77th Congress}

1st Session SENATE COMMITTEE PRINT

HIGHWAYS FOR THE NATIONAL DEFENSE

A REPORT

TO THE

ADMINISTRATOR, FEDERAL WORKS AGENCY,
MR. JoHN M. CARMODY

BY THE

PuBLIC RoADS ADMINISTRATION

FEBRUARY 1, 1941

Printed for the use of the Committee on Post Offices
and Post Roads

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1941




LETTER FROM THE PRESIDENT

Tae Wuite Housg,
Washington, June 21, 1940.
Hon. Jou~x M. CarMobpy,
Administrator, Federal Works Agency, Washington, D. C.

My Dear Mr, Carmony: In order that we may be assured of the
adequacy of our highway system to meet the needs of our national
defense, I would like you, in collaboration with the Advisory Com-
mission to the Counell of National Defense and the War and Navy
Departments, to have the Public Roads Admiuistration of your
Ageney make a survey of our highway facilities from the viewpoint
of national defense and advise nie as to any steps that appear necessary,

1 suggest that particular attention be paid to the strength of bridges,
the width of strategic roads, adequacy of ingress to and egress from
urban centers, and the servicing of existing and proposced Army, naval,
and air bases.

I amw sending a copy of this letter to the agencies enumerated above.

Yours sineerely,
Frankvin DD. Roosevevr.
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LETTER FROM THE NAVY DEPARTMENT

Navy DEPARTMENT,
OFFICE OF THE SECRETARY,
Washington, January 15, 1941.
The ADMINISTRATOR:
Federal Works Ageney, Washington, D. C.

Sir: The matter of access roads to the Military and Naval Estab-
lishments and certain private establishments engaged on national-
defense production is assuming great importance. It is understood
that a preliminary survey of the requirements for access roads to
Naval lestablishments has been made and that the eomplete project
of providing adequate highways for the national-defense program
may require a total expenditure approximating $230,000,000.

Informal inquiry of the Public Roads Administration indicates that
a report is being prepared on this subject for submission to the Presi-
dent about February 1, 1941, and it 1s requested that early action be
taken to accomplish at least the most urgent projects in the program,

Respectfully,
Frank Kxox.



LETTERS FROM THUHE ADVISORY COMMISSION TO THE
COUNCIL OF NATIONAL DEFENSE

Toe Avvisory (COMMISSION TO THE
Couxcin or NaTionNan DEFENsE,
Waslington, D. C., Janwuary 30, 1941
N Joux N Carvoby,
Adwciistrator, Federal Works Ageney, Washington, 1. (.

Dear Mi. Caraony: The matter of access roads to the NMilitary
and Naval Istablishments and certain private establishments engaged
on national defense production is assuming great lmportance,

Inforial inguiry of the Public Roads Administration indicates toat
a report 1s being pre pan-«l on this subject for submission to the T oesi-
dent about Februar v 194 and ot s requested that early setion be
taken to accomplish ‘\l least the most urgent projects in the peogram.

Yours sincerely,
Rarra Buop,
Transportalion Cononissioner.

Tur Apvisory CCOMMISSION TO THE
CounciL of N4 oNaL DEFENSE,
Froeran Resewve Burinpiva,
Washeongton, 1. C. December 10, 1940,
Tao: My, Ralph Budd.
From: Willam 5. Koudsen,
Subject: Public Roads Command Housing and Munitions Projects.

As the construction work progresses on command housine. muni-
tions plants, cte 1t s beconmng inereaxingly «Jear that the highy oy
and related teatlic situntion requires most careful considerstion to
insure reasonably satisfactory traflic conditions when these projects
ave inoservice, Present plans contemplate as many as 50,000 troons
in several comps and fen to fifteen thousand emplovees insome of the
munitions operations. '

In many instances the camps are off the besten path so to speek
and existing road netwerks will doubtless have to he improved s
supplemented.

My, Harrison has disenssed this with Mre Iseher from Gine to time
and this note s simply to advise of our veadiness to be of every possitile
service in this important matter.

Wirtriam S, KNUbsEN.
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LETTER FROM THE FEDERAL WORKS AGENCY

The PRESIDENT,
The White House.

Sir: In the prvp(u'dti(m of this report on highways for the national
defense, the Seeretary of War, the Sceretary of the Navy and Mr.
Ralph Budd, Transportation Commissioner of the Advisory Commis-
sion Lo the Council of National De fense, have cooperated through the
Washington and field personnel of their respective orgamzations m the
assembly and evaluation of the date which form the basis for the con-
clusions herein presented. The expressions of keyv officials in the
defense program are quoted direetly.

The State highway departments have contributed generously the
essentinl services of theirorganizations in the making of needed sury evs
and plans and have included a large number of important projects in
current construetion programs.  These existing, well-organized high-
way organizations, cooperative in spirit, are in a position to furnish an
irreplaceable and immediate contribution to quick action in the phases
of the defense program dependent upon highway transport.

The various units of the Federal Works Ageney, including the head-
quarters staff, the Public Roads Administration and the Work Proj-
ects Administration, are pushing forward all projects it is possible to
finanee with existing funds under the tegal requorements which must
be met, and to dv'(lop the program of most needed road projects.

Finally, we have received assurances of complete cooperation from
the cquipment manufacturers, the material producers and the high-
way contractors throuch their organized associations, in carrying
forward the programs of constriuction in line with the best traditions of
service to meet the country’s requirements which are a produet of
this eritical period.

The recommenduations in this report involve both authorizations
for appropriations and legislation which vou may consider desirable
to place before the Congress for appropriate action.

Respectfully submitted.

Joun M. Carmopny,
Administrator, Federal Works Agency
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6 HIGHWAYS FOR THE XNATIONAL DEFENSE

The effort of the Public Roads Administration in this report is to
present the necessary hichway program as determined in detail by
the three major defense agencies.  The suggested division of costs 1s
based upon the principle of major use.  The access roads, as to the
traffic to be served or as to their priority, are in the main requirements
of the defense program.  The development of the strategic network
18 very largely required by eivil traflie, but the potential defense needs
will advanee the priority of many projects.

Every effort 13 being made to utilize funds heretofore mmade available
for the normal Federal-aid highway proeram and the work-relief
program for the defensc-road projects. Many of these are under way.
The recommendations for additional finaneing i this report provide
for the mmmediately apparent projeets which cannot otherwise be
provided or which can only be partially financed,

Many of the aceess rouds consist of groups of projects in vitally
important areas, such as the Norfolk arca, and will require at best a
substantial time pertod to complete. Early consideration of this
report and provision for ecarrving the recommendations into effect
will contribute greatly to the elimination of serious traffic congesiion
now handicapping the defense operations in these arcas.

Respectfully submitted.

Tros. II. MacDonawLp,
Commiissioner of Public Roads.



HIGHWAYS FOR THE NATIONAL DEFENSE

A REPORT TO THE ADMINISTRATOR, FEDERAL WORKS
AGENCY, MR. JOHN M. CARMODY, BY THE PUBLIC ROADS
ADMINISTRATION

Defense roads and highways, as classified in this report, have been
designated as such by one of the three major defense agencies—the
Army, the Navy, and the Advisory Cemmission to the Couneil of
National Defense, Al highwavs which serve the business of the
public have a corresponding degree of atility in the national defense,
but the intensive specialized operations characteristic of the present
concentration upon traimng men, producing ships, planes, equipment,
ordnance of all kinds and munitions, and the buitlding of defense bases,
generate localized highway tralfic of large and growing magmtades.

These ere new or greatly expanded highway transport services that
must be provided for first and quiekly.
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HIGHWAYS FOR THE NATIONAL DEFENSE

e

THE ROAD PROGRAM REGUIRED FOR DEFENSE OPERATIONS

The program for defense operations s made up of essential improve-
ments of the following elusses of roads, all of an emergency character:
Rﬁsmﬂ'a’fnn e a(’\- -~ These are the company streets and other roads
within the Federal reservation areas of Army cantonments, depots, and
sl the varions shore establishmernts of the Navy.,  Thew total
usaoe 1< for (' fense puarposes
Aecess rodds, - ']l ese inelude numerous roads) each of short mileng
s PeguiTed e nec ﬁm.. u.,: n e llw ays, raiiros

bases, ni

(L P i

sreos notwoart Shown in ph
rotes u‘:;i-'-is have ik(h de ted by the V&zn wid ."\';1\."\'
: i stasice from the
jir\ ul"\ viewed, the network consists
rovites fotaling appr sstnately 74,600 EES
HEES provinuat aralleli ing the nuin Bnes ¢n cack
side, with eross ="=::m‘.<"=hr.r::.' at irr-quom intervals,
Thenetwork ¢ cautes jomnmg all irnportant centers of
pinttary and naval conce tion points. 1
nberres mnal hizhway systers reccramended b ;
1 uafrml(m in the rqmr‘( Toll Roads and I'ree

connected Ry=ter of

'

"
P

D'li)llt‘ Roul.»t h
Roads; and with few exceptions these main lines are included ia the
Federal-aid highwayv system. The auxiliary lines are made up in
considerable part of State and local roads not 1ncluded in the Federal-
ald system.

1 Not printed.



FTGHWAYS FOR THE NATIONAL DEFENSE 9
at least, the strategie network 1s heavily
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serviecable : eovilatrafe stroam us well as to nilits
moverments o
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ROUA L IMPROVEMENTS REQUIRLED

inent Lieeds :,”

by the v\pam g Qe ‘ﬁn se
Those needs o deseriheld
B . (X . ok 4

to each d‘ms of roads:
Resersation rodels. - -At ozt Army and Navy rescrvations, rapid
{

cetions | ’c}kzh’w

tratiing of ,r;’tklnt‘:j' enbrged saibitary and naval ferees. Tl
iy Olves e construction of bulfavks, storehouses, «qlxi},m« nt and
SRV ,.,1:(,. depots, garages, airdvomes shops and powerhouses, drill

el avindion ‘m:e‘-iwg felds, riile ranges, and fueilities of many other
Mm]\‘ Fnr praper internal z"(‘mw‘v to all these varied facilities, the
constroction and improvement of many miles af reservation roads and
~Uo ts i< g mnedis ate and absolute neeessity.  As the sehedules set
up by l]l V\ AL G N nvy Dq,(uhm nits eall for oecupation of the reser-

ations by 1111]" “‘}u.nl(u' d forces at a very e u]\ date, the buillding and
un;)mwmvn! of thee resorvation roads must e regarded as the most
urgent of all defense road construction.

