement
slab by vibration is good although the Germans may have gone
too far in their effort to use excessively dry concrete.
This i1s indicated by the rather rough surface with occasionally
noted evidence of grinding off of high spots. However, the
principle of using as dry a mix and as low-sanded a mix as
can be consolidated properly by the effective use of vibratory

equipment is good and should be encouraged in this country.

The uniformly excellent durability of the concrete

is probably also due, in part at least, to the excellent
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quallty of the aggregates generally used. This is also a
factor to which we might give more consideration in the United

States,

The probable influence of long continued and
thorough curing also should not be ignored. Whether the
elaborate precautions for protecting the fresh concrete
from sun or wind were alweys necessary is problematical.
However, the practice of thorough water curing, although
old-fashioned in terms of modern American practice, is still,

in the opinion of the author, the preferred method.

Regardless of the quality of the cement used, the
quality of the concrete was excellent; concrete containing
Eisenportland (portland-blast-furnace slag cement) was, on
the average, as good as concrete containing straight portland
cément. Although it was Impossible to determine on just
what portions of the Autobahn the Eisenportland was used,
it was stafed to have been used on about one-third of the
total mileage. This fact would seem to warrant the statement

that its performance wgs satisfactory.

As a result of a study of methods and practices
employed during the construction of the Autobahn and also
of its present conditions, the author recommends that steps
be taken to initiate a comprehensive program of research
on each of the following subjects:

1. Study of the possibility of insuring greater
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uniformity in pavement concrete by reducing the maximum
size of the coarse aggregate.

2. Development of more effective methods of com-
pacting concrete in pavements by mechanical means, such as
vibration, tamping, etc.

3. Study of the effects of variations in the
chemical ccmposition of cements and the methods of manufactur-

ing cements on the properties of concrete.

With the initiation and completion of these studies,
perhaps the super highways, which this country will continue
to build in the future, will be free of many or all of the

defects so common to concrete pavements now,.
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