Reconnaissance surveys by the Public Roads Adiministration, made
alter consultation with the post eommandcers at military and naval
reservations, indieate that there is need for the improvement or
cutright constroction of 1,500 miles of road lying entirely within
these Federal reservations.

Provision is being made for many of these iniprovements in the
contracts awarded b\ the War and Navy D()purtments for generid
construction within the reservations.  These provisions are being sup-
plemented by aild rendered by the Work Projects Administration

proparations are i proveess fop the bonsing provisioning, equipnin
vy,
1




10 HIGHWAYS FOR THE NATIONAL DEFENSE

through Work Projects Administration projects sponsored by the
post commanders, and in a few instances the Federal highway funds,
administered by the Public Roads Administration, are available to
effect required improvements.

[t 18 assumed that any further provision that may be necessary to
effect required improvements of roads of this elass will be reported
by the War and Navy Departments, which have exelusive jld'l*«(ll('(l(\n
I‘hvr(‘for‘ no recommendations in this regard are made in this report.

Access ronds — The requived program of aceess rond Improvement is
highly dynamic.  Indicated needs are crowimg from day to day as
the general defense program matures.

Some of the military and naval reservations and defense industries
are being newly established on land previously cecupied by very smail
populations, \Iu\v are beiue substantially enlavged. Practically alt
are beine creatly expanded in population and in motor tiansport aud
mechanized o('luipz'wnt facilitios,

In the creation of new arcas and the expansion of old ones, reserva-
tion limits are being extended i many eases over existing ronds and
oceastonally over nportant highways, Sinee i asually desirable
or necessary to exehide the public from the reservation arens, the intor

copted ronds must cenerally be closed ot the reservarion it One
of the first and, to the eivil authorities of the States and theie subdivis

sions, one of the mos ;!l;:‘r'i.t Lighway problems created hy these
reservation extensions, and ol industriad developnients, that

g
.
caervod arens, “hm far no

of constructing new i arotinid the ¢
ceneral provision has beo cinent of the cost ol sueh esaen-
tinl restorations by the 1 sopent, This iy .!w view of

State and loeal zovernments, is an omission that leaves an anfar
burden to be borne by thein.

~ From the standdpomnt of the national-delense offort) the objective
in access road construction is to provide adeguate highweyv connee-
tions for the reservations and industeiel areas with ne: arbyv main hich-
ways and rdlronds or other transporiation services, and from =w1'>'-.!»«n -
ing towns and cities. From the standpoint of Wohway traffie, the
developments planned at nearly alb of the rese i"\"ﬂ“v nsend pew ednee
trial sites will be equivadent in their genceration of ln‘rh,\ ay traflie: L
the ereation of a considerable number of now citics of very substanti
size.  The resident population at many of the Army camps will ran
b«"twwzn 2,000 and 78,600, At the Glenn L. Martin o, p:mf near
Baltimore, Md., to nume a single indusirial example, the number of
wurl\eh eng :wml in the production of airplanes is expeeted to inerease
ina short time to 38,000 Trom the present employ uwn* of 13,000, which
represents in turn an inerease from 1,750 in 193

The reconnaissance surveys and conferences (‘omplete(l to date
tndicate a present need for the improvement of 2,830 miles of access
roads to serve the 192 reservations thus far design: wted, at an estimated
cost of $220,000,000.

These determined needs of reservation access-road improvement
and additional road changes and improvements of as yet indeterminate
extent and cost, required to serve vital defense industries, constitute,
after the reservation roads, the most urgent of defense road
requirements.
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12 HIGHWAYS FOR THE NATIONAL DEFENSE

Military traffic was observed to have about the same effects as
ordinary civil traffic, and the damage done during maneuvers was in
all probability no ("I(‘ItOI‘ than would have resulted from an equally
Antensive use by civil traffic.

Observations in the States of Washington, Wisconsin, New York,
Texas, and Louisiana showed that main hmhu avs aluwlv giving
reasonably adequate service to substantinl volimes of eivil Traftic
were not damaged by mlht.ny traflic.  Addition of the mxll.‘;uy
vraflic to dhe normal civil tratlic on the highwavs causced sorme in-
convenience and delay to the Iatter, and on narrow <urfaces <ome
demage to road edges and shoulders resulted,

County and town roads 1o combut aveas saffered damawe prinei-

pally beeanse thex awere of licht constructinn not desivned for the
miensive ase to which they were subjected doring mnveuvers In
addition, three urmnnl fentires um.ut!‘! with tho miliiare e
contriboted to the damaee: (1) Use of tive chaig "
of lavee numbers of iron \hnfi cavalry horws: gy

operetions were either sispended entivelyv o weon
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anl the resulis of theso urvevs lave been peearndob G wer gl
graphs of which o typicel example s presented by nhyre 50

O the basis of these <arvevs and the (lv\ fen redpurerients for ades
‘i ate neeammodation of both eivil and deferse teaffie an eaeh seetion
of then wt‘\nx%\ M has heen determined that fl somast erite m deficien-
cles of the rural sections of the network consist of 2436 hideos of
load capacity infertor to the H-15 loading standard, which s o mini
mum cequirement from both civil and defense standpoints. T
are also on the network in rural areas approximately 5000 milis of
road with present surfaces less than 18 feet wide, and w)pl‘(»\'im“h Ay
14.000 miles on which the existing surface is imeapablo of Sppo; rHing
in all weather, vehieles of 9,000 pounds wheel load, equipped with low-
Dressure pne matic tires,

Pra
P
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HIGHWAYS FOR THE NATIONAL DEFENSE 13

These are the most serious deficiencies.  They could be eliminated,
and the rural main lines of the network could thus be put into acce pL—
able condition for emergency use with a minimum expenditure of
approximately $458,000,000.

Less critical deficiencies of the rural network consist of a large
number of bridges of inadequate horizontal clearance, and a smaller
number the vertieal clearance of which is deficient; a very substantial
mileage of roads the surfaces of which, though wider than the critical
minimum of 18 feet, are still narrower than they should be for proper
accommodation of the present and expected tratfic vohumne; a common
condition of excessive curvature and imadequate sight distance; and a
general lack of shoulders of sufficient width to accommodate standing
vehicles without obstrue tions of maving traffic,

Details of the deficiencies here briefly Stated ure given in appendix V,

To raise the entire rursl network to the standard eventually de x'ij‘.xblc
for safe und conventent tse by both civii and wilitary traflic; and pro-
vide further for the expensive improvements required on portions of
the matn tnes of the vw-mmk withinn the «m)mmtv tmits of 4‘)11(5,
and for essentiad waproveinents of .xw\umn tines, would require a
continuing «;f.\pcm‘z(m cas Jarge as the ronipam previsasly indieated
for a period of severad veaes.

ADDITIONAL I'ROVISIONS PMEDIATELY HEQUIRED FOR DEFENSL ROAD
IMPROVEMENTS

A5 explu i;ml o e t. Ui oappendises boand T there are ineans
presentiy avuiliie wo the Pablic Roads Adm :niﬁu‘mm; aid the Work
Projects Administration. which are heing ap ;mwu as fHH as },U.\hlb](‘
to the correction of the niost=evicus d w‘w creies of defonse roads, with
the commenduble cooperitions ol State Bichway departinients and local
cond offictals. However, becatse of mluivm fnancial dithienitios and
legal restrictions, onivy o part of the nee dm improveinent can he
effected by these oean=. Meny of the huger and most vital projects
require contractors’ aign IZations and «\14*'1 ve cquipiment for the-
SAVIRG, flimvm construction; ard s abundant]y clear that the funds
new avaiiable will be inadeq n wte to effect all of evencthe most urgently
required construction.

After a thorough canvass of the entire sitnation. the foillowing
:deit?mml provisions by the Federal Government are recommended as
immediately cequired to permit a reasonably satisfactory accomplish-
ment of the most urgent improvements of the several classes of roads.

Access roads.-—There should be appropriated to the Public Roads
Administration not less than 150,600,000 for uceess roads to military
and naval reservations aud defense-industry sites. This <um should
be available to pay all costs, tineluding Ilg,rh( of-way, of roads in the
vicinity of reservations and indus‘trial sites when such roads are
certified to the Federal Works Agency as essential by appropriate
major defense agencies. It shou]d also be made available to pay the
cost of constructing new scctions of highways, replacing existing
highway connections broken by necessary closures at rescrvations and
industrial sites.

Tactical roads.—A fund of $25,000,000 should be appropriated to be
used for the improvement of roads to be used regularly in the tactical
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maneuvers of the Ariav. and for the reimbursement of the out-of-
pocket costs of States and local governments for repairs necessitated by
the oreastonai use of roads for tlw 3aIme purposes.

Strategic nctwork - To provide fm' the replacement of substandard
bridees and the correction of other entical deficiencies of the strategic
network st a desirable rate, a supplementary appropriation of not
less than $100,000,000 15 Ic‘qum'd This appropriation should be
proraied to the States on the extsting Federal-aid basis, and used
solely for designated defense projects. It should be available to pay
all legitinate costs of the projects on a somewhat higher basis of
Federal participation than the existing 50-50 basis, but otherwise
should be expended under the provisions of the Federal highway
legislation.

Strategic network advaweed planning.-- 1Yor the making of engineering
surveys and plans for development of the strategic network, mcludmﬂ‘
the extensions of the system into and through numivit)ahtu‘: and
metropolitan aress, an appropriation of $12,000,000 is required, to
be prorated to the States and matched by them on the existing Fe« feral-
aid basis.

Supplementary legidlation nesded. --To facilitate the accomplishment
of all necessary improvements, the Federal Highway Act should be
amended to (1) authorize addition to the Federal-aid system of any
roads conforming to the main lines of the strategic network, as desig-
nated by the War and Navy Departments; (2) make roads and bnd(ro
on auxtliary lnes of the network allglble for mmprovement wi ith
Federal-aid secondary road funds; and (3) permit the use of Federal-
ald funds in payment of part of the cost of acquiring necessary
richts-of-way and attendant property damage.




APPENDIXES

AprpENDIX I

EXISTING PROVISIONS FOR DEFENSE ROAD IMPROVEMENT A BY THE
FEDERAL GOVERNMENT

For road improvements important to the national defense, the
Federal Government has thus far made special provisions of three
general kinds, as follows:

1. In apploprlatlons to the War and Navy Departments, funds have
been provided which are available for the construction or improvement
of roads and streets within military and naval reservations. In
general, such funds are not available, under the terms of existing
legislation, for road improvements made outside the boundaries of the
reservations,

2. The Federal Highway Act of 1940 provides that—

(a¢) Funds authorized and made available under section 21 of the
Federal Highway Act of 1921, as amended, may be used to pay the
entire engineering costs of the surveys, plans, specifications, estimates
and supervision of construction of projects for such urgent improve-
ments of highways strategically important from the standpoint of the
national defense as may be undertaken on the order of the Federal
Works Administrator and as the result of request of the Secretary of
War, the Secretary of the Navy, or other authorized national-defense
agency.

(b) In approving Federal-aid highway projects to be carried out
with any unobligated funds apportioned to any State, the Commis-
sioner of Public Roads may give priority of approval to and expedite
the construction of, projects that are recommended by the appro-
priate Federal defense agency as important to the national defense,

3. By the Emergency Relief Appropriation Act, fiscal year 1941,
the Commissioner of Work Projeets is authorized in his administr a,tlon
of the act to use, on projects certified by the Seeretary of War or the
Secretary of the Navy as important for military and naval purposes,
not to exceed $25,000,000 of the total sum appropriated by the act to
supplement amounts normally authonized for expenditure to meet
other than labor costs.  This provision extends to projects of any
nature that are certified by the defense officials named, and is not
restricted to projects for the lmprovement of lug}m ays.  With
various amounts allotted to other classes of projects, only a part of
the sum authorized for exceptional expenditure would be available for
expenditure on defense-highway projects.

Euch of the three \pmml provisions thus far made by the Federal
Government is surrounded by definite restrictions which prevent the
free use of authority or funds for improvements of any kind required
on roads important for the national defense,

B
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As previously stated, the appropriations to the War and Navy
Departinents are not generally available for expenditure on roads
outside of the boundaries of military and naval reservations.

Funds made available under the Federal Highway Act are of three
classes: (1) Funds authorized for improvements on the Federal-aid
highway system; (2) funds authorized for the construction of second-
ary or fceder roads; and (3) funds authorized for the elimination of
hazards at railroad grade crossings.

The authorized appropriation of each fund is apportioned among
all States in accordance with a formula specified in the law. Initia-
tive in the expenditure of these funds rests, by law, with the States,
and no use of them for any purpose is possible without imtiation by
the respective State highway departments. In any case, expenditure
for necessary defense-road purposes cannot exceed in any State the
total of the three funds apportioned to the State.

For the purpose of survey and planning and the supervision of con-
struction of defense roads, each of the funds may be used to pay the
full cost of any such work on any road or street. Construetion costs
can be paid in full only on work appropriately financed with the grade-
crossing funds. The Federal-aid and secondary-road funds must be
matched by the States.  None of the funds 1s available for the pur-
chase of right-of-way. Moreover cach of the funds, insofar as they
are expended for construetion, is hmited in application to legally speei-
fied purposes - -the Federal-aid funds to roads meluded in the Federal-
aid system, the secondary-road funds to roads that can reasonably be
deseribed as secondary or feeder roads, and the grade-crossing funds
to the elimination or protection of railroad grade erossings.

As alrcady stated, the authority given by the Emergency Relief
Appropriation Act to the Commissioner of Work Projects to use not
to exceed $25,000,600 of the relief appropriation i pavment of other
than labor costs on projects important to the national defense is prac-
tically available only in part for defense-road projects. Its use must
always be modified by a reasonable regard for the primary purpose of
the appropriation, which 1s to provide work relief for as many as pos-
sible of the unemployved. It cannot be used at all in any area except
as the reliel rolls afford an avaldable supply of labor.  Nor can it be
used for any purpose except as that purpose is sponsored by some
qualificd and aceeptable ageney.  Projects for road mprovement
within Army and Navy reservations may be sponsored by military
and naval authorities.  Improvements required outside such reserva-
tions must generally be sponsored by the civil authorities of State or
local eovernments.  In these authortties there 1s thus lodged a power
of initintive somewhat similar to that possessed by State authorities
under the Federal highway legislation.

Arrenpix [I
MEASULES FOR THE IMPROVEMENT OF DEFENSE ROADS

Various meastires have been devised to apply the provisions thus far
made by the Federal Government for the improvement of roads



FOGHWAYS FOR THE NATIONAL DEFENSE 17
nt wo the nattonal defense. These are now being employed
: s, us follow

Provizion for the cn‘r;:\zr;u’tmlj or ﬂ)p!'(r\('i'm"”‘i'
in A cservations 1= being made

S \ ])x poainaents el ilms.: e
thise Dt purtiien

impo;
for hm sever ral ¢laey
PG

i)(l""' e i
Hiton and desirahle
coesx Lo the posts
othus indieatod was
v Deparnent made simitae re-
o L {i wore esfablichmernts,

Up e the dute of this conort such reconnaivag s & tudies had been
it envinecrs of (he Puble Roads Adminisiration

fers or commandants

reservation i
v desirable with <=ntiz:1zt1<as
}.-}- Gorap the peservation and
aitie, showing sl oxisting yonds in the

'ih(‘

e e ped e ey

Apravener s reeommendisd o the :::‘nn_r‘(
the

of RO H:".w.‘ Hes e mnde ‘;l"'."' {n
sl g Innluh/,, 107 e

O st Ny

seanri Yoo therefare bheony ald

"1‘”| of the (",‘».':"f”:‘::(:l POV vur
pefereen i Clse projects; Vi,

ar opoecpune s ontion of the ornincds ne Smnortant

ate dolfimee voeneiog

st defonse

with thew

ef ch g wets R Seprptar

tine ‘o ary importances

secess ronds Yeading

provects fop the consdr
1o 157 wmiliary posts, statiens, and concentration areas. These
reservations, inciuded in ddentieal prierity Lists furnished ceparately

el of unprovegnent o



18 HIGHWAYS FOR THE NATIONAL DEFENSE

to the Work Projects Administration and the Public Roads Admin-
istration, are identified as follows:

First Corps Area:

Camp Edwards, Mass.

Westover Field, Mass.

Fort Ethan Allen, Vt.

Fort Ethan Allen Artillery Range, Vt.

Fort Devens, Mass.

Harbor defenses of Portland, Maine: Fort Preble, Maine
(headquarters).

Harbor defenses of Narragansett Bay, R. I.: Fort Adams,
R. 1. (headquarters).

Harbor defenses of Portsmouth, N. H.: Fort Preble, Maine
(headquarters).

Harbor defenses of New Bedford, Mass.: Fort Rodman, Mass.
(headquarters).

Harbor defenses of Boston, Mass.: Fort Banks, Mass. (head-
quarters).

Harbor defenses of Long Island Sound, N. Y.: Fort H. G.
Wright, N. Y. (headquarters).

Manchester (Airport), N. H.

Bangor (Airport), Maine.

Hartford (Airport), Conm.

Second Corps Area:
Fort Dix, N. J.
Fort Hancock, N. J.
Pine Camp, N. Y.
Fort Monmouth, N. J.
Picatinny Arsenal, N. J.
Raritan Ordnance Depot, N. J.
Mitchel Field, N. Y.
United States Military Academy, West Point, N. Y.
Fort Tilden, N. Y.

Third Corps Area:
Fort Hoyle, Md.
Fort Meade, Md.
Fort Story, Va.
Edgewood Arsenal, Md.
Aberdeen Proving Grounds, Md.
Camp lee, Va.
Fort Belvoir, Va.
Arlington Cantonment, Va.
Fort Myer, Va.
Langley Field, Va.
Fort Monroe, Va.
Curtis Bay Ordnance Depot, Md.
Fort Eustis, Va.
New Ctumberland General Depot, Pa.
Nansemond Ordnance Depot, Va.
Carlisle Barracks, Pa.
Virginia Beach National Guard Camp, Va.
Front Royal Quartermaster Depot, Va.
Indiantown Gap, Pa.

Bolling Field, Washington, D. C,
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Fourth Corps Arca:
Camp Blanding, Fla.
Camp Beauregard General Area, La.:
Camp Polk.
Camp Livingston,
Camp Claiborne.
Artillery Range.
Camp Beauregard.
Camp Peay, Tenn.
Fort Bragg, N. C.
Fort McClellan, Ala.
Camp Shelby, Miss.
Fort Jackson, 5. (.
Fort Benning, Ga.
Southeast Air Depot, Ala.
Air Corps station at Savannal Municipal Airport, Ga.
FFort Barrancas, Fla.
Maxwell Field, Ala.
MacDill Ifield, Fla.
Fort Moultrie, 5. C.
Barksdale Field, La.
Kev West Barracks, Fla,
Fort McPherson, Ga.
Fort Oglethorpe, Ga.
Toceoa National Guard Rescrvation, Ga.
Augusta Arsenal, Ga.
Camp Savannah antiaireraft firing area, Ga.
Dale Mabry Field, Fla.
Municipal Airport, Jackson, Miss
Macon replacement center, Ga.
Spartanburg replacement ceuter, S, C.
Macon Airport, Macon, Ga.
Augusta Airport, Augnsta, Ga.
General depot near Conley, Ga.
Selma Airport, Selma, Ala.
Wilmington antiaireraft firing center, N. C.
Municipal Airport, Charlotte, N. C.
Army General Hospital, Charleston, 5. .
Atlanta General Hospital, Chamblee, Ga.

Fifth Corps Area:
Fort Knox, Ky.
Wright and Patterson Fields, Ohio.
Columbus General Depot, Ohto.
Fort Benjamin Harrison, Ind.
Iirie Ordnance Depot, Ohio.
Jfort. Thomas, Ky.
Bowman Field, Ky.

Sixth Corps Area:
Camp Custer, Mich.
Savanna Ordnance Depot, 1L
Chanute Field, 111
Camp McCoy, Wis.

19
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Sixth Corps Area —Continued,
Scott Field, 11
Fort Sheridan, 111,
Camp Grant, L
Selfridge Field, Mich.
Rock Island Arsenal, I11.

Seventh Corps Area:
Seventh Corps Area training center, Rolla, Mo.
Camip 1. T, Robinson, Ark.
Fort Riley, Kans.
Camp Clark, Mo,
Fort Snelling, Minn,
Fort Crook, Nebr.
Fort Leavenworth, Kans.
Fort Meade, S, Dak.
Jefferson Barracks, Mo.
Fort Des Moines, Towa.
Fort Rebinson, Nebr,
Camp Ripley, Minn.
Aveadia target ranee, Missouri
Camp Dodge, Towa,
Camp Ashland, Nebr,
Camp Rapids, 30 Dak.
Camnp Grafton, N, Dak.
Fort Lincoln, N, Dak,
Fort Francis K. Warren, Wyo.
Eighth Corps Arew:
Brownwood, Tex.
Fort Crockett, Tex,
San Angelo, Tex,
Fort Sam Houston, Tex.
Abilene, Tex.
Fort Bhiss, Tex.
Camp Hulen, Tex,
Lowry Freld, Colo.
Fort Sil, Okla,
Fort Huachuea, Ariz,
Fort Logan, Colo.
Fort Russell, Tex.
Wingate Ordnance Depot, N, Mex,
Fitzsimons General Hospital, Colorado
Fort Clark, Tex,
Brooks Field, Tex.
Duncan Field, Tex.
Kelly Field, Tex.
Raudolph Field, Tex.
Normoyle Quartermaster Depot, Tex.
Fort Hitcheock, Tex.
Ninth Corps Area:
Camp Ord, Calf.
Iearst Ranch Reservation, Calif,
Fort Lewis, Wash.
March Field, Calif.
Presidio of San Francisco, Calif.
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Ninth Corps Area— Continued.
Fort Winfield Scott, Calif.
Benieia Arsenal, Calif.
San Luis Obispo National Guard Camp, Calif.
Ogden Ordnance Depot, Utah.
Forts Worden, Casey, and Flagler, Wash,
Sacramento A Depot, Calif.
Fort MaeArthur, Calif.
Fort Roseerans, Calif.
NMuroe bombing base, Calif.
Fort Baker, Calif.
Fort Bavry, Calif.
Fort Stevens, Fort Canby, Fort Columbia, and Camp Clatsop,
Oreg.-Wash.
Mojave Desert antimreraft range, Calhf.
Fort Douglas, Utah.
Motlett Iield, Cahf.
Hamilton Field, Calif.
tort Funston, Calif.
Columbia NMunicipal Airport, Portland, Oreg.
i‘resno (Airport), Calif,
Boise Munieipal Airport, Idaho.

Followine <ubmission of the lists of posts and stations to the two
branches of the Federal Works Agenev, the War Department, on
Novershey 20 1940 in=tructed itg several corps area commanders o
arrange Jocal conferences to consider the access-road necessities of
cach of the fisted posts and stations. At exeh conference, the corps
sres connmanders were instrueted 1o seenee for representation of
the corps area, the post or posts in gquestion, the Public Roads Ad-
miniztration, the Work  Projects Admunustration, and the State
hichway department, and county or city administrations if local
roads or streets are imvolved. These conferences are now heing
completed as rapidly as possible.

Jvioa similar process the Seeretary of the Navy has certified the
Importance of access-road improvements, and arranged for the calling
of like conferences to consider the detatled needs at the {ollowing
35 shore establishments:

Iirst Naval District:

Quonsett Point Air Base, R. T,
Pertsmoith Navy Yard, N. H.
Newport Naval Stations, R. T

Third Naval District:

Lake Denmark Arsenal, N. J.
Tona Tsland Ammunition Depot, N. Y.
New London, Naval Station, Conn.

¥ourth Naval District: Cape May Air Station, N. J.

Fifth Naval District:
Indianhead Powder Plant, Md.
Norfolk Operating Base, Va.
Portsmouth Navy Yard, Va.
Dahlgren industrial area, Va.
Quantico Marine Base, Va.
Naval Medical Center, Md.
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Sixth Naval District:
Parris Island Manne Base, 5. C.
Hilton Head Island Marine Base, S. C.
Red Bank Landing Munition Depot, S. C.
Macon Ordnance Plant, Ga.
Seventh Naval District
Yukon Air Base, Fla.
Cocoa Air Base, Fla.
Eighth Naval Distriet:
Pensacola Air Base, Fla,
Corpus Christi Air Base, Tex.
Dallas Air Station, Tex.
Niuth Naval Distriet:
Burne ¢ ia‘_ Ammunition ,)m)m Ind.
Canton Ordnaacs Plant, Ol
Lousville Ordnance Plant, l\:)'.
Detroit Navai Codnance P]n:»’-“' Micl.
Indiznapolis Ordranes Plant, Trid.
Fleventh Naval Disrriet:
Sant Dieeo Operating Base, Calif,
Terminai ,[,l:::ul Operating Buse, ("'!lif
San Dieco Aramunition Depot, Caltf.
CNuval Disovict Afameds Al Base, Cal?
Thirteenth Navai District
seqttle Alr ~taton, Wash,
Tongue Point Air Station, Orveg.
Tidian island Adnmnnition Depot, Wash,
Prget Sound Naval stations, Wash
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Elwood Ordnance Plant, Wilmington, 11l

Deleo-Remy :livision of General Motors), Avderson, Ind.
Indiana Ordnance Works, Charlestown, Ind.

Hoosier Ordnance Plant, Charlestown, Ind,

Studebaker Corporation, Fert Wayne, ndl.
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JefTerson Proving Ground, Madison, Ind.

Studebaker Corporation, South Bend, Ind.

Kingshury ()xdmm(u I’Lm Union Center, Ind.

Towa Orduance Plant, Bmlnwt(m lowa.

Ohio River Ordnance Works Hondu%n hy.

Glenn Martin Airplane Co,, Ball]mmo, !

Fairchild Aireraft Plant, Hagerstown, Md.

General  Electric Co., Turbo-Electric Supercharger  Plant,
Sverett, Mass.

Bohn Aluminum & Brass Corporation, Adrian, Mich,

Detroit Orduanee Plant, Center Line, Mich.

Bohn Aluminim & Brass Corporation, Detroit, Mich.,

Vickers, Ine., Detroit, AMich.

N.A. \\ (»Ofl\\ orth Co., Ferndale, Mich.

Laje (it f)nm ance Plant, Independence, Mo,

M sz.n ireraft (_ orporation, Robertson, Me,

St Loeus (‘Mnau - Plant, St Lous, Mo,

'W(I('mn S e Ordnanee Works, Weldon Spri

Domber Assembly Plant, Fort Crook, Neby.

Otis Khvator ¢ o, Harrison, N1

Woright Aeroncutioad Corporation, Paterson, N, T

Link Aviation Devices, tne, Bmghamton, N Y.

Standard Gage Co., Poughkeepsie, NUY.

Savage Arms Co, Ctica. N. Y.

Obio Cranwsbiadt, Ines, Clevebod, Ohio

Thowpron direrait Produets (e, Eaclid, Ohio

s, Mo,

Wright Acronautical Carporation, 'Im( kiand, Ohio
Ravenng Oredn e Plant, Ravenna, Ohio

Plian T’mmh Ordnanes Works, .yn«.!u.\kj\', Ohio
Bomber Ascembly Plant, Tulsa, Okla,

anwl o Motors, W 11 u.nmw- toPa,

Woll Crec 1\ Ordnance Plaint b

fen

lﬁzx_\'tnwn Ohecinnee Works, zn'z"\'h:\\ﬂ, i

North Anerviean Sviation, [m' Dradlus, Tex.
1 i "

Bomber Assemiiy Pian, I \HHH* Tex,

Bryvant Chue )\Jll’ \xl“m e (r, A
v?()l]{\ & lull{].\(h \l llJl'x]' ( t,, Ak“' Lk, A\ i,
New Bover Ordowiee Plant, Dabi, \.i

Radiord Urdoanee Workes, x-nHll\ll(i
AS N

Morgantown Ordisaes Works, Mo l&_x”ui‘\'{”. W, Va,

.
in ‘w;m Cases GTe Ul Onn mw:u‘mi’irm, mititary or naval or both,
and possibly dlzo one o moie ndastnial plants sie loeated i elos o
prosiaity.  An mnuuwm instance of this sort is the group of
ilitary wod nuval rese x\m o aind defense industvies i the Hamp-
Lesti Jm(.(fs- arca dn Y I this vital defonse areal inelud m" '} HY
cities of Norfolk, iumm(mm, and Newpoit News, the fo Um»;"f'
mportant reservations and industiies are elosely grouped: Fort
Story, Norfolk naval base, Norfolk Navy Yard, Nansemond ord-
nance depot, Langley Fiela, Fort Bustis, Fort Monrvoe, and th
Newport News xlnpl)m]dmg Nant.

A similar case 18 the San Dmfm Calif., arca in which are located
Fort Roseerans, United States naval training station, United States
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Marine Corps base, United States destroyer base, Army and Marine
antonments, three airplane plants, and housing projects for military
personnel and for atreraft employees.

In such ecases as these, arrangements are being made to consider
jointly the aceess-road necessities of all reservations and industries
within the defined aveas

At all conferences, regardless of the type of establishments under
consideration, effort is being made to reach definite decisions in respecet
to: (1) The loeation, general character, and approximate costs of the
access-road improvements and other road changes that are necessary
and the order of eacli inr priovity of need; (2) the money available for
suech mmprovements fron cach of the several classes of Federal funds,
and the State or local funds available to muteh the Federal funds
where such matehing 1s required: (3) the amounts of State or local
funds available for expenditure without Federal matching: and (4) the
particular project application of all available funds.  Such degisions
are facilitated in most areas by the reconnarssance studies of the
Public Roads Administration.

To the extent that funds are found to be available, arransements
are made at the conferenees for the imtiation of Federal-aid or W PO AL
projects by State or local authorities. Such projects may cover the
survey and plamine of improvements, or their construetion, or both.

Creperallv, 1t s found that the State hichway departinents are
willing (o agree to the = of the apportioned Federal-aid funds for the
survey and planning of the necessary inprovenents.  These funds are
available !m such purposes, unmatehed with State funds. Wherever
there s reazonable assernee that plans thus uu\vlu]w(l by the >tate
hivhway departments and approved by the Pablie Boads Admnis-
tration will be carried out. the Public Roads Administration has iudi-
cated that it will approsc the necessare survey ]n'uiv“l\' to be mitimted
by the Siate hichway de ; sartiment. The Work Projects : (Illlilll\‘il’l-v
flon also bas indicated s willingness to approve \\n’ k Projects Ad-
ministration survey projeets in areas where the avatlability of <1'.1,_111 fied
relief personnel and othier conditions pernit.

In respect to the aetual construction of necded Improvenients. con-
ferences thus far held mdicate that the effort to apply cach of the
several classes of Federal funds now provided will encounter serious
obstacles.

Aany of the roads involved are not now meluded i the Federal-aid
highway system and are not of such character as to make them cligible
for inclusion in that svstem. For the constrietion of such roads, the
apportioned Federal-aid hichway funds are, therefore, not avatluble,

In many cases, these roads outside the Federal-aid system can be
considered secondary or feeder roads only by a very liberal imterpreta-
tion of the act making provision for the construction of roads so de-
fined.  For these roads, then, the use of the apportioned secondary- or
feeder-road funds is of questionable propriety.

Very generous reductions of normally required sponsors’ contribu-
tions to W P. AL projeets will to an extent supply the inducement
necessary for obtainment of State and local cooperation in access-road
improvement.  These reduetions are permissible under the authority
conferred by the 1941 Emergency Relief Appropriation Act.  How-
ever, the limit imposed on the use of this authority to make reductions

’
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will definitely circumseribe the extent to which W. P. A funds can
provide the means for access-road construction, as will a reduced
availability of qualified relief workers where most needed.

Tactical roads.~—No speetal measures have yet been devised for the
improvement of tactieal roads. Some consideration has been given
to the needs of a few roads of this class in conferences thus far held
for the determination of access-road programs, notably certain roads
in the vieinity of Camp Edwards on Cape Cod, Mass. In this case
it has been determined that there will be frequent military use of roads
extending from the reservation to outside firing points on the north
and south shores of the cape. Tt is also indicated that there will be
frequent mancuvering of motorized equipment on the cape roads,
extending all the way to Provincetown. Any such usage will necessi-
tate a substantial improvement of these roads.  In their present eon-
dition, they are scarcely adequate for the public traffie they are re-
quired to serve during the summer scason.  However, no definite
provision has heen made to deal with the road problem on the cape.
Nor has it yet been possible to aseertain the scope of the similar
problems clsewhere, and ne procedures have been developed for
dealing with these problems.

Strte cgic vetivork. By formal certification, the Seeretaries of War
and of the Navy huave advised the Public Roads and Work Projects
Administrations that projects for the improvement of any roads
conforming to the approved strategic network are important to
national defense. These certifications enable the Federal Works
Adninistration to invoke {for such projects the exceptional provisions
of the Federal Highway Act of 1940 and the Emergency Relief Ap-
propriation Act, fiscal year 1041, that apply to projects of importance
to national defense. Measures are bomw taken to give effect to these
provisions to the fullest practicable extent.

Almost completely, the main lines of the network coineide in their
general direction with the roads-- generally  the most important
roads- r—in(lmlul i the Federal-aid and State highway systems. In
view of thix duality of interest, the Publie Roads Adiministration has
1'(,*(111¢‘>t( ' the State hichway de ;;zu*tmvnt,s to include in their programs
for the expenditure of curvently availlable Federal-aid funds as many
projects as possible on roads conforming to the strategic network. It
18 expeeted that this request will mect with the sympathetie response
of all State ageneies,

The Work Projects Administration has instructed its State adminis-
trators to give priority to defense-highway projects in thelr programs
and to expedite construetion in every possible way. [t has informed
these administrators of the studies of necessary improvements on the
strategic network made by the Publie Roads Administration and the
State highway departments. 1t has also instructed them to obtain
adviee from the distriet engineers of the Public Roads Adnunistration
concerning desirable projects for the improvement of the network, and
to cooperate closely at all times with the Public Roads Administration
and the State highway departments.

The measures thus taken, it is believed, give assurance that currently
available Federa'-aid and emergeney relief funds will be employed to
the greatest practicable extent for essential improvements of maximum
utility on roads conforming to the strategic network.
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Avprxpix II1
DESIGN STANDARDS FOR BRIDGES AND HIGHWAYS

The design standards for bridges and roads adequate to serve the
national-defense requirements have been the subject of consultation
with representatives of the War Department over a long period.
As here presented, the desirable miniimum requirements have the
endorsement of the War Plans Division of the General Staff. The
design requirements as to structural capacity of bridges and st tandard
pavements which have been applied to Tederal-aid projects are
consistent with the minimum requirements approved by the War
Plans Division.  Through the vears there have heen frequent eriti-
cisms  that the Federal-aid policies required unneeessarily  high
standards,  An adequately improved road system for a State or a
nation is the product of long vears of construction effort and the
expenditure of vast suns, N(»W suddenly confronted with a great

national emergency, every really adequate bridge or mile of paved
road s an asset ol greate (11114\ than its cost in terms of national

seeurity. This report mthmtm a considerable volume of work of an
emergency character, ]1 1s velatively small when account is taken
of the Targe number of Army and Navy reservations for many pur-
poses, thv huge punl{x(lmn prograing, new  housing developments,
and the 74,600 miles of the strategic network.  For example, of the
16,602, hridges on rural seetions of the strategie network, only 2,436
are listed as substandard in their capacity to carey the heaviest equip-
ment and ordnance vet proposed.

The recommended design standards for military nsage are diseussed
in detatl for the purpose of estimating the present adequacy of roads
certified as important to the national defense, locating definitely the
places at which improvements are desirable, and determining the
(*hm'n(.'tvr and costs of such mmprovements.  Roads and bridges
conforming in their design to these standards will generally be com-
pletely adequate for the service of both the normal civil and ex-
traordinary defense needs.

DESIGN STANDARD APPLICABLE TO RURAL AREA

For bridges and highways in rural areas the desirable standards are
as follows:

Bridges.
Load capacity -—Load capacity cunf(n‘mm;r to the recently revised
standard TT-15 Tive Toading recommended by the American Association

of State Highway Officials. This design ltmum” consists of a standard
truck having a total weicht with Joad of 15 t<m~ or of Jane loads
cquivalent to the truek train loading inclided in the 1935 specifica-
tions of the American Assoeiation of State Highway Officials.

The manner in which these truek and Tane loadings are to be applicd
in the design of structures is specified as follows:

The lane loadings or standard trueks shall be assumed to occupy
traflic lanes, each having a width of 10 feet corresponding to the stand-
ard track elearance width.  Within the eurb-to-curb width of the
roadwav, the traffic lanes shall be assumed to occupy any position
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which will produce the maximum stress, but which will not involve
overlapping of adjncent lanes, nor place the center of the lane less than
5 feet from the roadway face of the curb.

Each lane loading shall consist of a uniform load per linear foot
of traffic lane combined with a single concentrated load so placed on
the span as to produce maximum stress. The concentrated load
shall be considered as uniformly distributed across the lane on a
line normal to the center line of the lane. For computation of
moments and shears, different concentrated loads shall be used, as
indicated in plate 8. The lighter concentrated loads shall be used
when the stresses are primarily bending stresses, and the heavier
concentrated loads shall be used when the stresses are primarily
shearing stresses.

Either truck or lane loading shall be used, depending upon which
gives the larger stress. In computing stresses, each 10-foot traffic
lane loading or a single standard truck per lane shall be considered
as a unit. The number and position of loaded lanes shall be such
as to produce & maximum stress, subject to reductions hereafter
specified. Fractional lane widths are not to be considered.

On any series of continuous spans, discontinuous lengths of lane
loading shall be used where necessary for maximum stress, but only
one concentrated load shall be used.

Where maximum stresses are produced in any member by loading
any number of traffic lanes simultancously, the following percentages
of the resultant live-load stresses shall be used in view of improbable
coincident maximum loading:

Percent
lor 2 lanes_ . _ . . 100
3lanes_ . 90
4lanesormore______ .. 75

The position and number of loaded lanes used shall be such as to
produce maximum stresses in all cases.

The reduction in intensity of floor-beam loads shall be determined
as in the case of main trusses or girders, using the width of roadway
which must be loaded to produce maximum stresses in the floor beam.

Bridges built by State and Federal highway agencies in recent
years on the primary rural roads of the country, outside of metropoli-
tan areas, are generally of H-15 design, and the adoption of higher
standards for ordinary rural roads would not be justified by any
apparent requirements. For major intercity routes and metropoli-
tan arcas the H-20 designs are justified and a number of the States
have already adopted this higher standard.

Within the usually assumed tolerance of overloads, bridges of
design and condition capable of supporting H-15 loading will safely
support the loads of all commonly used commercial vehicles in the
frequency with which they are normally applied. They will also
similarly support the loads of all military equipment other than heavy
and medium tanks, without special control of the movement. Load
diagrams of the principal types of military equipment are shown in
Plates 9 and 10.

Regarding the support of tanks, special studies have been made
from which the following conclusions can be drawn as to the effects

! Not printed.
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of the specific classes of tanks diagrammed 1in Plate 10} on standard
H-15 brx<15:v-> of width equal to two or more trathic lanes:

Light (134 ton) teals—-Simultaneons loading of two lanes with
these tanks does not produee greater than allowable stresses

Mediv (200 and 25 tom) farks I the moveinenit is (01 Hf)“u’ B
that thore will be no move than a single file of sueh t‘zz (s following
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coade having o owide vectiel dividing strip may be built as duat brid; 2es,

cach brideo providing sorizontal elearance of wt lvast 29 and preferably
30 feet.

New and widened underpasses on two-lane roads should have at
least the minimum, and if feasible the preferred, horizontal clearances

I Not printed.
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indicated in the following schedule of widths corresponding to various
classes of present average 24-hour traflic volume:

Horizontal clearance of
new or widened un-
derpasses

Present average 24-hour traffic volume

. \
Minimum 1| Preferred

feet 1 feet
Number of vehicles:
Lessthan 600 o o oL e 30 40
6N to 800 . oL L L RN e E . 30 42
More than LS00 o . - 30 44

New and widened underpasses on three- and four-lane roads should
have horizontal clearances at least 6 feet and preferably 20 feet wider
than the width between outer edges of an approach pavement or
pavements desiened for 12-foot lanes.

Vertical clearance —Existing bridges and underpasses having a ver-
tical clearance of less than 12} feet should be heightened as promptly
as possible.

New and hetghtened bridges and underpasses should have vertical
clearance of at least 14 feet. A vertical clearance of 14 feet is suffi-
eient for the passage of all nilitary equipment and substantially al
civil vehieles,

Existing bridges and underpasszes affording vertical elearance of loss
than 14 feet, if not heightened, should have their minimum clearance
plainly posted upon them.

Roarlx.

Swurfaces aned fourddations. Al road surfaces should be dustless; and
all surfaces and foundations should be desiened in accordance with
the present practice of each State for the all-weather support of ve-
peated applications of 9,000-pound wheel loads on pneumatic tires,
wheel load being defined as half the axte load where dual wheels ave
used.

Road surfaces designed in aceordance with this recommended
standard will be completely adequate for the accommodation of all
normal civil traffic and all traffic of military vehicles, including all
classes of tanks at present m use and projected.

Two-lane parvemcont width, - -Fxisting two-lane roads having a pave-
ment width of less than 18 feet should be widened as promptly as
possible,

Newly construeted and widened pavements on two-lane roads
should be designed according to the following schedule of widths
corresponding to various classes of present average 24-hour traffic
volume:

Width of
Present average 24-hour traffic volume new or

widened

pavements
Numnber of vehicles: ‘ Feet

Lessthan 600 ... ... . . . .. 20
60010 1,800 ... ... P 22
More than 1,800, .. ... ..o 24
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The widths specified are substantially adequate for all normal civil
traffic, including the usual percentages of wide and heavy vehicles, with
range of speed from 15 to 70 miles per hour. They are completely
adequate for all anticipated military usage.

Three- and four-lane pavement widths.—New three- and four-lane
pavements should be constructed to provide a width of 12 feet per
lane. Pavements so constructed will be completely adequate for all
civil and military traffic. It will be unnecessary to widen any service-
able existing three- and four-lane pavements, the lane width of which
is less than this recommended standard.

Shoulders.— On roads carrying a present average daily traffic of more
than 1,8C0 vehicles and on K&SS heavily traveled roads wherever feas-
ible, it is desirable that shoulders be provided continuously on both
sides of the pavement of sufficient width to permit parking. For this
purpose a minimum width of 8 feet is essential. Such provision is
destrable for the accommodation of normal civil traffic; it is highly
desirable on roads that are likely to be used with some frequency by
military convoy movements, to prevent excessive interference with
moving traffic by halted convoys unable to clear the traffic lanes.

If, on roads that are likely to be frequently used by convoys, it is
not feasible to provide continuous shoulders of a width sufficient for
parking, shoulders of such width should be provided on sections not
less than 2,000 feet in length at intervals of not more, than 4 miles.
Such shoulder sections should be staggered on the two sides of the
road, so as to provide space for parking on one side or the other at
intervals averaging not more than 2 miles in length. On roads carry-
ing more than 1,800 vehicles per day this should be regarded as a
minimum requirement, and exception should be considered only in
mountainous locations involving the heaviest grading.

At no point should shoulders be less than 4 feet wide.

Grades (over 500 feet long).—It will be unnecessary to change the
grades of any road otherwise adequate.

On roads which it is necessary for other reasons to construet or
reconstruct, it is desirable to hold maximum grades (in excess of 500
feet long) within the limits of 6 percent in mountainous locations and
4 percent in nonmountainous locations.

Grades of the recommended limiting percentages will permit
operation by the majority of all passenger automobiles at speeds of
60 and 70 miles per hour, respectively. They will permit operation
by the majority of motortrucks, with reasonable carried loads, at
speeds in excess of 25 miles per hour, and by the majority of tractor-
semitrailer combinations, reasonably loaded, at speeds not less than
15 miles per hour.

Curvature.—It will be unnecessary to revise the curvature of any
road otherwise adequate,

On roads which 1t is necessary for other reasons to construct or
reconstruct, it is desirable to hold maximum curvature within the
limits of 6 degrees in mountainous locations and 4 degrees in non-
mountainous locations.

Curvature corresponding to the recommended limits, combined
with maximum practicable superelevations, will permit safe operation
at speeds of 60 and 70 miles per hour, respectively. In mountainous
areas where heavy grading 1s required, and on low-priority routes
where traffic is light, maximum curvature may be increased to 14
degrees. On low-priority routes in nonmountainous areas where
traffic is light, maximum curvature may be increased to 10 degrees.
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€

The standards presov-ly defived and explained n detuit are
1

e 1
!
siiafated o br'ef o as {ollews:

Acveptabi

Bridges: ;
Qtrength i H- i
Noerticad clesrance, in oot ) o

i T o T
' ;Jlulm Preferred
Horizontal elearance, in feet:
3ridges on 2 lane ruads: ;
Present @ 2 .
i.e I [ 1w 2 26
0 Lo 1,%e) - o . , I~ RO 2%
More than LR . : . . . JEN 28 20
Bridges on 3-lane roads. oL e o 27 30 42
Bndgmm 4 hno rmm N I B 56 . 524 )
: i
LO\\ than 600, . [, . . S 15, 30 40
BO0 to 1,80 e el . 15 30 42
More thau 1.809 L Lt 81 30 1 44
Underpasses on $-laneroads.... ... ... ... .. e 27, 42 a5
Underpasses on 4-1ane 35 o4 %)
) .
! i
1 Qut-te-out pavement wilth plus 6 feet. 2 Out-to-out pavernent width plus 20 feet.

Surfaces and foundations.—Dustless surfaces and surface and foun-
dation designed according to the present practice of each State, for
the all-weather support of 9,000-pound pneumatic-tired wheel loads
(the wheel load being considered as half the axle load where cual
tires are used):

Acceptable for

existing roads ( Dresirable for new or widened roads

Pavement width: !

2-lane roads: H

Present average 24-hour traffic: i
Tessthan 600 ... ... __ ___._. 18 fect .. .

20 feet.

600 to 1,800.. e 18 feet.. 22 feet.

More than 1 5\0() . _1 24 feet.

3-lane roads 36 feet.

4-Janeroads . .._..._. 48 feet.?

-l
R
-1
7
1
Minimum Preferred

I
|
Shoulders: |
Present average 24-hour traftic less than
1,800: |
Mountainous areas: |
Heavy grading. ... _.. e cdoo..._._.__._l 4feet continucus. .’ 4 and & feet stag-
gere
Other . .. .. R ‘ _do.... .. !8&*@ continuous.
Nonmouutainous areas. .. - S ey Do.
Present average 24-hour traflic 1,800 and | ; ‘
over: i |
Mourtainous areas- i
Heavy gradmg .................. el doo.... ... | ... ] Do.
Otber.._____ ... . ... |...do_._____. 4 and 8 feet itag- Do.
gere
Nonmountainous areas. ...____._._. l ..... doo_._o.o..o .. Ao Do.
I

1 To be separated into dual Ianes, where practicable, by the use ¢f a center dividing strip of the width
and type recommended by the American Association of State Highway Officials.
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Acceptable for

existing roads Desirable for new or widened roads

Grades (over 300 feet long):

Mountainousareas .. ... ___ Any exlsting ,,,,,, 6 percent.
Nonmountainous areas___.._.. ..__.... coo.odo...oo oo .__._| 4 percent.
Curvature:
Mountainous areas:
Heavy grading ... ___ ~oo.dooo.o.___..__| 14 degrees.
Other... .. ... I do..... . . ___18degrees.
Nonmountainous areas:
Present average daﬂ} trafiic less |.__ . do.............1 10 degrees.
than &00.
Prosent average daily traffic 600 and | _  _do...._ . _._.___.i 4 degrees
over.

BTANDARDS APPLICABLE TO URBAN AREAS

For the iprovement of bridges and roads loeated in urban areas,
the only items of the forsroing raral-area standards that are divectly
applieable are those for vertieal clearance of bridges and underpasses
and for the strerath of pavements. The only other feature of design
for winel s practio Jw o preseribe a general urban-avea standavd
13 ilw load f‘zi!‘swil\’ ol bridges, and for thut feature the standard
L 28 design doading of the American Association of State Highway
Oft '(lil (see pls. 7 oand 8508 twnmmmnwd as more consistent with
the grenter hn«‘uwu v nfanplieation of mm mely heavy gross Toads
to be expected conerally in such areas.  The horizontal clearance of
bitdges, wuldtiz of pd ements, gradients, ;:n‘l curvature i urban areas
can boe deternuned only after consideration of conditions peculiar to

cach leention, and shonllors are not e win urban street cone
structinn.

THE APPLICATION OF DESION STANDURDS

Sote apprihiension bos bhoeen evidenced thet the foregoing standards
of desizn for roads and bradges sgnt be arbtearily enforeed on all
rlﬂfml\- Pre )]“: & without reference to the purticidar condifions sur-
rounding each pm'e‘? ertaken as o delvnse foaeility, No osael
policy tas been given econsuderation. Tt wonld be o very unintelbgen
approact to the solutinon of the meany probicins. For the purpos:
securing o reasonable weaw e of iiw adequacy of the highways to
serve the neads of the defense operations, it has been necessary to wse
an aceepted yardstick, The actual planning of the individual projects
is being, and will be, worked out in full cooperation with the State
higzlnmy departmentizs. The orgunized cigineering and administra-
tive u..bi‘iit'ax‘ of these orgnmzations are eszentiai {o the suecess of the
defense-highway programs and constitute the wost important eon-
?nl\mum to the xt{(n'fth‘ ing of the national security,

ArpEnNDIxX [V

GENESIS AND CHARACTER OF THE STRATEGIC NETWORK

The strategic network in its present form is not a haphazard or
theoretical collection of lines on a map. [ts conception goes back
more than two decades, and through this period the earnest attention
of both State and Federal agencies has been devoted to perfecting the
plan of interconnected routes that would best serve civil needs in
times of peace and the defense needs in times of a national emergency.
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The Federal Hichway Act, approved November 9, 1921, provided
as follows:

Sec. 3. All powers and duties of the Coureil of National Defense under the act
entitled “An act making appropriations for the support of the Army for the fiscal
vear ending June 30, 1917, and for other purposes”” approved August 29, 1916,
in relation to highway or highway transporr, are hereby transferred to the Seere-
fary of Agricuiture, and che Counedl of National refonse is directed to turn over
te the Seeretary of \"H\ll]v.‘.' thie eguipmoent, nuderal) supplics, papers, maps,
and docitinents utilized i the evereise of suel poewers. The po avers and Qe
of syencies dealing with Povaes o the national pasks or in owmilitary or naval
reservations under the (’()Iw\i\ll ¥ 1 lw United States Arasy or Navy, or with high-
Wiy s ised prineipa S EIUNTER !
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These policles, wdopuesd witnin the dpdings aad condiusions off the
militery antheritios and camvied o offeet over along pm‘imi by the
State and Federat hichway improvenent programs, bnpose certain
reciprocal obligations upon those responsible for the desion of all
tvpes of heavy equipment wad erdnance proposed for moveient over
the highwayvs and particularly over the bridges.

When the first World War beecan in 1914, the motor vebhicles in
use in the United States numbered only 1 41] ,0¢ ‘0; by 1925 this
number had grown to the starthing total of 196 ‘J%/ 000 units, and in
1940 to the highest record of 31,800,060 gl\t(’l((l units. The
Federal-aid, and the major exclusively Stutv-hlgh\\ ay programs have
developed simultaneously with this rapid growth in the numbers and
use of the motor vehicle.

In building roads to serve the expanding needs of the resulting
traffic, the extensive mileage requiring improvement and the relatively
limited funds available have at all times prevented the adoption of
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standards superior to those required by the currently realized or
inmediately expected traffic. These two ")In](l"f’dtll)llo wve instead
gorerally foreed the adoption of “stage cons*ruction’ as a practical
expedient.

Under this poliey, hiitial improvements have often been designed
to meet enly the Goporative requiremients of the realized traffie
Nars zu’wi" ate improvements have been Jehoved by sheer necessity,
Roads previ ousle unimproved have been paiiidly iproved by grad-

ing and drvinage, with aurfacing deferred until o lotor dato,

aurfaes }n dalt where 1 was defuitely antieipated thet
later wi receired.  Tnotial fhin :«d'r‘l'(‘ !.zxe b,
constrn fon Later of Hperin<

3 w (-(.!\ and narrow
Been retained ws lon
uze without exe
‘ ane! g ..l w and slinemes
what inade Vo had *o serve.

Al of th ient measures were adopted <o
]

funds could? }» . \pr ~J aver o greater mileage end pro‘.’i-‘io at Y's.
reasonable degree of improvement on many sections of road tlat

T
[N

othersiss wonl! bave remained whally unimproved for an indefinite
period. As on oresdd) the primary highwey systeni waz steadily, i
n‘“’m matels) impre wved over a period of about 15 vears. By 1033,

‘:}i“\i‘ Ty yoxt L Ii}.;(l\ [\'(\."l“/"‘ 1 '7 '?:‘li‘:(‘ (r>";§t.| He 11011
point o th = hw of ordinary t mffic Conditions «
points, however, still imposed deofinits h:m;m ans on the conven

and safe 'ty of traflic.
The end of the pio:u-"* pe"‘m! of road improvement may ha zaid
to Lave been reached he 1935 Then, but not untit 'h\u it 'x
possible to do far-s'gh ted planning ﬂ" the eonatrictis
ally he reprieed ) improve the entirve systeny z\.(leq,
sistently.
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for the national defense.

In 1935, in view of the considerable changes thet had occurred
since the preparation of the “Pershing map,” the War Department
reconsidered th= network indicated on that map, and issued a revision.
This revised map was then used by the Public Roads Administration
and the State highway departments as a guide in their subsequent




HIGHWAYS FOR THE NATIONAL DEFENSE 35

operations, until it was again revised under date of September 15,
1939, by issuance of a new map entitled “Highway map showing main
traffic routes of military importance.”

Shortly thereafter, at the suggestion of the War Department, the
Public Roads Administration undertook, with the aid of the highway
planning surveyvs of the States, a study of the condition of existing
roads conforming closely to the routes shown on this latest 1‘0\'i‘<ion
of the map. The feasibility and general adequacy of the indicated
network wlso were cawrefully w mgh(d, follow ing ‘which the Public
Roads Administeation prepared and submitted to the War Depart-
ment for its consideration a further revision of the map.

With a few additicnal changes, this revised mnp was endorsed by
the Secrvetary of War on November 20, 1940, @ representing the
principal routes of military importance.  With further sheht amend-
merits by the Navy l)()p:ulm('n(, it i mcluded e plate 17 in this
report. i s sl subject, however, to further amendment by the
deletion o addition of reutes and the revizion of general directions, as
studies =till n progress show this to be advisab To,

As viewed by the War and Navy Departments, this map s con-
sidercd to represent soavetem of general veutess No precise dedinition
1z ziven of the location of roads comprisiig the routes hetween major
“controlling points."" which generally are large cities. In fact, in its
broadest conception, the neiwork consists not of a single road bhetween
each of the controlling points, but rather of a miamn line and approxi-
mutely paradlel cixilisey Hnes, with suitable contections beiween them
at frequent intervals. The purposes of the an vy lines ave: ”l) To
permait, if necessary, a division of Gaffic. especiatly military convoy
movements, smong af least three tonds hetween any poinis, an ll (210
srovide alternate roates for use in ease of chetrnetion of the main
rosd by any eanse.

The wain hnes of the network, as new approved by the War and
Navy Departinents) inelude all sections of the interregional highway
systen ceconmtnended by othe Public Reads Administration i the
report, Toll Roads and IFree Rouads, With fow caveptions they are also
in ciose conformity with roads cluded in the Federal-uid hi
syRfem.

While all of the routes designated are considered importaat to the
national defense, an order of relative importance within the netwok
i indicated by classifieation of the routes into first, second, and third
prioritics. The approximate extent of the main lines of the netwaork is
74,600 miles, (n.npmul of about 42 400 miles of first prionty, 23,1006
miles of second priority, and 9,100 miles of third priority.

Arrrnpix V

EXTENT AND CHARACTER OF IMPROVEMENTS REQUIRED ON THE
STRATEGIC NETWORK

Existing roads and streets conforming most closely to the main
lines of the strategic network total 74,626 Cmiles.  Of this total, 66,869
miles consist of rural highways, 7,757 miles of highways and streets
in cities. Routes designated as of first priority total 42,422 miles.
Of this mileage 29,331 miles consist of routes included in the. inter-
regional system recommended by the Public Roads Administration

1 Not printed.
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and 13,091 miles of roads not included in the interregional system.
Second priority routes total 23,072 miles, and third priority routes
9,142, No part of the mileage designated as of second and third
priority was included i the interregional systent recommended by
the l’ubiic Roads Administration,

Corditions of bridges. -Included in the total mileage there are
upwards of 18,000 bridgzes and underpasses more than 20 feet in
Lergthe In the larger o 1"~xl portl n the nureber of sueh structures 1
16,692, R I'd‘)‘(‘b zmu 876 u:
; - ths far mad b" the Pablie Roads Adnunis.
Cigbhway dep rlv tents heve beer confined to the

: ()n this pu' Ui more extr

consisiing of 15

1’:* I pu\\“\

capacity Jasses - —rated capacity h the ng> vehiele foad fox ul.z« h I
hridee s desizned. This table also shows the average gross weight
fthe heaviest vehicles passing over the bridges of each capacity class

with o nver frocuoney of and indicate
to which nelures are (’Vi“!“l()ad(?d byon ?.nal eivil t1 affie,
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4. - I 9 29.7 7.4
6 13 32.6 5.6
7. 2 25.3 4.0
& 9! 302 3.8
Q. 7 ’ 32.3 3.6
1. 73 27.4 2.7
i al 353 32
i2 . 54 | 32.5 2.7
3 62 346 27
. ] 175 | 33.9 | 2.4
- N B 62 ¢ 35.3 2.4
143 | 338 | 21
- 51 2i.7 1.3
R 48‘ 37.1 2.1
,,,,,,,,,,,,, 8 43.0 2.3
. ) 957 I 32.3 1.6
, 3| 41.5 2.0
39 i 36.7 1.7
663 - 42.5 1.8
. I ) 70 | 29.4 12
7 | 42.9 L7
N . I 20 | 33.2 1.2
l‘otalloxsthanw()mpounds 24% | ...
Welghtedawrage ,,,,,, N B | 35.41 1.81
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Less eritival deficiencies than weak bridges and weak and narrow
road mn‘fu-vs consi<t of a substantial number of bridges and under-
pmxok of madeguate hiorizontal :md vertical clearance and a conzider-

ihle mileage of road graded and s 1

faced to widths tess than those
\dll(\l for by the preseribed standar s for the traffic thev serve.

o 2-lan \((11(.1% of the raral network, the pl

Ventoeries ;Hw\ 219 bridges and undwpusscs with horiz a

16 wnh horizantal

U {I ‘e sections, 15 with hori-

\-J

P v H oo ' L
QiCes 18RS Ui 4N

| Percent Number ¢ Pereent Nuamber © Pereent
i I
@ 2 0.0i5 . I B
W R o 10 075 b o
o R : 20 B R
o i% [ i

1 .3 -

21 6 o

4 1.2 (.3

10 2.0 1.8

i 3.2 18

13 371 25

16 4.6 2.8

40 1.5 3.1

44 127 3.7

16 13.8 | 4.0

o 4.7 4.0

59 17.0 | 4.0

67 19.3 4.3

129 37.2 | 7.1

133 38.3 1 7.4

147 42.4 7.4

150 43.2 l 8.0

196 3.5 l 10.2

219 63.1 10.8

237 68.3 13.5

238 68.6 15.1

248 71.5 15.4

252 72.6 16.3

1 Number of structures with clearance in excess of 29 feet, 2,550.
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TasLe 3.-—Accumulative distribution of all structures, including underpasses,
located on rural roads conforming to main lines of the strategic network and having
horizontal clearances of lts\) than 30 feet on 2-lane highways, 42 feet on 3-lane
highways, and 54 feet on 4-lane highways—Continued

ceumulated number l Accumulated number ‘ Accumulated  npumber

and percent of strue- and percent of struc- and percent of struc-
1+ tures on 2-lane high- tures on 3-lane high- tures on {-lane high-
Horizontal clearanee (feet) | ways ways ways

_ ___.__{_ — ‘ — ] R

! Number | Percent Number ] Percent Number Percent
e e X N —

1 !
00 0 L l 344 99. 1 HZ‘ 43.7
41 Ci - 347 145 4.6
42, o L @ 177 ! 54,3
43. | S : 187 | 57.5
44 o L [ oo I 242 4.5
45.. - : | i 251 7.2
46 i . | . 29 | 82.8
O S - . .- 27 83.1
48 ! ; 292 1 £9.8
49, . i b ! 202 89, %
Mo R ] 319 w2
51 B ‘ ! : 320 o% 5
52 T O i 522 4 3.1
533 B ; - .. 325 Hi ey
Total number  sirue- ‘ l
tures. oo 11(31

B} 41 feet, 69.
{83 {eet, 63,

Zhumhvr w ;
3 Number with el

Table 4 llusteates the very satisfactory condi
clearanee «‘u.-" will P poted, the 133 ginm wtmw W’
wimimun aecopin
i o ;<-L0‘;t cionherof bt 'I;\s.‘
Possthen the T foet roonng

1
'

iuiione of e muniher vl

e om 7:Lra7 ,mw7s cwu

<~ e VoA eerilaged
o e T RS I
! .
9. 4 .02
n . . 1w e
il g 34 2
120 0 0l lill il i 112 .BR
12h5 133 R0
15, 233 138
4. B 872 ! 5.22
15 e R 1.342 ¢ 8. 04
16 - . 1.597; .57
17 R I 1,650 | 9.88
) oo Ll P e 16.[“1‘32E 100. o0

t More thau 17 feot
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In addition, however, to these defective bridges which should be
rebuilt or altered, a minimum aceceptable improvement of the rural
network also requires the building of a number of other struetures for
various reasons.  These include grade-separation structures required
at existing grade intersections, bridges to replace existing fords and
dipz, and new bridges necessitated by desirable changes in the loca-
tion of existing roads. Including these additional structures, the
total number of bridges and underpasses involved in a minimum
acceptable improvement of the rural network 1s 3,648,

Conditions of rocds.—-Of the 66,869 miles of existing rural roads
conforming to main lines of the strategie network. 18,613 miles serve
s normal traflic averaging less than 600 vehieles per day.

Of this Tatter mileage, roads meluded m the proposed interregional
svatem make up 3,525 miles, or approximately 21 pereent.  The re-
maining 14,788 miles consist of roads not included in the interregional
systen.

Roads serving average daily traffic ranging between 600 and 1,800
vehieles total 29,273 miles.  Of this, 11,750 miles, or appreximately
40 pereent, are included in the interregional system.

Roads serving traffic averaging 1,800 vehicles per day and more
total 18,983 miles.  Nearly 47 percent of this—9,979 miles—is in the
interregional system.

m o . . i . .

Fhese traffic-volume classes are associated with the standards of
width for new work previously defined. These standards call for
pavenients not less than 20 feet wide where average daily traffic is
less than 600 vehicles, not less than 22 feet where traflic averages
between 600 and 1,800 vehicles per day, and not less than 24 feet for
daily tratfic averaging 1,800 vehieles or more.

In tables 5 and 6 the entire rural mileage conforming to the net-
work is classified into traffic-volume and pavement-width groups.
The tables indicate the extent to which existing pavements conform
to the prescribed standards.

TABLE 5.-——Distribution of the length of rural roads conforming to main lines of
the sirategic network, by traffic volume and pavement width groups

RURAL ROADS INCLUDED IN INTERREGIONAL SYSTEM

Average daily Width of pavements

traffic volume |————~ —-— ¢ ——
(vehicles per

; Less than 18 | 18 feet to less | 20 feet to less | 22 feet to less | 24 feet and it he
day) feet than 20 feet | than 22 feet than 24 feet over All widths
| ! |
| Per- Per- Per- Per- - Per- Per-
Miles | cent | Miles | cent | Miles | cent | Miles | cent | Afiles | cent | Mies | cent
0to600 . 520 0.2 1,107 4.3 2,187 | 8.6 155 0.6 324 1.3 3,828 | 15.0
600 to 1,800 . __ §21 0 2.1 5,433 | 21.3 4,559 | 17.8 431 1.7 806 3.1 (11,750 , 46.0

1,800 and over. 361 0 1.4 3,731 ( 14.6 | 2,686 | 10.5 4371 L7 2,764 | 10.8 | 9,979 | 39.0

Total. .. 934 ' 3.7 110,271 | 40.2 | 9 6432 I 36.9 1,023 | 4.0 | 3,894 | 15.2 | 25554 | 100. 0
i |

RURAL ROADS NOT INCLUDED IN INTERREGIONAL SYSTEM

0to 600 . ... 1,952 | 4.7 | 4,250 (10.3 | 5728 | 13.9 | 1,016 | 2. 1,842 14,788 | 35.9
600 to 1,800__. 1,528 | 3.7 | 7,240 | 17.5| 7,112 117.2 857 | 2 786 17,523 | 42.4
1,800 and over. 676 | 1.6 | 2,828 | 6.8 3,067 | 7.4 670 | 1

Total.. | 4,156 ;

5 4.5
1 L9
.6 1,763 ) 431 9,004 217
2 0.7

10.0 { 14,318 | 34.6 | 15,907 | 38.5 | 2,543 | 6. 4,391 | 10.

41,315 ‘ 100. ¢
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Tawvre 5. --Disicibution of the Lngth of rural roads conforming to main Unes of
the stralegic netwark, by fraflic volume wnd paveaoond vidih groups Conticued
ALL RURAL RGADS
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wide and overs e both tables ponds inebuded n the proposed nier-
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clussified.

Botli tables 5 and 6 show that the rowds of the strategie network
most zertonsly aeficient ia pavement width are the 5,000 miles paved
less than 18 feet wide,  Only 934 miles of such extreniely narrow sur-
faces are part of the interregional system; 4,156 miles are on other
roads conforming to the strategic main lines.

Table 5 shows that pavements 24 feet wide and wider are found on
8,285 miles of the network-- on 3,834 miles of the interregional system
and on 1,391 miles of other roads.  Practically all roads in this group
are fully adequate in pavement width for their present normal traffic.

41 present anproved with poves

Topd wide ania 23 Teed
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Between these two extremes of roads—those seriously inadequate
and those in the main fully adequate —there are, on the basis of traffic
volume, 10,374 miles of the rural network with adequate pavement
widths and 43,120 miles with inadequate widths. This latter mileage
and the 5,090 miles with pavement less than 18 feet wide make a total
of 48,210 miles of roads in the entire rural network, as shown by table
7, with existing surfaces inferior in width to the standards preseribed.

Of this 48,210 miles of inferior roads, 18,887 are included in the
proposed mterregional system and constitute 73.9 percent of its total
mileage; and 29,323 mi{os are outside the interregional system and
form 71.0 percent of the total mileage of all other roads in the strategic
network.

As table 7 shows, the extremity of inadequacy is reached on 1,037
miles of the network on wheih existing surfaces less than 18 feet wide
are subjeeted to traffie averaging more than 1,800 vehicles per day.
Of this extremely inadequate mileage, 361 miles are included in the
mterregional system.  On the entire mileage, the preseribed standards
call for 24-foot pavements.

TaBLE 7.—Length of rural roads conforming to main lines of the strategic network
surfaced with pavements of various widths inferior to the prescribed standards, by
traflic volume classes

: Annpual average traffic in vehicles per day

T 0 -600

600-1,800) i 1,800 and over

Portion of netwoerk I)vhmom Dave Deficient pavement Deficient pavement width

Total deficient by traftic
volume classes. ...

ment width width ;
| Less ! 1Bt Less 1% to ,‘U r; . Less 18 ‘ro 20 Fo 22 to
| {han | less than ; less ' dess o e less less | less
| 1x g | than - S8 T than + than § W00 | than | than | than
e | 20 fect e P20 feet P22 feet | 7T | 20 feet | 22 feet | 24 feet
1 B ]
T T T e i B R
Rural roads: | i ‘ i ! ’
Included in inte muonw Ailes '+ Afiles | Aliles | Miles : Miles | Miles | Miles | Miles | Miles
al system. . ; 32 1,107 ! 521 ! 5,433 ‘ 4, 559 361 3,731 2, 686 437
Not included in inter- | \ \ [ )
regional system . _ . 1,052 ‘ 1, 7’»0 1,528 ; 7,240 j 7.112 ; 676 2,828 3,067 670
R i A, B B b S
Allruralroads.. .. | 2,004 | 5357 ' 2,049 ’ 12,673 i 11,671, 1,037 | 6,559 | 5,753 l 1, 107
! i . . !
i
-
|

i
J
7,361 | 26, 403 14, 456

Annual average traffic in vehicles

per day—Con.

Total deficient
in width

0- 1,800 and over

Portion of network . . —

Deficient pavement width
- o i - 1’ercon]t
. 18 to 20 to 22 to ofrura
lIho:;; loss | less less Length net-
I8 foet than than than work
20 feet | 22 feet | 24 feet
—— - ! Al Ry Aty R RN
Rural roads: Miles i i Miles | Miles | Miles
Included in interrecional system R I 934 | 7.245 437 | 18,857 73.9
Not included in interregional system . 4,156 ! ‘ 14, 318 | 4‘ 10, 179 670 | 29,323 71.0
Allruralroads. . ... .. ... o 5,090 ; 24,589 | 17,424 1 107 | 48,210 72.1
- I S
Total deficient by traffie volume classes. .. ... . . 48, 210
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In contrast, deficiencies of least degree are found on 12,778 miles,
all of which are improved with pavements at least 20 feet wide and
i no ease more than 2 feet narrower than the standard width pre-
scribed for the volunie of wraflie served.

To rase the entire rural network to the standards of pavenent
width preseribed, table 7 shows that it will be necessary to widen
existing pavements as follows:

To 20-foot width:
2,004 miles now less than 18 feet wide.
5,357 miles now 18 but less than 20 feet wide.
To 22-foot width:
2,049 mies now JTess than 18 feet wide,
12,673 miles now 18 but less than 20 feet wide
11,671 miles now 20 but less than 22 feet wide
24-foot width:
1.037 miles now loss than 1R {eet wide.
6,559 miles now 18 but less than 20 feet wide.
5,753 miles now 20 but less than 22 {eet wide.
1,107 mles now 22 but less than 24 feet wide,

T

The strength of existing road surfaces approaches the desirable
standard more nearly than their width, Tt has not bun possible
to determine with great nceuracy the strength of all surfaces; but the
facts available regarding their ceneral type indieate that not more
than about 14,000 miles of the raral network are incapable of support-
ing 9,000-pound wheel loads on pneumatie tires the year round.
In very large part the surfuces deficient in strength are also defieient
in widih and other qualities,

Exeessive curvature and madequate sight distances are among the
more common defeets of existine improvements,  Perhaps the most
common defeet s a general lack of shoulders of sufficient width to
accomumodate <tanding vehielos. The construction of narrow shoulders
fias beenn considered i the past o permissible cost-xaving expedient.
As woresult there are fow roads today where the spoee between the
pavement and diteh or edge of fill is sufficient to msure the safety of
parked vehieles and ihe teatlic moving by the,

Entively apart from considerations of delense wsage, adequate
provigion for vormal vt tradfic onithe more beavily traveled vontes
will vequare 1 the fovnee o snhier general widening of existing shoul-
ders Bui the possibility of move or less frequent use of o substantial
part of the ~lrategie vetwork by moterized wud mecnatized Aring
convoys adds another lapori: L renson for Badding wider shounlders.

As o praciiead approcc Noio s e nwm'lv destrable condition, rany
of the minte nighway departnenis have indicated a ;ml(x«nu for
construeting wider shoulders at <tagrered mtm vals on the two sides of
the road. Brat even 2o the seenions of the rural network on whieh they
report tminediate shoulder widening to be desivable, aggregate more
than 42,700 miles.

O

P-7103



